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EXECUTIVE SUMMARY 

Introduction 

This document was prepared by Baker Environmental, inc. (Baker) to serve as a relport on the 
Remedial Investigation (RI) conducted at Operable Unit (OU) No. 10, Site 35 - Camp Geiger Area 
Fuel Farm in the spring and summer of 1994. 

The purpose of this RI was to evaluate the nature and extent of the threat to public health and the 
environment caused by the release of hazardous substances, pollutants or contaminants. This was 
accomplished by sampling several media (soil, groundwater, sediment, surface water, fish, crabs, 
and benthic macroinvertebrates) at OU No. 10, evaluating the analytical data and performing a 
human health risk assessment (RA) and ecological RA. This RI Report contains the results of all 
field investigations, a technical memorandum summarizing groundwater data and aquifer 
characteristics at MCB, Camp Lejeune, the human health R4, and the ecological RA. Previous 
investigations were conducted by Water and Air Research, Inc., (WAR), Environmental Science and 
Engineering, Inc. (ESE), NUS Corporation (NUS), Law Engineering (LAW), and Baker 
Environmental, Inc. (Baker). 

Site Location and DescriDtion 

Camp Geiger is located at the extreme northwest comer of MCB, Camp Lejeune. The ma:in entrance 
to Camp Geiger is off U.S. Route 17, approximately 3.5 miles southeast of the City of Jacksonville, 
North Carolina. Site 35, the Camp Geiger Area Fuel Farm refers primarily to five, 15,(300-gallon 
aboveground storage tanks (ASTs), a pump house, and a fuel unloading pad situated within Camp 
Geiger just north of the intersection of Fourth and “G” Streets. 

Site History 

Construction of Camp Geiger was completed in 1945, four years after construction of M8CB, Camp 
Lejeune was initiated. Originally, the Fuel Farm ASTs were used for the storage of No. 6 fuel oil, 
buf were later converted for storage of other petroleum products including unleaded gasoline, diesel 
fuel, and kerosene. The date of their conversion is not known. 

Routinely, the ASTs at Site 35 supply fuel to an adjacent dispensing pump. A leak in an 
underground line at the station was reportedly responsible for the loss of roughly 30 gallons per day 
of gasoline over an unspecified period (Law, 1992). The leaking line was subsequently sealed and 
replaced, 

The ASTs at Site 35 are currently used to dispense gasoline, diesel and kerosene to government 
vehicles and to supply USTs in use at Camp Geiger and the nearby New River Marine Corps Air 
Station. The ASTs are supplied by commercial carrier trucks which deliver product to fill ports 
located on the fuel unloading pad at the southern end of the facility. Six, short-run (120 feet 
maximum), underground fuel lines are currently utilized to distribute the product from the unloading 
pad to the ASTs. Product is dispensed from the ASTs via trucks and underground piping. 

Reports of a release from an underground distribution line near one of the ASTs date back to 1957- 
58 (ESE, 1990). Apparently, the leak occurred as the result of damage to a dispensing pump. At 
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that time, the Camp Lejeune Fire Department estimated that thousands of gallons of fuel were 
released although records which document this incident do not exist. The fuel reportedly migrated 
to the east and northeast toward Brinson Creek. Interceptor trenches were excavated, and the 
captured fuel was ignited and burned. 

Another abandoned underground distribution line extended from the ASTs to the former Mess Hall 
Heating Plant, located adjacent to “D” Street, between Third and Fourth Streets. The underground 
line dispensed No. 6 fuel oil to a UST which fueled the Mess Hall boiler; The Mess Hall, located 
across “D” Street to the west, was demolished along with its Heating Plant in the 1960s. 

In April 1990, an undetermined amount of fuel had been discovered by Camp Geiger personnel 
along the unnamed drainage channels north of the Fuel Farm. Apparently, the source of the fuel, 
believed to be diesel or jet fuel, was an unauthorized discharge from a tanker truck that was never 
identified. The Activity reportedly initiated an emergency clean-up which included the removal of 
approximately 20 cubic yards of soil. 

The Fuel Farm is scheduled to be decommissioned in April 1995. Plans are currently being prepared 
to empty, clean, dismantle, and remove the ASTs along with all concrete foundations, slabs on 
grade, berms and associated underground piping. The Fuel Farm is being removed to make way for 
a six lane divided highway proposed by the North Carolina Department of Transportation (NCDOT). 
Construction of the highway is scheduled to commence in August 1995. 

Previous Investkations 

The following is a summary of the previous investigations performed at Site 35. 

Initial Assessment Stzui) 

MCB, Camp Lejeune was placed on the National Priority List (NPL) on October 4, 1989 after the 
Initial Assessment Study of 1983 identified 76 potentially contaminated sites at the base (Water and 
Air Resources, 1983). Site 35 was identified as one of 22 sites warranting further investigation. 
Sampling and analysis of environmental media was not conducted during the Initial Assessment 
Study. 

. 

Confirmation Study 

ESE performed Confirmation Studies of the 22 sites requiring fiuther investigation and investigated 
‘Site 35 between 1984 and 1987 (ESE, 1990). In 1984, ESE advanced three hand-auger borings and 
collected groundwater and soil samples from each location. Soils were analyzed for lead and oil and 
grease. Lead was detected in soil samples obtained from hand auger borings at concentrations 
ranging from 6 to 8 mg/kg. Oil and grease was also detected at concentrations ranging from 40 to 
2,200 mg/kg. 

Shallow groundwater samples were obtained from the open boreholes and analyzed for lead, oil and 
grease, and volatile organic compounds (VOCs) including benzene, trans-I ,Zdichloroethene (T-l ,2- 
DCE), trichloroethene (TCE), and methylene chloride. Lead was detected in each sample ranging 
from 3,659 ug/L to 1,063 pg/L. Oil and grease was detected in only one sample at 46,000 pg/L. 
The only detected VOC was methylene chloride in one sample at 4 &L. 
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In 1986, ESE collected two sediment and two surface water samples froni Brinson Creek and 
installed three permanent monitoring wells: two east of and one west of the Fuel Farm. Surface 
water and sediment samples ivere analyzed for lead, oil and grease and ethylene dibroimide. 
Groundwater sampies were obtained in December 1986 and again in March 1987 and were analyzed 
for lead, oil and grease, and VOCs. 

No target analytes were detected in either surface water sample. Both sediment samples were 
reported to contain lead and oil and grease although no data indicating actual levels of detection 
were provided in ESE’s report. Levels were reported to be higher in the upstreaim sample, 
prompting ESE to suggest that the discharge of contaminated groundwater to the creek is occurring 
at the far northern section of the fuel farm ASTs or that the source of oil and grease and lead may 
be upstream. 

Lead was detected in only one of six samples (33 pg/L) obtained from the three permanent 
monitoring wells. Oil and grease was detected in all six samples ranging from 200 J,@, to 
12,000 pg/L. Detected VOCs included benzene (1.3 pg/L to 30 pg/L), trans- 1,2-DCE (3.2 pg/I-, to 
29 pg/L), and TCE (detected at 11 pg/L on both sample dates). 

Focused Feasibility Study 

A Focused Feasibility Study (FFS) was conducted in 1990 in the area north of the Fuel Farm by 
NUS Corporation. The investigation included the installation of four groundwater monitoring wells. 
Results of laboratory analysis revealed that groundwater in one well and soil cuttings: from two 
borings were contaminated with petroleum hydrocarbons. No nonaqueous product was observed. 

A geophysical investigation was conducted by NUS as part of the FFS in an attempt to identify 
underground storage tanks (USTs) at the site of the fomzer gas station. The results indicated the 
presence of a geophysical anomaly to the north of the former gas station. 

Comprehensive Site Assessment 

Law Engineering, Inc. (Law) conducted a Comprehensivti Site Assessment (CSA) during the fall of 
1991 (Law, 1992). The CSA involved the drilling of 18 soil borings to depths ranging from 15 to 
44.5 feet. These soil borings were ultimately converted to nested wells that monitor the water table 
aquifer along two zones. The shallow zone, or water table zone, generally extends from 2.5 to 
17.5 feet, below ground surface (bgs). The deeper zone monitored by the nested wells generally 
ranges from 17.5 to 35 feet bgs. Five additional sdil borings were drilled and nine soil borings were 
hand-augered to provide data regarding soil contamination in the vadose zone. Additional 
groundwater data was provided via 21 drive-point groundwater or “Hydropunch” samples, A 
“Tracer” study was also performed to investigate the integrity of the ASTs and underground 
distribution piping. 

Soil and groundwater samples obtained under the CSA were analyzed for both organic and inorganic 
compounds. Groundwater analyses included purgeable hydrocarbons (EPA 601), purgeable 
aromatics and methyl-tertiary butyl ether (MTBE) (EPA 602), polynuclear aromatic hydrocarbons 
(EPA 6101, and unfiltered lead (EPA 239.2). Soil analyses were limited to total petroleum 
hydrocarbons (TPH) (SW846 3rd Edition, 503013550: gasoline/diesel fractions) and lead (SW846 
3rd Edition, 6010). Ten soil samples were analyzed for ignitability by SW846 3rd Edition, 1010. 
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The results of the CSA identified areas of impacted soil and groundwater. The nature of the 
contamination included both haiogenated (i.e., chlorinated) organic compounds (e.g., TCE, trans- 
1,2-DCE, and vinyl chloride) and nonhalogenated, petroleum-based constituents (e.g., TPH, MTBE, 
benzene, toluene, ethylbenzene, and xylene). The contamination encountered was typically 
identified in both shallow (2.5 to 17.5 feet bgs) and deep (17.5 to 35 feet bgs) wells. 

Law also identified several plumes of shallow groundwater contamination including two plumes 
comprised primarily of petroleum-base’d constituents (e.g., BTEX) and two plumes comprised of 
haIogenated organic compounds (e.g., TCE). The plumes are all located north of Fourth Street and 
east of E Street except for a portion of a TCE plume. This plume extends southwest beyond the 
corner of Fourth and E Streets. 

In general, contaminant concentrations in soil were greatest in those samples taken at or below the 
water table. Law concluded that soil contamination at Site 35 was likely due to the presence of a 
dissolved phase groundwater plume and seasonal fluctuations of the water table. 

A follow-up to the CSA was conducted by Law in 1992. Reported as an Addendum to the CSA 
(Law, 1993), it was designed to provide further characterization of the southern extent of the 
petroleum contamination resulting from historical releases. Three monitoring wells were installed 
including MW-26, -27, and PW-28. Soil samples were obtained from each of these locations and 
analyzed for TPH (gasoline and diesel fractions). As part of the follow-up, a pump test was 
performed to estimate the hydraulic characteristics of the surficial aquifer. This test was designed 
to determine performance characteristics of a designated pumping well and to estimate hydraulic 
parameters of the aquifer. An approximate hydraulic conductivity of 100 feet/day was determined 
for the sutficial aquifer. 

Baker conducted an Interim Remedial Action RI in December 1993. An additional seven soil 
borings were located within and around groundwater contaminant plume areas identified during the 
CSA. In addition to the soil borings, thirteen shallow soil samples were taken adjacent to Brinson 
Creek to determine the extent of contamination emanating from Site 35. Two of these shallow soil 
samples were situated upstream along Brinson Creek to provide background information on TPH 
and oil and grease. 

In addition to soil sampling, a secqnd round of groundwater level measurements were obtained for 
comparison to those presented in the CSA. 

The most prevalent contaminants detected in soil samples taken during the Interim Remedial Action 
RI were benzene, toluene, ethylbenzene xylenes, naphthalene, and 2-methylnaphthalene. These 
constituents are commonly associated with fuel contamination. TPH (gasoline and diesel) and oil 
and grease were also observed, in addition to sporadic occurrences of lead, chromium, vanadium, 
and arsenic. 

Analytical results, in general, confirm the previous findings that contamination in the majority of 
the identified soil is associated with a dissolved petroleum hydrocarbon contaminant plume in 
shallow groundwater. Oil and grease results observed in shallow soil samples obtained from the 
Brinson Creek area are likely influenced by the presence of naturally occurring organics in soils or 
an upgradient contamination source. This is supported by elevated background concentrations of . 
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oil and grease in surface soil samples obtained along the banks of Brinson Creek approximately l/2- 
mile upstream of the site. 

The Interim Remedial Action RI/FS culminated with an executed Interim Record of Decision (ROD) 
signed on September 15, 1994, for the remediation of contaminated soil along and adjacent to the 
proposed highway right-of-way at Site 35. Three areas of soil contamination requiring remediation 
have been identified. The first area is located in the vicinity of the Fuel Farms ASTs, and the two 
other areas are located north of the Fuel Farm. The larger of these two areas is located along “F” 
Street in the vicinity of monitoring well MW- 11; the smaller area is in the area of monitoring well 
MW-25. Baker has estimated that approximately 3,600 cubic yards (4,900 tons) of contaminated 
soil is present in these three areas. 

A fourth area of soil contamination, located immediately north of Building G480, was also identified 
in the Interim ROD. Additional data pertaining to this fourth area became available subsequent to 
the execution of the Interim ROD. This data indicated that contaminated soil was encountered in 
this area during the removal of a UST there in January 1994. The contaminated soil was excavated 
and reportedly disposed off site; however, no documentation is available regarding how or where 
the soil was disposed. An additional soil investigation will be conducted in this area to confirm that 
the contaminated soil was not returned to the excavation and that follow-up soil remediation in this 
area is not necessary. 

Other Investipations 

Two USTs located near the Fuel Farm have been the subject of previous investigations conducted 
under an Activity-wide UST program. The two USTs include a No. 6 fuel oil UST situated adjacent 
to the former Mess Hall Heating Plant and a No. 2 fuel oil UST situated adjacent to the :Explosive 
Ordnance and Disposal Armory, Offrce, and Supply Building. The former UST was abandoned in 
place years ago (date unknown) and has been the subject of previous environmental investigations 
performed by ATEC Associates, Inc. and Law. The latter UST was removed in January 1994. 
Contaminated soils adjacent to the UST were reportedly removed with the tank. However, samples 
were not collected to confirm the limits of the contaminated soils. Sampling is expected to be 
conducted to corroborate the limits of soil contamination. 

Comprehensive Remedial Investipation/Feasibilitv Study 

A comprehensive RI was conducted by Baker in 1994 to evaluate the nature and extent of the threat 
to public health and the environment caused by the release of hazardous substances, pollutants, or 
contaminants; and to support a Feasibility Study evaluation of potential remedial alternatives. 

Remedial Investigation Field Activities 

The RI field program was initiated on April 11, 1994. Data gathering activities were derived from: 
a soil gas survey and groundwater screening investigation; a soil investigation; a groundwater 
investigation; a surface water and sediment investigation; and an ecological investigation. 

Soil Gas Survey and Groundwater Screening Investigation 

Baker monitored the collection of 67 soil gas samples and 72 groundwater screening samples from 
sample locations established across the Site 35 study area. This investigation focused on obtaining 
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additional information to assess the source(s) of halogenated compounds in shallow groundwater. 
The majority of the sample locations were located south of the Fuel Farm and south of Fourth Street, 
and were based on the results of previous investigations, which revealed TCE in groundwater. The 
purpose of this activity was to assist in the placement of soil borings/monitoring wells. 

Soil Investigation 

The soil investigation involved the drilling of 26 soil borings at locations primarily determined by 
the results of the soil gas survey and groundwater screening investigation. Borings were advanced 
to three depths, and included 10 shallow borings (14 to 17 feet bgs), 11 intermediate borings (4 1 to 
47 feet bgs), and five deep borings drilled to a depth equivalent to 5 to 10 feet below the semi- 
confining layer separating the surficial aquifer from the Castle Hayne Aquifer (5 1 .O to 66.0 feet bgs). 

Soil samples (surface and subsurface) obtained fi-om the borings were analyzed for a few of the 
following parameters; TCL volatiles, semivolatiles, pesticides/PCBs, TAL metals, as well as a 
variety of engineering parameters that will be used in the FS. A summary of each sample, the depth 
it was collected and parameters analyzed is provided in Appendix I. 

Groundwater Investigation 

The groundwater investigation included the installation of shallow, intermediate, and deep 
groundwater monitoring wells. The shallow monitoring wells were installed to intercept the upper 
portion of the surficial aquifer. The intermediate wells were constructed to monitor the lower 
portion of the surficial aquifer with screens set just above what appeared to be a semi-confining 
layer separating the surficial aquifer from the underlying Castle Hayne Aquifer (see Appendix H for 
boring logs/well construction records). A total of 21 shallow and intermediate wells were installed 
under this RI. In addition, five deep groundwater wells were installed to monitor the upper portion 
of the Castle Hayne Aquifer immediately below the suspected semi-confining layer. 

Groundwater samples were obtained Tom each of the 26 newly installed wells and 29 existing wells. 
The samples were analyzed for TCL volatiles, semivolatiles, pest.icides/PCBs, and TAL metals as 
well as a variety of engineering parameters. 

Surface Water/Sediment Investigation 

Surface water and sediment samples were obtained along Brinson Creek which flows roughly north 
to south immediately east of the Fuel Farm. Samples were obtained from ten stations including three 
upstream and seven adjacent/downstream locations. Surface water and sediment samples were also 
collected from an off-base reference station. The reference station included the White Oak River 
watershed. 

The surface water and sediment samples were analyzed for TCL volatiles, semivolatiles, 
pesticides/PC&, TAL metals, and particle size distribution. 

Ecological Investigation 

The ecological investigation included biological sampling (i.e., fish, shellfish, and benthic 
macroinvertebrates) along Brinson Creek and along three streams in the nearby White Oak River 
watershed including Webb Creek, Hadnot Creek, and Holland Mill Creek. The work performed in 
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the White Oak River watershed was part of an overall ecological background investigation 
i -.. conducted as part of this RI. 

Nature and Extent of Contamination 

The nature and extent of contamination at Site 35 was determined based on the analytical results of 
the various media considered under the RI including soil, groundwater, sediment, surface water, and 
fish tissue. The Rl results were also compared to the resuits from previous environmental 
investigations performed at Site 35, when applicable. 

Surface and Subsurface Soil 

Relatively few detections of VOCs and SVOCs were observed in surface and subsurface soil 
samples obtained under the RI. The most significant contamination detected involved 
tetrachloroethane in subsurface soil at boring 35MW-30B located near the barracks southwest of the 
Fuel Farm. Pesticides were detected in surface soil samples only, but, are not deemed to be site 
related. No PCBs were detected in surface soil samples. Detected inorganics were generally similar 
to background surface and subsurface soil concentrations at Camp Lejeune, 

Groundwater 

The nature and extent of groundwater contamination was considered based on the interval of 
groundwater monitored and included the upper portion of the surficial aquifer, the lower portion of 
the surficial aquifer, and the upper portion of the Castle Hayne Aquifer. 

. The results of the RI confirm the results of previous environmental.investigations conducted at Site 
35 and expand the existing database. Additional groundwater monitoring wells were installed in the 
surficial aquifer south of the Fuel Farm, and Fourth Street and in the upper portion of the Castle 
Hayne Aquifer. 

No substantial contamination was detected in the upper portion of the Castle Hayne Aquifer. This 
indicates that, to date, the suspected semi-confining layer that separates the surficial aquifer from 
the Castle Hayne Aquifer has served effectively as an aquitard (see Figure 3-4). 

Extensive groundwater contamination was observed in the sutficial aquifer along both the upper and 
lower monitored intervals. Fuel-related organic contaminants, when encountered, appear more 
prevalent in the upper portion of the surficial aquifer. Conversely, solvent-related organic 
contaminants, when encountered, appear more prevalent in the lower portion of the surflcial aquifer. 
This is likely due to the f$ct that the latter are the more dense compounds having a spec,ific gravity 
greater than groundwater. 

The extent of fuel-related contamination appears to be adequately defined based on the data obtained 
to date. It is limited to the area north of Fourth Street in the vicinity of obvious suspected sources 
such as the Fuel Farm and nearby former UST sites. 

The extent of solvent-related contamination has not been completely defined to date nor have ail of 
its sources been identified. A plume appears to extend from north of Fourth Street south to Fifth 
Street beyond which the RJ did not extend in the southerly direction (see Figures 4-4 and 4-7). The 
source of this plume has not been determined. A second smaller plume is present in the: vicinity of 
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the Former Vehicle Maintenance Garage (Building TC474). The smaller plume appears to be 
adequately defined with Building TC474 and the immediate vicinity as the likely source of 
contamination. 

Elevated levels of inorganic contaminants (total and dissolved) were detected in groundwater 
samples obtained from within the surficial aquifer. It is questionable whether this contamination 
is due to past site activities because the results are similar to those obtained by Baker at other Camp 
Lejeune sites. The elevated total metals are believed to be caused by suspended particulates in the 
samples. 

Surface Water and Sediment 

Significant levels of organic and inorganic contaminants were detected in sediment samples obtained 
from locations adjacent to and downstream of Site 35. The results of VOC analyses were *‘masked” 
by the presence of high levels of Tentatively Identified Compounds (TICS), and consequently, few 
VOC detections were reported. Nevertheless, the Baker field team commented during sampling that 
the sediment samples appeared to contain elevated levels of fuel-related contaminants which could 
also explain the presence of TICS. Lead at elevated levels was also detected in these sediment 
samples, and like the organic contaminants, could be related to Site 35. 

Surface water contamination was limited to a single detection of lead and zinc downstream of 
Site 35 at levels in excess of the WQSVs and the NCWQS. No organic contaminants were detected 
in surfz+ce water samples. 

Fish 

A variety of organic and inorganic contaminants were detected in fillet and whole body samples 
analyzed under this RI. De most significant contaminants detected were the pesticides dieldrin, and 
4,4’-DDD with a single detection of inorganic mercury. These contamina+s were primarily 
responsible for the calculated risk to human health in excess of EPA guidelines. 

Baseline Human Health Risk Assessment 

The BRA highlights the media of interest from the human health standpoint’ at OU No. 10 by 
identifying areas with elevated ICR and HI values. Current and titure potential receptors at the site 
include current military personnel, current recreational aidults and children, future residents (i.e., 
children and adults), and future construction workers. Contaminants of Potential Concern (COPCs) 
are identified by media and the total site risk for each of these receptors is estimated by logically 
summing the multiple pathways likely to afYect the receptor during a given activity (see Table ES-l). 
The following algorithms defined the total site risk for the current and future potential receptor 
groups assessed in a quantitative manner, The risk associated with each site is derived using the 
estimated risk from multiple areas of interest. 

1. Current Military Personnel 

a. Incidental ingestion of COPCs in surface soil + dermal contact with COPCs 
in surface soil + inhalation of airborne COPCs 
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TABLE ES-l 

SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJ-EUNE, NORTH CAROLINA 

I Contaminant I Surface Soil Subsurface I I Ground- I Surface I Sediment I --7 Fkh 

1 1,1,2,2-Tetrachloroethane 1 
1 Chlorofom I 
I I I I 

Methylene Chloride X 
1,1,2-Trichloroethane X 
1,l -Dichloroethane x I 

, , I I I I I 

1 I I 
I I I I I 

1,l -Dichloroethene I a lx1 I I I I 
2-butanone 
Benzene l X 

Carbon disulfide X 
cis- 1,2-Dichloroethene l X 

Ethylbenzene I 
I I 

Methyl Tertiary Butyl Ether l X 
I I 

Tetrachloroethene X .X I 
Toluene 0 x I 

. * 

Naphthalene 
Dibenzofurau 
Fluorene 

I Anthracene I I I I I 1x1 I I I I I I 
I I I I I 1 I I I I 

I I I I 
I 

I I x I I I I I I I Carbazole 
Diethylphtbalate 
Di-n-butylphthalate l m 
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TABLE ES-l (Continued) 

SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contammant 

mene X X I 
Butylbenzlphthalate X 

Benzo(a)anthracene X 

Chrysene X 

Benzo(b) fluoranthene 0 x l x 
I I 

I I I I I ^ ------ --- I I I I 
AI&in 1 x 



TABLE ES-1 (Continued) TABLE ES-1 (Continued) 

SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, (X0-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, (X0-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

0 Selected as COPC. 
X Positively detected in media. 
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2. Future Residents (Children and Adults) 

a. Incidental ingestion of COPCs in surface soil + dermal contact with COPCs 
in surface soil + inhalation airborne of COPCs 

b. Ingestion of COPCs in groundwater + dermal contact with COPCs in 
groundwater + inhalation of volatile COPCs 

3. Future Construction Worker 

a. Incidental ingestion of COPCs in on-site subsurface soil + derma1 contact 
with COPCs in subsurface soil + inhalation of airborne COPCs 

4. Current Recreational Children and Adults 

-T 
a. Ingestion of COPCs in surface water and sediment + dermal contact with 

COPCs in surface water and sediment 

b. Ingestion of fish tissue (adults only) 

The total site ICR and HI values associated with current and future receptors at this site. are 
presented in Table ES-2. The total site ICR for the current recreational child (4.4 x lO+‘)‘current 
recreational adult (1.9 x lo”), and current military personnel (3.1 x 106 ) are below the USEPA’s . \, 
upper bound risk range (1 x lo4 to 1 x lo&), therefore adverse effects are considered unlikely. The 
total site HI for the current recreational child (0.01) and current military personnel (0.09) did not 
exceed unity. Therefore, adverse effects are considered unlikely. The total site HI for the current 
recreational adult (1.8) is slightly above unity. The total site risk is due to potential exposure from 
fish Met ingestion which is driven by the presence of mercury. However, the exposure parameters 
used to calculate risk from fish ingestion are very conservative; mercury was not found to be causing 
a risk in any other media at Site 35; and the fish collected at Site 35 are considered migratory and 
move along Brinson Creek, therefore this risk may not be due to contamination at the site. 
Therefore, the risk from ingestion of fish may not be site related. 

The total site ICR and HI for the future construction worker (1.2 x 1 O-’ and 0.02, respectively) are 
below the USEPA’s risk range, therefore, risk to this receptor is considered unlikely., The total site 
ICR for future adult residents (4.3 x lo”) and future child residents (2.1 x 1 OV3) exceed the USEPA’s 
upper bound risk range (1 x 1 O4 to 1 x 1 Od). The total site risk is driven by future potential exposure 
to groundwater. The ICR values are driven by the presence of arsenic and beryllium. The total site 
HI for the future adult resident (44) and the future child resident (104) exceed unity. The total site 
‘risk is driven by future potential exposure to groundwater. The HI values are driven by the presence 
of cis-1,2-dichlorothene, trichloroethene, benzene, antimony, arsenic, barium, chromium, cadmium, 
manganese, and vanadium. 

EcoloPical Risk Assessment 

Overall, metals and pesticides appear to be the most significant site relatedCOPCs that have the 
potential to affect the integrity of the aquatic and terrestrial receptors at Site 35. Although the 
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American alligator has been observed at Site 35, potential adverse impacts to this species could not 
be quantitatively evaluated. 

Aquatic Ecosystem 

Surface water quality showed exceedances of aquatic reference values for lead, mercury, and zinc. 
In addition, iron, cobalt and manganese were above the concentration that caused adverse impacts 
to aquatic species in a few studies. However, most of the studies did not meet the criteria for 
reliability, and other studies indicated that potential impacts to aquatic organisms did not occur at 
the concentrations detected in the surface water at Brinson Creek. For,sediments, concentrations 
of lead and the organics dieldrin, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, endrin, alpha-chlordane, and 
gamma-chlordane exceeded the aquatic reference values. In the surface water, mercury exceeded 
aquatic reference values in the upstream stations. Although these levels were indicative of a high 
potential for risk (QI > loo), mercury is not believed to be site related. Zinc only exceeded unity 
slightly and was only found at a single station. Lead has a single exceedance of the aquatic 
reference value by slightly greater than 10 indicating a moderate potential for risk to aquatic 
receptors. Lead also was found in the groundwater samples at similar levels and is site related. 

In the sediments, lead exceeded the lower sediment aquatic reference value throughout Brinson 
Creek. The only exceedances of the higher sediment aquatic reference value occurred d’ownstream 
of Site 3 5 with the highest QI of 137 representing a high potential for risk to aquatic receptors. The 
lead detected in the sediments is IikeIy site related, the result of past reported surface spills/runoff 
and past and ongoing groundwater discharges to surface water. 

Pesticides exceeded the sediment aquatic reference values throughout Brinson Creek. The highest 
QI, 2,600 for dieldrin, represents a high potential for risk to aquatic receptors. There is no 
documented pesticide disposal or storage/preparation activities at Site 35. The pesticide levels 
detected in the sediments probably are a result of routine application in the genera1 vicinity of 
Site 35. 

Although, the pesticides in the sediments were found at levels indicating contamination throughout 
the watershed, the highest levels were observed in the lower reaches of Brinson Creek. This 
deposition trend may be ‘related to the higher organics in. the sediments in the lower reach, which 
would accumulate more of these types ,of contaminants. 

The fish community sampled in Brinson Creek was representative of an estuarine ecosystem with 
both freshwater and marine species present. In addition, the presence of blue crabs, grass shrimp, 
and crayfish support the active use of Brinson Creek by aquatic species. 

The absence of pathologies observed in the fish collected from Brinson Creek indicates that the 
surface water and sediment quality may not adversely impact the fish community. 

The benthic macroinvertebrate community demonstrated the typical tidal/freshwater species trend 
of primarily chironmids and oligochaetes in the upper reaches and polychaetes and amphipods in 
the lower reaches. Species representative of both tolerant and intolerant taxa were present. Species 
richness and densities were representative of an estuarine ecosystem. 

In summary, the aquatic community in Brinson Creek is representative of an estuarine community 
and does not appear to be significantly impacted by surface water and sediment quality. 
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Terrestrial Ecosystem 

Surface soil quality indicated a potential for adversely impacting the terrestrial receptors that have 
direct contact with the surface soils. This adverse impact is primarily due to cadmium in the surface 
soils. Cadmium was detected at a relatively high concentration in only out of ten surface soil 
samples, therefore any estimation of adverse effects on terrestrial receptors using this cadmium 
concentration is conservative. 

There also appears to be impacts to the terrestrial receptors due to copper in the fish tissue. Copper 
was not detected in the surface water but was detected in sediment sampies collected downstream 
of Site 35 at concentrations lower than the sediment samples taken upstream of Site 35. As such, 
the copper in the fish tissue does not appear to be site related. 

Conclusions 

0 Site 35 is an active petroleum product Fuel Farm scheduled for decommissioning 
and dismantlement in early 1995. The Fuel Farm dates back to 1945 and has a 
poorly documented history of various spills and leaks associated with aboveground 
and underground storage tanks and associated piping. 

0 Site 35 is situated within Camp Geiger in the northwest comer of Camp Lejeune. 
It is located along Brinson Creek which is a boundary line between Camp Lejeune 
and adjacent private properly. 

0 Several environmental studies have been conducted at Site 3 5 dating back to 1983. 
The data obtained to date indicate the presence of significant elevated levels of 
organic and inorganic contaminants in surficia! groundwater, Brinson Creek 
sediments, and fish tissue. Contaminated soil (fuel-related) in the vicinity of a 
proposed highway through Site 35 has been addressed through an Interim Record 
of Decision executed on September 15, 1994. One potentially significant area of 
subsurface soil contamination was identified during the RI in the .vicinity of the 
Barracks located southwest of the Fuel Farm based on detections of PCE subsurface 
soil samples obtained from borings 35MW-30B and -37B. In addition, the Baker 
field team commented that during the drilling of boring 35MW-29B a strong odor 
was encountered although no VOCs or SVOCs were detected in subsurface soil 
samples obtained at this location. 

0 Organic contamination in groundwater is presently limited to the surficial aquifer 
which is monitored at two levels including the groundwater surface (upper portion) 
and atop an underlying suspected semi-confining layer (lower portion). The 
suspected semi-confining layer appears to be adequately serving as an effective 
aquitard separating the surficial aquifer from the underlying Castle Hayne Aquifer 
as no significant levels of contamination were detected in the underlying Castle 
Hayne Aquifer. Relative to organic contaminants, both fuel- and solvent-related 
contaminants were detected in groundwater samples obtained from the upper and 
lower portions of the surf&l aquifer. In genera!, fuel-related contamination was 
detected most prevalently in samples obtained from wells monitoring the upper 
portion of the surficia! aquifer. Conversely, solvent-related contaminants were 
more prevalent in groundwater samples obtained from wells monitoring the lower 
portion of the surficia! aquifer. ‘k 
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. TABLE ES-2’ 

TOTAL SITE RISK 
OPERABLE UNIT NO. 10 (SITE 35) 

REM&DIAL INVESTIGATION, CTO-0212 
MCB CAMP LEJEUNE, NO,RTH CAROLINA 

Soil Croundwater Surface Water Sediment 
Receptors 

ICR HI ICR HI ICR HI ICR HI 

Future Child Resident 4.5E-05 0.93 2,lE:O3 103 NA NA NA NA 
V!) (1) (99) (99) 

Future Adult Resident 2.78-05 0.10 4,3E-03 44 NA NA NA NA 
WI w (9% (99) 

Future Construction Worker 1.2%07 0.02 NA NA * NA NA . NA NA 
(100) W) 

Current Military Personnel 3,1E-06 0.09 NA NA NA NA NA NA 
ww (100) 

Current Recreational Child NA NA NA NA l.lE-07 ~0.01 j.3E-07 0.01 
(27) WI (73) (99) 

Current Recreational Adult NA NA NA NA 1.2E07 SO.01 4.5%07 CO.01 
w w w (4) 

Fish 

ICR HI 

NA NA 

NA NA 

NA NA 

NA NA 

TOTALS I 

ICR HI 

2.1E-03 104 

4.38-03 44 

I -2E.07 0.02 

3.1E-06 0.09 

4.4E-07 0.01 

1.9E-05 1.8 

Notes: ICR = Incremental Llfetime Cancer Risk 
HI = Hazard Index 

. ’ ND -Not Detetmlned 
NA = Not Applicable 
( ) - Percent Contribution to Total Risk 



The source of the fuel-related groundwater contamination appears to be the Fuel 
Farm, underground piping, and nearby USTs. It appears to be adequately defined 
and somewhat limited to the area north of Fourth Street. 

Solvent-related contamination appears to be separated into two plumes. The 
smaller plume is located in the vicinity of Building TC474, a former Vehicle 
Maintenance Garage, which is its most likely source. The larger plume is located 
west of the Fuel Farm and extends from north of Fourth Street south to Fifth Street 
and possibly beyond. Based on data obtained to date the horizontal limits of the 
second solvent-related plume has not been defined and its source is not known. 

0 Elevated levels of inorganic contaminants (total and dissolved) were detected in 
groundwater samples obtained from within the surflcial aquifer. It is questionable 
whether this contamination is due to past site activities because the results are 
similar to those obtained by Baker at other Camp Lejeune sites. 

0 Organic and inorganic contaminants were detected in sediment samples obtained 
at locations adjacent to and downstream of Site 35. The results of VOC analyses 
were “masked” by the presence of Tentatively Identified Compounds (TICS) at high 
levels. The TICS may be indicative of accumulated higher molecular weight 
hydrocarbons which are the remnants of past contamination. 

Inorganic contamination, primarily in the form of lead, was also detected at 
elevated concentrations and is likely related to Site 35. 

0 Baker calculated that the human health risk associated with Site 35 is in excess of 
the acceptable range. The total risk was driven by future potential exposure to 
groundwater and current potential exposure to fish. However, only non- 
carcinogenic risks were likely with exposure to fish. 

l The ecological risk assessment indicated that the aquatic community within Brinson 
Creek was representative of an estuarine community and does not appear to be 
adversely impacted by surface water and sediment quality. Additionally, there are 
no significant adverse impacts to terrestrial receptors from site-related 
contaminants. 

Recommendations 

Based on the data obtained it is recommended that: 

0 The remedial investigation at Site 35 be extended south of Fifth Street as needed 
to define the extent and locate the source(s) of solvent-related groundwater 
contamination in the surficial aquifer. 

l The monitoring wells screened within the surticial aquifer that were sampled under 
the RI for inorganic contaminants (total phase only) be resampled using low-flow 
pumping techniques. This technique uses a peristaltic pump that limits the pumping 
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rate to between 0.20 - 0.30 gallons per minute (gpm). These pumping rates are set 
to produce no net head loss in the well being sampled. Sediments (the likely source 
of the high inorganic concentrations in total phase samples) in the bottom of the 
we11 are also left mostly undisturbed. Samples are collected only after 3, to 5 well 
volumes have been removed, water quality has stabilized, and turbidity levels are 
less than 10 Nephelometric Turbidity Units (NTUs). 

0 Sediment samples along Brinson Creek be obtained at locations adjacent to and 
downstream of Site 35 and analyze for TPH (EPA Methods 5030 and 3550) so as 
to provide data regarding the extent of organic contamination that was “masked” by 
TICS in results obtained under the RI. 

0 An Interim Remedial Action Feasibility Study be prepared that focuses on 
groundwater in the vicinity of the Fuel Farm and north of Fourth Street. The 
purpose of this Interim FS will be to address groundwater contamination in this area 
which may be a continuing source of contamination to Brinson Creek. 

0 The northeastern edge of the halogenated organic plume has not been delineated. 
Therefore, soil and groundwater samples should be collected on the northern side 
of Brinson Creek in order to determine if the creek is acting as a barrier to 
groundwater contamination that may be migrating off-site. 

0 Special precautions be taken when soil excavation is performed during the 
construction of the new highway. Specifically, it is recommended that tlhe written 
construction workplans reference the need for monitoring of volatile organic 
contaminant concentrations in the breathing zone of the workers, and that 
institutional and engineering controls be established to minimize human exposure 
to both WCs and tigitive dust particuIates. Although the calculated risk to human 
heaIth for future construction workers on Site 35 is well below the EPA atcceptable 
range, adverse exposure to a volatilized fraction of contaminants in the subsurface 
soil or inhalation of airborne contaminants is possible. 
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1.0 INTRODUCTION 

This document is a report on the Remedial Investigation (RI) activities performed at Operable Unit 
(OU) No. 10, Site 35 - Camp Geiger Area Fuel Farm. It has been prepared by Baker Environmental, 
Inc. (Baker) for presentation to the Department of the Navy (DON), Naval Facilities Engineering 
Command, Atlantic Division (LANTDIV) under Navy CLEAN Contract Number 
N62470-89-D-4814. The RI has been conducted in accordance with guidelines and procedures 
presented in the National Oil and Hazardous Substances Pollution Contingency Plan (NCP)(40 CFR 
300.430). USEPA’s Guidance for Conducting Remedial Investigations and Feasibility Studies Under 
CERCLA (USEPA 1988) was used asa guide for preparing this document. 

The purpose of this RI was to evaluate the nature and extent of the threat to public health and the 
environment caused by the release of hazardous substances, pollutants or contaminants. This was 
accomplished by sampling several media (soil, groundwater, sediment, surface water, fish, crabs, 
and benthic macroinvertibrates) at OU No. 10, evaluating the analytical data and performing a 
human health risk assessment (RA) and ecological RA. This RI report contains the results of all 
field investigations, a technical memorandum summarizing groundwater data and aquifer 
characteristics at MCB, Camp Lejeune, the human health RA, and the ecological RA. Previous 
investigations were conducted by Water and Air Research, Inc., (WAR) Environmental Science and 
Engineering, Inc. (ESE), NUS Corporation (NUS), Law Engineering (LAW) and Baker 
Environmental, Inc. (Baker). 

Marine Corps Base (MCB) Camp Lejeune, North Carolina has been actively involved in various 
environmental investigation and remediation programs since 1983, beginning with the Navy 
Assessment and Control of Installation Pollutants @iACIP) Program. The first study conducted . 
under the NACIP to investigate potentially hazardous site at MCB Camp Lejeune was an Initiai 
Assessment Study (LAS). It was conducted in 1983 and identified areas of concern that may 
potentially cause threats to human health and the environment as a result of past storage, handling, 
and/or disposal of hazardous material. Based on a review of historical records, field inspections and 
personal interviews, 76 areas of concern (AOCs) were identified. The IAS concluded that none of 
the sites pose an immediate threat to human health or the environment, however, 22 sites warrant 
further investigation to assess long-term impacts. During preliminary investigation of the AOCs, 
an additional AOC (Site 78, Hadnot Point Industrial Area) was identified. 

The Department of Navy’s Installation Restoration Program (IRP) was initiated in 1986 following 
the legislation of the Superfund Amendments and Reauthorization Act (SARA). The IRP was 
implemented to follow the requirements of SARA and replaced the NACIP. 

MCB Camp Lejeune was placed on the Comprehensive Environmental Response, Compensation and 
Liability Act (CERCLA) National Priorities List (NPL) effective October 4, 1989 (54 Federal 
Register 41015, October 4,1989). Subsequently, a Federal Facilities Agreement (FFA) between the 
United States Environmental Protection Agency Region IV (EPA), the North Carolina Department 
of Environment, Health and Natural Resources (NC DEHNR), and the DON was signed in February 
199 1. The primary purpose of the FFA is to ensure that environmental impacts associated with past 
and present activities at the MCB are thoroughly investigated and appropriate CERCLA 
response/Resource Conservation and Recovery Act (RCRA) corrective action alternatives are 
developed and implemented as necessary to protect public health and the environment. 
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The FFA covers 23 sites at MCB Camp Lejeune that require investigation in accordance with the 
NCP, CERCLA and SARA under the terms and conditions outlined in the FFA. These sites have 
been divided into 13 operable units to simplify proceeding with Remedial Investigation/Feasibility 
Studies (RVFS) activities. 

1.1 Backmound 

This section presents an overview of Site 35 and is divided into two subsections, Site Description 
and Site History. 

1.1.1 Site Description 

MCB, Camp Lejeune (also referred to as the “Activity”) is located in Onslow County, North 
Carolina (Figure l- 1). The Activity currently covers approximately 234 square miles and is bisected 
by the New River, which flows in a southeasterly direction and forms a large estuary before entering 
the Atlantic Ocean. The borders of the Activity are defined by the U.S. Route 17 and State Route 
24 to the west and northwest, respectively. The eastern. border is defined by the Atlantic Ocean 
shoreline and the City of Jacksonville, North Carolina, borders the Activity to the north. 

Camp Geiger is located at the extreme northwest comer of MCB Camp Lejeune and contains a 
mixture of troop housing, personnel support and training facilities. The main entrance is located 
along U.S. Route 17, approximately 3.5 miles southeast of the City of Jacksonville, North Carolina. 
Site 35, Camp Geiger Area Fuel Farm refers primarily to five, 15,000-gallon aboveground storage 
tanks (ASTs), a pump house, a fuel loading/unloading pad, an oil water separator, and a distribution 
island situated just north of the intersection of Fourth and “G” Streets. Results of previous 
investigations have expanded the study area beyond the confines of the Fuel Farm. To date, the 
study area is bounded on the west by D Street, on the noti. by Second Street, on the east by Brinson 
Creek and on the south by Fifth Street and Building No. TC572 (Figure l-2). 

Brinson Creek begins north of US Route 17 and forms the eastern boundary of the site and Camp 
Geiger, as it flows to the New River. East of Brinson Creek is private property. It appears, based 
on rough field measurements and observations, that Brinson Creek is tidally influenced to some 
point north of Site 35. 

The 40-acre study area surrounding Site 35 is primarily covered with vegetation. Although the 
majority of the area is maintained, the portion adjacent to Brinson Creek is heavily wooded and 
overgrown. Roadways, buildings, former building foundations and several large parking areas are 
located throughout the study area. Eight large warehouses (TC572, TC470, TC473, TC474, TC462, 
TC560, TC341, and TC342), five barracks (G530 through G534) for temporary housing troops and 
an armory (G480) presently exist within the boundaries of the study area. 

A pair of abandoned railroad tracks are located near warehouses TC462 and TC560 oriented in the 
north/south direction which appear to have been used to supply the series of three warehouses (two 
existing and one former), the ice house and the fuel farm. Chemicals are currently being stored 
within a fenced portion of the study area located between warehouses TC470 and TC572. The 
foundations of previously existing structures are scattered throughout the study area marking the 
former existence of a warehouse (TC460), a mess hall, a mess hall heating plant, a gas station and 
an ice house. 
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Two large fields exist in the central and western central portions of the study area. Both of the fields 
are used for recreation and training exercises. The “COMMARFORLANT Nuclear Elioiogical 
Chemical Defense School Training Range” is located southeast of the site. Training exercises and 
lectures on nuclear, chemical and biological warfare are administered at this facility. This facility 
stores and employs the chemical warfare training agent CS (0-chlorobenzylidene malonitrile) on a 
regular basis. 

1.1.2 Site History 

Construction of MCB, Camp Lejeune began in 194 1 with the objective of developing the: “Worlds 
Most Complete Amphibious Training Base.” Construction started at Hadnot Point, where the major 
functions of the Activity are centered. Development at the Activity is primarily in five geographical 
locations under the jurisdiction of the Base Command. These areas include Camp Geiger, Montford 
Point, Courthouse Bay, Mainside, and the Rifle Range Area. 

Construction of Camp Geiger was completed in 1945, four years after construction of MCB, Camp 
Lejeune was initiated. Originally, the Fuel Farm ASTs were used for the storage of No. 6 fire1 oil, 
but were later converted for storage of other petroleum products including unleaded gasoline, diesel 
fuel, and kerosene. The date of their conversion is not known. 

Routinely, the ASTs at Site 35 supply fuel to an adjacent dispensing pump. A leak in an 
underground line at the station was reportedly responsible for the loss of roughly 30 gallons per day 
of gasoline over an unspecified period (Law, 1992). The leaking line was subsequently sealed and 
replaced. 

The ASTs at Site 35 are currently used to dispense gasoline, diesel and kerosene to government 
vehicles and to supply underground storage tanks (USTs) in use at Camp Geiger and the nearby New 
River Marine Corps Air Station. The ASTs are supplied by commercial carrier trucks which deliver 
product to fill ports located on thefuel loading/unloading pad located south of the ASTs. Six, shott- 
run (120 feet maximum), underground fuel lines are currently utilizedto distribute the product from 
the unloading pad to the ASTs. Product is dispensed from the ASTs via trucks and underground 
piping. . 

Previously abandoned underground distribution line extended from the ASTs to the former Mess 
Hall Heating Plant, located adjacent to “D” Street, between Third and Fourth Streets. The 
underground line dispensed No. 6 fuel oil to a UST which fueled the Mess Hall boiler. The Mess 
Hall, located across “D” Street to the west, is believed to have been demolished along with its 
Heating Plant in the 1960s. 

Reports of a release from an underground distribution .Iine near one of the ASTs date back to 1957- 
58 (ESE, 1990). Apparently, the leak occurred as the result of damage to a dispensing pump. At 
that time the Camp Lejeune Fire Department estimated that thousands of gallons of fuel were 
released although records of the incident have since been destroyed. The fuel reportedly migrated 
to the east and northeast toward Brinson Creek. Interceptor trenches were excavated and the 

, captured fuel was ignited and burned. 

In April 1990, an undetermined amount of fuel was discovered by Camp Geiger personnel along two 
unnamed drainage channels north of the Fuel Farm. Apparently, the source of the fuel, bielieved to 
diesel or jet fuel, was an unauthorized discharge from a tanker truck that was never identified. The 
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Activity reportedly initiated an emergency clean-up which included the removal of approximately 
20 cubic yards of soil. 

The Fuel Farm is scheduled to be demolished by April 1995. Plans are currently being prepared to 
empty, clean, dismantle, and remove the ASTs along with all concrete foundations, slabs on grade, 
berms and associated underground piping. The Fuel Farm is being removed to make way for a six 
lane divided highway proposed by the North Carolina Department of Transportation @JCDOT) 
(Figure l-3). 

In addition to the Fuel Farm dismantling, soil remediation activities will be executed along the 
highway right-of-way as per an Interim Record of Decision executed on September 15, 1994. The 
soil remediation work is scheduled to commence in May 1995. 

1.2 Summarv of Previous Investigations 

The purpose of this section is to summarize existing information pertaining to previous 
environmental studies involving Site 35. Information presented herein can be found in the Initial 
Assessment Study of Marine Corps Base, Camp Lejeune, North Carolina (WAR, 1983), Final Site 
Summary Report, MCB Camp Lejeune (ESE, 1990) Draft Field Investigation/Focused Feasibility 
Study, Camp Geiger Fuel Spill Site (NUS, 1990), Underground Fuel Investigation and 
Comprehensive Site Assessment (Law, 1992) and the Addendum Report of Underground Fuel 
Investigation and Comprehensive Site Assessment (Law, 1993) and the Interim Remedial Action 
Remedial Investigation/Feasibility Study (Baker, 1994). Sample locations associated with each of 
these studies are depicted on Figure l-4. 

1.2.1 Initial Assessment Study \ 

MCB, Camp Lejeune was placed on the National Priority List (NPL) in 1983 a&r the Initial 
Assessment Study (IAS) identified 76 potentially contaminated sites at the Activity (WAR, 1983). 
Site 35 was identified as one of 23 sites warranting further investigation. Sampling and analysis of 
environmenta media was not conducted during the IAS. 

1.2.2 Confirmation Study 

ESE performed Confirmation Studies of the 22 sites requiring further investigation which included , 
a study of the,Fuel Farm between 1984 and 1987 (ESE, 1990). .In 1984, ESE advanced three hand- 
auger borings (35GW-1, -2, and -3) downgradient of the site, and collected groundwater and soil 
samples from each location. Soils were analyzed for lead and oil and grease. Lead was detected in 
soil samples obtained from hand auger borings at concentrations ranging from 6’to 8 mg/kg. Oil and 
grease was also detected at concentrations ranging from 40 to 2,200 mg/kg. 

Shallow groundwater samples were obtained from the open boreholes and analyzed for lead, oil and 
grease, and volatile organic compounds (VOCs) including benzene, trans- 1,2,-dichloroethene (trans- 
I,2,-DCE), trichloroethene (TCE), and methylene chloride. Lead was detected in each sample 
ranging from 1,063 ug/L (35GW-3) to 3,659 pg5 (35GW-1). Oil and grease was detected in 
sample 35GW-2 at 46,000 ug/L. The only detected VGC was methylene chloride in sample XGW- 
1 at 4 pg&. 
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In 1986, ESE collected two sediment (35SEl and 35SE2) and two surface water (35SWl and 
35SW2) samples from Brinson Creek and installed three permanent monitoring wells (35GW-4, -5, 
and -6 which were later renamed EMW’S, -6, and -7), two east of and one west of the Fuel Farm. 
Table 1- 1 details well construction. Surface water and sediment samples were analyzed for lead, 
oil and grease and ethylene dibromide. Groundwater samples were obtained in December 1986 and 
again in March 1987 and were analyzed for lead, oil and grease (O&G), and volatile organic 
compounds (VOCs). 

No target analytes were detected in either surface water sample. Both sediment samples were 
reported to contain lead and oil and grease although no data indicating actual levels of detection 
were provided in ESE’s report. Levels were reported to be higher in the upstream sample, 
prompting ESE to suggest that the discharge of contaminated groundwater to the creek is occurring 
at the far northern section of the Fuel Farm ASTs or that the source of O&G and lead may be 
upstream. 

Lead was detected in only one of six samples (33 ug/L: EMW-6) obtained from the three permanent 
monitoring wells. Oil and grease was detected in all six samples in a range from 200 ug/L (EMW-5: 
December 1986) to 12,000 &L (EMW-5: March 1987). Detected VOCs included benzene (range: 
1.3 pg/L at EMW-7 to 30 pg/L at EMU-6), trans-1,2,-DCE (range: 3.2 ug/L at EMW-5 to 29 ug/L 
at EMW-7), and TCE (detected at 11 pg/L at EMW-7 on both sample dates). 

ESE recommended further investigations designed to determine the horizontal and vertical extent 
of contamination residing within the soils aud groundwater beneath the site and sediments in Brinson 
Creek. In addition, ESE recommended investigation of the adjacent automotive maintenance/hobby 
shop to determine if it is a source of VOC contamination. In conjunction with the investigations, 
ESE recommended a risk assessment for portions of the ESE report that pertain to Site 35 
(Appendix A). 

1.23 Focused Feasibility Study 

A Focused Feasibility Study (FFS) was conducted in 1990 in the area north of the Fuel Farm by 
NUS. Although the FFS was conducted, a Record of Decision was not signed as a result. The FFS 
included the installation of four groundwater monitoring wells numbered EMW-1, -2,-3, and -4. 
Table l-l summarizes well construction details. Baker was not able to obtain a copy of the NUS 
report It was, however, discussed in the Comprehensive Site Assessment Report (Law, 1992). Law 
indicated that the results of laboratory analysis revealed groundwater in one well and soil cuttings 
from two borings were contaminated with petroleum hydrocarbons although non-aqueous product 
was not observed. No quantifiable data was provided in the Law report. 

A geophysical investigation was also conducted by NUS as part of the FFS in an attempt to identify 
USTs at the site of the former gas station. The results indicated the presence of a geophysical 
anomaly in the vicinity of the former gas station. 

1.2.4 Comprehensive Site Assessment 

Law conducted a Comprehensive Site Assessment (CSA) during the fall of 199 1 (Law, 1992). The 
CSA involved the drilling of 18 soil borings to depths ranging from 15 to 44.5 feet. These soil 
borings were ultimately converted to nested wells (MW-8 through 25) that monitor the water table 
aquifer along two zones. The shallow wells were constructed to monitor the water table and 
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generally screened from 2.5 to 17.5 feet below ground surface (bgs). The deeper wells monitored 
the lower portion of the surfkial aquifer and are generally screened from 17.5 to 35 feet bgs. ! 
Table l-2 summarizes well construction details. Well MW-20 was the only well installed that is not 
a double nested well. It is screened from 3 to 12.5 feet bgs. Five additional soil borings were drilled 
and nine soil borings were hand-augered to provide data regarding vadose zone soil contamination. 
Three soil borings (SB-1, SB-2, SB-3) were drilled specifically to provide subsurface stratigraphic 
data. Additional groundwater data was provided via 21 drive-point groundwater or “Hydropunch” 
samples. A “Tracer” study was also performed to investigate the integrity of the ASTs and 
underground distribution piping. 

Soil and groundwater samples obtained under the CSA were analyzed for both organic and inorganic 
compounds. Groundwater analyses included purgeable hydrocarbons (EPA 601), purgeable 
aromatics and methyl-tertiary-butyI-ether (MTBE) (EPA 602), polynudear aromatic hydrocarbons 
(PAHs) (EPA 6 lo), and unfiltered lead (EPA 239.2). Soil analyses were limited to total petroleum 
hydrocarbons (TPH) (SW846 3rd Edition, 5030/3550: gasoline/diesel fractions) and lead (SW846 
3rd Edition, 6010). In addition, ten soil samples were analyzed for ignitability by SW846 3rd 
Edition, 1010. 

The results of the CSA identified areas of impacted soil and groundwater. The nature of the 
contamination included both halogenated (i.e., chlorinated) organic compounds (e.g., TCE, trans- 
1,2-DCE, and vinyl chloride) and nonhalogenated, petroleum-based constituents (e.g., TPH, MTBE, 
benzene, toluene, ethylbenzene, and xylene). The contamination encountered was typically 
identified in both shallow (2.5 to 17.5 feet bgs) and deep (17.5 to 35 feet bgs) wek 

Law also identified several plumes of shallow groundwater contamination including two plumes 
comprised primarily of petroleum-based constituents (e.g., BTEX) and two plumes comprised of 
halogenated organic compounds (e.g., TCE). The plumes are all located north of Fourth Street and 
east of E Street except for a portion of a TCE plume that extends southwest beyond the comer of 
Fourth and E Streets. 

In general, contaminant concentrations in soil were greatest in those samples taken at or below the 
water table. Law concluded that soil contamination at Site 35 was likely due to the presence of a 
dissolved phase groundwater plume and seasonal fluctuations of the water table. For portions of this 
report, refer to Appendix B. 

A follow-up to the CSA was conducted by Law in 1992. Reported as an Addendum to the CSA 
(Law; 1993), it was designed to provide further characterization of the southern extent of the 
previously identified petroleum contamination. Three monitoring wells were installed including 
m-26, -27, and PW-28. Monitoring well construction details are summarized in Table l-2. Soil 
samples were obtained from each of these locations and analyzed for TPH (gasoline and diesel 
fractions). As pat-t of the follow-up, a pump test was performed to estimate the hydraulic 
characteristics of the surficial aquifer. This test was designed to determine performance 
characteristics of the pumping well (PW-28) and to estimate hydraulic parameters of the aquifer. 
An approximate hydraulic conductivity of 100 feet/day was determined for the surficial aquifer. 
Portions of the Addendum to the CSA is provided in Appendix C. 
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1.2.5 Interim Remedial Action R.I/FS 

An Interim Remedial Action field investigation was initiated by Baker in December 1993. Its 
purpose was to provide additional soil data to augment the existing Site 35 database, to determine 
the presence of non-fuel related chemical contaminants, to provide additional information regarding 
the extent of soil contamination, and to support an Interim Remedial Action FS. 

Seven soil borings (SB-29 through SB-3.5) were advanced to depths 6 to 12 feet for the purpose of 
collecting samples for chemical analysis. Samples were screened with an I-I& photoionization 
detector (PID) to detect potential volatile organic hydrocarbons and to help select which sample 
would be submitted for laboratory analysis. Samples submitted to the laboratory were analyzed for 
USEPA Contract Laboratory Program (CLP) Target Compound List (TCL) vollatiles and 
semivolatiles, Target Analyte List (TAL) inorganics, TPH by SW846 3rd Edition, Modified Method 
80 15 and oil and grease by SW846 3rd Edition Method 9071. SampIes analyzed for TPH were 
extracted in accordance with SW 846 3rd Edition, Methods 5030 (gasoline range organ&) and 3550 
(diesel range organics). A composite sample was analyzed for the TCLP and RCRA Hazardous 
Waste Characteristics. . 

In addition, 13 shallow surface soil samples (BCSB-01 through BCSB-13) were collected at a depth 
of 0” to 12” from topographically low areas of Brinson Creek and the drainage channel located north 
of the Fuel Farm. Soil samples BCSB-01 through BCSB-10 were analyzed for CLP TCL volatiles 
and semivolatiles, TAL inorganics, TPH by SW 846 3rd Edition, Modified Method 8015 and oil and 
grease by SW 846 3rd Edition, Method 9071. Soil samples BCSB-11,12, and 13 were analyzed for 
TPH and oil and grease only. A composite sample was analyzed for. full TCLP a.ud RCRA 
characteristics. 

In general, analytical data gathered during the Interim RI suggests that the petroleum hydrocarbon 
contamination is primarily located near the surface of the shallow groundwater. The results indicate 
that the highest TPH related contamination occurs at or below the water table and groundwater 
fluctuations likely account for the subsurface soil contamination detected immediately above the top 
of the groundwater. 

The Interim Remedial Action RI/I% culminated with an executed Interim Record of Decision. 
(ROD), signed on September 15,1994, for the remediation of contaminated soil along and adjacent 
to the proposed highway right-of-way at Site 35. Three areas of contaminated soil have been 
identified. The first area is located in the vicinity of the Fuel Farm ASTs, and the two other areas 
are located north of the Fuel Farm. The larger of these two areas is located along “F” Street in the 
vicinity of monitoring well MW-25. Baker has estimated that approximateIy 3,600 cubic yards 
(4,900 tons) of contaminated soil is present in these areas. Contaminated soil located in these areas 
is scheduled for removal and disposal at an off-site soil recycling facility beginning in 1995. 

A fourth area of soil contamination, located immediately north of Building G480, was also identified 
in the Interim ROD. Additional data pertaining to this fourth area became available subsequent to 
the execution of the Interim ROD. This data indicated that contaminated soil was encountered in 
this area during the removal of a UST there in January 1994. The contaminated soil was excavated 
and reportedly disposed off site; however, no documentation is available regarding how or where 
the soil was disposed. An additional soil investigation will be conducted in this area to confirm that 
the contaminated soil was not returned to the excavation and that follow-up soil remediation in this 
area is not necessary. 
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1.2.6 Other investigations 

Two USTs located near the Fuel Farm have been the subject of previous investigations conducted 
under the Activity’s UST program. The two USTs include a No. 6 fuel oil UST situated adjacent to 
the former Mess Hall Heating Plant and a No. 2 fuel oil UST situated adjacent to Building G480 
(Explosive Ordnance and Disposal Armory, Office, and Supply Building). The former was 
abandoned in place years ago (date unknown) and has been the subject of previous environmental 
investigations performed by ATEC Associates, Inc. (ATEC) and Law. The latter was removed in 
January 1994. Contaminated soils adjacent to the UST were reportedly removed with the tank. 
However, samples were not collected to confirm the limits of contamination. 

As part of the Interim Remedial Action for soil to beexecuted in 1995 by OHM Corporation, four 
soil borings will be advanced in the immediate vicinity of the former No. 2 fuel oil UST. Soil 
samples will be collected from each location immediately above the water table and analyzed for 
TPH (5030 and 3550). The sampling is expected to verify the remaining soils do not contain 
hydrocarbon contamination associated with the former UST. 

ATEC conducted a site assessment in the vicinity of Building TC341 to investigate contamination 
associated with the UST previously used to supply fuel to the Mess Hall Heating Plant. During the 
investigation, ATEC installed three shallow monitoring wells and analyzed the soils and 
groundwater for TPH (EPA Method 8015) and .BTEX (EPA Method 8020) (ATEC, 1992). The 
details of well construction are summarized on Table l-l. 

Results of TPH in soils ranged from 110 mg/kg (MW-3) to 2,000 mg/kg (MW-2). Total BTEX was 
detected in soils ranging from non-detected concentrations to 5,530 &kg in MW-2. TPH in 
groundwater was detected in MW-1 at a concentration of 5 mg/L and in MW-2 at 3. mg/L,. Total 
BTEX was detected in the groundwater sample collected from IvlW-2 at a concentration of 34 &I,. 
Based on these results, ATEC had recommended removal of the UST and associated piping. For 
details of the ATEC report please refer to Appendix E. 

Law submitted a report for a leaking underground storage tank (LUST) site assessment for Building 
TC341 on April 13, 1994, to LANTDIV summarizing the activities conducted in March 1994. The 
assessment was conducted in order to delineate the extent of contamination identified by ATEC. 

The assessment involved the installation of 12 Type II and two Type III groundwater monitoring 
wells and analysis of soils and groundwater (Figure l-4). Well construction details are provided on 
Table 1-3. The soils were analyzed for TPH according to EPA Methods 5030/8015 (volatile 
fractions), 3550/8015 (semivolatile fraction), and 9071 (oil and grease), TCLP metals, ignitability, 
and pH, Groundwater samples were analyzed for purgeable aromatic hydrocarbons (EPA 
Method 602), polynuclear aromatic hydrocarbons (EPA Method 6 lo), and the eight RCRA metals. 

Results of TPH (5030/80 15) in soils ranged from nondetectable concentrations to 4,100 mg/kg in 
MW- 14 (3.5 to 5 feet). TPH (355018015) was detected in soil samples at MW- 11, MW- 17, MW- 14, 
and MW-15 at concentrations of 11 mg/kg, 11 mg/kg, 800 mg/kg, and 490 mg/kg, respectively. In 
addition, TCLP metals (barium, chromium, and cadmium) were detected in samples at 
concentrations below TCLP limits. Results for pH in soils range between 5.53 to 7.48 and 
ignitability was not detected. 
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RCRA metals, volatile organic compounds, and semivolatile organic compounds were detected in 
groundwater samples from monitoring wells MW- I through MW- 17. RCRA metals were detected 
in both of the samples submitted for metals analyses. Volatile organic compounds were detected 
in four of the five samples submitted for analyses. Seventeen samples were submitted for analyses 
of semivolatile organic compounds and five possessed detectable concentrations. For complete 
details and results of the investigation, refer to Appendix F. 

Law concluded that the majority of the soil and groundwater contamination originating I?olrn the tank 
system at Building TC341 had been adequately defined. Preparation of a Corrective Action Plan 
is in progress and was scheduled to be completed in January 1995. 

1.3 Renort Orpanization 

The RI Report is a compilation of nine sections. Section 1.0, Introduction, presents the ipurpose of 
the RI, site description, site history, and results of previous investigations. The field investigation 
activities conducted under the RI are summarized in Section 2.0 and the physical characteristics of 
the study are summarized in Section 3.0. Section 4.0 presents a discussion of the nature and extent 
of contamination. Contaminant fate and transport and the baseline risk assessment are presented in 
Sections 5.0 and 6.0, respectively. Section 7.0 presents details of the ecological risk assessment. 
Conclusions and recommendations are discussed in Section 8.0. Tables, figures, and references 
pertinent to each section are presented at the end of each section. 
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TABLE l-l 

SUMMARY OF EXISTING WELL CONSTRUCTION DETAILS 
1992 UNDERGROUND STORAGE TANK ASSESSMENT NEAR THE FORMER MESS HALL HEATING PLANT 

1990 FIELD INVESTIGATION OF CAMP GEIGER FUEL SPILL SITE 
1986 SITE ASSESSMENT OF CAMP GEIGER FUEL FARM 

SITE 35, CAMP GEIGER AREA FUEL FARM 
MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0232 

I I I I I I I I 
T - 

Date 
PVC ---I-p 

lhvatinn 

‘op ot 
1 Cssim 

Ground Surface 
Elevation 

Stick-Up Boring Well Screen Depth to Depth to 

(feet, above 
(feet, above Depth Depth Interval Depth Sand Pack Bentonite 

MSL) ground surface) (feet, bgs)s (feet, bgs) (feet, bgs) (feet, bgs) (feet, bgs) 

I I I I I I I I I I 

1992 Underground Storage Tank Assessment Near Former Mess Hall Heating Plant 
MW-l(‘) 6-I-92 ATEC and Associates 20.59@’ ..I w- 20.0 20.0 5.0 - 20.0 3.0 - 20.0 2.0 - 3.0 
MW-2(” 6-2-92 ATEC and Associates 21.13@) -.a -- 20.0 20.0 5.0 - 20.0 3.0 - 20.0 2.0 - 3.0 
MW-3(‘) 6-2-92 ATEC and Associates 20.49@) -- _I 20.0 20.0 5.0 - 20.0 3.0 - 20.0 2.0 - 3.0 

1990 Field Investigation of Camp Geiger Fuel Spill Site 
EMW-1 1 990(4) NUS 19.16(‘) 17.4(7) 1,8(‘) .- 23.0 8.5 - 17.5c4) -- -- 
EMW-2 1 990t4’ NUS -- -.a -- -- -- 1.87 - 10.89”) -- 
EMW-3 I 990(4) NW 7.00(‘) 4.70 2.30 a* 14.85 3.06 - 12.06(4) -- -- 

EMW-4 1990(4’ N-us -- -- 2.61 - 11.61(4J -- __ *- -- 

1986 Site Assessment of Camp Geiger Fuel Farm 
EMW-5 19860) ESE 17.98(‘) 16.1(‘) 1*9(‘) -* 26.30 10.5 - 24.5c4) -- .- 

EMW-6 1986(‘) ESE 15.97(‘) 14.2(‘) 1.8(‘) -- 28.67 lo..5 - 24.50 -- __ 

EMW-7 ESE 18.49(7) 16.4(') 2.1(7) -- 27.80 10.5 - 24.5c4) -- -- 

Notes: (I) 
(2) 
.-. VI 

MSL = mean sea level 
bgs = below ground surface 
Caicuiated vaiues based on eievations recorded in Law’s report, “Finai Report Underground Fuei Investigation Comprehensive Site Assessment,” dated 
February 7, 1992. 

(4) Data/information was found in Law’s report, “Final Report Underground Fuel Investigation Comprehensive Site Assessment,” dated February 7, 1992. 
0) Data/information found in ESE’s “Site Summary Report,” dated September 1990. 
16) Elevations as recorded in Law’s report, “Leaking Underground Storage Tank, Site Assessment Report,” dated April 13, 1994. 
(7) Data was gathered by Baker during 1994 Remedial Investigation. 
(8) -- Indicates that the data is not known. 



TABLE l-2 

SUMMARY OF EXISTING WELL CONSTRUCTION DETAILS 
1991 ASSESSMENT OF A SUSPECTED FUEL LEAK ORIGINATING FROM THE CAMP GEIGER FUEL FARM (1991) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0232 

Well No. 

MW-IS/D 

Top of Ground 

Date 
Consultant PVC Casing Surface Stick-Up 

Iusylled 
Supervising Elevation Elevation (feet, above 

Well Installation (feet, above (feet, above ground surface) 
MSL)(‘) MSL) 

8-15-91 Law Engineering 19.17(‘) 16.8o) 2.4s 

I 

MW-9SlD 8-16-91 Law Engineering 18.88 16.9 2.0 

MW-lOS/D g-19-91 Law Engineering 19.01 16.6 2.4 

MW-1 IS/D 8-19-91 Law Engineering 18.39(‘) 15,9(5’ 2,5(‘) 30.0 

MW-12$/D 8-19-91 Law Engineering 19.94 17.3 2.6 28.5 28.5 

MW-13$/D 8-19-91 Law Engineering 17.02 14.6 2.4 30.0 30.0 

I I 

M W- 14S/D 8-20-9 1 Law Engineering 17.73 15.3 2.4 

MW-lSS/D 8-20-91 Law Engineering 18.05(‘) 15.5(5’ 2.6(‘) 

MW-I6S/D 8-21-91 Law Engineering 20.06 17.6 2.5 

1 I t I I 

MW-17S/D 1 8-21-91 Law Engineering 16.77 14.1 2.7 
I 

1 
I 

1 
I 

I 
I 

I 
I 

MW-18S/D 8-21-91 Law Engineering 13.40(4) 10.8o) 2.6c4) 

MW-19S/D 8-22-91 Law Engineering 8.;2 6.0 2.7 

I I I I I 

Boring Well 
Depth Depth 

(feet, bgs)“) (feet, bgs) 

30.0 

30.0 

30.0 

30.0 

30.0 

29.0 

29.5 

29.0 

29.5 

25.0 25.0 

25.0 25.0 

30.0 

30.0 

30.0 

30.0 

30.0 

30.0 

Screen Depth to 
Interval Saud 

Depth to 

Depth(‘) Pack(‘) 
Bentonite”) 

(feet, bgs) (feet, bgs) (feet’ bgs) 
I 

4.5 - 13.5 2.0 - 15.0 1 .o - 2.0 
20.5 - 29.5 18.0 - 30.0 15.0 - 18.0 
3.5 - 12.5 2.0 - 13.0 l.O.- 2.0 
25.5 - 29.5 16.0 - 30.0 13.0 - 16.0 

4.5 - 13.5 2.0 - 14.0 1 .o - 2.0 
25.5 - 29.5 19.0 - 30.0 16.0 - 19.0 
4.5 - 13.5 2.0 - 19.5 1.0 - 2.0 
25.5 - 29.5 22.5 - 30.0 19.5 - 22.5 

5.0 - 14.0 3.0 - 14.5 2.0 - 3.0 
24.0 - 28.0 19.0 - 28.5 15.5 - 19.0 

5.5 - 14.5 3.0 - 18.5 2.0 - 3.0 
25.5 - 29.5 22.5 - 30.0 18.5 - 22.5 
3.5 - 12.5 2.0 - 13.0 1.0 - 2.0 
24.5 - 28.5 21 .O - 29.0 18.0 - 21 .O 
4.5 - 13.5 2.5 - 17.5 1.5 - 2.5 
25.5 - 29.5 25.0 - 30.0 17.5 - 23.0 

5.0 - 14.0 2.0 - 17.5 1.0 - 2.0 
24.0 - 28.5 20.0 - 24.5 17.5 - 20.5 

7.5 - 16.5 4.5 - 19.5 3.5 - 4.5 
-a-- -fin n-r enn ,I\I*m4c 

4.5 - 13.5 2.0 - 15.0 1 .o - 2.0 
22.5 - 24.5 20.0 - 25.0 17.0 - 20.0 

, 



TABLE l-2 (Continued) 

SUMMARY OF EXISTING WELL CONSTRUCTION DETAILS 
1991 ASSESSMENT OF A SUSPECTED FUEL LEAK ORIGINATING FROM THE CAMP GEIGER FUEL FARM (1991) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0232 

Well No. 
Date 

Installed 

Consultant 
Supervising 

Well Installation 

Top of Ground 
PVC Casing Surface 

Elevation Elevation 
(feet, above (feet, above 

MSL)(‘) MSL) 

Stick-Up Boring Well Screen Depth to 
Interval Sand 

Depth to 
(feet, above Depth Depth 

ground surface) (feet, bgs)c2) (feet’ bgs) 
Depth(‘) Pack(‘) 

Bentoniteu) 

(feet, bgs) (feet, bgs) (feet’ bgs) 

MW-20S/D S-23-91 Law Engineering 15.97(‘) 13.6o) 2.4(‘) 12.5 12.5 3.0 - 12.0 1.5 - 12.5 0.5 - 1.5 
MW-21S/D S-23-91 Law Engineering 17.57 15.1 2.5 27.5 27.5 4.5 - 13.5 2.0 - 14.0 1 .o - 2.0 

25.5 - 27.0 22.0 - 28.5 19.0 - 22.0 
MW-22S/D S-28-91 Law Engineering 19.18(‘) 16.3@) 2.9C4) 35.0 35.0 5.5 - 14.5 3.0 - 25.5 2.0 - 3.0 

32.5 - 35.0 29.0 - 35.0 25.5 - 29.0 

1 
4 

I I I I I 
ptnr-92cm I Q-37-01 I 1 I” Fnain..=.arinrJ I R IA I hA I 2.3 I 20.0 I 20.0 1 2.5-9.5 1 in-inn I n5-tn 

‘1,. -LJ”,Y , “-l-,-/l , YU., Ya’eY*““‘&.‘b , Y.# . , -.. , -.- , ---- , ~- 

1 17.5 -2ci.o 1 1;:, -;v;:o I 1;;:;; - ;;:o I 
MW-24S/D S-28-91 Law Engineering 18.72(‘) 16.5o) 2.2(4) 29.0 29.0 8.5 - 17.5 4.0 - 20.0 0.8 - 3.0 

26.5 - 29.0 23.0 - 29.0 20.0 - 23.0 
MW-25SlD S-29-91 Law Engineering 13.32 11.3 2.0 30.0 30.0 4.5 - 13.5 2.0 - 22.0 1 .o - 2.0 

27.5 - 30.0 25.0 - 30.0 22.0 - 25.0 

Notes: (‘I MSL = mean sea level 
(7.) bgs = below ground surface 
0) Two wells were installed within the same borehole, therefore, the two ranges of depth correspond to depths at which the screen, sand pack, and bentonite seal 

can be located with respect to each well. 
(4) Elevations as recorded in Law’s report, “Final Report Underground Fuel Investigation Comprehensive Site Assessment, dated February 7, 1992. 
(9 Calculated values based on elevations recorded in Law’s report, “Final Report Underground Fuel Investigation Comprehensive Site Assessment, dated February 7, 

1992. 
* A shallow and an intermediate well were installed in the same borehole at locations with an S/D designation. Law Engineering installed two separate sets of wells on two 

occasions (August 1991 and March 1994) and duplicated designations MW-8 through MW-17. Baker added the S/D designation for clarity. The designation indicates a 
shallow well screened across the water table. The D designation indicates an intermediate well screen in the 20 to 30-foot interval. 
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TABLE l-3 

SUMMARY OF EXISTING WELL CONSTRUCTION DETAILS 
1994 UNDERGROUND STORAGE TANK ASSESSMENT NEAR BUILDING TC341 

SITE 35, CAMP GEIGER AREA FUEL FARM 
MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0232 

Top of 

Well No, InyiFed 
Consultant PVC Casing 

Ground Surface Screen 
Elevation Stick-Up Boring Depth Well Depth Interval Depth to Depth to 

Supervising Well Elevation 
Installation (feet, above 

(feet, above 
(feet, above 

ground surface) 
(feet, bgs)(” (feet, bgs) Depth 

Sand Pack Bentoniteo) 
(feet, bgs) (feet, bgs) 

MSL)(‘) 
MSL) (feet, bgs) 

MW-4 3-l -94 Law Engineering 20.52 18.4 2.1 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0 
MW-5 3-l-94 Law Engineering 19.79(‘) li.9@) 1.9(‘) 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0 
MW-6 3-l-94 Law Engineering 19.16(‘) 17.3(‘) 1.9(‘) 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0 
MW-7 3-l -94 Law Engineering 19.12(‘) 17.2o) 1.9(‘) 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0 
MW-8 3-l-94 Law Engineering 16.56(‘) 16.56c) Flush(‘) 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0 
MW-9 3-3-94 Law Engineering 19.36(” *7*4(*) 2.0C4) 33.0 32.0 27.0-32.0 24.5-33.0 0.0-22.0 
MW-10 3-3-94 Law Engineering 19.3 l(‘) 17.4(5) 1 .95C4) 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0 
MW-11 3-4-94 Law Engineering 19.21(‘) 17.3o, 1.95(‘) 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0 

MW-12 3-7-94 Law Engineering 19.75(4) 17.8(‘) 2.0(‘) 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0 
MW-13 3-7-94 Law Engineering 1 7.79t4, 15.8(‘) 2.0”’ 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0 
MW-14 3-8-94 Law Engineering 16.3 l(‘) 16.3c5) Flush’4’ 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0 
MW-15 3-8-94 Law Engineering 1 6.20’4’ 16.2o) Flushc4’ 30.0 30.0 25.0-30.0 23.0-30.0 0.0-22.0 
MW-16 3-8-94 Law Engineering 16.53” 16.5(‘) Flush” 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0 
MW-17 3-8-94 Law Engineering 16.14c4) 16.1@) Flush(4) 14.0 13.0 3.0-13.0 2.0- 14.0 0.0-2.0 4 

Notes: 1’) MSL = mean sea level 
c2) bgs = below ground surface 
(3) Indicates that interval is recorded as cement in well construction records submitted to the State of North Carolina, however, some bentonite usually exists 

as a barrier within this interval to prevent cement intrusion into sand pack. 
(‘1 Elevations as recorded in Law’s report, “Leaking Underground Storage Tank, Site Assessment Report,” dated April 13, 1994. 
6’ Calculated values based on elevations recorded in Law’s report, “Leaking Underground Storage Tank, Site Assessment Report,” dated April 13, 1994. 

* Law Engineering installed two separate sets of wells at this site on two occasions (August 199 1 and March 1994) and duplicated designations MW-8 through M W- I 7. 

Additional designations (S [shallow]/D [deep]) were added to these nested wells installed in 1991 for clarity. 
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3.4 Geolog 

3.4.1 Regional Geology 

MCB Camp Lejeune is located in the Atlantic Coastal Plain physiographic province. The sediments 
of the Atlantic Coastal Plain consist of interbedded sands, 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 (ESE, 1990). Regionally, they comprise 10 aquifers and nine 
confining units which overlie igneous and metamorphic basement rocks of pre-Cretaceous age. The 
combined thickness of these sediments is approximately 1,500 feet. These sediments were deposited 
in marine or near-marine environments and range in age from early Cretaceous to Quatennary time. 
Table 3-2 presents a generalized geologic and hydrogeologic units in coastal North Carolina (Hamed 
et al., 1989). 

United States Geological Survey (USGS) studies at MCB Camp Lejeune indicate that the area is 
underlain by sand and limestone aquifers separated by semi-confining units (i.e., in some portions 
of the base) of silt and clay. These aquifers include the water table (surficial), Castle Hayne, 
Beaufort, Peedee, Black Creek, and upper and lower Cape Fear. The surficial aquifer ranges in 
thickness from O-73 feet and averages 25 feet according to U.S.GS(Cardinell et al, 1993). The 
estimated lateral hydraulic conductivity for the surficial aquifer is 50 ft/d and is based on a general 
composition of fine sand mixed with some silt and clay (Cardinell et al, 1993). Less permeable clay 
and silt beds function as confining units or semi-confining units which separate the aquifers and 
impede the flow of groundwater between aquifers. The vertical hydraulic conductivity of the Castle 
Hayne confining unit was estimated to range from 0.00 14 to 0.4 1 ft/d and is comparable to those 
determined for silt (Cardinell et al, 1993). A generalized hydrogeologic cross-section of this area 
is presented in Figures 3-1 and 3-2. This cross-section illustrates the relationship between the 
aquifers in this’area (Cardinell et al., 1993). 

3.4.2 Site Geology 

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 H. Additional information regarding the soils were obtained from the previous 
investigations. The following provides 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 silty sand, clayey silt, silt and sand. These soils represent the 
Quaternary age “undifferentiated” deposits which characterize the River Bend Formation and ‘is 
underlain by the Castle Hayne Formation. Sands are primarily fine to medium grained and contain 
varied amounts of silt (O-50%), shell fragments (O-35%), clay (O-10%).. Results of the standard 
penetration 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 
uses. 

Silts are plastic to nonplastic, contain varied amounts of sand (O-SO%.) and clay (O-lo%) and 
classify as ML or MH. Standard penetration tests indicate that the silts have a relative (density of 
loose to dense for the nonplastic, and soft to very stiff for the plastic. 
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Geologic cross-sections were constructed to illustrate subsurface soil beneath the study area. As 
shown on Figure 3-3, several areas were traversed to provide a cross-sectional view of the study 
area. Three croSs-sections were constructed: A-A’ crosses west to east across the upper portion of 
the study area; B-B’ crosses north to south; and C-C’ crosses west to east across the lower portion 
of the study area. 

. . . 

Cross-section A-A’ depicts subsurface soils to an elevation of -51.3 feet msl from the western 
boundary of the study area to the eastern boundary. As illustrated on Figure 3-4, the soil underlying 
this portion of the area consist of fine to medium sands, clayey silts, and silty sands. 

In general, on the western portion of the study area, a fine sand with trace to some silt is underlain 
by another fine sand that is partially cemented with calcium carbonate and contains 10:20% shell 
fragments to a depth of approximately -25 msl. Underlying the partially cemented sand is a very 
dense to dense, greenish gray, fine sand containing some silt, trace to some shell fragments. This 
soil unit is the semi-confining unit separating the Quatemary sediments from the Castle Hayne 
Aquifer. The semi-confining unit appears to be approximately 8 to 12 feet thick, generally 
thickening toward the east. Beneath this unit resides the Castle Hayne 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 Castle Hayne beneath the study area. The upper 
portion of the Castle Hayne was described as a partially cemented, gray, fine sand with some shell 
fragment and limestone fragments encountered periodically. 

On the eastern portion of the study area this entire sequence of soil types appears to be overlain by 
silty clay or a clayey silt. The unit is not uniform and varies from approximately 4 to 20 feet thick. 

Cross-section B-B’ depicts the subsurface soil conditions to an elevation of -42.1 feet (Figure 3-5). 
The soils consisted of clayey silts, sands, silty sands, peats, and clays. Overall the soils did not differ 
substantially from those encountered in the A-A’ cross-section. In general, a fine to medium sand 
with trace to some silt was interbedded with silts, silty sands, clayey silts and clays to an elevation 
of -6 to - 12 msl. The only difference was the 8 feet of peat observed in soil boring 35MW-34B. 
This boring was located in the southeastern portion of the study area. 

Beneath the fine to medium sand resides the partially cemented, gray, fine sand with trace to some 
shell fragments. The semi-confining unit underlies this unit followed by the Castle Hayne 
Formation. 

Cross-section C-C’ illustrates the soils beneath the southern portion of the site to an elevation of 
-5 1.3 (Figure 3-6). In general, the soils consisted of the same types observed in the other cross- 
sectiocs previously discussed. The only difference in this cross-section when compared with the 
others is the increase in interbedded soils on the eastern portion of the area. 

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 -26.0 and -28.1 feet msl. The location of the semi-confining unit separating the 
surficial from the Castle Hayne Aquifer was encountered approximately 40 feet below ground 
surface. This is consistent with the range reported by the U.S.G.S. but exceeds the average of 25 feet 
they had reported (Cardinell et al, 1993). 

3-4 _ 



i 

4 *c2 

t 

. . . 

3.5 Surface Soils 

information regarding site soil conditions was obtained from the Soil Survey publication prepared 
by the U.S. Department of Agriculture - Soil Conservation Service (SCS) for Marine Corps Base 
Camp Lejeune, North Carolina (SCS, 1984). Due to past grading and surface activities ait the site, 
the soils described in the SCS publication may differ from current site conditions. 

According to the SCS Soil Survey the site is underlain by a single distinct soil unit, the 
Baymeade-Urban (BaB) Land Complex. Baymeade-Urban soils exhibit 0 to 6 percent slopes and 
only about 30 percent of their surface area has been altered through urbanization. Infiltration is 
rapid and surface water runoff slow in the remaining undisturbed areas. The seasonal high water 
table ranges from 4 to 5 feet bgs for Baymeade-Urban soils. 

3.6 Hvdrogeoloev 

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); site- 
specific hydrogeologic information presented is from data collected during the field investigation. 

3.6.1 Regional Hydrogeology 

The surficial water table aquifer lies in a series of undifferentiated sediments, primarily sand and 
clay, which commonly extend to depths of 50 to 100 feet. This aquifer is not used for wtiter supply 
at MCB Camp Lejeune because of its low yielding production rates. A confining unit is present 
underlying the surficial aquifer within the eastern portion of MCB Camp Lejeune (Hamed, et al., 
1989). 

The principal water supply aquifer for the Activity lies in a series of sand and lime.stone beds 
between 50 and 300 feet bgs. This series of sediments generally is known as the Castle Hayne 
Aquifer. The Castle Hayne Aquifer is about 150 to 350 feet thick in the area and is the most 
productive aquifer in North Carolina. Estimated transmissivity (T) and hydraulic conductivity (K) 
values for the Castle Hayne Aquifer range from 4,300 to 24,500 ff/day (32,200 to 
183,300 gallons/foot/day) and 14 to 82 feet/day, respectively (Hamed et al., 1989). 

Onslow County and MCB Camp Lejeune lie in an area where the Castle Hayne Aquife:r contains 
freshwater, although the proximity of saltwater in deeper layers just beiow the aquifer and in the 
New River estuary is of concern in managing water withdrawals from the aquifer. Overpumping 
of the deeper parts of the aquifer could cause intrusion of saltwater. The aquifer contains water 
having less than 2.50 milligrams per liter (mg/l) chloride throughout the area of the Base (Harned 
et al., 1989). 

The aquifers that lie below the Castle Hayne consist of thick sequences of sand and clay. Although 
some of these aquifers are used for water supply elsewhere in the Coastal Plain, they contain 
saltwater in the MCB Camp Lejeune area and are not used (Hamed et al., 1989). 

Rainfall in the MCB Camp Lejeune area enters the ground in recharge areas, infiltrates the soil, and 
moves downward until it reaches the water table, which is the top of the saturated zone. In the 
saturated zone, groundwater flows in the direction of lower hydraulic head, moving through the 
system to discharge areas like the New River and its tributaries or the ocean (Harned et al., 1989). 
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Water levels in wells tapping the surficial aquifer vary seasonally. The surficiai 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. Therefore, the water table generally is highest in the 
winter months and lowest in summer or early fall (Harned et al., 1989). 

In semi-confined aquifers, water is sometimes under excess head and the level to which it rises in 
a tightly cased well is called the potentiometric surface. The hydraulic head in the semi-confined 
Castle Hayne Aquifer, shows a different pattern of variation over time. Some seasonal variation also 
is common in the potentiometric surface of the Castle Hayne Aquifer, but the changes tend to be 
slower and over a smaller range than for water table wells (Hamed et al., 1989). 

3.6.2 Site Hydrogeology 

The following sections describe the site hydrogeologic conditions for the surficial (water table 
aquifer) and the deep (Castle Hayne Aquifer) water-bearing zones at Site 35. Hydrogeologic 
characteristics in the vicinity of the site were evaluated by reviewing existing information (e.g., 
USGS publications) and installing a network of shallow, intermediate and deep monitoring wells. 

Groundwater was encountered at varying depths during the drilling program. This variation is 
primarily attributed topographical changes. In gene&-the groundwater was encountered between 
5.5 and 8.5 feet bgs. The water table nears the surface in the area of Brinson Creek, where the 
topography drops. 

Multiple rounds of groundwater level measurements were obtained from the shallow, intermediate 
and deep monitoring wells within the study area. Three complete rounds were obtained on June 14, 
July 12, and September 9, 1994 and are summarized on Tables 2-3,2-4, and 2-5. 

Shallow groundwater elevations exhibited some fluctuation over the three month period. The water 
table aquifer exhibited a 0.73 to 3.25 foot increase in elevation. The increase may be due to 
increased precipitation experienced during the latter portion of the summer and early fall of 1994. 
Typically at MCB, Camp Lejeune, a higher water table is noted in the spring and a lower water table 
is noted in the late fall. However, the spring of 1994 was reported by Activity personnel 
unseasonably dry and may have resulted in a decrease in the elevation of the groundwater. 
Approximately 1.67 inches of rainfall was recorded by Baker’s rain gauge between March 12,1994 
and May 10, 1994. Typically, Camp Lejeune receives approximately 6.5 inches of rain during the 
months of March and April according to the Naval Oceanography Command Detachment (see 
Table 3- 1). 

Shallow groundwater flow patterns in the vicinity of the site on September 9, 1994 are depicted on 
Figure 3-7. The data indicates that the groundwater flow is toward the northeast, with an average 
gradient of 1.7 x 1 O-* ftKt. 

Hydraulic conductivity test were performed at the site between September 9 and 10, 1994. The 
average hydraulic conductivity for the upper portion of the water table aquifer is 0.628 ft/day 
(2.22 x lOA cmkec) and the average for the lower portion of the water table aquifer is 5.16 A/day 
(1.8 x lP3 cm/set). These values were calculated using the Geraghty and Miller aquifer test solver 
(AQTRSOLV) 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 sands and 
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silty sands at the site (Fetter, 1980). The copies of the AQTESOLV printouts are located in 
Appendix N 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 0. The information contained in this memorandum 
pertains primarily to the surficial aquifer. Average pumping rates range from 0.5 to 3 gallons per 
minute (gpm). Transmissivity ranges from 7.17 to 7,099.20 ft2/day; storativity ranges from 
1.5 1 x 10” to 7.48 x 1 Os2; 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 fluctuation was not as dramatic as in the shallow and intermediate wells. Fluctuations 
ranged from 0.88 to 1.77 feet. It is not uncommon for a semi-confined aquifer to not respond to 
precipitation or seasonal fluctuations with the same magnitude as an unconfined aquifer. The 
presence of the semiconfining unit will impede the vertical migration of precipitation causing a 
delayed and minimal effect on the head of the aquifer. 

The upper portion of the Castle Hayne Aquifer also flows northeast across the site with ;a gradient 
of 1.4 x 100~ (see Figure 3-S). The calculated hydraulic conductivity for this unit was calculated 
from a slug test at 6.03 fI/day (2.03 x IO9 cm/set). These values are consistent with the sands 
encountered in the upper portion of the Castle Hayne Formation beneath the site (Fetter, 1!980). The 
result of the slug test is summarized in Table 3-4 and the data is provided in Appendix N. 

3.7 Land Use and DemowaDhp 

Present military population of MCB, Camp Lejeune is approximately 40,928 active duty personnel. 
The military dependent community is in excess of 32,08 1. About 36,086 of these personnel and 
dependents reside in base housing units. The remaining personnel and dependents live off base and 
have had dramatic effects on the surrounding area. An additional 4,412 civilian employees perform 
facilities management and support functions. The population of Onslow County has grown from 
17,739 in 1940, prior to the formation of the base, to its present population of 121,350. 

Site 35, the Camp Geiger Area Fuel Farm, is presently used to dispense gasoline, diesel, and 
kerosene to government vehicles and to supply USTs in use at Camp Geiger and the New River 
Marine Corps Air Station. The fuel farm is planned for demolition for a proposed highway. 
Barracks are located within 1,000 feet of the site and many warehouses and storage facilities are 
located adjacent to and within the boundaries of the study area. A CO MMARFORLANT Nuclear 
Biological Chemical Defense School Training Range is located adjacent to the southeast boundary 
of the site. 

Sensitive environmental areas would include Brinson Creek and associated unnamed tributaries. 

MCB Camp Lejeune is located in the Coastal Plain Province. The ecology of the region is \ 
influenced by climate, which is characterized by hot, humid summers and cool winters. Some 
subfreezing cold spells occur during the winters, and there are occasional accumulations of snow 
that rarely persist. The average precipitation is 55.96 inches and the mean temperature is 60.9”F. 
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The area exhibits a long growing season, typically more than 230 days. Soils in the region range 
from very poorly drained muck to well-drained sandy loam. 

A number of natural communities are present in the Coastal Plain Province. 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 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. 

0 Southeastern Evergreen Forest - Dominated by pines, especially longleaf pine. 

0 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. 

0 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. 

l Maritime Forest - Develops on the lee side of stable sand 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. 

.e 
l Pocosins - Lowland forest community that develops 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. 

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

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

l 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. 

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

l Dunes/Beaches - Zones from the ocean shore to the maritime forest. Subjected to 
sand, salt, wind, and water. 
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TABLE 3-3 

SUMMARY OF HYDRAULIC CONDUCTIVITY TESTS 
SITE 35, CAMP GEIGER AREA FUEL FARM 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0232 

Well No. 

Hydraulic Conductivity Hydraulic Conductivity 
Falling Head Test Rising Head Test 

Friday cm/see ft/day I cm/set 

35MW-30A 1.18 -1 ~ 4.16 x IO-’ I 1.50 I 5.31 x IO4 

35MW-31A 1 0.346 I 1.22 x lo4 1 0.269 I 9.51 x 10-S 

35MW-35A 0.119 4.20 x lo-* 0.115 4.06 x 10” 

35MW-32B 6-22 2.20 x IO5 5.15 1.82 x IOJ 

35-MW36B 2.91 1.03 x 10” 3.20 1.13 x 10-3 

35MW-37B 7.06 2.49 x 1o-3 6.44 2.27 x 1O-3 

35GWD-1 6.80 2.40 x lO-3 6.03 2.13 x 1O-3 

Average Hydraulic Conductivity for shallow wells: 
0.628 ft/day (2.22 x lOA cmkec) 

Average Hydraulic Conductivity for intermediate wells: 
5.16 ft/day (1.82 x 10” cmkec) 

Notes: Hydraulic conductivity test resuhs 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 September 28 and 29, 
1994, using an In-Situ Environmental Data Logger (Model SE-1000C) 
and pressure transducer. 

Monitoring wells with an “A” or “B” designation indicate wells completed 
within the shallow aquifer at shallow and intermediate depths, 
respectively. The well with “GWD” designation was completed in the 
upper-most portion of the Castle Hayne Aquifer. 

Falling Head Test data was not used in the caiculation of Fe average 
hydraulic conductivity for shallow wells. Falling Head Tests are 
inappropriate for wells that have screens that split the water table. 
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TABLh A-4 

SUMMARY OF WATER SUPPLY WELLS WITHIN A ONE-MILE RADIUS 
SITE 35, CAMP GEIGER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0232 

Screen Screen Approximate Distance and 
USGS Identification Depth Depth Direction from Site 

Well No. Number Date Drilled Drilling Company (feet) (feet) (feet) 
MCAS-203 3443230772653.1 -- -- 173 -- 462OlSouth 
MCAS-106 344326077270 1.1 1954 (est.) -- mm -- 429OiSouth 
TC-1251 34432907727 10.1 1975 Carolina Well and Pump Co. 240 120-140 4290fSouthSouthwest 

160-170 
TC-1253 3443370772729.1 1975 Carolina Well and Pump Co. 250 120-135 

155-170 
4290fSouthwest 

MCAS-1254 -- ^_ _- “- 
TC-90 1 3443450772727.1 1941 Layne Atlantic Co. 77 

-* 

46-56 
66-76 

5280tSouthwest 
3465lSouthwest 

TC-700(” 3443560772727.1 1941 -- 76 
TC-504 3444090772804.1 1942 Layne Atlantic Co. 113 

27.5-76 2970tWestSouthwest 
50-60 5280fWest 
75-85 

TC-600 344405077728.1 1941 Layne Atlantic Co. 70 
NC-52(” 3444 180772729.1 1941 Layne Atlantic Co. 70 
TC-502(‘) 3444070772728.1 1941 Virginia Machine and Well Co. 182 

T-15”’ 3444250772707.1 1959 Heater Well Co. 477 
X-25616(” 3444350772640.1 1978 NC Division of Environmental Mgmt. 185 
TC-loo(‘) 3444280772729.1 1941 Layne Atlantic Co. 67 

TC- 104(‘) 3444300772729.1 1941’ Virginia Machine and Well Co. 182 
TC-202 3444120772755.1 1942 _I 80 

48-70 
25-66 

1 IO-184 
-- 

-- 

-- 

107-182 
35-40 
45-50 
55-60 
65-70 
75-80 

2640lWest 

2640fWest 
2640/West-Northwest 

1320Morth 

2970/North-Northeast 

3300Morthwest 

33OO/Northwest 

3300Morthwest 

Notes: (‘1 Wells are listed as open hole wells according to the U. S. Geological Survey, Water Resources Investigations Report 89-4096. 
-- No data was available, 
est. - estimated 

Source: ,Accordlng to U. S. Geological Survey, Water Resources Investigations Report 89-4096. 
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TABLE 6-l 

, ‘-7-Y 

,” “NIL 

ORGANIC DATA SUMMARY 
SURFACE SOIL 

OPERABLE UNIT NO. 10 (SITE 35) 
REMEDIAL INVESTIGATION, CTO-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 

contaminant h-1 
Carbon Disulfide 33 l/IO 

Toluene 19J l/l3 

Xylenes (total) 43 Ill3 

Phenol 3,071 l/l3 

Acenaphthene 196J l/l3 

Phenanthrene 1915 - 1,186 213 

Carbazole 1835 l/l3 

Fluoranthene 423 - 1,567 2Jl3 

Pyrene 2955 - 1,173 2113 

l Butylbenzyphthalate I 2955 I l/13 

Benzo(a)anthracene 566 l/l3 

Chrysene 204J - 683 2JI3 

bis(2-Ethylhexyl)phthalate 279J l/13 

Benzo@)fluoranthene 337J - 1,186 2113 

Benzo(a)py-rene 625 I/13 

Ideno (1,2,3-cd)pyrene 381 l/13 

Dibenz(a,h)anthracene . 184J l/13 

Benzo(g,h,i)perylene I 2085 - 366 2/13 

beta-BHC 0.53J - 1.6J 2110 

Die&in 0.35J - 212 4110 

4,4’-DDE 1.6J - 1,570 I 10110 

Endrii 0.68J - 7.9 3110 

Endosulfan II 0.427 - 2.9J 2/10 

4,4’-DDD I 

! 

0.56J - 3,240 9110 

4,4’-DDT 1.6J - 262 IO/IO 

Endrin ketone 1.2J l/10 

Endrin aldehyde 0.37J - I .6J 

alpha-Chlordane 4.1 - 36 

gamma-Chlordane 27 

Note: Concentrations expressed in microgram per kilogram @g/kg). 
J - Estimated value 

240 

2110 

l/IO 

All rejected results have been removed from the data. 
Frcquctrcics of dctcction arc adjusted accordingly. 



organics in the sediments in the lower reach, which would accumulate more of 
these types of contaminants. 

0 The fish community sampled in Brinson Creek was .representative of an estuarine 
ecosystem with both freshwater and marine species present. In addition, the 
presence of blue crabs, grass shrimp, and crayfish support the active use of Brinson 
Creek by aquatic species. 

0 The absence of pathologies observed in the fish collected from Brinson Creek 
indicates that the surface water and sediment quality may not adversely impact the 
fish community. 

0 The benthic macroinvertebrate community demonstrated the typical tidal/freshwater 
species trend of primarily chironmids and oligochaetes in the upper reaches and 
polychaetes and amphipods in the lower reaches. Species representative of both 
tolerant and intolerant taxa were present. Species richness and densities were 
representative of an estuarine ecosystem. 

0 The aquatic community in Brinson Creek is representative of an. estuarine 
community and does not appear to be significantly impacted by surface: water and 
sediment quality. 

0 Surface soil quality indicated a potential for adversely impacting the: terrestrial 
receptors that have indirect contact with the s.urface soils and copper in the tissue 
samples. This adverse impact is primarily due to cadmium in the surface: soils. The 
cadmium in the surface soil is overestimating the adverse impacts since it was . 
detected at a relatively high concentration in only one out of ten sa.mples. In 
addition, the copper in the tissue samples does not appear to be site-rel.ated. 

Recommendations 

* Based on the data obtained it is recommended that: 

0 The remedial investigation at Site 35 be extended south of Fifth Street as needed 
to define the extent and locate the source(s) of solvent-related groundwater 
contamination in the surficial aquifer. 

l The monitoring wells screened within the smficial aquifer that were sampled under 
the RI for inorganic contaminants (total phase only) be resampled using low-flow 
pumping techniques in order to more accurately quantify total metals 
contamination. Based on past experiences with the technique at Camp Lejeune, it 
is anticipated that samples taken using the low-flow technique will prodiuce results 
similar to previously obtained as dissolved metals results. 

0 Obtain sediment samples along Brinson Creek at locations adjacent to and 
downstream of Site 35 and analyze for TPH (EPA Methods 5030 and 13550) so as 
to provide data regarding the extent of organic contamination that was “masked” by 
TICS in results obtained under the RI. 
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data suggests that suspended solids in the sample may be contributing to elevated 
total metals. 

0 No significant organic or inorganic contamination was detected in the samples 
collected from the deep wells (Figure 4-10). The absence of TCE in the Castle 
Hayne Aquifer indicates that the unit identified as a semi-confining unit is retarding 
the vertical migration of the contaminates. Although the unit possesses very little 
clay and is not the “typical” semi-confining unit, the high permeability of the soils 
above and below the unit as well as the groundwater gradient exhibited at the site 
provide for the surficial aquifer waters to flow along the top of the unit instead of 
passing through the unit. Vertical migration may be occurring at the site but at a 
very slow rate such that the contamination has not been detected in the upper 
portion of the Castle Hayne Aquifer, 

0 No VOCs were detected in surface water samples. Toluene was the only voIatile 
organic compound detected in the sediments obtained from station 35SW/SD03 
within Brinson Creek (Figure 4-l 1). Although VOCs generally were not detected, 
heavy sheens and hydrocarbon odors were noted during sampling. During sample 
validation, it was noted that an unusually high number of Tentatively Identified 
Compounds (TICS) were identified in the samples. 

0 Although no SVQCs were detected in the surface water samples, a number of 
SVOCs were detected in the sediment samples coflected from Brinson Creek. The 
SVOCs were detected in greater frequency in the samples collected from 6 to 12 
inches. SVOCs were detected both upgradient and downgradient of Site 35. 
However, the highest levels of SVQCs were detected in samples obtained adjacent 
to Site 35. 

0 Pesticides were detected at all 10 sediment sample locations; however, no 
pesticides were observed in the surface water samples. The application of pest 
control to the surfaces Camp Geiger leads to pesticide detections in the sediments 
of Brinson Creek. The pesticides are carried from the surface soil to the creek via 
surface runoff and natural erosion. This statement can be further supported by the 
large number of pesticides detected in the surface soils at the site. PCBs were not 
detected in any of the surfaced water or sediment samples collected from Brinson 
Creek. 

0 Inorganics above the Federal Screening Values (WQSVs and NOAA standards) 
and/or NCWQS are present in one surface water and seven sediment locations. The 
only compound to exceed the NOAA standards in sediments was lead. The greatest 
concentration was detected in sample number 36-SD0606 collected from the 0 to 
6 inch interval. The detected lead is prevalent adjacent to and downstream of Site 
35 and could be related to past site activities. Mercury, lead and zinc were detected 
at levels exceeding the Federal and North Carolina Standards in surface water 
samples 35-SWOI, 35-SW04 and 35-SW07. The mercury was detected in two 
samples (35-SW01 and 35-SW04) located upstream of Site 35 which indicates - 
contamination may originate from an upgradient location- The concentrations of 
lead and zinc detected in sample 35-SW07 may be attributed to past practices at 
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TABLE 6-2 

INORGANIC DATA SUMMARY 
SURJ?ACE SOIL 

OPERABLE UNIT NO. 10 (SITE 35) 
REMEDIAL INVESTIGATION, CTO-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Surface Soil 
Average Twice the Average 

Base-Specific Base-Specific No. of No. of Times Exceeded Twice 
Background(‘) Background Range of Positive Positive Detects/ the Average Background 

Inorganic Concentration Concentration Detections No. of Samples Concentration 

Aluminum 2,104 4,209 2,020 - 7,870 13/13 3 
Antimony 2.41 4.81 7.4J - 8J 2/10 2 
Arsenic 0.39 0.77 0.29J - 66.1 J 11/13 4 
Barium 7.1 14.2 6.2 - 86 13113 6 
Beryllium 0.11 0.22 0.22 l/12 0 
Cadmium 0.31 0.61 0.045 - 153 1000 1 
Calcium 534 1,069 6045 - 49,500J 13/13 10 
Chromium 2.38 4.77 1.9 * 98.1 11/13 6 
Cobalt 1.17 2.35 1.3 - 4.3 3113 1 
Copper 4.51 9.02 2 - 58.3 12/13 2 
Iron !,257 2,515 1,250 - 29,900J 13/13 6 
Lead 12.1 24.2 7.2 - 71J 13/13 7 
Magnesium 84.7 169 58.7 - 95 1 13/13 11 
Manganese 7.04 14.1 4.1 - 66.7 13/13 4 
Nickel 1.55 3.09 1.3 - 17.2 10/13 1 
Selenium 0.37 0.74 0.94J - 1.2J 2113 2 
Thallium 0.4 0.8 0.06 - 0.535 1 l/13 0 
Vanadium 3.27 6.54 3.6 - 20.7 1303 6 
Zinc 4.92 9.84 138 - 430 212 2 

Notes: Concentrations expressed in milligram per kilogram (mg/kg). 
(1) Soil background concentrations are based on reference background soil samples collected from MCB Camp Lejeune investigations. 
ND- Not Detected 
J - Estimated value 
All rejected results have been removed from the data. Frequencies of detection are adjusted accordingly. 



TABLE 6-3 

ORGANIC DATA SUMMARY 
SUBSURFACE SOIL 

OPERABLE UNIT NO. 10 (SITE 35) 
REMEDIAL INVESTIGATION, CTO-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

Methylene Chloride 
Acetone 
Tetrachloroethene 
Pvrene 

Subsurface Soil 

Range of Positive No. of Positive Detects/ 
Detections No. of Samples 

75 5119 
llJ- 1445 5119 

8 - 60 4119 
2835 l/8 

w 1 

Benzo(b)fluoranthene 1 
I 

425 I 118 1 

Note: Concentrations expressed in microgram .per kilogram (@kg). 
J - Estimated value 
All rejected results have been removed from the data. 
Frequencies of detection are adjusted accordingly. 
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TABLE6-4 ’ 

INORGANIC DATA SUMMARY 
SUBSURFACE SOIL 

OPERABLE UNIT NO. 10 (SITE 35) 
REMEDIAL INVESTIGATION, CTO-0232 

MCB CAMP LEJEXJNE, NORTH CAROLINA 

Average Base-Specific 
Background(‘) 
Concentration 

Twice the 
Average Base-Specific 

Background 
Concentration I Range of Positive 

Detections 

No. of 
Positive Detects/ 
No. of Samples 

No. of Times Exceeded 
Twice the Average 

i Background Concentration 
I I 

3,563 7,127 1,870J - 6,210 8l8 0 
0.38 0.76 0.19J - 2.7J 7/8 1 

Subsurface Soil 

Inorganic 

Alumhunn 
Arsenic 
Barium 5.65 11.3 4.8 - 25 818 3 
Cadmium 0.37 0.74 0.035 - 0.495 616 0 
Calcium 277 554 361J - 2,420J 618 4 
Chromium 4.19 8.37 3.1 - 14.4J 718 2 
Cobalt 0.56 1.12 1.4’ l/8 1 
Copper 1.08 2.15 1.2 - 8.5 6f8 4 
IrOIl 1,066 2,133 4425 - 10,500J 818 3 
Lead 3.64 7.27 4J - 144 818 6 
Magnesium 106 212 63.5 - 403 718 2 
Manganese 3.54 7.07 1.5 - 7.5 818 2 
Nickel 1.31 2.61 1.2-2 418 0 
Potassium 119 238 562 l/8 1 
Selenium 0.4 0.79 0.175 - 0.673 418 0 
Silver 0.52 1.05 0.393 l/8 0 
Thallium 0.34 0.67 0.1 - 2.1 418 1 
Vanadium 4.77 9.53 35 - 19.9J 818 2 
zinc I 2.16 I 4.32 I 16.3 I 113 I 1 

Notes: Concentrations expressed in milligram per kilogram (mg/kg). 
(1) Soil background concentrations are based on reference background soil samples collected from MCB Camp Lejeune investigations. 
ND- Not Detected 
J - Estimated value 
All rejected results have been removed from the data. Frequencies of detection are adjusted accordingly. 
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TABLE 6-5 

GROUNDWATER DATA SUMMARY 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

l- 1 l- Comparison to Criteria Frequency/Range Groundwater Criteria 

No. of Detects 
Above Health 

Advisories 
Federal Health 
Advisories”) 

No. of 
Positive Detects/ 
No. of Samples 

2150 
2f50 
3150 
4f50 
If50 
If50 

22f50 
18f50 
20150 
29f50 
42f50 
42f50 
15f50 
45f50 
2f24 
If24 
l/24 
lf24 
6f24 
5f24 
3124 
3f24 
3f24 

10kg 

I 

70 kg 
Child Adult 

No. of Detects 
Above NCWQS 

No. of Detects 
Above MCL 

10kg 70 kg 
Child Adult NCWQS”’ MCL”’ Concentration Range NE NE 

400 1,000 

EE 
NJ2 NE 

1,000 4,000 
100 400 

NA 
n 

NE NA 
NA 
0 

20.5 - 64.7 
1 - 1.9 

2.5 - 7.6 
0.8 - 6.9 

0.6 

NE 
5 

.NJ3 
7 

NA 
0 
0 

0 0 0 
0 0 
0 0 
0 0 
0 0 

NA NA 
NA NA 
0 0 

1 100 
5 1 0 

12 
1.9 

3.2 - 973 
0.7 
70 
70 
2.8 

12 
5 
17 
17 
0 

70 
100 5 

16 
0.4 - 176 
0.4 - 900 s -s-E- 5 0.2 .’ 1,660 
0.3 - 984 
0.3 - 824 
6.6J - 319 
0.6 - 1,700 

11-23 
17 

1 
1.000 0 1,000 

700 0 0 =I= 0 0 
0 0 

8 1 
NA 200 4 NE 

10,000 
NE 
NE 
NE 
NB 

Methyl Tertiary Butyl Ether 
Xvlenes (Totali 0 

NA 
3 

NA 0 I 0 Phenol 
2-Methvlohenol NA 1 NA NA 

NA 
NA NE 

NE NA 6J 
74 

4-Methylphenol 
2,4-Dimethylphenol 
Naphthalcne 
2-Methylnaphthalene 
Dibenzofuran 
Fluorene 
Phenanthrene 

NE NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NE NE 73 - 499 
70 - 668 
8J-23 
SJ-22 
1OJ - 52 

1 0 
NA NA 
NA NA 
NA .NA 
NA NA 

NE NB 
NE NE 

NE NJ3 1 NE NE 
NE NE 1 NE NB 



TABLE 6-5 (Contfnued) 

GROUNDWATER DATA SUMMARY 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Frequency/Range Comparison to Criteria 

Concentration Range 

-v- 

-I--t-- 
Positive Detects/ No. of Detects 
No. of Samples I Above’NCWQS 

Groundwater Criteria 

No. of Detects 
Above MCL 

NA 
NA 
NA 
NA 
0 

NA 
NA 
NA 
NA 

3 

4 

IO 

NA 
14 

8 
NA 

I 

0 
NA 

7 

NA 
19 

Federal Health 
Advisorieso) 

10kg 
I 

70 kg 
Child Adult 

I 

, I** I b.. 

- - 
IlLLt NA 

2f24 NA 
3f7 NA 
l/7 NA 
2f7 2 
217 NA 
lf7 NA 
lf7 NA 

MCLt!” Contaminant NCWQS”’ 

NE 7J 

I . .a L 

23124 I NA 

NE 
NE 
NE 
NE 
0.4 
NE 

. 12-13 
0.022J - 0.023J 

NE 
NE 
NE 

0.008 
NE 
NE 

0.05J delta-BHC 
O.OllJ - 0.013J 
0.013J - 0.017J 

0.21J 
0.3 I 0.3 

4,4’-DDD 
4,4’-DDT I 
Aluminum 
Antimony 
Arsenic 
Barium 

0.014J 
215 - 380,000 
3,8J - 10.2J 
1.9J - 165J 

NE 
NE 

6 

NE 
NE 
NE 

Calcium 
Chromium 
Cadmium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
:r‘.. 

2flO NA 
21f23 3 
24f24 A 

I 

22f24 I NA 

- 

e 
24f24 2; 
21f24 7 
24124 NA 
24f24 19 
5124 n 

50 
2,000 

4 
NE 
100 

50 
2,000 
NE 
NE 

20.7 - 3.440 
0.14J - 63.5 

I3,5 IO - 2,050,OOO 
4.6 - 1,540 
0.31-340 
123-281 
2- 140 

67.7 - 255,000 
1.2J-64 

2,560 - 42,600 
13.3 - 1,420 
0.15J - 0.845 

NE 1 NE 

50 
5 5 

NE NE 
1.300 1.000 

300 
15 15 NE 1 NE 
NE NE 
50 5Of4) 

2 
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TABLE 6-5 (Continued) 

GROUNDWATER DATA SUMMARY 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION,.CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Groundwater Criteria Frequency/Range Comparison to Criteria 

No. of Detects 
Federal Health Above Health 
Advisories(3) Advisories 

No. of 
10kg 70 kg Positive Detects/ No. of Detects No. of Detects 10kg 70 kg 

Contaminant NCWQS”) MCLt2’ Child Adult Concentration Range No. of Samples Above NCWQS Above MCL Child Adult 

Nickel 100 100 500 1,700 13.4 - 524 19124 9 9 1 0 
Potassium NE NE NE NE 2,740 - 22,300 17124 NA NA NA NA 
Selenium 50 50 NE NE 1.4J - 13.5J 8116 0 0 NA NA 
Silver 18 NE 200 200 4 - 20 3124 1 NA 0 0 

Sodium NE NE NE NE 4,470 - 68,200 23124 NA NA NA NA 

Thallium NE 2 7 20 0.9 - 5 15124 NA 8 0 0 

,Vanadium NE NE NE NE 85 - 886 22124 NA NA NA NA 

Zinc . 2,100 5,000(4’ 3,000 10,000 41.9 - 1,850 16/18 0 0 0 0 

Notes: Concentrations expressed in microgram per liter (pgiL). 
(I) NCWQS = North Carolina Water Quality Standards for Groundwater 
(9 MCL = Safe Drinking Water Act Maximum Contaminant Level 
(3) Longer Term Health Advisories for a 10 kg Child and 70 kg Adult 
(4) SMCL = Secondary Maximum Contaminant Level 
NE - No Criteria Established 
NA - Not Applicable 
NJ - Estimated/tentative value 
J - Estimated value 
Ail rejected results have been removed from the data. Frequencies of detection are adjusted accordingly. 
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TABLE 6-6 , 

SURFACE WATER DATA SUMMARY 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: Concentrations expressed in microgram per liter &g/L). 
(I) NCWQS = North Carolina Water Quality Criteria for Surface Water 
c2) AWQC = Ambient Water Quality Standard 
NE - Not Established 
NA - Not Applicable 
J - Estimated value 
All rejected results have been removed from the data. Frequencies of detection are adjusted accordingly. 

Twice the 
Average 

Reference 
Station 

Average 
:oncentration 

666.3 
ND 
ND 
51.4 

35,132 
ND 
ND 

1,151.4 
ND 

3,489.4 
ND 
ND 2110 
ND lO/lO 
1.66 l/l0 

19,660 IO/IO 
ND. l/IO 
ND 4110 
ND I/IO 

C 
Fret 

No. of 
Positive 
Detects/ 
No. of 

Samples 

4/10 
4110 
l/IO 
7110 
10110 
2110 
4/10 
lo/lo 
5110 
lO/lO 
lO/lO 

lntaminaut 
.tency/Range 

Comparison to Criteria 

Positive Detects Above AWQC 

Positive 
Contaminent Detects Above Water & 

Range NCWQS Organisms Organisms Only 

1 - 6,580 NA NA NA 
1.5 - 3.9 NA 0 0 

2.7J NA 1 1 
16.7 - 48.51 NA 0 NA 

41,700 - 63,900 NA NA NA 
1J - 1.25 NA NA NA 

9J - 16.8J NA NA NA 
7645 - 9,500 NA 10 NA 

1.4 - 975 NA NA NA 
2,380 - 17,900 NA NA NA 

24.5 - 113 NA 2 1 
3J - 3.2J NA 2 2 

2,170 - 8,210 NA NA NA 
1.3J NA NA NA 

42,600 - 192,000 NA NA NA 
IJ NA 0 0 

4.5 - 14.8J NA NA NA 
129J NA NA NA 

No. of Times 
Exceeded Twice 

the Average 
Background’ 

Concentration 

1 
NA .’ 
NA 
0 
10 

NA . . 
NA 

4 

NA 
5 

NA 
NA 
NA 

0 

IO 

NA 
NA 

NA 
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TABLE 6-7 

SEDIMENT DATA SUMMARY 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, ,CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Sediment 
Screening 

Values 
(SSVS) 

Comparison to 
Screening Values Contaminant Frequency/Range 

Twice the 
Average 

Reference 
Station 

Concentration 

Average 
Reference 

Station 
Background 

Concentration 

No. of 
Positive 
Detects 
Above 
ER-L 

NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
7 
16 
13 
15 
5 

NA 
NA 
NA 
NA 
10 
6 

No. of 
Positive 
Detects 
Above 
ER-M 

NA 

NA 
NA 
NA 

NA 

. NA 
NA 
NA 
NA 
2 
14 
4 
14 

0 

NA 

NA 
NA 
NA 

5 
4 

No. of Times 
Exceeded 
Twice the 
Average 

Concentration 

NA 

NA 

” NA 
NA 

NA 

No. of Positive Range of 
Detects/No. of Positive 

Samples Detections 

l/20 1285 

l/20 85 
4i20 352J - 2,135J 
l/20 218J 

3i20 4695 - 704J 
l/20 0.59J 
2i20 0.925 - IJ 
2i20 0.9lJ - 2.3J 
7120 0.435 - 1.4J 
7120 1.4J - 52 
17120 l.lJ- 1,140 
15120 0.66J - 46J 
17120 IJ - 1,200 
5/20 0.44J - 0.855 
8120 0.845 - 3.55 
6120 0.495 - 3.4J 
5/20 1J - 7.6J 
2i20 2.8J - 3.lJ 
1 o/20 0.51J - 13J 
6120 3.6 - 9.7 

ER-M 

NE 

NE 
NE 
NE 

-iiF 
-GE- 
NE 

NE 
NE 

8 
20 
7 

ER-L 

NE 

NE 
T-E- 
-iTiF 

-FE- 
NE 
-FE- 
TE- 

NE 
0.02 

Analyte 

Acetone 

Toiuene 
Diethylphthalate 
Di-n-butyl phthalate 

Bis-(2-ethylhexyl)phthalate 
beta-BHC 
delta-BHC 
Heptachlor 
Heptachlor epoxide 
Dieldrin 
4,4’-DDD 

4,4’-DDT 

4.4’-DDE 

L 
NE NE 

la NE 

NE 

NE 

NE 
5.02 
1.28 

NE 

NE 

NE 

2.51 
0.64’ 
1.18 

0 

0 

2.36 

NA 

3 
15 
7 

ND 
1.50* 

ND 
3.0 
3.14 
4.40 

1.57 
2.20 

2 
-i- 

2 15 
45 

-FE- 
TE- 
NE 
-FE-- 
6(‘) 
6(‘) 

4.84 
ND 

ND 
1.88 
1.18 
ND 

2.42 
ND 

ND 
0.94* 
0.59* 
ND 

15 
NA 

NA 
.3 
3 

NA 

1 Endrin 0 

-ET 
-GE- 
-GE- 

NJ2 
0.5(', 
o.s(', 

1 ~~~ Endosulfan II 

1.20 2.40 
2.88 1.44 



TABLE 6-7 (Continued) 

SEDIMENT DATA SUMMARY 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA , 

No. of Times 
Exceeded 
Twice the 
Average 

Concentration 

Twice the 
Average 

Reference 
Station 

Concentration Analyte 
12 

11 
13 
4 

2,331.2 Aluminum 
Arsenic 0.74 

12.9 
0.18 

3,934.2 
3.72 
ND 

Barium 
1 Beryllium 

12 i 

13 

16 3 

NA 
_ 

Calcium 
Chromium 
Cobalt 

I.50 

867.4 
Comer 

1.58 

90.5 
Lead 

Magnesium 
Manganese 

Mercury 
Nickel 

Potassium 

7.26 
0.28 
ND 
ND 

0.38 
ND 

NA 
NA 

1 

Sodium NE 1 NE 1 ND 
Selenium 

iu’k I 
I 



..*-.. 

Analyte ER-L ER-M 
\ 

Thallium 
Vanadium 
zinc 

Sediment 
Screening 

Values 
(SEWS) 

T 

TABLE 6-7 (Continued) 

SEDIMENT DATA SUMMARY 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Average 
Reference 

Station 
Background 

Concentration 

NE NE 0.10 
Nl? NE 1.52 
120 270 0.11 

Twice the 
Average 

Reference 
Station 

Concentration 

0.20 
3,04 

10.22 

1 Contaminant Frr/Range 

No. of Positive 
Detects/No. of 

Samples 

14120 
20120 

313 

Range of 
Positive 

Detections 

0.15 - 0.96 
0.945 - 39.3 

60.4J - 1045 

Comparison to 
Screening Values 

No. of No. of 
Positive Positive 
Detects Detects 
Above Above 
ER-L ER-M 

NA NA 
NA NA 

0 0 

Notes: (I) Values for Total Ghlordane. 
Organic concentrations expressed in microgram per kilogram @g/kg). 
Inorganic concentrations expressed in milligram per kilogram (mg/lcg). 
NE - Not Established 
NA - Not Applicable 
J - Estimated value 
* - Maximum Concentration 
All rejected results have been removed from the data. Frequencies of detection are adjusted accordingly. 

-7 
No. of Times 

Exceeded 
Twice the 
Average 

Concentration 

13 ==I 15 



TABLE 6-8 

ORGANIC AND INORGANIC FISH FILLET AND CRAB TISSUE DATA SUMMARY 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

. 

Contaminant 

ORGANICS (/q/kg) 

Methylene Chloride 

Acetone 

Carbon Disulfide 

2-Butanone 

Toluene 

PESTICIDESiPCBS (@kg) 

Range of 
Positive 

Detection 

26 - 16,317 

58 - 372,323 

196 - 1,328 

63 - 5108 

24 

Frequency of 
Detection 

6/18 

11/18 

15118 

2118 

l/18 

Bioconcentration Contaminant 
Factor Detected in 
ww Surface Water? 

0.9(‘) No 

NA No 

NA ‘No 

NA No 

26t2) No 

Contaminant 
Detected in 
Sediment? 

No 

Yes 

No 

No 

Yes 



TABLE 6-8 (Continued) 

ORGANIC AND INORGANIC FISH FILLET AND CRAB TISSUE DATA SUMMARY 
OPERABLE UNIT NO. IO (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

. . 

Contaminant 

PESTICIDESMZBS (pgkg) 
(continued): 

4,4’-DDD 

4,4’-DDT 

Endrin Ketone 

Et&ii Afdehyde 

alpha-Chlordane 

INORGANICS (mgkg) 
AltlIIliXlmll 

Arsenic 

Barium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Range of 
Positive 

Detection 

19 - 256 

2.5 - I5 

3.6 - 3.8 

2.8 -4 

3.6-38 

19.3 -27.3 

1.4 

0.41 -2.2 

0.16 - 0.8 

676.13,300 

3-4 

6.9 

2.3 -27.5 

Frequency of 
Detection 

22122 

11/13 

2113 

21’13 

9113 

6113 

l/13 

8113 

5J13 

12/13 

2122 

l/13 

13113 

Bioconcentration Contaminant 
Factor Detected in 
SJW Surface Water? 

53,600(‘) No 

53,600(” No 

NA No 

3,970(‘) No 

14,100(‘)* No 

231”) Yes 

44(‘) Yes 

$2) Yes 

64(l) No 

NA Yes 

16 Yes 

40’2’ Yes 

36(l) No 

Contaminant 
Detected in 
Sediment? 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

. . : 
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%ABLE 6-8 (Continued) 

ORGANIC AND INORGANIC FISH FILLET AND CRAB TISSUE DATA SUMMARY 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

INORGANICS (mg/kg) 
(continued): 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Potassium 

Selenium 

Silver 

Sodium 

Vanadium 

Zinc 

Range of 
Positive 

Detection 

20.4 - 48 

0.51 - 0.61 

833 - 1,550 

l-3.1 

0.3 - 0.98 

9,180 - 19,000 

0.72 - 0.8 

1 -3.3 

1,970 - 21,900 

1.7 

38 - 130 

Frequency of 
Detection 

8113 

3113 

13113 

10113 

414 

13/13 

2113 

5118 

13113 

l/22 

515 

Bioconcentration Contaminant Contaminant 
Factor Detected in Detected in 
ww Surface Water? Sediment? 

NA Yes Yes 

49”) Yes Yes 

NA Yes Yes 

35t2’ Yes Yes 

5,500(‘) Yes Yes 

NA Yes Yes 

(j(f) Yes Yes 

0.5 No No 

NA Yes Yes 

NA Yes Yes 

47(l) Yes Yes 

* Value for Total Chlordane 
iii Region ii/ *g&r @&y S:an&&, ! 992 

t2) Region III, BTAG Screening Values 
All rejected results have been removed from the data. Frequencies of detection are adjusted accordingly. 



TABLE 6-9 

SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

contaminant 

Di-n-butylphthalate 
Bis(2-ethylhexyl)phthalate X X 
Phenol 1 x X I 

I I I I 1 I I 

2-Mcthylnaphthalenc I I I . 1 x 1 I I I I I I 



TABLE 6-9 (Continued) 

SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL XNVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

,““I\ Beryllium 

:e Soil 1 Subsurface 1 Ground- Surface ~ ISd~i Fir 1 

I I i x i 
, 1 I 

eeptachlor Epoxide I 1 I 1 ! ! ! ! l 1 x 
ir 

X 

I I i I I I I I I-IX1 I f 1 Methoxychlor 

4,4’-DDT 
4,4’-DDD 
Inorganic5 
Aluminum 

I J 
1 x X 0 x . x 

a I x X 0 x . x 

I I I 
1 x X I x I. 1 x 1 i x i .-lx1 

\ I I I 

Antimony I 1 x 1 I 0 1.x 1.. 
Arsenic l Ixl*lx 4 

1 I I I I 

Barium I 1 x ) 1 x 1 4 
I 

I X ! 1 1 
Cadmium 
Calcium 

: ,, tz . . 



TABLE 6-9 (Continued) . 

SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OE CONCERN 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-OWZ 
MCB CAMP LJZJEUNE, NORTH CAROLINA 

I contaminant I Surface Soil Subsurface 
I I 

Ground- 
I 

Surface 
I 

Sediment 
I 

Fish 
Snil watf?r Wh?r I 

I I ..-.a . . ---. .v --a 
I 

Chromium I 1x1 Ixl.lxl.lxl.lxl I 
Cobalt 

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

I 1 x 1 Ixl.lxl.lxl.lxl I I 
1 I 

Qwer X X 1 x l x . x 

Lead 0 x. x 01x0 x. x . x 
I 1 I 1 t 1 I I I 1 I I 

Magnesium I 1 x 1 1x1 1 x 1 1x1 Ix I I I 
Manganese 
Mercury 
Nickel 
Potassium 

1 I I I I 1 

0 X x l x l x l x 01x 

x l x x .1x 

X x l x 0 X I 
X X X x 1 

I Selenium 
I I I I I I I I 

I 4 x I I x I I x I ixi*ixiolxl 
Silver 
Sodium 
Thallium 

I 

x . x 
X X X 

x l x l x .1x . x, 

I Vanadium 
I I I I I 

I I x I ixl.lxi.lxloixl I I 
I I I 

ZillC X x . x l x . x . x 

Iron X X X X X 

0 = Selected as COPC 
X = Positively detected in media 



TABLE 6-10 

MATRIX OF POTENTIAL HUMAN EXPOSURE 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVFSTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Exposure Medium/ Current Military 
Exposure Route Personnel 

Future Construction Future Residential Current 
Worker Adult & Child Recreational Adult 

& Child 

Soil 

Incidental Ingestion 

Dermal Contact 

Groundwater 

Ingestion 

Dermal Contact 

Surface Water 

Ingestion 

Dermal Contact 

Sediment 

Incidental Ingestion 

Dermal Contact 

Air 

Inhalation of Vapor 
Phase Chemicals 
Indoor 

Inhalation of 
Particulates 
Outdoor 

Biota 

Fish Ingestion 

M W A, C NE 

M W A, C NE 

NE 
NE NE &C NE 

NE NE AC NE 

NE NE NE A, C 
NE NE NE A, C 

NE NE NE A,, C 

NE NE NE A,, C 

NE NE A, C NE 

M W A, C NE 

NE NE NE A 

A = Adult 
C = ChiId 
M= Military lifetime exposure 
W = Construction duration exposure 
NE = Not Exposed 



TABLE 6-11 

EXPOSURE ASSESSMENT SUMMARY 
INCIDENTAL INGESTION OF SOIL CONTAMINANTS 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult, Current Military Personnel, Future Construction Worker 

Reference 

USEPA, March 1991 

onstruction Worker 

USEPA, December 1989a 



TABLE 6-12 

EXPOSURE ASSESSMENT SUMMARY 
DERMAL CONTACT WITH SOIL CONTAMINANTS 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult, Current Military Personnel, Future Construction Worker 

Input 
+u-ameter Description Value Reference 

C Exposure Concentration 95% UCL bwdW USEPA, May 1992d 

CF Conversion Factor lE-6 kg/mg USEPA, December 1989a 

SA Exposed Surface Area of Child 2,300 cm’ USEPA, January 1992a 
Skii Available for Adult 5,800 cm* Reasonable worst case: 
Contact Military Personnel 5,800 cm2 individual skim area limited 

Construction Worker 4,300 cm2 to head, hands, forearms, 
lower legs 

AF Soil-to-Skin Adherence 1 .O mg/cm2 USEPA, Region IV, 1992c 
Factor 

ABS Fraction Absorped Organ& 1.0% USEPA, Region IV, 1992c 
(unitless) Inorganics 0.1% 

EF Exposure Frequency Child 350 days&r USEPA, December 1989a 
Adult 350 days& USEPA, March 199 1 
Military Personnel 350 days&r 
Construction Worker 90 days& 

ED Exposure Duration Child 6yeat.s USEPA, March 1991. 
Adult 24 years USEPA, December 1.989a 
Military Personnel 4Yeafi 
Construction Worker 1 year 

BW Body Weight Child 15 kg USEPA, December 11989a 
Adult 70 kg 
Military Personnel 70 kg 
Construction Worker 70 kg 

AX Averaging Tie All 25,550 days USEPA, December :1989a 
Carcinogen 

AT,, Averaging Time Child 2,190 days USEPA, December 1989a 
Noncarcinogen Adult 8,760 days 

Military Personnel 1,460 days 
Construction Worker 365 days 



TABLE 6-13 

EXPOSURE ASSESSMENT SUMMARY 
INHALATION OF FUGITIVE PARTICULATES 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult, Current Military Personnel, Construction Worker 

Reference 

Exposure Frequency 

Military Personnel 350 days/yr 
Construction Worker 90 da 

USEPA, December 1989a 

USEPA, May 1989b 

Military Personnel 70 kg 
Construction Worker 70 k 

USEPA, December 1989a 

USEPA, December 1989a 

i 



I- 

TABLE 6-14 

EXPOSURE ASSESSMENT SUMMARY 
INGESTION OF GROUNDWATER CONTAMINANTS 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Future Residential Child and Adult 
- 

Input 
Parameter Description Value 

- 

Reference 

C 

IR 

EF 

ED 

BW 

AT, 

AT,, 

Exposure Concentration 95% UCL (m&l USEPA, May 1992d 
- 

Ingestion Rate Child 1 L/day USEPA, March 1991 
Adult 2 L/day USEPA, December 1989a 

- 
Exposure Frequency Child 350 days&r USEPA, December 1989a 

Adult 350 days&r 
- 

Exposure Duration Child 6 years USEPA, March 1991 
Adult 30years 

- 
Body Weight Child 15 kg USEPA, December 1989a 

Adult 70 kg 
- 

Averaging Time All 25,550 days USEPA, December 1989a 
Carcinogen 

- 
Averaging Tiie Child 2,190 days USEPA, December 1989a 
Noncarcinogen Adult 10,950 days 

- 

,” x-.. 



TABLE 6-15 

EXPOSURE ASSESSMENT SUMMARY 
DERMAL CONTACT WITH GROUNDWATER CONTAMINANTS 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

/ 
Input 

Parameter 

I SA 

Future Residential Child and Adult 

Reference 

Skin Available for 

Exposure Duration USEPA, December 1989a 

Body Weight 

Averaging Time 
Carcinogen 

Adult 

All 

70 kg 

25,550 days 

USEPA, December 1989a 

USEPA, December 1989a 

Averaging Tie Child 
Noncarcinogen Adult 

2,190 days 
10,950 days 

USEPA, December 1989a 



TABLE 6-16 

EXPOSURE ASSESSMENT SUMMARY 
INHALATION OF GROUNDWATER VOLATILE CONTAMINANTS 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

- 
Future Residential Child and Adult 

- 
Input 

Parameter Description Value Reference 

C Exposure Concentration 95% UCL @g/m’) USEPA, May 1992d 
- 

IR Inhalation Rate Child 0.6 m3/hr USEPA, December 1989a 
Adult 0.6 m31hr 

- 
ET Exposure Time All 0.25 hrlday USEPA, January 1992a 

- 
EF Exposure Frequency A11 350 day&r USEPA, December I989a 

- 
ED Exposure Duration Child 6years USEPA, December 1989a 

Adult 30 ye&-s 
- 

BW Body Weight Child 15kg USEPA, December 1989a 
Adult 70 kg 

- 
AT, Averaging Tie All 25,550 days USEPA, December 1989a 

Carcinogen 
- 

AT, Averaging Time Child 2,190 days USEPA, December 1989a 
Noncarcinogens Adult 10,950 days 

- 



TABLE 6-17 

EXPOSURE ASSESSMENT SUMMARY 
INGESTION OF SURFACE WATER 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Current Recreational Child and Adult 

Input 
Parameter 

= 

C 

JR 

AL 

Description 

Exposure Concentration 

Ingestion Rate 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time Carcinogen 

Averaging Time 
Noncarcinogens 

Value 

95% UCL (w&l 

Child 0.05 Lhr 
Adult 0.05 Lhr 

Child 20 events&r 
Adult 20 events&r 

Child 6yeai.s 
Adult 30 years 

Child 15 kg 
Adult 70 kg 

All 25,550 days 

Child 2,190 days 
Adult 10,950 days 

Reference 

USEPA, May 1992d 

USEPA, December 1989a 

Site-Specific Professional Judgement 
(4 days/month x 5 months/year) 

USEPA, December 1989a 

USEPA, December 1989a 

USEPA, December 1989a 

USEPA, December 1989a 



TA.BLE 6-18 

EXPOSURE ASSESSMENT SUMMARY 
DERMAL CONTACT WITH SURFACE WATER 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Current Recreational Child and Adult 

Input 
Parameter Description Value Reference 

c Exposure Concentration 95% UCL (m9n) USEPA, May 1992d 

SA Exposed Surface Area of Child 4,600 cm* 50 percent whole body (head, 
Slcm Available for Contact Adult 11,500 cm* arms, hands, forearms, 

lower extremities) 

ET. Exposure Time 

EF Exposure Frequency 

Child 
Adult 

Child 
Adult 

2.6 hrlday 
2.6 hrfday 

20 days&r 
20 days&r 

USEPA, January 1992a 

Site-Specific Professional 
Judgement 
(4 days/month x 5 month~year) 

ED 

CF 

Exposure Duration 

Volumetric Conversion 
Factor for Water 

Child 6year-s USEPA, December 1989a 
Adult 30 years 

1 L/l000 cm3 USEPA, December 1989a 

BW 

A-L 

Body Weight 

Averaging Time 
carcinogen 

Child 
Adult 

All 

15kg 
70 kg 

25,550 days 

USEPA, December 1989a 

USEPA, December 1989a 

A-L Averaging Time Child 2,190 days USEPA, December 1989a 
Noncarcinogen Adult 10,950 days 

PC Permeability Constant Chemical-Specific USEPA, January 1992a 



TABLE 6-19 

EXPOSURE ASSESSMENT SUMMARY 
INGESTION OF SEDIMENT 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Current Recreational Child and Adult 

Input 
Parameter Description 

C Exposure Concentration 

IR Soil Ingestion Rate 

EF Exposure Frequency 

Exposure Duration 

BW 

AX 

AT,,, 

Body Weight 

Averaging Time 
Carcinogen 

Averaging Time 
Noncarcinogen 

I CF I Conversion Factor 

Reference 

nth x 5 months/year) 

USEPA, December 1989a 

USEPA, December 1989a 



,,*.-. 
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TABLE 6-20 

EXPOSURE ASSESSMENT SUMMARY 
DERMAL CONTACT WITH SEDIMENT 

REMEDIAL INVESTIGATION, (30-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Current Recreational Child and Adult 

Input 
Parameter Description Value Reference 

C Exposure Concentration 95% UCL Gw&9 USEPA, May 1992d 

SA Surface Area of Skin Child 4,600 cm* 50 percent whole body 
Available for Contact Adult 11,500 cm* (head, arms, bands, forearms, 

lower extremities) 
USEPA, January 1992a 

AF 

ABS 

EF 

Sediment Adherence Factor 1 .O mg/cm* USEPA, Region IV, 1992c 

Absorption Factor Organics 1.0% USEPA, Region IV, 1992c 
(dimensionless) Inorganics 0.1% 

Exposure Frequency Child 20 events&r Site-Specific Professional 
Adult 20 events&r Judgement 

(4 days/month x 5 months/year) 

ED 

BW 

AT, 

AL 

CF 

Exposure Duration Child 6year.s USEPA, December 198921 
Adults 30 years 

Body Weight Child 15kg USEPA, December 1989a 
Adult 70 kg 

Averaging Time Carcinogen All 70 years USEPA, December 1989a 

Averaging Tie Child 6 years USEPA, December 1989a 
Noncarcinogen Adult 30 years 

Conversion Factor IE-06 kg/mg USEPA, December 1989a 



L 

TABLE 6-21 

EXPOSURE ASSESSMENT SUMMARY 
FISH FILLET INGESTION 

REMEDIAL INVESTIGATION, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Current Recreational Adult 

Reference 

‘AT, Averaging Time 
Carcinogen 

25,550 days USEPA, December 1989a 

AL Averaging Tie 
Noncarcinogen 

10,950 days USEPA, December 1989a 



TABLE 6-22 

TOXICITY FACTORS 
REMEDIAL INVESTIGATION, Cl-O-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 



Notes: Rf’D 
Fm 
CSF 
CSFI 
WOE 
IRIS 
HEAST 
USEPA 
ND 
PDG 
WOE 
PDG 
UR 
A 
Bl 
B2 
C 
D 
I 

TABLE 6-22 (Continued) 

TOXICITY FACTORS 
REMEDIAL INVESTIGATION, C’I’O-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Oral Reference Dose (mg/kg - day) 
Inhalation Reference Concentration (mg/lcg-day)’ 
Oral Cancer Slope Factor (mg/lcgday)-’ 
Inhalation Cancer Slope Factor (mg/kgday)” 
Weight of Evidence 
Integrated Risk Information System 
Health Effects Assessment Summary Tables 
United States Environmental Protection Agency 
Not Determined 
Pending 
Weight of Evidence 
Pending 
Under Review by USEPA 
Human Carcinogen 
Probable Human Carcinogen - Limited Evidence 
Probable Human Carcinogen - Sufftcient Evidence 
Possible Human Carcinogen 
Not Classifiable as to Human Carcinogenicity 
Ingestion 

f 



t . 
TABLE 6-23 

INCREMENTAL LIFETIME CANCER RISKS (ICI+) AND HAZARD INDICES (HIS). 
OPERABLE UNIT NO. 10 (SITE 35) 

SOIL . 
REMEDIAL INVESTIGATION, CTO-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Exposure Route 

1 Incidental Ingestion 

Dermal Contact 

Inhalation of 
Particulates 

Total 

Recep! r Group 

4.OE-05 1 0.91 11.7lE-05 1 0.10 

4.5B05 1 0.93 1 2.7B05 1 0.10 

Current Military 
Personnel 

3.1E-06 1 0.09 

Future Construction 

ICR 

1.2E-07 

l.lE-09 co.01 

8.9 x lo-“: 
t-i 

NA 

1.2E-07 1 0.02 1 

NA - Not Applicable 

i 



TABLE 6-24 

INCREMENTAL LIFETIME CANCER RISKS (ICI&) AND HAZARD INDICES (HIS) 
OPERABLE UNIT NO. 10 (SITE 35) 

GROUNDWATER 
REMEDIAL INVESTIGATION, CTO-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 



TABLE 6-25 

INCREMENTAL LIFETIME CANCER RISKS (ICRs) AND HAZARD INDICES (HIS) 
OPERABLE UNIT NO. 10 (SITE 35) 

SURFACE WATER 
REMEDIAL INVESTIGATION, CTO-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 



TABLE 6-26 

INCREMENTAL LIFETIME CANCER RISKS (ICRs) AND HAZARD INDICES (HIS) 
OPERABLE UNIT NO. 10 (SITE 35) 

SEDIMENT 
REMEDIAL INVESTIGATION, CTO-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 

. .. 

t. 

: 



TABLE 6-27 

INCREMENTAL LIFETIME CANCER RISKS (ICRs) AND HAZARD INDICES (HIS) 
OPERABLE UNIT NO. 10 (SITE 35) 

FISH 
REMEDIAL INVESTIGATION, CTO-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Exposure Route 

1 c;7; 1 

Ingestion 

Total 

1 SE-05 1.8 

1 SE-05 1.8 I 



*i 
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TABLE 6-28 

TOTAL SITE RISK 
OPERABLE UNIT NO. 10 (SITE 35) 

REMEDIAL INVESTIGATION, CTO-0212 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Soil Groundwater Surface Water Sediment Fish 
Receptors 

ICR HI ICR HI ICR HI ICR HI ICR HI 

Future Child Resident 4.5E-05 0.93 2.1E-03 103 NA NA NA NA NA NA 
(<l) (1) (99) (99) 

Future Adult Resident 2.7E-05 0.10 4.3E-03 44 NA NA NA NA NA NA 
(Cl) (<l) (99) (99) 

Future Construction Worker 1.2E-07 0.02 NA NA NA NA NA NA NA NA 
’ (100) uw 

Current Military Personnel 3.1E-06 0.09 NA NA NA NA NA NA NA NA 
W) ww 

Current Recreational Child NA NA NA NA l.lE-07 <O.Ol 3.3E:07 0.01 NA NA 
(27) w> (73) (99) 

Current Recreational Adult NA NA NA NA 1.2E-07 <O.Ol 4.5B07 co.01 1.8E-05 1.8 
(<I) (<I) (<I) (<I) (99) (9% 

TOTALS 

ICR HI 

2.1 E-03 104 

4.3E-03 44 

1.2E-07 0.02 

3.lE-06 0.09 

4.4E-07 0.01 

1.9E-05 1.8 

Notes: ICR = Incremental Lifetime Cancer Risk 
HI = Hazard Index 
ND = Not Determined 
NA = Not Applicable 
( ) = Percent Contribution to Total Risk 

.fi 
aJ . 

.q> 

.- 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 

,i’ ‘-6 

‘.. 

This section presents conclusions based on the information presented in Sections 1 .O through 7.0 and 

outlines recommendations for follow-up actions, as deemed appropriate, to fill informational gaps 
and provide a sound engineering basis for the development of remedial responses. 

8.1 Conclusions 

l VOCs were detected in surface soil samples 35-SSO5-00,35-SS13-00 and 35-SSO7- 
00. Sample 35-SSO5-00 contained low concentrations of toluene, sample 35-SSO7- 
00 contained carbon disulfide and sample 35-SS13-00 contained detectable levels 
of total xylenes. 

0 SVOCs were detected in surface soil samples collected within the study area. 
Contamination detected in samples 35-SSl I-00 and 35-SSO4-00 may be: related to 
past activities associated with the Fuel Farm or the oil/water separator located near 
the ASTs. 

0 Tetrachloroethene was the only VOC detected in the subsurface soils thad could be 
attributed to site conditions. It was detected in four borings (35~MW37BM, 35- 
MW3OB, 31%MW32B and 35-MW33B) drilled south of Fourth Street. The 
contamination may be attributed to contaminants residing in the groundwater 
beneath the site. 

0 Sample 35-MW35B was the only subsurface soil sample containing SVOC 
contamination. A source for the SVOC contamination detected in sample 35- 
MW35B is neither obvious nor suspected in the vicinity of the soil boring. 

0 Inorganic levels in surface and subsurface soil were similar to base-wide inorganic 
levels. Surface soil samples 35-S$O4-00 and 35-SSl3-00 as well as subsurface soil 
sample 35-GmSO5-03 exhibited inorganics at levels higher than two times the 
base background average or the maximum base background detection. One of two 
reasons may be responsible for these apparent results. The elevated concentrations 
may be due to past activities at Building TC474 (formerly a vehicle maintenance 
garage) or simply outside the estimated range of base background. The number of 
samples used to establish a background range for inorganics is small, therefore may 
not be completely representative of background conditions. 

BTEX compounds were detected in nearly every well that was sampled during the RI. However, the 
only compounds detected at the site which exhibited concentrations above groundwater standards 
were benzene and ethylbenzene. The wells containing the highest levels of benzene are concentrated 
in the areas where petroleuni leaks or spills were suspected to have occurred. Monitoring wells 
MW- 16, MW-22 and EMW-7 contained concentrations of benzene which exceeded the f&,eral MCL 
and NCWQS. Ethylbenzene concentrations in MW- 16 and NW-22 exceeded the NCWQS standard, 
but did not exceed the federal MCL. The foliowing paragraphs describe. the four plumes of 
nonhalogenated organics observed in the surficial. 
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flow, it is likely that the contamination may be attributed to the storage of 
chemicals within this area. However, not enough data exists at this time to 
determine the true origin of this contamination. 

Well 35MW-32A exhibited elevated concentrations of TCE and cis-1,ZDCE 
exceeding the Federal MCL and the NCWQS. The well is located east of 
warehouse TC462. Enough data has not been gathered to determine the source area 
for these contaminants. 

l Semivolatile compounds were detected in monitoring wells MW-21, EMW-05, 
MW-29A, MW-16, and MW-22. These compounds appear to be related to 
petroleum contamination and correlate with the previously identified plumes. 

0 The only pesticide detected in the shallow groundwater which exceeded the 
NCWQS was heptachlor. It was detected in MW-29A with no apparent source for 
the contaminant. The concentration is low enough to indicate that it may have 
originated from the application of pest controls to the surface soils. 

0 Inorganic contamination was detected within the upper portion of the water table 
aquifer throughout the site. Since the distribution of the contaminants does not 
reflect a particular trend or pattern, it is difficult to assess the entire extent of metals 
contamination and identify specific source areas. The data suggests that the 
elevated total metals are due to suspended particulates in the sample. 

0 Nonhalogenated organic contamination (e.g., BTEX) was detected at low levels in 
the lower portion of the water table aquifer in nearly every intermediate well 
location. However, the concentrations of the contaminants detected were much 
lower than the concentrations detected in the upper portion of the aquifer. This 
trend complies with the properties of the compounds (i.e., specific gravity). The 
only exception to the trend is MTBE. The concentration of MTBE increased in the 
lower portion of the aquifer rather than decreased. A reason for this exception 
cannot be determined at this time and may require more information to formulate 
an explanation. 

The primary nonhalogenated organic compounds that were detected at levels exceeding the Federal 
MCL and/or NCWQS were benzene, ethylbenzene and MTBE. Two primary plumes of 
nonhalogenated compounds were identified within the study area. 

l The first to be discussed is located in the western, southwestern and southern 
portions of the site. The highest concentrations were centered around MW-1OD. 
Benzene was not detected in this well but ethylbenzene and MTBE were detected 
at concentrations which exceeded the NCWQS. The surrounding wells (MW-09D, 
35MW-3 lB, 35MW-32B, 35M.W-30B, 35MW-29B and 35MW-37B) contained 
benzene at concentrations which exceeded the NCWQS. Three of the wells 
possessed concentrations which exceeded the federal MCL. 

l The second plume is located in the eastern portion of the study area. Monitoring 
wells MW-19D, MW-22D and 35MW-33B contain concentrations of benzene, 
ethylbenzene and MTBE in excess of Federal and state groundwater standards. 
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l The only pesticide detected in the shallow groundwater which exceeded the 
NCWQS was heptachlor. It was detected in MW-29A with no apparent source for 
the contaminant. The concentration is low enough to indicate that it may have 
originated from the application of pest controls to the surface soils. 

0 Inorganic contamination was detected within the upper portion of the water table 
aquifer throughout the site. Since the distribution of the contaminants does not 
reflect a particular trend or pattern, it is difficult to assess the entire extent of metals 
contamination and identify specific source areas. The data suggests that the 
elevated total metals are due to suspended particulates in the sample. 

0 Nonbalogenated organic contamination (e.g., BTEX) was detected at low levels in 
the lower portion of the water table aquifer in nearly every intermediate well 
location. However, the concentrations of the contaminants detected were much 
lower than the concentrations detected in the upper portion of the aquifer. This 
trend complies with the properties of the compounds (i.e., specific gravity). The 
only exception to the trend is MTBE. The concentration of MTBE increased in the 
lower portion of the aquifer rather than decreased. A reason for this exception 
cannot be determined at this time and may require more information to formulate 
an explanation. 

The primary nonhalogenated organic compounds that were detected at levels exceeding the Federal 
MCL and/or NCWQS were benzene, ethylbenzene and MTBE. Two primary plumes of 
nonhalogenated compounds were identified within the study area. 

0 The first to be discussed is located in the western, southwestern and southern 
portions of the site. The highest concentrations were centered around MW-1OD. 
Benzene was not detected in this well but ethylbenzene and MTBE were detected 
at concentrations which exceeded the NCWQS. The surrounding welfs (MW-OBD, 
35MW-31B, 35MW-32B, 35MW-30B, 35MW-29B and 35MW-37B) contained 
benzene at concentrations which exceeded the NCWQS. Three of the: wells 
possessed concentrations which exceeded the federal MCL. 

l The second plume is located in the eastern portion of the study area. Monitoring 
wells MW-19D, MW-22D and 35MW-33B contain concentrations of be:nzene, 
ethylbenzene and MTBE in excess of Federal and state groundwater standards. 
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During Law’s investigation of the site, samples were collected from monitoring well 
MW-19D and MW-22D. Results from the samples indicate that greater 
concentrations of total BTEX resided within monitoring well MW-22D than was 
detected by Baker and no BTEX compounds were detected in MW-19D. This 
information lends credibility to the theory that dissolved nonhalogenated 
contamination in this area of the study area is migrating with the direction of 
groundwater flow toward Brinson Creek. 

In addition to nonhalogenated compounds, halogenated organics such as TCE, cis-l,%-DCE and 
trans- 1 ,ZDCE were detected in 10 intermediate wells within the study area. The concentrations of 
the halogenated organics contamination is greater in the lower portion of the aquifer than the upper 
portion of the aquifer. This trend is typical when haIogenated hydrocarbons, such as those listed 
previously are identified within an aquifer system. Due to the compounds specific gravity, it is 
common for higher concentrations of the compound to reside within the deeper portions of the 
aquifer. The following paragraphs discuss the nonhalogenated oganic plumes in the lower portion 
of the surficial aquifer. 

0 Two plumes of halogenated organics have been identified at the site. The first of 
the two plumes is located in the area of the former Vehicle Maintenance Garage 
(warehouse TC474) in the eastern portion of the study area. The highest 
concentrations of TCE were detected in wells MW-19D and 35MW-33B. TCE, cis- 
1 ,ZDCE and trans-1,2-DCE concentrations exceeded the federal MCL and 
NCWQS. These concentrations correlate well to the corresponding shallo~w wells. 
The concentrations detected in MW- 19D are similar to the concentrations detected 
by Law in their previous investigation. Based on the concentrations detected in the 
shallow and intermediate wells, the former Vehicle Maintenance Garage is the 
suspected source for the halogenated organic contamination is this portion of the 
study area. 

0 A larger plume of halogenated organics originates on the southern edge of the study 
area trending northeast toward B&son Creek. Elevated TCE concentrations 
exceeding the Federal MCL and the NCWQS were detected in monitoring wells 
35MW-30B, 35MW-32B, 35MW-29B, MW-lOD, MW-09D, MW-14D and 
MW-2 1 D. The highest TCE concentration was detected in MW-1 OD, however this 
does not appear to be the source area for the contamination. The southern and 
northeastern edge of the plume is not defined and it is Baker’s belief that the 
contamination source is located outside of the boundaries of the study area. 

0 No semivolatiles were detected in the lower portion of the shallow aquifer. 

0 Heptachlor was detected in monitoring well 35MW-33B at a concentration that 
exceeded the NCWQS. The source of this contamination is unknown. 

0 Inorganic contamination was detected within the lower portion of the water table 
aquifer. In comparison to the upper portion of the aquifer, inorganic concentrations 
were generally lower in the lower portion of the aquifer. Since the distribution of 
the contaminants do not reflect a particular trend or pattern, it is difficult to assess 
the entire extent of metals contamination and identify specific source areas. The 
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data suggests that suspended solids in the sample may be contributing to elevated 
total metals. 

0 No significant organic or inorganic contamination was detected in the samples 
collected from the deep wells (Figure 4-10). The absence of TCE in the Castle 
Hayne Aquifer indicates that the unit identified as a semi-confining unit is retarding 
the vertical migration of the contaminates. Although the unit possesses very little 
clay and is not the “typical” semi-confining unit, the high permeability of the soils 
above and below the unit as well as the groundwater gradient exhibited at the site 
provide for the surficial aquifer waters to flow along the top of the unit instead of 
passing through the unit. Vertical migration may be occurring at the site but at a 
very slow rate such that the contamination has not been detected in the upper 
portion of the Castle Hayne Aquifer. 

0 No VOCs were detected in surface water samples. Toluene was the only volatile 
organic compound detected in the sediments obtained from station 35-SW/SD03 
within Brinson Creek (Figure 4-l 1). Although VOCs generally were not detected, 
heavy sheens and hydrocarbon odors were noted during sampling. During sample 
validation, it was noted that an unusually high number of Tentatively Identified 
Compounds (TICS) were identified in the samples. 

l Although no SVOCs were detected in the surface water samples, a number of 
SVOCs were detected in the sediment samples collected from Brinson Creek. The 
SVOCs were detected in greater frequency in the samples collected from 6 to 12 
inches. SVOCs were detected both upgradient and downgradient of Site 35. 
However, the highest levels of SVOCs were detected in samples obtained adjacent 
to Site 35. 

l Pesticides were detected at all 10 sediment sample locations; however, no 
pesticides were observed in the surface water samples. The application of pest 
control to the surfaces Camp Geiger leads to pesticide detections in the sediments 
of Brinson Creek. The pesticides are carried from the surface soil to the creek via 
surface runoff and natural erosion. This statement can be further supported by the 
large number of pesticides detected in the surface soils at the site. PCBs were not 
detected in any of the surfaced water or sediment samples collected from Elrinson 
Creek. 

l Inorganics above the Federal Screening Values (WQSVs and NOAA standards) 
and/or NCWQS are present in one surface water and seven sediment locations. The 
only compound to exceed the NOAA standards in sediments was lead. The greatest 
concentration was detected in sample number 36-SD06-06 collected from the 0 to 
6 inch interval. The detected lead is prevalent adjacent to and downstream of Site 
35 and could be related to past site activities. Mercury, lead and zinc were detected 
at levels exceeding the Federal and North Carolina Standards in surface: water 
samples 35-SWOl, 35-SW04 and 35-SW07. The mercury was detected in two 
samples (35-SW01 and 35-SW04) located upstream of Site 35 which indicates 
contamination may originate from an upgradient location. The concentrations of 
lead and zinc detected in sample 35-SW07 may be attributed to past practices at 
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Site 35 due to its geographic location with respect to Site measurements of 
groundwater. 

l Baker calculated that the human health risk associated with pesticides dieldrin and 
DDD in surface soil samples demonstrates a risk range within acceptable levels. 

l Baker calculated that the overall human health risk associated with Site 35 is in 
excess of the acceptable range. The total risk was driven by future potential 
exposure to groundwater and current potential exposure to fish. However, only 
noncarcinogenic risks were likely with exposure to fish. 

e Overall, metals and pesticides appear to be the most significant site related COPCs 
that have the potential to affect the integrity of the aquatic and terrestrial receptors 
at Site 35. Although the American alligator have been observed at Site 35, potential 
adverse impacts to this species could not be quantitatively evaluated. 

0 Surface water quality showed exceedances of aquatic reference values for lead, 
mercury, and zinc. In addition, iron, cobalt and manganese were above the 
concentration that caused adverse impacts to aquatic species in a few studies. 
However, most of the studies did not meet the criteria for reliability, and other 
studies indicated that potential impacts to aquatic organisms did not occur at the 
concentrations detected in the surface water at Brinson Creek. For sediments, 
concentrations of lead and the organics dieldrin, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, 
endrin, alpha-chlordane, and gamma-chlordane exceeded the aquatic reference 
values. In the surface water, mercury exceeded aquatic reference values in the 
upstream stations. Although these levels were indicative of a high potential for risk 
(QI > loo), mercury is not believed to be site related. Zinc only exceeded unity 
slightly and was only found at a single station. Lead has a single exceedance of the 
aquatic reference value by slightly greater than 10 indicating a moderate potential 
for risk to aquatic receptors. Lead also was found in the groundwater samples at 
similar levels and is site related. 

l In the sediments, lead exceeded the lower sediment aquatic reference value 
throughout Brinson Creek. The only exceedances of the higher sediment aquatic 
reference value occurred downstream of Site 35 with the highest QI of 137 
representing a high potential for risk to aquatic receptors. The lead detected in the 
sediments is likely site related, the result of past reported surface spills/runoff and 
past and ongoing groundwater discharges to surface water. 

0 Pesticides exceeded the sediment aquatic reference values throughout Brinson 
Creek. The highest QI, 2,600 for dieldrin, represents a high potential for risk to 
aquatic receptors. There is no documented pesticide disposal or storage/preparation 
activities at Site 35. The pesticide levels detected in the sediments probably are a 
result of routine application in the general vicinity of Site 35. 

l Although, the pesticides in the sediments were found at levels indicating 
contamination throughout the watershed, the highest levels were observed in the 
lower reaches of Brinson Creek. This deposition tread may be related to the higher 

8-6 



organics in the sediments in the lower reach, which would accumulate more of 
these types of contaminants. 

0 The fish community sampled in Brinson Creek was representative of an estuarine 
ecosystem with both freshwater and marine species present. In addition, the 
presence of blue crabs, grass shrimp, and crayfish support the active use of Brinson 
Creek by aquatic species. 

l The absence of pathologies observed in the fish collected from Brinson Creek 
indicates that the surface water and sediment quality may not adversely impact the 
fish community. 

0 The benthic macroinvertebrate community demonstrated the typical tidal/freshwater 
species trend of primarily chironmids and oligochaetes in the upper reaches and 
polychaetes and amphipods in the lower reaches. Species representative: of both 
tolerant and intolerant taxa were present. Species richness and densities were 
representative of an estuarine ecosystem. 

0 The aquatic community in Brinson Creek is representative of an estuarine 
community and does not appear to be significantly impacted by surface water and 
sediment quality. 

0 Surface soil quality indicated a potential for adversely impacting the terrestrial 
receptors that have indirect contact with the surface soils and copper in the tissue 
samples. This adverse impact is primarily due to cadmium in the surface soils. The 
cadmium in the surface soil is overestimating the adverse impacts since it was 
detected at a relatively high concentration in only one out of ten samples. In 
addition, the copper in the tissue samples does not appear to be site-related. 

8.2 Recommendations 

Based on the data obtained it is recommended that: 

0 The remedial investigation at Site 35 be extended south of Fifth Street as needed 
to define the extent and locate the source(s) of solvent-related groundwater 
contamination in the surticial aquifer. 

0 The monitoring wells screened within the surficial aquifer that were sampled under 
the RI be resampled for inorganic contaminants (total phase only) using low-flow 
pumping techniques in order to more accurately quantify total metals 
contamination. Based on past experiences with the technique at Camp Lejeune, it 
is anticipated that using the low-flow technique will result in lower total metals 
concentrations due to reduced sediment disturbances while sampling. 

0 Surface soils and sediments be resampled for mercury and zinc in order to replace 
that data which was rejected during validation. The data generated from the 
additional sampling of soils and sediments combined with the results of tlhe iow- 
flow groundwater sampling for metals should enable Baker to determine whether 
or not Site 35 is the source of elevated zinc and/or mercury concentrations in 
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Brinson Creek surface water and fish. In addition, new information regarding 
metals concentrations in Site 35 media will be used to further evaluate the human 
health and environmental risks associated with the site. The soils and sediment data 
and any associated analyses will be incorporated into an addendum to the RI 
Report. 

l Sediment samples along Brinson Creek be obtained at locations adjacent to and 
downstream of Site 35 and analyze for TPH (EPA Methods 5030 and 3550) so as 
to provide data regarding the extent of organic contamination that was “masked” by 
TICS in results obtained under the RI. 

Q An Interim Remedial Action Feasibility Study be prepared that focuses on the 
groundwater in the vicinity of the Fuel Farm and north of Fourth Street. The 
purpose of this Interim FS will be to address groundwater contamination in this area 
which may be a continuing source of contamination to Brinson Creek. 

l The northeastern edge of the halogenated organic plume has not been delineated. 
Therefore soil and groundwater samples should be collected on the northern side 
of Brinson Creek in order to determine if Brinson Creek is acting as a barrier to 
groundwater contamination that may be migrating off-site. 

0 Special precautions be taken when soil excavation is performed during the 
construction of the new highway. Specifically, it is recommended that the written 
construction workplans reference the need for monitoring of volatile organic 
contaminant concentrations in the breathing zone of the workers, and that 
institutional and engineering controls be established to minimize human exposure 
to both VOCS and fugitive dust particulates. Although the calculated risk to human 
health for future construction workers on Site 35 is well below the EPA acceptable 
range, adverse exposure to a volatilized fraction of contaminants in the subsurface 
soil or inhalation of airborne contaminants is possible. 

8-8 



502! 
3 5 G W D - 1  

0 ,a 
35-ssoz 

4 

i 
5 
W 

9 

J - 
L 

1 . THIRD STRED 

\ 
EMW--l 

-500 - GAL. MW-8 ‘MW-13 B 
@ DIESEL AST 

( ~ O O N E D )  

NO 6 FUEL 
OIL UST 
(ABANDONED) 

MW-8 
B N W - 1 0  

MW-9 ‘%@ 

O M W - I  MW-1 Kiw-- I TC341 

H W - 1 6  

WAREHOUSE 

1 
I 

r-------- ---- 
I 
I 
I 

1 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

D 

FORMER f3 MESS HAL 
HEATING 
PLANT 

L _ _ _ _ _ _ c -  l - - - - - J  
TC342 

I 1 1 - 
FOURTH STREET 35-ss02 

I Q\ 

HP- 

135MW-29B 

35CWD-3-8 
M W - 1 0  

35-sso5 
@ 

35HW30A 

PARKING I 
HA-C r$1i~-15 AREA 35-55071 

FORMER @HA- 
NO 2 FUEL OIL 

usT\MW-$A~-l HP-1 8 

I \ I 

N-17 ’ 8-58. 

1, EXPLOSIVE ORDNANCE 
DISPOSAL ARMORY. OFFICE. 
AND SUPPLY BUILDING 

I -. 
L 

\ 

FORMER 
GAS STATION 

7 t- FOOTBALL FIELD 

3 5 M W 3 0 8  - 

EMW-7 

EMW-1 

M W - I  

MW-1 
0 

H W - 2 6  

e 
’ 
* 
e 
a MW-5 

LEGEND 

MONITOR IN^ WELL INSTALLED UNDER cs (1986) BY ESE. 

MONITOR IN^ WELL INSTALLED ay NUS (1990). 

MONITORING WELL INSTALLED UNDER CSA (1991) BY LAW. 

MONITORING WELL INSTALLED UNDER UST INVESTIGATION (1 992) EY ATEC 

MONITORING WELL INSTALLED UNDER CSM FOLLOW-UP INVESTIGATION (1 993) 
BY LAW. (NOTE: PW-28 REFERS TO A PUMPING TEST WELL.) 

MONITORING WELLS INSTALLED UNDER WST SITE ASSESSMENT (1  994). 
59- I 
@l 

B- I 
STRATIGRAPHIC SOIL BORING DRILLED UNDER CSA (1991) BY LAW. 

SOIL E O R I ~ G  DRILLED UNDER CSA (1991) BY LAW. 

HAND-AUGEREO BORING DRILLED UNDER CSA (1991) BY LAW 

”HYDROPUNCH” SAMPLING POINT UNDER CSA (1991) EY LAW 

HA-I 
A 

SURFACE ~ATER/SEDIMENT SAMPLING LOCATIONS INSTALLED UNDER cs ( 1  984) BY ESE. 

SHALLOW 4DIL SAMPLES COLLECTED UNDER BAKER INTERIM R I  (1993). 

D UNDER BAKER RI  (1994). 

MONITORINO WELL INSTALLED UNDER BAKER RI INVESTIGATION (1994). 

2. THIS DRAWING INCLUDES ALL SOIL AN0 GROUNDWATER SAMPLING LOCATIONS 
APPLICABLE TO THIS SITE. SURFACE WATER, SEDIMENT, FISH, AND BENTHIC SAMPLE 

r 

ATENDANT BUILDING 

_2__2 

5 3 0 1 3  -----?/ 
e3 

d RACKS I w 

OCT. 1994 

SCALE 1“= 60’ I DATE 

m 
* - FENCE LINE 
-75- - CONTOUR LINES DEPICTING SURFICIAL RELIEF 11 ! F D  62470-232-0000-07000 y:: 

CADD# 232521111 

I 
I 

FORMER 
WAREHOUSE 

MARINE CORPS B A S E ,  CAMP LEJEUNE 
N O R T H  CAROLINA POST RI/FS SAMPLING LOCATIONS 

CONTRACT TASK ORDER - 0232 
- 

1 I II !I BAKER ENVIRONMENTAL, Inc .  Baker Environmental, ~nc II 
1 ” =  80’ DATE OCT. 1994 Coraopolis, Pennsylvania ]I 11 SCALE 



APPENDIX B 
INTERIM ACTION FEASIBILITY STUDY FOR SHALLOW 

GROUNDWATER IN THE VICINITY OF THE 
FORMER FUEL FARM 



;. ‘_ i. . ., 
.:’ 

I 
. 

I. 
, i:, 

..~ 

FINAL 

INTERIM FEASIBILITY STUDY 
FOR SURFICIAL GROUNDWATER FOR A 

PORTION OF OPERABLE UNIT NO. 10 
SITE 35 - CAMP GEIGER AREA FUEL FARM 

MARINE CORPS BASE 
CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0232 

MAY 31,1995 

Prepared For: 

DEPARTMENT OF THE NAVY 
ATLANTIC DIVISION 
NAVAL FACILITIES 

ENGINEERING COMMAND 
Norfolk, Virginia 

Under: 

LANTDIV CLEAN Program 
Contract N62470-89-D-4814 

Prepared by: 

BAKER ENVIRONMENTAL, INC. 
Coraopolis, Pennsylvania 



I  EXECUTIVE SUMMARY 

This report presents the Draft Interim Feasibility Study (FS) for groundwater in the vicinity ofthe 
Fuel Farm at Operable Unit (OU) No. 10, Site 35 - Camp Geiger Area Fuel Farm, located at Marine 
Corps Base (MCB), Camp Lejeune, North Carolina. The Interim FS is based on data collected 
during the Remedial Investigation (RI) conducted at Site 35 (Baker, 1994), as well as data collected 
under previous investigations. 

Purpose of the Interim FS 

The purpose of this Interim FS is to identify and evaluate various remedial actions for contaminated 
groundwater in the vicinity of the Fuel Farm at Site 35. The results of the RI indicate that the extent 
of groundwater contamination has not been adequately defined to date, although contaminated 
groundwater is present in the area of the proposed highway downgradient from the Fuel Farm. It 
is a known source of ongoing contamination to Brinson Creek. The Interim FS is intended to 
develop potential remedial actions that will provide for the protection of human health and the 
environment from contaminated groundwater in this area prior to the completion of a comprehensive 
FS that considers remedial actions for the entire area of contaminated groundwater as well as other 
media including surface water and sediments. The comprehensive FS will not be initiated until 
additional data is obtained from Site 35 to more clearly define the extent and possible sources of 
contaminated groundwater. 

Site Description and Location 

Camp Geiger is located at the extreme northwest comer of MCB Camp Lejeune and contains a 
mixture of troop housing, personnel support and training facilities. The main entrance is located 
along U.S. Route 17, approximately 3.5 miles southwest of the City of Jacksonville, North Carolina. 
Site 35, the Camp Geiger Area Fuel Farm, refers primarily to five, 15,000-gallon aboveground 
storage tanks (ASTs), a pump house, a fuel loading/unloading pad, an oil water separator, and a 
distribution island situated just north of the intersection of Fourth and “G” Streets. 

Site History 

Construction of Camp Geiger was completed in 1945, four years after construction of MCB, Camp 
Lejeune was initiated. Originally, the Fuel Farm ASTs were used for the storage of No. 6 fuel oil, 
but were later converted for storage of other petroleum products including unleaded gasoline, diesel 
fuel, and kerosene. The date of their conversion is not known. 

Routinely, the ASTs at Site 35 supply fuel to an adjacent dispensing pump. A leak in an 
underground line at the station was reportedly responsible for the loss of roughly 30 gallons per day 
of gasoline over an unspecified period (Law, 1992). The leaking line was subsequently sealed and 
replaced. 

The ASTs at Site 35 are currently used to dispense gasoline, diesel, and kerosene to government 
vehicles, and to supply underground storage tanks (USTs) in use at Camp Geiger and the nearby 
New River Marine Corps Air Station. The ASTs are supplied by commercial carrier trucks which 
deliver product to fill ports located on the fuel loading/unloading pad located south of the ASTs. 
Six, short-run (120 feet maximum), underground fuel lines are currently utilized to distribute the 
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product from the unloading pad to the ASTs. Product is dispensed from the ASTs via trucks and 
underground piping. 

Reports of a release from an underground distribution line near one of the ASTs date back to 
1957- 58 (ESE, 1990). Apparently, the leak occurred as the result of damage to a dispensing pump. 
At that time the Camp Lejeune Fire Department estimated that thousands of gallons of fuel were 
released although no records of the incident are’available. The fuel reportedly migrated to the east 
and northeast toward Brinson Creek. Interceptor trenches were excavated and the captured fuel was 
ignited and burned. 

In April 1990, an undetermined amount of fuel was discovered by Camp Geiger personnel along two 
unnamed drainage channels north of the Fuel Farm. Apparently, the source of the fuel, believed to 
diesel or jet fuel, was an unauthorized discharge from a tanker truck that was never identified. The 
Activity reportedly initiated an emergency clean-up which included the removal of approximately 
20 cubic yards of soil. 

The Fuel Farm is scheduled to be decommissioned in 1995. Plans are currently being prepared to 
empty, clean, dismantle, and remove the ASTs along with all concrete foundations, slabs on grade, 
berms, and associated underground piping. The Fuel Farm will be removed to make way for a six- 
lane divided highway proposed by the North Carolina’ Department of Transportation (NCDOT). 
Construction of the highway is also scheduled to commence in 1995. 

In addition to the Fuel Farm dismantling, soil remediation activities will take place along the 
highway right-of-way as per an Interim Record of Decision executed on September 15, 1994. The 
soil remediation work is scheduled to commence following the demolition of the Fuel Farm. 

Previous Investigations and Findings 

Previous investigations conducted at Site 35 include the Initial Assessment Study of Marine Corps 
Base, Camp Lejeune, North Carolina (WAR 1983), Final Site Summary Report, MCB Camp 
Lejeune (ESE, 1990) Draft Field Investigation/Focused Feasibility Study, Camp Geiger Fuel Spill 
Site (NUS, 1990), Underground Fuel Investigation and Comprehensive Site Assessment (Law, 1992) 
and the Addendum Report of Underground Fuel Investigation and Comprehensive Site Assessment 
(Law, 1993), the Interim Remedial Action Remedial Investigation/Feasibility Study (Baker, 1994), 
and the Remedial Investigation Report (Baker, 1994). 

The Initial Assessment Study identified Site 35 as one of 23 sites warranting further investigation. 
Environmental media were not sampled as part of this study. 

ESE performed the Confirmation Study at the Fuel Farm between 1984 and 1987. Soil, 
groundwater, surface water, and sediment samples were obtained and analyzed for lead and oil and 
grease. Groundwater was also analyzed for volatile organics. Oil and grease results indicated that 
soils northeast of the Fuel Farm were potentially impacted by site activities. 

Additional wells were installed by NUS Corporation during the Focused Feasibility Study, which 
was conducted in 1990. Soil cuttings obtained from two of the four well boreholes contained 
hydrocarbon related contamination. 
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Law conducted the Comprehensive Site Assessment in 199 1. A total of 18 soil borings were drilled, 
sampled and converted to nested wells that monitor the water table aquifer at two depths. An 
additional three soil borings were drilled to provide stratigraphic data. Five more soil borings were 
drilled to provide data regarding vadose zone contamination. Nine hand- auger samples were also 
obtained. A follow-up study was conducted subsequent to the Comprehensive Site Assessment. 
Three additional borings were drilled, sampled and converted to wells. 

Law identified areas of impacted soil and groundwater directly beneath and apart from the Fuel 
Farm. The nature of the contamination included both chlorinated organic compounds (e.g., TCE, 
trans- 1,2-DCE, and vinyl chloride) and petroleum hydrocarbons (e.g., TPH, MTBE, BTEX). The 
majority of the soil contamination encountered appeared to be associated with a fluctuating 
groundwater table. Two plumes of shallow groundwater contaminated with petroleum constituents 
and two plumes contaminated with chlorinated organics were identified. All four plumes were 
located north of Fourth Street and east of E Street except for a portion of a TCE plume extending 
southwest of Fourth Street. 

The Interim Remedial Action RI conducted by Baker in 1993 and 1994 consisted of drilling seven 
additional soil borings including five in those areas where groundwater contamination plumes were 
suspected. In general, the Interim Remedial Action RI data confirm the findings of the CSA (Law, 
1992) that indicated contaminated soil conditions at Site 35 are primarily associated with a 
fluctuating shallow groundwater plume. 

The Interim Remedial Action RVFS culminated with an executed Interim Record of Decision 
(ROD), signed on September 15, 1994, for the remediation of contaminated soil along and adjacent 
to the proposed highway right-of-way at Site 35. Three areas of contaminated soil have been 
identified. The first area is located in the vicinity of the Fuel Farm ASTs, and the two other areas 
are located north of the Fuel Farm. The larger of these two areas is located along “F” Street in the 
vicinity of monitoring well MW-25. Baker has estimated that approximately 3,600 cubic yards 
(4,900 tons) of contaminated soil is present in these areas. Contaminated soil located in these areas 
is scheduled for removal and disposal at an off-site recycling facility beginning July 1995. 

A fourth area of soil contamination, located immediately north of Building G480, was also identified 
in the Interim ROD. Additional data pertaining to this fourth area became available subsequent to 
the execution of the Interim ROD. This data indicated that contaminated soil was encountered in 
this area during the removal of a UST there in January 1994. The contaminated soil was excavated 
and reportedly disposed off site; however, no documentation is available regarding how or where 
the soil was disposed. An additional soil investigation will be conducted in this area to confirm that 
the contaminated soil was not returned to the excavation and that follow-up soil remediation in this 
area is not necessary. 

A comprehensive RI was conducted by Baker in 1994 to evaluate the nature and extent of the threat 
to public health and the environment caused by the release of hazardous substances, pollutants, or 
contaminants, and to support a Feasibility Study evaluation of potential remedial alternatives. The 
RI field program was initiated on April 11, 1994. Data gathering activities were derived from: a 
soil gas survey and groundwater screening investigation, a soil investigation, a groundwater 
investigation, a surface water and sediment investigation, and an ecological investigation. The 
results of this investigation are discussed in the following sections: “Nature and Extent of 
Contamination” and “Summary of Site Risks.” 
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Two LISTS located near the Fuel Farm have been the subject of previous investigations conducted 
under an Activity-wide UST program. The two USTs include a No. 6 fuel oil UST situated adjacent 
to the former Mess Hall Heating Plant, and a No. 2 fuel oil UST situated adjacent to the Explosive 
Ordnance and Disposal Armory, Office, and Supply Building. The former UST was abandoned in 
place years ago (date unknown) and has been the subject of previous environmental investigations 
performed by ATEC Associates, Inc. and Law. The latter UST was removed in January 1994, and 
is the UST associated with the fourth area of soil contamination identified in the Interim ROD signed 
September 15, 1994, which is mentioned above. 

Nature and Extent of Contamination 

The nature and extent of contamination was determined based on the analytical results of the various 
media considered under the RI (Baker, 1994), including soil, groundwater, sediment, surface water, 
and fish tissue. 

Surface and Subsurface Soil 

Relatively few detections of VOCs and SVOCs were observed in surface and subsurface soil 
samples obtained under the RI. Pesticides were detected in surface soil samples only, but, are not 
deemed to be site related. No PCBs were detected in surface or subsurface soil samples. Detected 
inorganics were generally similar to background surface and subsurface soil concentrations at Camp 
Lejeune. 

Groundwater 

The nature and extent of groundwater contamination was considered based on the interval of 
groundwater monitored and included the upper portion of the surficial aquifer, the lower portion of 
the surficial aquifer, and the upper portion of the Castle Hayne aquifer. 

No significant contamination was detected in the upper portion of the Castle Hayne aquifer. This 
indicates that, to date, the suspected semi-confining layer that separates the surficial aquifer from 
the Castle Hayne aquifer has served effectively as an aquitard. 

Extensive groundwater contamination was observed in the surficial aquifer along both the upper and 
lower monitored intervals. Fuel-related organic, contaminants, when encountered, appear more 
prevalent in the upper portion of the surficial aquifer. Conversely, solvent-related organic 
contaminants, when encountered, appear more prevalent in the lower portion of the surficial aquifer. 
This is likely due to the fact that the latter have specific gravities that are greater than one, while 
fuel-related contaminants have specific gravities less than one. 

The extent of fuel-related contamination appears to be adequately defined based on the data obtained 
to date. It is limited to the area north of Fourth Street in the vicinity of obvious suspected sources 
such as the Fuel Farm, and nearby former UST sites. 

The extent of solvent-related contamination has not been completely defined to date nor have all of 
its sources been identified. A plume appears to extend from north of Fourth Street south to Fifth 
Street beyond which the Rl did not extend in the southerly direction. The source of this plume has 
not been determined. A second smaller plume is present in the vicinity of the Former Vehicle 
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Maintenance Garage (Building TC474). This plume appears to be adequately defined with Building 
TC474 and the immediate vicinity as the likely source of contamination. 

Elevated levels of inorganic contaminants (total and dissolved) were detected in groundwater 
samples obtained from within the surficial aquifer. It is questionable whether this contamination 
is due to past site activities because the results are similar to those obtained by Baker at other Camp 
Lejeune sites. The elevated total metals are believed to be caused by suspended particulates in the 
samples. 

Surface Water and Sediment 

Significant levels of organic and inorganic contaminants were detected in sediment samples obtained 
from locations adjacent to and downstream of Site 35. The results of VOC analyses were “masked” 
by the presence of high levels of Tentatively Identified Compounds (TICS), and consequently, few 
VOC detections were reported. Nevertheless, the Baker field team commented during sampling that 
the sediment samples appeared to contain elevated levels of fuel-related contaminants which could 
also explain the presence of TICS. Lead at elevated levels was also detected in these sediment 
samples, and like the organic contaminants, could be related to Site 35. 

Surface water contamination was limited to a single detection of lead and zinc downstream of 
Site 35 at levels in excess of the WQSVs and the NCWQS. No organic contaminants were detected 
in surface water samples. 

Fish 

A variety of organic and inorganic contaminants were detected in fillet and whole. body samples 
analyzed under the RI. The most significant contaminants detected were the pesticides dieldrin and 
4,4-DDD, and a single inorganic mercury. These contaminants were primarily responsible for the 
calculated risk to human health in excess of EPA guidelines. 

Summary of Site Risks 

As part of the RI Baker calculated that the human health risk associated with Site 35 is in excess of 
the acceptable range. The total risk was driven by future potential exposure to groundwater 
(specifically driven by the contaminants: cis-1 ,Zdichloroethene, trichloroethene, benzene, antimony, 
arsenic, barium, beryllium, chromium, cadmium, manganese, and vanadium) and current potential 
exposure to fish (due to mercury). 

The ecological risk assessment indicated that the aquatic community within Brinson Creek was 
representative of an estuarine community and does not appear to be adversely impacted by surface 
water and sediment quality. Additionally, there are no significant adverse impacts to terrestrial 
receptors from site-related contaminants. 

Remediation Levels 

This section presents the remediation levels (RLs) chosen for OU No. 10. RLs are chosen by the 
risk manager for the COCs and are included in the Interim FS and the Interim ROD. These numbers 
derived from the RGOs are no longer goals and should be considered required levels for the remedial 
actions to achieve. 
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The RlZs associated with OU No. 10 are presented on Table ES-l. This list was based on a 
comparison of contaminant-specific ARARs (or ARAR-based RGOs) and the site-specific risk- 
based RGOs. If a COC had an ARAR, the most limiting (or conservative) ARAR was selected as 
the RL for that contaminant. If a COC did not have an ARAR, the most conservative risk-based 
RGO was selected for the RL. 

In order to determine the final COCs for OU No. 10, the contaminant concentrations detected at each 
site were compared to the RLs presented on Table ES- 1. The contaminants which exceed at least 
one of the RLs have been retained as final COCs. The contaminants that did not exceed any of the 
RLs are no longer considered as COCs with respect to this Interim FS. The final COCs and their 
associated RLs are presented on Table ES-2. 

Several inorganic COCs, including arsenic, beryllium, antimony, barium, cadmium, manganese, 
nickel, and vanadium, were detected in concentrations that exceeded remediation levels. However, 
these inorganics will not be addressed in this Interim FS because it is unlikely that their presence 
is a result of past site activities. (The inorganic concentrations are similar to those detected at other 
Camp Lejeune sites.) Recently, Baker has employed new sampling techniques for inorganics in 
groundwater utilizing low-flow pumps. The low-flow pumps minimize particle disturbance and 
have resulted in reduced levels of total inorganics in groundwater analytical results. As 
recommended in the RI, inorganics at OU No. 10 will be re-sampled using this low-flow sampling 
technique. Based on previous experience on other sites at this Activity, it is probable that detected 
concentrations for some inorganic COCs will then fall below remediation levels. Thus, inorganic 
COCs exceeding remediation levels will not be addressed at this time and Table ES-3 presents a 
final list of COCs to be addressed in this Interim FS. 

Summary of Alternatives 

Various technologies and process options were screened and evaluated under the Interim Remedial 
Action FS. Ultimately, five Remedial Action alternatives (RAAs) were developed and are listed as 
follows: 

0 RAA 1 - No Action 
0 RAA 2 - No Action with Institutional Controls 
l IL4A 3 - Groundwater Collection and On-Site Treatment 
0 RAA 4 - In Situ Air Sparging and Off-Gas Carbon Adsorption 
0 RAA 5 - In Well Aeration and Off-Gas Carbon Adsorption 

A brief description of each alternative as well as the estimated cost and timeframe to implement the 
alternative are as follows: 

0 RAA 1: No Action 

Total Net Present Worth (30 years): ................................. $0 
Months to Implement: ..................................... 0 

Under the No action RAA, no remedial actions will be performed to reduce the toxicity, 
mobility, or volume of the contaminated surficial groundwater at Site 35. This method 
assumes that passive remediation will occur via natural attenuation processes and that the 
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-contaminant levels will be reduced over an indefinite period of time. However, the 
achievable reductions versus time are difficult, if not impossible to predict. 

The No Action RAA is required by the NCP to provide a baseline for comparison with other 
alternatives. Since contaminants will remain at the site under this alternative, USEPA is 
required by the NCP [40 CFR 300.5 15(e) (ii)] to review the effects of this alternative no less 
often than every five years. 

0 RAA 2: No Action with Institutional Controls 

Total Net Present Worth (30 years): ........................... $299,800 
Months to Implement: ............. 1. .............................. 2 

Under RAA No. 2, no remedial actions will be performed to reduce the toxicity, mobility, 
or volume of the contaminated surficial groundwater at Site 35. This RAA provides for the 
-revision of the Base Master Plan to include restrictions on the use of the surficial aquifer in 
the vicinity of the Fuel Farm. This will reduce the risk to human health and the environment 
posed by this media by eliminating one exposure pathway; however, the impacted suxficial 
groundwater will remain a potential source of contamination to Brinson Creek. 

In addition to the aquifer-use restrictions, long-term groundwater monitoring is to be 
included under this RAA to provide data regarding the impact of natural attenuation and the 
progress of contaminant migration. Long-term groundwater monitoring includes the 
semi-annual collection and analysis (TCL VOCs) of groundwater samples from 11 
monitoring wells, the development of a semi-annual monitoring report, and the replacement 
of one monitoring well every five years. 

Since contaminants will remain at the site under this alternative, the USEPA is required by 
the NCP [40 CFR 300.5 15(e) (iii)] t 0 review the effects of this alternative no less often than 
every five years. 

0 RAA 3: Groundwater Collection and On-Site Treatment 

Total Net Present Worth (30 years): .......................... $3,000,500 
Months to Implement: ............................................. 3 

RA4 3 is a source collection and treatment alternative, the source being the contaminated 
surficial groundwater in the vicinity of the Fuel Farm at Site 35. Under this alternative a 
vertical interceptor trench, approximately two feet wide, by 30 feet.deep, by 1,080 feet long, 
will be installed at the downgradient edge of the contaminated plume in the area between 
the proposed highway and Brinson Creek. The interceptor trench will be constructed from 
the ground surface to the semi-confining layer at the base of the surficial aquifer. The 
purpose of the interceptor trench is to collect contaminated surficial groundwater for 
transfer to an on-site treatment facility prior to it being discharged to Brinson Creek. 

The type of interceptor trench proposed under RAA 4 is termed a “biopolymer slurry 
drainage trench.” This type of trench can be installed without dewatering or structural 
bracing. Through the use of a natural, biodegradable slurry, the walls of a trench excavation 
can be supported and the trench can be installed without personnel entering an excavation. 
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‘compared to other trenching methods, this technique is safer and cost-effective in areas with 
a high groundwater and unstable soil because there are no costs for dewatering and water w 
disposal or shoring. 

A biopolymer slurry drainage trench is constructed in much the same manner as a typical 
slurry cut-off wall. However, unlike a bentonite-clay slurry, a biodegradable biopolymer 
slurry supports the walls of the trench while excavated materials are removed and drainage 
structures are installed. The biopolymer slurry then naturally biodegrades after the trench 
is backfilled. In the end, a permeable wall is left intact. In this case an impermeable 
geomembrane will be installed along the downgradient side of the trench so that 
groundwater will enter the trench from only the upgradient direction. 

The interceptor trench will be designed to collect groundwater at a rate roughly equal to the 
groundwater flow (5 to 10 gpm) across the upgradient face of the trench (3 1,900 square 
feet). Flow across the downgradient face of the trench will be restricted by an impermeable 
geomembrane barrier. Drawdown of the groundwater surface will be minimized so as to 
mitigate the potential of excessive ground settlement beneath the highway. The collected 
groundwater will be conveyed to an on-site treatment plant located just east of the proposed 
highway right-of-way, creek-side, where it appears that adequate space and firm foundation 
material is available. 

Baker, LANTDIV, and MCB, Camp Lejeune will negotiate with NC DOT regarding the 
specifics for site access to the creek-side of the new highway. The EPA and NC DEHNR 
will be kept abreast of developments on this subject. In this FS, Baker proposes an access 
road running along the east side of the highway from the south. 

The collected groundwater will be treated sufficiently to allow for its discharge to Brinson 
Creek at a point downstream of Site 35. It is anticipated that the groundwater treatment 
system will include filtration for the removal of suspended solids, a settling tank for the 
removal of metals, sludge collection and disposal, volatilization (air stripping) for the 
removal of VOCs, and secondary treatment of VOC emissions from the air stripper and of 
the treated groundwater (i.e., via carbon adsorption). The treatment plant effluent will be 
sampled once a month to insure that water discharged to Brinson Creek meets all applicable 
water quality standards. 

RAA 3 assumes that the Base Master Plan will be modified to include restrictions on the use 
of the surficial aquifer in the vicinity of the Fuel Farm. This will reduce the risk to human 
health’and the environment posed by this media by eliminating one exposure pathway. 

In addition to aquifer-use restrictions, long-term groundwater monitoring is to be included 
under this RAA to provide date regarding the impact of natural attenuation and the progress 
of contaminant migration. Long-term groundwater monitoring includes the semi-annual 
collection and analysis (TCL VOCs) of groundwater samples from 11 monitoring wells, the 
development of a semi-annual monitoring report, and the replacement of one monitoring 
well every five years. 

Since contaminants will remain at the site under this alternative, the USEPA is required by 
the NCP (40 CFR 300.5 15(e) (iii)] to review the effects of this alternative no less often than 
every five years. 
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‘0 RAA 4: In Situ Air Sparging and Off-Gas Carbon Adsorption 

Total Net Present Worth (30 years): .......................... $2,459,600 
Months to Implement: .................................... : ........ 3 

In situ air sparging (IAS) is a technique in which air is injected into water saturated zones 
for the purpose of removing organic contaminants primarily via volatilization and 
secondarily via aerobic biodegradation. IAS systems introduce contaminant-free air into 
an impacted aquifer near the base of the zone of contamination, forcing VOC contaminants 
to transfer from the groundwater into sparged air bubbles. The air bubbles are then 
transported into soil pore spaces in the unsaturated zone where they are typically collected 
via soil vapor extraction (SVE) and conveyed to an on-site, off-gas treatment system. 

An IAS system typically is comprised of the following components: 1) air injection wells; 
2) an air compressor; 3) air extraction wells; 4) a vacuum pump; 5) associated piping and 
valving for air conveyance; and 6) an off-gas treatment system (e.g., activated carbon, 
combustion, or oxidation). Under RAA 4 a line of air sparging wells will be installed 
between the proposed highway and Brinson Creek in order to treat and contain the 
contaminated plume near its downgradient extreme. Based on empirical data from similar 
sites, the radius of influence of an air sparging well ranges from five to almost 200 feet, but 
is typically on the order of 25 feet (EPA, 1992). For the purpose of the FS, Baker estimates 
that 43 sparging wells, 30 feet deep, and 43 SVE wells, 4 feet deep, would be required. The 
proposed off-gas treatment system (activated carbon) will be located just east of the 
proposed highway right-of-way, creek-side, where it appears that there is adequate space 
and firm foundation material available. The air emissions from the off-gas treatment system 
will be sampled monthly to insure that all applicable air emissions standards are being met. 

Air sparging systems are most effective in sandy soils, but, can be adversely impacted by 
high levels of inorganic compounds in the groundwater which oxidize and precipitate when 
contacted by the sparged air. These organics can form a heavy scale on well screens and 
clog the well space of the sand pack surrounding the well screen resulting in a reduction in 
permeability. A field pilot test is recommended to determine the loss of efficiency over 
time as a result of inorganics precipitation and oxidation, the radius of influence of the wells 
under various heads of injection air pressure, and the rate of off-gas organic contaminant 
removal via carbon adsorption and carbon breakthrough. 

Baker, LANTDIV, and MCB, Camp Lejeune will negotiate with NC DOT regarding the 
specifics for site access to the creek side of the new highway. The EPA and NC DEHNR 
will be kept abreast of developments on this subject. In this FS, Baker proposes an access 
road running along the east side of the highway from the south. 

RAA 4 assumes that the Base Master Plan will be modified to include restrictions on the use 
of the surficial aquifer in the vicinity of the Fuel Farm. This will reduce the risk to human 
health and the environment posed by this media by eliminating one exposure pathway. 

In addition to aquifer-use restrictions, long-term groundwater monitoring is to be included 
under this RAA to provide data regarding the impact of natural attenuation and the progress 
of contaminant migration. Long-term groundwater monitoring includes the semi-annual 
collection and analysis (TCL VOCs) of groundwater samples from 11 monitoring wells, the 
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-development of a semi-annual monitoring report, and the replacement of one monitoring 
well every five years. 

Since contaminants will remain at the site under this alternative, the USEPA is required by 
the NCP [40 CFR 300.515 (e) (iii)] to review the effects of this alternative no less often than 
every five years. 

0 RAA 5: In Well Aeration and Off-Gas Carbon Adsorption 

Total Net Present Worth (30 years): .......................... $2,519,700 
Months to Implement: ............................................. 3 

In well aeration is a new technology that utilizes circulating air flow within a groundwater 
well that, in effect, turns the well into an air stripper. In well aeration differs from air 
sparging in that volatilization occurs outside the well via air sparging and within the well 
via in well aeration. Similar to air sparging, this technique removes organic contaminants 
from groundwater primarily via volatilization and secondarily via aerobic biodegradation. 
Under RAA 5 a line of in well aeration wells will be installed between the proposed 
highway and Brinson Creek in order to treat and contain the contaminated plume near its 
downgradient extreme. The radius of influence, or capture zone, of an in well aeration well 
is reportedly much greater than that of a typical air sparging well system. Using modeling 
equations and graphical solutions, the developers of this technology have calculated a radius 
of influence of over 100 feet at Site 35. 

For the purpose of the FS, Baker estimates that six in well aeration wells would be required. 
Volatilized organics collected by this technology, unlike air sparging, will be treated at each 
in well aeration well by independent air treatment/carbon adsorption systems which will rest 
adjacent to the wells. The air emissions from the off-gas treatment system will be sampled 
monthly to insure that all applicable air emissions standards are being met. Each well and 
aboveground off-gas treatment system will be housed in a small prefabricated building. 

In well aeration systems, like IAS systems, are most effective in sandy soils, but, can be 
adversely impacted by high levels of inorganic compounds in the groundwater which 
oxidize and precipitate when contacted by air. These inorganics can form a heavy scale on 
well screens and clog the well space of the sand pack surrounding the well screen resulting 
in a reduction in permeability. A field pilot test is recommended to determine the loss of 
efficiency over time as a result of inorganics precipitation and oxidation, the radius of 
influence of the wells under various heads of injection air pressure, and the rate of off-gas 
organic contaminant removal via carbon adsorption and carbon breakthrough. 

Baker, LANTDIV, and MCB, Camp Lejeune will negotiate with NC DOT regarding the 
specifics for site access to the creek side of the new highway. The EPA and NC DEHNR 
will be kept abreast of developments on this subject. In this FS, Baker proposes an access 
road running along the east side of the highway from the south. 

RA4 5 assumes that the Base Master Plan will be modified to include restrictions on the use 
of the surficial aquifer in the vicinity of the Fuel Farm. This will reduce the risk to human 
health and the environment posed by this media by eliminating one exposure pathway. 
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m In addition to aquifer-use restrictions, long-term groundwater monitoring is to be included 
under this MA to provide data regarding the impact of natural attenuation and the progress 
of contaminant migration. Long-term groundwater monitoring includes the semi-annual 
collection and analysis (TCL VOCs) of groundwater samples from 11 monitoring wells, the 
development of a semi-annual monitoring report, and the replacement of one monitoring 
well every five years. 

Since contaminants will remain at the site under this alternative, the USEPA is required by 
the NCP [40 CFR 300.5 15 (e) (iii)] to review the effects of this alternative no less often than 
every five years. 

Comparative Analysis of Alternatives 

This Interim FS has identified and evaluated a range of RAAs potentially applicable to the 
groundwater concerns at Site 35 (OU No. 10). Table ES-4 presents a summary of this evaluation. 
A comparative analysis in which the alternatives are evaluated in relation to one another with respect 
to the nine evaluation is presented below. The purpose of this analysis is to identify the relative 
advantages and disadvantages of each RAA. 

Overall Protection of Human Health and the Environment 

&IA 1 (No Action) and RAA 2 (No Action With Institutional Controls) are similar in that neither 
alternative involves active treatment. RAA 2 provides for some overall protection to human health 
through the incorporation of aquifer-use restrictions which are not included under IMA 1. 

RAA 3 (Groundwater Collection and On-Site Treatment), RAA 4 (In Situ Air Sparging And Off-Gas 
Carbon Adsorption), and MA 4 (In Well Aeration And Off-Gas Carbon Adsorption) have a 
common element in that each is intended to reduce groundwater contamination at the downgradient 
extreme of the contaminated plume and to serve as a barrier to future contaminated groundwater 
discharge to Brinson Creek. RAA 3 would likely be the most effective barrier in that it is designed 
to span the entire length and depth of the contaminated portion of the surficial aquifer and will be 
equipped with an impermeable geomembrane along its downgradient face. R4A 3 is the only 
treatment alternative that will impact both organic and inorganic contaminants which could be 
important if it is determined in the future that inorganic contaminants in groundwater are still a 
concern. 

Compliance With AhYRs 

RAA 1 (No action) and RAA 2 (No Action With Institutional Controls) are no action alternatives 
that will not comply with ARARs. RAA 3 (Groundwater Collection and On-Site Treatment), R4A 
4 (In Situ Air Sparging And Off-Gas Carbon Adsorption), and RAA 5 (In Well Aeration And Off- 
Gas Carbon Adsorption) are primarily source control measures that will reduce contaminant levels 
over a limited area defined as the particular zone of influence of each system. 

Wetlands disturbance will be an issue with RAA 3,4, and 5, but, most significantly with RAA 3 
which includes the excavation of an approximately two-foot wide, by 30-foot deep, by 1,080-foot 
interceptor trench. The disturbance associated with RAA 4 and 5 is limited primarily to drilling and 
well installations, although of the two, RAA 4 will have the greater impact due to the large number 
of wells to be installed. 
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Treatedair and groundwater discharge are provisions of R4A 3, whereas, only air emissions are a 
part of RAA 4 and 5. These discharges will need to comply with applicable ARARs. 

Long-Term Effectiveness and Permanence 

In the case of all five RAAs, contamination will remain at the site and require a USEPA review on 
five year basis. RAA 1 (No Action) and MA 2 (No Action With Institutional Controls) provide for 
no active means of contaminant reduction although, under R4A 2, aquifer-use restrictions will 
provide a permanent means for protection against direct human exposure to the contaminated 
surficial groundwater. 

The effectiveness of RA4 3 (Groundwater Collection and On-Site Treatment), MA 4 (In Situ Air 
Sparging And Off-Gas Carbon Adsorption), and I&4A 5 (In Well Aeration and Off-Gas Carbon 
Adsorption) can be assumed to be roughly equivalent without the benefit of the results of field pilot- 
scale testing. RAA 3 may be the most difficult of the three to install, however, once installed it will 
likely be the most reliable and easiest to control. RAA 4 and 5 may encounter clogging problems 
if dissolved metals precipitate out of solution when placed in contact with forced air. At a minimum 
the metals problem will prompt increased maintenance which could lead to complete well 
replacement. RAA 4 has the additional problem of releasing toxic vapors to the atmosphere during 
operation because it is difficult to apply sufficient vacuum to the vadose zone where the groundwater 
surface is within a few feet of the ground surface. 

Reduction of Toxicity, Mobili& or Volume Through Treatment 

No reduction of contaminants will occur under R4A 1 (No Action) and R4A 2 (No Action With 
Institutional Controls) as the result of active treatment because active treatment is not provided for 
under these R4As. 

R4A 3 (Groundwater Collection and On-Site Treatment) provides for on-site treatment of the 
collected contaminated groundwater (organics and inorganics) using standard wastewater treatment 
technology. Conversely, RAA 4 (In Situ Air Sparging And Off-Gas Carbon Adsorption) and RAA 5 
(In Well Aeration And Off-Gas Carbon Adsorption) provide for treatment of the organic phase of 
contaminated groundwater in-situ. Both R4A 4 and 5 utilize primarily volatilization technology and 
biodegradation technology secondarily. The principle difference between the two is that under R&I 
4 both volatilization and biodegradation occur outside the well and within the soil column. Under 
RAA 5, volatilization occurs within the well while biodegradation occurs outside the well within the 
soil column. Under RAA 4 it may be difficult to efficiently collect all of the volatilized organic 
contaminants via conventional soil vapor extraction because of the proximity of the groundwater 
surface to the ground surface at this site. Without an efftcient means of collecting the volatilized 
organics under RAA 4, toxic vapors may be released to the atmosphere. Under RAA 5 this is not 
a concern because the volatilization is conducted within the well and conveyed to an adjacent 
activated carbon unit via piping which means the system is essentially a closed loop. 

RAA 3 will produce the highest volume of residual waste during operation because it is the only 
alternative involving groundwater treatment. However, the volume of air treatment under RAA 3 
will be less than that under RAAs 4 and 5 because the latter are specifically designed as air 
volatilization systems. Under RAAs 4 and 5 a small volume of contaminated water will be 
generated because extracted air contains water which condenses and collects in a knock-out tank at 
the treatment facility. 

ES-12 



Short-Term Effectiveness 

Worker protection against exposure will not be a significant issue for any of the RAAs. Each system 
provided for under RAA 3 (Groundwater Collection and On-Site Treatment), MA 4 (In Situ Air 
Sparging and Off-Gas Carbon Adsorption), and RAA 5 (In Well Aeration and Off-Gas Carbon 
Adsorption) will require approximately 30 to 60 days to install with the total time in the field for 
construction being a little longer. It has also been assumed that system start-up and testing 
operations will require an additional 90 days. 

Under RAA 1 (No Action) and RAA 2 (No Action With Institutional Controls) there will be no 
increase in the risks to the community resulting from implementation of the RAA. RAAs 3 and 5 
will likely present minimal risk of community exposure during implementation and operation 
because they are, in essence, closed loop systems. RAA 4 has the potential for releases of toxic 
vapors to the atmosphere because of close proximity of the groundwater surface to the ground 
surface will make efficient soil vapor extraction difflcuit. 

Some disturbance of the wetlands is expected under RAAs 3,4, and 5. The greatest disturbance will 
be associated with RAA 3. 

ImplementabiIity 

Aside from RAAs 1 and 2, which are no action or essentially no action alternatives, RAA 3 
(Groundwater Collection And On-Site Treatment) will present greater technical challenges during 
construction than RAA 4 (In Situ Air Sparging and Off-Gas Carbon Adsorption), and RAA 5 (In 
Well Aeration and Off-Gas Carbon Adsorption). This is because RAA 3 involves the construction 
of a two foot wide by 30 foot deep by 1,080 feet long interceptor trench while FL4As 4 and 5 involve 
primarily well installation. 

The interceptor trench under FL4A 3 represents specialized technology that is available from a 
limited number of vendors, whereas, the air sparging technology of RAA 4 is relatively 
commonplace, and in well aeration @AA 5) is a proprietary technology offered by a single vendor. 

The proposed groundwater monitoring plan coupled with routine system maintenance and 
monitoring should be sufficient to provide sufficient notice of a system failure under either RAA 3,. 
4 or 5. The purpose of the monitoring is to provide for system adjustments with sufficient time so 
that a significant contaminant release to the environment will not occur. 

Because each system under RAA 3,4, and 5 will require construction within a wetlands area and 
because air and water discharges are incorporated into the designs, the intent of federal and state 
wetlands and air and water discharge permits must be met. 

cost 

The estimated total present worth costs of the alternatives, excluding RAA 1: No Action, range from 
$299,800 for RAA 2: No Action with Institutional Controls to $3,000,500 for RAA 3: Groundwater 
Collection and On-Site Treatment. These costs are based on the assumption of 30 years of active 
use, with an annual interest rate of five percent. The ranking of the alternatives in terms of costs is 
as follows: 
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RAA -1: No Action 
RAA 2: No Action with Institutional Controls 
RAA 4: In Situ Air Sparging and Off-Gas Carbon Adsorption 
RAA 5: In Well Aeration and Off-Gas Carbon Adsorption 
RAA 3: Groundwater Collection and On-Site Treatment 

$0 
$299,800 -iii 

$2,459,600 
$2,5 19,700 
%3,000,500 

USEPNState Acceptance 

The USEPA and NC DEHNR have indicated their concurrence with the RAAs developed under this 
FS, in general, and with RAA 5 as the proposed alternative, in particular. The ROD also identified 
RAA 3 as the proposed alternative should RAA 5 be determined to be technically infeasible based 
on the results of a field pilot test. 

Community Acceptance 

Based on the lack of community participation at a public meeting held on May 10, 1995, no adverse 
community reaction to the proposed remedial action is anticipated. 
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3 TABLE ES-l 

REMEDIATION LEVELS FOR COCs 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY CTO-232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant of Concern 

Vanadium 110 

ZiiC 2,100 

Notes: Concentrations expressed in microgram per liter (ugK.) 
(I) RL = Remediation Level 

Risk-Ingestion 

NCWQS 

0) NCWQS = North Carolina Water Quality Standards for Groundwater 
0) MCL = Maximum Contaminant Level 
c4) HI = Hazard Index 



TABLE ES-2 

COCs THAT EXCEED REMEDIATION LEVELS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY CTO-232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

contaminant of Concern I Rp2) 

Benzene 1 

Trichloroethene 2.8 

ABeIlk 

Beryllium 

cis- 1,2-Dichloroethene 

kans- 1,2-Dichloroethene 

Ethyl Benzene 

Methyl Tertiary Butyl Ether 

Xylenes 

Antimony 

Barium 

Cadmium 

Manganese 

Nickel 

Vanadium 

(‘) RL = Remediation Level 
(2) Groundwater RLs expressed as ug5 (ppb) 

50 

4 

70 

70 

29 

200 

530 

6 

2,000 

5 

50 

100 

110 



. . 
1 , TABLE ES-3 

ORGANIC COCs THAT EXCEED REMEDIATION LEVELS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY o-232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

I Contaminant of Concern 

Benzene 1 

Trichloroethene 2.8 

cis- 1 &Dichloroethene 70 

trans- 1,2-Dichloroethene 70 

Ethyl Benzene 29 

Methyl Tertiary Butyl Ether 200 

Xvlenes 530 

(‘) RL = Remediation Level 
@) Groundwater RJk expressed as ugL (ppb) 



TABLE ES-4 

SUMMARY OF DETAILED ANALYSIS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 

MCB CAMP LEJEUNE, NORTH CAROLINA 

I 
‘4 

Evaluation Criteria 

IVERALL PROTECTIVENESS 

RAAI 
No Action 

RAA 2 
No Action with Institutional 

Controls 

RAA3 RAA4 RAAd 
Groundwater Collection and On- In Situ Air Sparging and Off-Gas In Well Aeration and Off-Gas 

Site Treatment Carbon Adsorption Carbon Adsorption 

. Human Health Potential risks associated with Aquifer-use restrictions mitigate Active collection and treatment will Active in situ volatilization and Active in-well volatilization and in 
groundwater exposure will remain. risks from direct groundwater reduce contaminant levels in biodegradation will reduce situ biodegradation will reduce 
Some reduction in contaminant exposure. groundwater within capture zone of contaminant levels in groundwater contaminant levels in groundwater 
levels may result from natural interceptor trench (estimated at 100 within radius of influence of wells within radius of influence of wells 
attenuation. feet upgradient maximum). (estimated at 25 feet). Aquifer-use (estimated 100 feet). Aquifer-use 

Aquifer-use restrictions will also restrictions will also mitigate risks restrictions will also mitigate risks 
mitigate risks from direct from direct groundwater exposure. from direct groundwater exposure. 
groundwater exposure. 

* Environment 

:OMPLIANCE WITH ARARs 

Contaminated groundwater will 
continue to be a source of future 
contamination to Brinson Creek. 

Contaminated groundwater will 
continue to be a source of future 
contamination to Brinson Creek. 

Interceptor trench serves as a barrier Air sparging wells serve as a barrier Aeration wells serve as a barrier to 
to contaminated groundwater to contaminated groundwater contaminated groundwater 
discharge to Brinson Creek. discharge to Brinson Creek. discharge to Brinson Creek. 

* Chemical-Specific No active effort made to reduce No active effort made to reduce Reductions in groundwater Reductions in groundwater Reductions in groundwater 
groundwater contaminant levels to groundwater contaminant levels to contaminant levels to below federal contaminant levels to below federal contaminant levels to below federal 
helow federal or state ARARs. below federal or state ARhRs. or state ARARs can be expected or state ARARs can be expected or state AR4Rs can be expected 

within capture zone of interceptor within radius of influence of wells. within radius of influence of wells. 
trench. Reductions upgradient will Reductions upgradient will be less Reductions upgradient will be less 
be less substantial if at all. substantial if at all. substantial if at all. 

. Locatiun-Spccilic Not Applicable. 

l Action-Specific Not Applicable. 

NOI Appliceblc. 

Not Applicable. 

Wetlands and nlligators (cndnngcrcd Wetlands and nlligntors (cndnngcrcd Wetlands nnd alligators (cndangercc 
species) are concerns because of species) are concerns because of species) are concerns because of 
proposed location of interceptor proposed location of interceptor proposed location of interceptor 
trench. It is assumed that necessary trench. It is assumed that necessary trench. It is assumed that necessary 
approvals can be obtained. approvals can be obtained. approvals can be obtained. 

Can be designed to meet these Can be designed to meet these Can be designed to meet these 
ARARs. AIMRS. ARARS. 
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TABLE ES-4 (Continued) 

SUMMARY OF DETAILED ANALYSIS 

OPERABLE UNIT NO. 10 (SITE 35) 
INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Evalualion Criteria RAAI RAA2 RAA3 RAA4 RAA6 
No Action No Action with Institutional Groundwater Collection and On- In Situ Air Sparging and Off-Gas In Well Aeration and Off-Gas 

Controls Site Treatment Carbon Adsorption Carbon Adsorption 

.ONG-TERM EFFECTIVENESS 
‘.ND PERFORMANCE 

* Magnitude of Residual Risk Any long-term effect on Any long-term effect on Provides an effective means of Provides an effective means of Provides an effective means of 
contamination will be the result of contamination will be the result of intercepting contaminated intercepting and treating intercepting and treating 
natural attenuation processes only. natural attenuation processes only. groundwater and blocking its contaminated groundtiater prior to contaminated groundwater prior to 

discharge to Brinson Creek for as its discharge to Brinson Creek for as its discharge to Brinson Creek for a 
Aquifer-use restrictions will provide long as it remains in operation. long as it remains in operation. long as it remains in operation. 
a permanent means for protection 
against direct exposure to the Aquifer-use restrictions will provide Toxic vapors escaping to the air due Aquifer-use restrictions will provide 
contaminated surticial groundwater. a permanent means for protection to poor vapor extraction may a permanent means for protection 

against direct exposure to the increase risk to community. against direct exposure to the 
contaminated surficial groundwater. contaminated surticial groundwater 

Aquifer-use restrictions will provide 
a permanent means for protection 
against direct exposure to the 
contaminated surticial groundwater. 

* Adequacy and Reliability of Not Applicable. Aquifer-use restrictions are reliable Interceptor trench involves basic Air sparging has a long track record In well aeration is a relatively new 
Controls if enforced. Enforcement is likely technology and should be adequate of commercial use and should be technology without a substantial 

as Camp Geiger is a controlled and reliable for an indefinite period. able to be controlled adequately and commercial track record. High 
military installation reliably for an indefinite period. levels of metals could short circuit 

High levels of metals in the system prompting frequent 
groundwater could short circuit the maintenance. Well replacement 
system prompting frequent over several years may result. 
maintenance. Well replacement 
over several years may result. 

. Estimated Period of 30 Years 30 Years 30 years unless additional active 30 years unless additional active 30 years unless additional active 

Operation treatment actions are implemented treatment actions are implemented treatment actions are implemented 
upgradient. upgradient. upgradient. 

- Need for j-Year Review Review required because no active Review required because no active Review required because area Review required because area Review required because area 

treatment is included treatment is included. impacted by treatment will be impacted by treatment will be impacted by treatment will be 
limited. limited. limited. 



TABLE ES-4 (Continued) 

SUMMARY OF DETAILED ANALYSIS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, no-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Criteria RAAI 
No Action 

RAA3 
Groundwater Collection and On- 

Site Treatment 

RAA4 
In Situ Air Spar&g and Off-Gas 

Carbon Adsorption 

RAA2 
No Action with Institutional 

Controls 
In Well Aeration and Off-Gas 

Carbon Adsorption 

tEDiJCTlON OF TOXICITY, 
AOBILITY, OR VOLUME 
‘HROUGH TREATMENT 

. Treatment Process Used No active treatment process applied. In situ volatilization and 
biodegradation. Off-gas carbon 
adsorption. 

In situ volatilization and 
biodegradation. Off-gas carbon 
adsorption. 

No active treatment process applied. On-site groundwater treatment 
includes filtration, metals 
precipitation, air stripping, air and 
water carbon adsorption. 

No reduction except by natural 
attenuation. 

Reduction of organic and inorganic 
contaminants expected within 
capture zone of trench. 

No active treatment process applied. Residuals include metals sludge and 
spent carbon which would have to 
be disposed of properly. 

. Reduction of Toxicity, 
Mobility or Volume 

No reduction except by natural 
attenuation. 

Reduction of organic contaminants 
expected within radius of influence 
of wells. 

Reduction of organic contaminants 
expected within radius of influence 
of wells. 

* Residuals Remaining After 
Treatment 

Uo active treatment process applied. Residuals requiring disposal includ 
spent carbon and a small volume 01 
condensed contaminated vapor 
(water). 

Residuals requiring disposal include 
spent carbon and a small volume of 
condensed contaminated vapor 
(water). 

Satisfied except that area impacted 
by treatment is limited and does not 
include entire plume of 
contaminated surficial groundwater. 

w Statutory Preference for 
Treatment 

\lot satisfied. Satisfied except that area impacted 
by treatment is limited and does no 
include entire plume of 
contaminated sutficial groundwater 

Vat satisfied. Satisfied except that area impacted 
by treatment is limited and does not 
include entire plume of 
contaminated surticial groundwater. 

HORT-TERM EFFECTIVENESS 

- Community Protection Minimal, if any, risks during 
operation and treatment. 

Risks to community not increased 
my remedy implementation. 

disks to community not increased Minimal, if any, risks during 
my remedy implementation. collection and treatment. 

‘rotection required during well 
nstallation and sampling. 

Continued impacts from unchanged 

Trench installation procedure limits 
worker exposure by design. 

r Wetlands disturbance during 
installation could be significant. 
Trench will serve as a barrier for 
contaminated groundwater 
discharge to Brinson Creek. 

Possible migration of toxic vapors 
through ground surface because 
vapor extraction is difficult to 
control when groundwater surface is 
within several feet of ground 
surface. 

Minimal potential for worker 
:xposure. 

. Worker Protection 

l Environmental Impacts 

Minimal potential for worker 
:xposure. 

Minimal wetlands disturbance. 
System will serve as a barrier for 
contaminated groundwater 
discharge to Brinson Creek. 

Minimal wetlands disturbance. 
System will serve as a barrier for 
contaminated groundwater 
discharge to Brinson Creek. 

Continued impacts from unchanged 
existing conditions. existing conditions. 

60 to 90 days estimated to install 60 to 90 days estimated to install 
trench and treatment system. aeration wells and treatment system, 

. Installation Period Not Applicable. Less than 30 days required to install 
additional groundwater monitoring 
wells. 

60 to 90 days estimated to install 
aeration wells and treatment system 
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TABLE ES-4 (Continued) 

SUMMARY OF DETAILED ANALYSIS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Criteria 

MPLEMENTABILITY 

RAAI 
No Action 

RAA2 RAA3 R4A4 
No Action with Institutional Groundwater Collection and On- In Situ Air Sparging and Off-Gas In Well Aerz ind Off-Gas 

Controls Site Treatment Carbon Adsorption Carbon Adsorption 

. Ability to Construct and No construction or operation Involves standard well installation Soft ground in wetlands areas may Construction of activities involve Construction of activities involve 
Operate activities. and sampling only. hamper construction and result in primarily well installation which primarily well installation which 

delays. Once installed, operating is has been previously executed has been previously executed 
straight-forward using commercially successfully in this area. Disposal successfully in this area. Disposal 
proven technology. Approximately of drill cuttings required. of drill cuttings required. 
2,000 to 3,000 cubic yards of 
potentially contaminated soil Thin vadose zone may hamper High metals in groundwater could 
excavated from the trench will effective vapor extraction which clog well screens which would 
require disposal. Lack of access could result in the release of toxic require frequent maintenance or 
may be a significant cost factor. vapors to atmosphere. well replacement. 

High metals in groundwater could 
clog well screens which would 
require frequent maintenance or 
well replacement. 

* Ability to Monitor No monitoring. Proposed monitoring will provide Proposed monitoring will give Proposed monitoring will give Proposed monitoring will give 

Effectiveness an indication of effects of natural notice of failure so that system can notice of failure so that system can notice of failure so that system can 
attenuation and progress of be adjusted before a significant be adjusted before a significant be adjusted before a significant 
contaminants migration. contaminant release occurs. contaminant release occurs. contaminant release occurs. 

. Availability of Services and None required. Well installation and sampling Biopolymer trench technology Air sparging technology is available In well aeration is a patented 

Equipment services available from multiple available from a limited number of from multiple vendors. priority technology cutiently 
vendors. vendors. available from only one vendor. 

l Requirements for Agency None required. Must submit semi-annual reports to None required, provided the intent None required, provided the intent None required, provided the intent 

Coordination document sampling reports. of wetlands and air and water of wetlands and air and water of wetlands and air and water 
discharge permits is met. discharge permits is met. discharge permits is met. 

:OSTS 

* Net Present Worth (30 $0 $299,800 $3,000,500 %2,459,600 62,5 19,700 

years) 



1.0 - INTRODUCTION 

This report presents the Draft Interim Feasibility Study (FS) for groundwater in the vicinity of the 
Fuel Farm at Operable Unit (OU) No. 10, Site 35 - Camp Geiger Area Fuel Farm, located at Marine 
Corps Base (MCB), Camp Lejeune, North Carolina. It has been prepared by Baker Environmental, 
Inc. (Baker) under contract with the Naval Facilities Engineering Command, Atlantic Division 
(LANTDIV). 

This Interim FS has been conducted in accordance with the guidelines and procedures delineated in 
the National Oil and Hazardous Substance Pollution Contingency Plan (NCP) for remedial actions 
(40 CFR 300.430). Th ese NCP regulations were promulgated under the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), commonly referred 
to as Superfimd, and amended by the Superfund Amendments and Reauthorization Act (SARA) 
signed into law on October 17, 1986. The United States Environmental Protection Agency’s 
(USEPA’s) document Guidance for Conducting Remedial Investigations and Feasibilitv Studies 
1 Jnder CERCLA (USEPA, 1988b) has been used as guidance for preparing this document. 

This Interim FS is based on data collected during the Remedial Investigation (RI) conducted at 
Site 35 (Baker, 1994), as well as data collected under previous investigations. The FS focuses on 
contaminated groundwater in the vicinity of the Fuel Farm. 

1.1 Puruose of the Interim FS 

The purpose of this Interim FS is to identify and evaluate various remedial actions for contaminated 
groundwater in the vicinity of the Fuel Farm at Site 35. Contaminated groundwater is present in the 
area of the proposed highway and is a source of ongoing contamination to Brinson Creek. The 
results of the RI indicate that the extent of groundwater contamination has not been adequately 
defined to date. The Interim FS is intended to develop potential remedial actions that will provide 
for the protection of human health and the environment from contaminated groundwater in this area 
prior to the completion of a comprehensive FS that considers remedial actions for the entire area of 
contaminated groundwater as well as other media including surface water and sediments. The 
comprehensive FS will be not initiated until additional data is obtained from Site 35 to define the 
extent and possible sources of contaminated groundwater. 

The FS process under CERCLA serves to ensure that appropriate remedial alternatives are developed 
and evaluated, such that relevant information concerning the remedial action options can be 
presented, and an appropriate remedy selected. The FS involves two major phases: 

0 Development and screening of remedial action alternatives, and 
0 Detailed analysis of remedial action alternatives. 

The first phase includes the following major activities: (1) developing remedial action objectives, 
(2) developing general response actions, (3) identifying volumes or areas of affected media, 
(4) identifying and screening potential technologies and process options, (5) evaluating process 
options, (6) assembling alternatives, (7) defining alternatives, and (8) screening and evaluating 
alternatives. Section 12 1 (b)( 1) of CERCLA requires that an assessment of permanent solutions and 
alternative treatment technologies or resource recovery technologies that, in whole or in part, will 
result in a permanent and significant decrease in the toxicity, mobility, or volume of the hazardous 
substance, pollutant, or contaminant be conducted. In addition, according to CERCLA, treatment 
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alterna’ives should be developed ranging from an alternative that, to the degree possible, would 
eliminate the need for long-term management to alternatives involving treatment that would reduce 
toxicity, mobility, or volume as their principal element. A containment option involving little or no 
treatment and a no action alternative should also be developed. 

The second phase of the FS consists of: (1) evaluating the potential alternatives in detail with respect 
to nine evaluation criteria to address statutory requirements and preferences of CERCLA,‘and 
(2) performing a comparative analysis of the evaluated alternatives. 

1.2 ReDort Owanization 

This Interim FS Report is organized in five sections. The Introduction (Section 1.0) presents a brief 
discussion of the FS process, and site background information including a summary of the nature 
and extent of contamination at the site. Section 2.0 contains the remedial action objectives, 
remediation goal options, and remediation levels. Section 3.0 contains the identification and 
preliminary screening of the remedial action technologies. In addition, Section 3.0 discusses the 
general response actions. Section 4.0 contains the development and preliminary screening of 
remedial action alternatives. Section 5.0 presents the results of the detailed analysis of the remedial 
alternatives (both individual analysis and comparative analysis). The detailed analysis is based on 
a set of nine criteria including short- and long-term effectiveness, implementability, cost, state and 
local acceptance, compliance with applicable regulations, and overall protection of human health 
and the environment. The references for Sections 1.0 through 5.0 are listed at the end of each 
section. 

1.3 Backmound Information 

This section presents background information pertaining to Site 35 including the site description and 
location, site history, previous investigations and findings, physical characteristics of the study are, 
nature and extent of contamination, and conclusions and recommendations from the RI. 

1.3.1 Site Description and Location 

MCB, Camp Lejeune (also referred to as the “Activity”) is located in Onslow County, North 
Carolina (Figure l- 1). The Activity currently covers approximately 234 square miles and is bisected 
by the New River, which flows in a southeasterly direction and forms a large estuary before entering 
the Atlantic Ocean. The borders of the Activity are defined by the U.S. Route 17 and State Route 
24 to the west and northwest, respectively. The eastern border is defined by the Atlantic Ocean 
shoreline and the City of Jacksonville, North Carolina, borders the Activity to the north. 

Camp Geiger is located at the extreme northwest corner of MCB Camp Lejeune and contains a 
mixture of troop housing, personnel support and training facilities. The main entrance is located 
along U.S. Route 17, approximately 3.5 miles southeast of the City of Jacksonville, North Carolina. 
Site 35, the Camp Geiger Area Fuel Farm, refers primarily to five, 15,000-gallon aboveground 
storage tanks (ASTs), a pump house, a fuel loading/unloading pad, an oil water separator, and a 
distribution island situated just north of the intersection of Fourth and “G” Streets. Results of 
previous investigations have expanded the study area beyond the confines of the Fuel Farm. To 
date, the study area is bounded on the west by D Street, on the north by Second Street, on the east 
by Brinson Creek, and on the south by Fifth Street and Building No. TC572 (Figure l-2). However, 
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2.0 o REMEDIAL ACTION OBJECTIVES, REMEDIATION GOAL OPTIONS, AND 
REMEDIATION LEVELS 

This section presents the remedial objectives and the development of remediation goal options 
(RGOs) and remediation levels (RLs). Section 2.1 presents the media of concern, Section 2.2 
presents remedial action objectives, and Section 2.3 presents contaminants of concern for OU No. 
10. RGOs, which are presented in Section 2.4, are chemical-specific concentration goals established 
for medium and land use combinations for the protection of human health and the environment. 
There are two general sources of chemical-specific RGOs: (1) concentrations based on applicable 
or relevant and appropriate requirements (ARARs) and, (2) risk-based concentrations for the 
protection of public health and the environment. The selection of RGOs includes: identifying the 
media(s) of concern, selection of contaminants of concern (COCs), evaluation of ARARs, and 
identification of site-specific information for the exposure pathway information (i.e., exposure 
frequency, duration, or intake rate data). Thus, the development of RGOs for OU No. 10 is detailed 
in Sections 2.1 through 2.4. In addition, Section 2.5 presents a comparison of risk-based remediation 
goal options to maximum contaminant concentrations in groundwater, while Section 2.6 discusses 
the uncertainty associated with risk-based RGOs. Finally, Section 2.7 presents the RLs chosen for 
OU No. 10 during this Interim FS. 

2.1 Media of Concern 

The results of the baseline human health RA presented in the RI Report (Baker, 1994) indicate that 
the total site risk (carcinogenic and non-carcinogenic) exceeds the generally accepted range 
established by the EPA and is driven by future potential exposure to surfrcial groundwater and 
current potential exposure to fish and noncarcinogenic risks. The other media (soil, sediment, 
surface water, and air) had ICRs less than 1 .OE-04 and HIS less than 1 .O. However, the evaluation 
of sediment media was based on the analytical results whereby volatile organic compound (VOC) 
levels were masked by the presence of Tentatively Identified Compounds at high levels. These 
results, along with observations by Baker field staff that the sediment samples appeared to contain 
fuel-related contaminants, prompted a recommendation in the RI Report that additional sediment 
samples be obtained and analyzed for TPH (via EPA Methods 5030 and 3550). 

The focus of this Interim FS is surficial groundwater in the vicinity of the Fuel Farm with the 
emphasis placed on that contamination extending downgradient towards Brinson Creek. The 
contaminated surficial groundwater has been identified as a source of continued contamination to 
Brinson Creek. Remedial actions focused on contaminated surficial groundwater south and west of 
the Fuel Farm, and sediments in Brinson Creek, are subject to additional investigation and will be 
addressed in a comprehensive FS to be prepared following the completion of additional follow-up 
remedial investigation activities. 

2.2 Remedial Action Obiectives 

Remedial action objectives are medium-specific or operable unit-specific goals established for 
protecting human health and the environment. 
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At Sit’& 35, the specific media to be addressed by the interim Remedial Action is contaminated 
surficial groundwater in the vicinity of the Fuel Farm extending downgradient towards Brinson 
Creek. The remedial action objectives for this surficial groundwater aquifer are: 

l Mitigate the potential for direct exposure to the contaminated groundwater in the 
surficial aquifer. 

0 Minimize or prevent the horizontal and vertical migration of contaminated 
groundwater in the surficial aquifer. 

0 Restore the surficial aquifer to the remediation levels established for the 
groundwater COCs. 

2.3 Contaminants of Concern 

Contaminants of Potential Concern (COPCs) initially selected and evaluated in the RA (‘I’able l- 1) 
were selected on the basis of frequency of detection, toxicity, and comparison to established criteria 
or standards. The final list of COPCs identified in the RA are termed Contaminants of Concern 
(COCs) for groundwater in this Interim FS (see Table 2-l). COCs from this list that were detected 
at levels not exceeding a regulatory or a risk-based remediation goal will be eliminated from further 
consideration later in Section 2.0. This final set of COCs will then become the basis for a set of 
remedial action objectives applicable to OU No. 10. 

2.4 Remediation Goal ODtions 

RGOs are based on federal and state criteria or risk-based concentrations. Federal and state criteria * 
will be identified and evaluated in Section 2.4.1. Site-specific, risk- based RGOs for the COCs at 
OU No. 10 will be developed in Section 2.4.2. The results from both of these sections will be used 
to develop the initial set of RGOs for the operable unit. 

2.4.1 Applicable or Relevant and Appropriate Federal and State Requirements 

Under Section 12l(d)( I) of CERCLA, remedial actions must attain a degree of cleanup which 
assures protection of human health and the environment. Additionally, CERCLA remedial actions 
that leave any hazardous substances, pollutants, or contaminants on site must meet, upon completion 
of the remedial action, a level or standard of control that at least attains standards, requirements, 
limitations, or criteria that are “applicable or relevant and appropriate” under the circumstances of 
the release. These requirements are known as “AMRs” or applicable or relevant and appropriate 
requirements. AR4Rs are derived from both federal and state laws. CERCLA’s definition of 
“Applicable Requirements” is: 

. ..cleanup standards, standards of control, or other substantive environmental protection 
requirements, criteria, or limitations promulgated under federal or state law that specifically 
address a hazardous substance, pollutant or contaminant, remedial action, location, or other 
circumstance at a CERCLA site. Drinking water criteria may be an applicable requirement 
for a site with contaminated groundwater that is used as a drinking water source. 
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i CERCtA’s definition of “Relevant and Appropriate Requirements” is: 

‘1 

. ..cleanup standards, standards of control and other substantive environmental protection 
requirements, criteria, or limitations promulgated under federal or state law that, while not 
“applicable” to a hazardous substance, pollutant, contaminant, remedial action, location, or 
other circumstance at a CERCLA site, address problems or situations sufficiently similar 
to those encountered at the CERCLA site that their use is well suited to the particular site. 

EPA has also indicated that “other” federal and state criteria, advisories, and guidelines may have 
To Be Considered (TBC) during the development of remedial alternatives. TBCs are not 
promulgated, not enforceable, and do not have the same status as AR4Rs. Yet, they may be useful 
in establishing a cleanup level or in designing the remedial action, especially when no specific 
A&IRS exist or they are not sufficiently protective. Examples of such other criteria include EPA 
Drinking Water Health Advisories, Carcinogenic Potency Factors, and Reference Doses. 

There are three types of ARARs. The first type, chemical-specific ARARs, are requirements which 
set health or risk- based concentration limits or ranges for specific hazardous substances, pollutants, 
or contaminants. Federal Maximum Contaminant Levels (MCLs) established under the Safe 
Drinking Water Act (SDWA) are examples of chemical-specific ARARs. 

The second type of ARAR., location-specific, sets restrictions on activities based upon the 
characteristics of the site and/or the nearby suburbs. Examples of this type of ARAR include federal 
and state siting laws for hazardous waste facilities and sites on the National Register of Historic 
Places. 

The third classification of ARARs, action-specific, refers to the requirements that set controls or 
restrictions on particular activities related to the management of hazardous substances, pollutants, 
or contaminants. RCRA regulations for closure of hazardous waste storage units, RCRA 
incineration standards, and pretreatment standards under the Clean Water Act (CWA) for discharges 
to publicly-owned treatment works (POTWs) are examples of action specific ARARs. 

Subsection 12 1 (d) of CERCLA requires that federal and state substantive requirements that qualify 
as ARARs be complied with by remedies. Federal, state, or local permits do not need to be obtained 
for removal or remedial actions implemented on site but their substantive requirement must be 
obtained. “On site” is interpreted by the USEPA to include the area1 extent of contamination and 
all suitable areas in reasonable proximity to the contamination necessary for implementation of the 
response action. 

ARARs can be identified only on a site-specific basis. They depend on the detected contaminants 
at a site, site-specific characteristics, and particular remedial actions proposed for the site. 
Chemical-specific, location-specific, and action-specific ARARs identified for OU No. 10 are 
presented in the following section. 
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2.4.1.r Chemical-SDecifics 

The following chemical-specific ARARs were identified for Site 35: the North Carolina Water 
Quality Standards (NCWQSs) applicable to groundwaters, the federal MCLs, and Secondary MCLs. 
A brief description of each of these standards/guidelines is presented below. 

North Carolina Water Quality Standards (Groundwater) - Under the North Carolina 
Administrative Code (NCAC), Title 15A, Subchapter 2L, Section .0200, (15A NCAC 2L.0200) the 
NC DEHNR has established water quality standards (NCWQSs) for three classifications of 
groundwater within the state: GA, GSA, and GC. Class GA waters are those groundwaters in the 
state naturally containing 250 milligram per liter (mg/L) or less of chloride. These waters are an 
existing or potential source of drinking water supply for humans. Class GSA waters are those 
groundwaters in the State naturally containing greater than 250 mg/L of chloride. These waters are 
an existing or potential source of water supply for potable mineral water and conversion to fresh 
water. Class GC water is defined as a source of water supply for purposes other than drinking. The 
NCAC Tl5A:02L.0300 has established sixteen river basins within the state as Class GC 
groundwaters (15A NCAC 2L.020 1 and 2L.0300). 

The water quality standards for groundwater are the maximum allowable concentrations resulting 
from any discharge of contaminants to the land or water of the state that may be tolerated without 
creating a threat to human health or that would otherwise render the groundwater unsuitable for its 
intended best usage. If the water quality standard of a substance is less than the limit of 
detectability, the substance shall not be permitted in detectable concentrations. If naturally 
occurring substances exceed the established standard, the standard will be the naturally occurring 
concentration as determined by the State. Substances which are not naturally occurring, and for 
which no standard is specified, are not permitted in detectable concentrations for Class GA or Class 
GSA groundwaters (15A NCAC 2L.0202). 

The NCWQSs for substances in Class GA and Class GSA groundwaters are established as the lesser 
Of: 

0 Systemic threshold concentration (based on reference dose and average 
consumption) 

0 Concentration which corresponds to an incremental Iifetime cancer risk of 1 .OE- 6 
0 Taste threshold limit value 
0 Odor threshold limit value 
l Federal MCL 
0 National Secondary Drinking Water Standard (or secondary MCL) 

Note that the water quality standards for Class GA and Class GSA groundwaters are the same except 
for chloride and total dissolved solids concentrations (15A NCAC 2L.0202). 

The Class GA groundwater NCWQSs for the groundwater COCs for OU No. 10 are listed on Table 
2-2. As shown on the table, the majority of the state standards are the same or more stringent than 
the federal MCLs. 
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Federal Maximum Contaminant Levels - MCLs are enforceable standards for public water 
supplies promulgated under the SDWA 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. These standards are designed for prevention of human health effects 
associated with a lifetime exposure (‘lo-year lifetime) of an average adult (70 kg) consuming two 
liters of water per day. MCLs also consider the technical feasibility of removing the contaminant 
from the public water supply. 

Secondary MCLs are nonenforceable guidelines established under the SDWA. The secondary 
MCLs are set to control contaminants in drinking water that primarily affect the aesthetic qualities 
relating to public acceptance of drinking water. 

Table 2-2 presents MCLs for groundwater COCs. For manganese and zinc, the secondary MCL has 
been listed. 

2.4.1.2 Location- Specific ARARs 

Potential location- specific ARARs identified for OU No. 10 are listed on Table 2-3. An evaluation 
determining the applicability of these location-specific ARARs with respect to OU No. 10 is also 
presented and summarized on Table 2-3. Based on this evaluation, specific sections of the following 
location-specific ARARs may be applicable to OU No. 10: 

0 Fish and Wildlife Coordination Act 
a Federal Endangered Species Act 
0 North Carolina Endangered Species Act 
0 Executive Order 11990 on Protection of Wetlands 
0 Executive Order 11988 on Floodplain Management 
0 RCRA Location Requirements 

Please note that the citations listed on Table 2-3 should not be interpreted to indicate that the entire 
citation is an ARAR. The citation listing is provided on the table as a general reference. 

2.4.1.3 Action- Soecific ARARs 

Action-specific AR4Rs are typically evaluated following the development of alternatives since they 
are dependent on the type of action being considered. Therefore, at this step in the FS process, 
potential action-specific ARARs have only been identified and not evaluated for OU No. 10. A 
set of potential action- specific ARARs are listed on Table 2-4. These ARARs are based on RCRA, 
CWA, SDWA, and Department of Transportation (DOT) requirements. Note that the citations listed 
on Table 2-4 should not be interpreted to indicate that the entire citation is an ARAR. The citation 
listing is provided on the table as a general reference. 

These A&IRs will be evaluated after the remedial action alternatives have been identified for OU 
No. 10. Additional action-specific ARARs may also be identified and evaluated at that time. 
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2.4.2 - Risk-Based Remediation Goal Options 

In conjunction with the RGOs based on federal and state ARARs (Section 2.4. l), risk- based RGOs 
were developed for the groundwater COCs. The methodology used to derive the RGOs was in 
accordance with USEPA risk assessment guidance (USEPA, 1989a) (USEPA, 1991a). For 
noncarcinogenic effects, an action level was calculated that corresponds to an HI of 1 .O, or unity, 
which is the level of exposure to a contaminant from all significant exposure pathways in a given 
medium below which it is unlikely for even sensitive populations to experience health effects. For 
carcinogenic effects, an action level was calculated that corresponds to l.OE-04 (one in ten 
thousand) ICR over a lifetime as a result of exposure to the potential carcinogen from all significant 
exposure pathways for a given medium. A l.OE-04 risk level was used as an end point for 
determining action levels for remediation. Based on the NCP (40 CFR 300.430), for known or 
suspected carcinogens, acceptable exposure levels are generally concentrations that represent an ICR 
between 1 .OE- 04 and 1 .OE- 06. The action levels for OU No. 10 are representative of acceptable 
incremental risks based on current and probable future use of the area. 

Three steps were involved in estimating the risk-based RGOs for OU No. 10 COCs. These steps 
are generally conducted for a medium and land-use combination and involved identifying: (1) the 
most significant exposure pathways and routes, (2) the most significant exposure parameters, and 
(3) equations. The equations included calculations of total intake from a given medium and were 
based on identified exposure pathways and associated parameters. 

2.4.2.1 Derivation of Risk Equations 

The determination of chemical- specific RGOs was performed in accordance with USEPA guidance 
(USEPA, 1989a). Reference doses (RfDs) were used to evaluate noncarcinogenic contaminants, 
while cancer slope factors (CSFs) were used to evaluate carcinogenic contaminants. 

Potential exposure pathways and receptors used to determine RGOs are site-specific and consider 
the current and/or future land use of a site. The following exposure scenarios were used in the 
determination of RGOs for OU No. 10: 

0 Ingestion of groundwater (future resident) 

The potential risk estimated in the human health risk assessment indicated that the majority of the 
site- specific risk is likely to occur from exposure to groundwater. Groundwater does not appear to 
pose an appreciable risk with respect to both dermal contact and inhalation. For this Interim FS, the 
most conservative exposure pathway (i.e., groundwater ingestion) was used in the development of 
RGOs. The RGOs were calculated for future (adult and children) receptors in order to provide site- 
specific RGOs from which remedial alternatives could be generated. 

Consistent with USEPA guidance, noncarcinogenic health effects were estimated using the concept 
of an average annual exposure. The action level incorporated the exposure time and/or frequency 
that represented the number of days per year and number of years that exposure occurs. This is used 
with a term known as the averaging time, which converts the daily exposure to an annual exposure. 
Carcinogenic health effects were calculated as an incremental lifetime cancer risk, and therefore 
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represt%ted the exposure duration (years) over the course of a potentially exposed individual’s 
lifetime (70 years). 

The estimation methods and models used in this section were consistent with current USEPA risk 
assessment guidance (USEPA, 1989a) (USEPA, 1991a). Exposure estimates associated with each 
exposure route are presented below. RGOs were developed, with site-specific inputs, for 
groundwater COCs presented in the human health risk assessment. However, in order to determine 
if a medium at a site requires remediation, estimated RGOs were compared to site-specific 
contaminant levels. This assessment was conducted to assure that media and contamination at each 
site would be addressed on a site-specific basis. The following sections present the equations and 
inputs used in the estimation of groundwater RGOs developed for OU No. 10. 

Ingestion of Groundwater 

Currently there are no receptors who are exposed to groundwater contamination in this area. Since 
groundwater is obtained from “noncontaminated” supply wells, pumped to water treatment plants, 
and distributed via a potable water system. However, it is assumed for the purposes of calculating 
remediation goals, that potable wells would pump groundwater from the site area for public 
consumption. Groundwater ingestion RGOs are characterized using the following equation: 

cw = 
TR or THI x BW x AT= or AT,,, x DY 

CSF or I/RjD x EF x ED x IR x (1,000 pg/mg) 

Where: 
cw 
TR 
THI 
BW 
ATc 
ATnc 
DY 
CSF 

EF 
ED 
IR 

contaminant concentration in groundwater @g/L) 
total lifetime risk 
total hazard index 
body weight (kg) 
averaging time carcinogens (yr) 
averaging time noncarcinogens (yr) 
days per year (day/year) 
cancer slope factor (mg/kg-day)- I 
reference dose (mg/kg- day) 
exposure frequency (day/year) 
exposure duration (yr) 
ingestion rate (L/day) 

Future On-Site Residents 

Exposure to COCs via ingestion of groundwater was retained as a potential future exposure pathway 
for both children and adults. 
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An ingestion rate (IR) of 1 .O liter/day was used for the amount of water consumed by a 1 to 6 year 
old child weighing IS kg. This ingestion rate provides a health conservative exposure estimate (for 
systemic, noncarcinogenic toxicants) designed to protect young children who could potentially be 
more affected than adolescents, or adults. This value assumes that children obtain all the tap water 
they drink from the same source for 350 days/year [which represents the exposure frequency (EF)]. 
An averaging time (AT) of 2,190 days (6 years x 365 days/year) is used for noncarcinogenic 
compound exposure. 

The IR for adults was 2 liters/day (USEPA, 1989a). The exposure duration (ED) used for the 
estimation of adult CDIs was 30 years (USEPA, 1989a), which represents the national upper-bound 
(90th percentile) time at one residence. The averaging time for noncarcinogens was 10,950 days (30 
years x 365 days/year). An AT of 25,550 days (70 years x 365 days/year) was used to evaluate 
exposure for both children and adults to potential carcinogenic compounds. 

Table 2-5 presents a summary of the input parameters for the ingestion of groundwater scenarios. 

2.4.2.2 Summarv of Site- Soecific Risk-Based Remediation Goal Ootions 

COCs were chosen based on available toxicity data and frequency of detection and available 
ARARs. RGOs were generated for contaminants with available toxicity data. A summary of 
the risk- based RGOs calculated for the exposure scenarios is presented below. Separate RGOs for 
future adult residents and children have been calculated. In addition, both carcinogenic and 
noncarcinogenic RGOs have been calculated. Calculations are provided in Appendix A of this 
report. 

Ingestion of Groundwater 

The groundwater ingestion RGOs were estimated for the groundwater within the entire operable 
unit. Currently, there are no known receptors who are exposed to contaminated groundwater. Base 
personnel receive potable water via a base water distribution. However, a hypothetical future 
ingestion RGO was estimated for the COCs. In order to estimate conservative RGOs for 
subpopulations (i.e., adult resident and child resident), specific input variables were developed for 
each subpopulation. Tables 2-6 and 2-7 present the RGOs calculated for the carcinogenic and 
noncarcinogenic COCs in the groundwater, respectively. 

2.5 Comnarison of Risk-Based Remediation Goal Ontions to Maximum Contaminant 
Concentrations in Groundwater 

Generally, RGOs are not required for any contaminants in a medium with a cumulative cancer risk 
of less than 1 .OE-04, where an HI is less than or equal to 1 .O, or where the RGOs are clearly defined 
by ARARs. In order to decrease uncertainties in the estimation of the reasonable maximum 
exposure (RME), which is the maximum exposure that is reasonably expected to occur at the site, 
the maximum concentration of a contaminant in a media can be compared to the estimated risk- 
based RGO if chemical-specific criteria are not available. 
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In Table 2-8, the carcinogenic and non-carcinogenic risk-based RGOs for groundwater ingestion 
with respect to future residential receptors (adult and children) are compared to the maximum 
groundwater contaminant concentrations detected at Site 35 during the RI. The NCWQSs and 
MCLs are also presented in this table. 

2.6 Uncertaintv Associated with Risk-Based RGOs 

The uncertainties associated with calculating risk-based RGOs are summarized below. The RGO 
estimations presented in this section are quantitative in nature, and their results are highly dependent 
upon the accuracy of the input. The accuracy with which input values can be quantified is critical 
to the degree of confidence that the decision maker has in the action levels. 

Most scientific computation involves a limited number of input variables, which are tied together 
by a scenario to provide a desired output. Some RGO inputs are based on literature values rather 
than measured values. In such cases the degree of certainty may be expressed as whether the 
estimate was based on literature values or measured values, not on how well defined the distribution 
of the input was. Some RGOs are based on parameters; the qualitative statement that the RGO was 
based on estimated inputs defines the certainty in a qualitative manner. 

The toxicity factors, CSFs and RfDs, have uncertainties built into the assumptions used to calculate 
these values. Because the toxicity factors are determined from high doses administered to 
experimental animals and extrapolated to low doses to which humans may be exposed, uncertainties 
exist. Thus, toxicity factors could either overestimate or underestimate the potential effects on 
humans. However, because human data exists for very few chemicals, risks are based on these 
values. In addition, the exposure assumptions (e.g., 10 events per year, etc.) also have uncertainties 
associated with them. 

Although RGOs are believed to be full protective for the RME individual(s), the existence of the 
same contaminants in multiple media or of multiple chemicals affecting the same populations(s), 
may lead to a situation where, even after attainment of all RGOs, protectiveness is not freely 
achieved (i.e., cumulative risk may fall outside the risk range). 

2.7 Remediation Levels 

This section presents the remediation levels (RLs) chosen for OU No. 10. RLs are chosen by the 
risk manager for the COCs and are included in the Interim FS and the Interim ROD. These numbers 
derived from the RGOs are no longer goals and should be considered required levels for the remedial 
actions to achieve. 

The RLs associated with OU No. 10 are presented on Table 2-9. This list was based on a 
comparison of contaminant-specific ARARs (or ARAR-based RGOs) and the site-specific risk- 
based RGOs. If a COC had an ARAR, the most limiting (or conservative) ARAR was selected as 
the RL for that contaminant. If a COC did not have an ARAR, the most conservative risk-based 
RGO was selected for the RL. For all contaminants but arsenic, beryllium, and barium the most 
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limiting ARAR was more conservative than the risk-based RGO. In the cases of arsenic, beryllium 
and barium, the federal MCLs wee selected in lieu of more conservative RGO values because the 
MCLs are generally based on the capacity of the best available technology to achieve reductions in 
groundwater contaminant concentrations. 

In order to determine the final COC for OU No. 10, the contaminant concentrations detected at each 
site were compared to the RLs presented on Table 2-9. The contaminants which exceed at least one 
of the RLs have been retained as final COCs. The contaminants that did not exceed any of the RLs 
are no longer considered as COCs with respect to this Interim FS. The final COCs and their 
associated RLs are presented on Table 2- 10. 

Several inorganic COCs, including arsenic, beryllium, antimony, barium, cadmium, manganese, 
nickel, and vanadium, were detected in concentrations that exceeded remediation levels. However, 
these inorganics will not be addressed in this Interim FS because it is unlikely that their presence 
is a result of past site activities. (The inorganic concentrations are similar to those detected at other 
Camp Lejeune sites.) Recently, Baker has employed new sampling techniques for inorganics in 
groundwater utilizing low-flow pumps. The low-flow pumps minimize particle disturbance and 
have resulted in reduced levels of total inorganics in groundwater analytical results. As 
recommended in the RI, inorganics at OU No. 10 will be re-sampled using this low-flow sampling 
technique. Based on previous experience on other sites at this Activity, it is probable that detected 
concentrations for some inorganics will then fall below remediation levels. Thus, inorganic COCs 
exceeding remediation levels will not be addressed at this time and Table 2-l 1 presents a final list 
of COCs to be addressed in this Interim FS. 
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TABLE 2-l 

PRELIMINARY GROUNDWATER CONTAMINANTS OF CONCERN 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CT04232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

i 



TABLE 2-2 

CHEMICALSPECIFIC ARARs EVALUATED FOR 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILTIY STUDY CTO-232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

, 

Contaminant NC#Qs Federal 
MCL c2) 

Benzene 1 5 
Trichloroethene 2.8 5 
Arsenic 50 50 
Beryllium NE 4 
cis- 1,2-Dichloroethene 70 70 
trans- 1 ,ZDichloroethene 70 100 
Ethyl Benzene 
Methyl Tertiary Butyl Ether 
Toluene 
Xvlenes 

29 700 
200 NE 
1,000 1,000 
530 10,000 

1 Nanhthalene I NE I NE I 

Copper 
Manganese 
Mercury 
Nickel 

I I 

I 100 I 100 1 
Selenium 
Vanadium 
Zinc 

50 50 

NE NE 
2,100 5,000(4) 

Notes: Concentrations expressed in microgram per liter (ug/L) 
(If NCWQS = North Carolina Water Quality Standards for Groundwater 
c2) MCL = Safe Drinking Water Act Maximum Contaminant Level 
0) Action Level for Copper 
t4) Secondary Maximum Contaminant Level (SMCL) 
NE = No Criteria Established 



TABLE 2-3 

LOCATION-SPECIFIC ARARs EVALUATED 
FOR OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Potential’ Location- Specific ARAR General 
Citation ARAR Evaluation 

National Historic Preservation Act of 
1966 - requires action to take into 
account effects on prop&es included 
in or eligible for the National Register 
of Historic Places and to minimize 
harm to National Historic Landmarks. 

16 USC 470, No known historic properties 
40 CFR are within or near OU No. 10, 
6.301(b), and therefore, this act will not be 
36 CFR 800 considered an ARAR 

Archeological and Historic 
Preservation Act - establishes 
procedures to provide for preservation 
of historical and archeological data 
which might be destroyed through 
alteration of terrain. 

16 USC 469, 
and 40 CFR 
6.301(c) 

No known historical or 
archeological data is known 
to be present at the sites, 
therefore, this act will not be 
considered an ARAR. 

Historic Sites, Buildings and 
Antiquities Act - requires action to 
avoid undesirable impacts on 
landmarks on the National Registry of 
Natural Landmarks. 

Fish and Wildlife Coordiion Act - 
requires action to protect fish and 
wildlife tiom actions modifying 
streams or areas affecting streams. 

16 USC No known historic sites, 
461467, and 40 buildings or antiquities are 
CFR 6.301(a) within or near OU No. 10, 

therefore, this act will not be 
considered as an ARAR. 

16 USC Brinson Creek is located near 
661-666 and within the operable unit 

boundaries. If remedial 
actions are implemented that 
modify this creek this will be 
an applicable ARAR 

Federal Endangered Species Act - 
requires action to avoid jeopardizing 
the continued existence of listed 
endangered species or modification of 
their habitat. 

16 USC 1531, 
50 CFR ZOO, 
and 50 CFR 
402 

Many protected species have 
been sited near and on MCB 
Camp Lejeune such as the 
American alligator, the 
Bachmans sparrow, the Black 
skimmer, the Green turtle, the 
Loggerhead turtle, the piping 
plover, the Red- cockaded 
woodpecker, and the 
rough- leaf loosestrife 
(LeBlond, 199 l),(Fussell, 
1991),(Walters, 1991). In 
addition, the alligator has 
been sighted on Base (in 
Wallace Creek). Therefore, 
this will be considered an 
ARAR 



TABLE 2-3 (Continued) 

LOCATION-SPECIFIC ARARs EVALUATED 
FOR OPERABLE UNIT NO. 10 (SIT% 35) 

IN’I’ERIM F’EASIBILITY STUDY CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Potential Location- Specifc ARAR Gt2IEl-d 
Citation AIUR Evaluation 

North Carolina Endangered Species Act GS 113-33 1 to Since the American alligator 
- per the North Carolina Wildlife 113-337 has been sighted within MCB 
Resources Commission. Similar to the Camp Lejeune (in Wallace 
Federal Endangered Species Act, but Creek), this will be considered 
also includes State special concern allARAIL 
species, State significantly rate species, 
and. the State watch list. 

Rivers and Harbors Act of 1899 33 USC 403 No remedial actions will a.&ct 
(Section 10 Permit) - requires permit the navigable waters of the 
for structures or work in or affecting New River. Therefore, this act 
navigable waters. will not be considered an 

Executive Order 11990 on Protection of Executive Order Based on a review of Wetland 
Wetlands - establishes special Number 11990, Inventory Maps, Brinson 
requirements for Federal agencies to and 40 CFR 6 Creek has areas of wetlands. 
avoid the adverse impacts associated Therefore, this will be an 
with the destruction or loss of wetlands applicable ARAR 
and to avoid support of new 
construction in wetlands if a practicable 
alternative exists. 

Executive Order 11988 on Floodplain Executive Order Based on the Federal 
Management - establishes special Number 11988, Emergency Management 
requirements for Federal agencies to and 40 CFR 6 Agency’s Flood Jnsurance Rate 
evaluate the adverse impacts associated Map for &slow County, OU 
with direct and indirect development of No. 10 is primarily within a 
a floodplain. minimal floodiig zone (outside 

the SOO-year floodplain). 
However, the immediate areas 
around Brinson Creek are 
within the loo-year floodplain 
(FEMA, 1987). Therefore, thi: 
maybeanAR4Rforthe 
operable unit. 

Wilderness Act - requires that federally 16 USC 113 1, No known federally-owned 
owned wilderness area are not and 50 CFR 35. wilderness areas are located 
impacted. Establishes nondegradation, near the operable unit, 
maximum restoration, and protection of therefore, this act will not be 
wilderness areas as primary considered an ARAR. 
management principles. 



TABLE 2-3 (Continued) 

LOCATION-SPECIFIC ARARs EVALUATED 
FOR OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Potential Location- Specific AM.R General 
Citation 

AIUR Evaluation 

National Wildlife Refuge System - 
restricts activities within a National 
Wildlife Refuge. 

16 USC 668, No known National Wildlife 
and 50 CFR 27 Refuge areas are located near 

the operable unit, therefore, 
this will not be considered an 

Scenic Rivers Act - requires action to 16 USC 1271, 
avoid adverse effects on designated and 40 CFR 
wild or scenic rivers. 6.302(e) 

No known wild or scenic rivers 
are located near the operable 
unif therefore, this act will not 
be considered an AR4R 

Coastal Zone Management Act - 
requires activities affecting land or 
water uses in a coastal zonk to certify 
noninterfkrence with coastal zone 
management. 

Clean Water Act (Section 404) - 
prohibits discharge of dredged or fill 
material into wetland without a permit. 

16 USC’ 145 1 

33 USC 404 

No activities at the site will 
affect land or water uses in a 
coastal zone, therefore, this act 
will not be considered an 

No actions to discharge 
dredged or fill material into 
wetlands will be considered for 
the operable unit, therefore, 
this act will not be considered 
aIlAIuR 

RCRA Location Requirements - 
limitations on where on- site storage, 
treatment, or disposal of RCR4 
hazardous waste may occur. 

40 CFR 264.18 These requirements may be 
applicable if the remedial 
actions for the operable unit 
include the on- site storage, 
treatment, or disposal of 
RCRA hazardous waste. 
Therefore, these requirements 
may be an applicable ARAR 
for the operable unit. 



TABLE 2-4 

ACTION-SPECIFIC ARARs 
EVALUATED FOR OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY CT04232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Standard (‘) Action General 
Citation 

UXA 

:WA 

XA 
NfiQS) 
;DWA 

:SCA 
)OT 

CapPing 
Closure 
Container Storage 
New Landfill 
New Surface Im&undment 
Dike Stabilization 
Excavation, Groundwater Diversion 
Incineration 
Land Treatment 
Land Disposal 
shlrly Wall 
Tank Storage 
Treatment 

Waste Pile 
.Discharge to Water of United States 
Diit Discharge to Ocean 
Discharge to POTW 
Dredge/Fill 

Discharge to Air 

40 CFR 264 
40 CFR 264,244 
40 CFR 264,268 
40 CFR 264 
40 CFR 264 
40 CFR 264 
40 CFR 264,268 
40 CFR 264,761 
40 CFR 264 
40 CFR 264,268 
40 CFR 264,268 
40 CFR 264,268 
40 CFR 264,265, 
268; 
42 USC 6924; 
51 FR40641; 
52 FR 25760 
40 CFR 264,268 
40 CFR 122,125,136 
40 CFR 125 
40 CFR 403,270 
40 CFR 264; 
33 CFR 320-330; 33 
USC 403 
40 CFR 50 

Underground Injection Control 

PCB Regulations 
DOT Rules for Transportation 

40 CFR 144, 146, 
147,268 
40 CFR 761 
49 CFR 107 

(1) RCRA = Resource Conservation Recovery Act 
CWA = Clean Water Act 
CAA = Clean Aii Act 
(NAAQS) = National Ambient Air Quality Standards 
SDWA = Safe Drinking Water Act 
DOT = Department of Transportation 



TABLE 2-5 

INGESTION OF GROUNDWATER 
RGO PARAMETERS 

OPERABLE UNIT NO. 10 (SITE 35) 
INTERIM FEASIBILITY STUDY CT04232 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Ingestion of Groundwater Input Parameters 

Input 
%rameter Description Value Rationale 

C W 
EXpOSUR 
Concentration calculated USEPA, 1989a 

TR Total Lifetime Risk l.OE-04 USEPA, 1991a 

Total Hazard Index 1 .O USEPA, 1991a 

BW Body Weight 
Child 15 kg 
Adult 70 kg USEPA, 1989a 

ATc Averaging Time 
Carcinogen All 70 yr USEPA, 1989a 

ATnc 
Averaging Time Child 6~ 

DY 

CSF 

EF 

ED 

IR 

Noncarcinogen Adult 3Oyr 
USEPA, 1989a 

Days Per Year 365 dayslyr USEPA, 1989a 

Carcinogenic Slope 
Factor 

Chemical Specific IRIS, HEAST, USEPA 

Reference Dose Chemical Specific IRIS, HEAST, USEPA 

Child 
Exposure Frequency Ad& 

350 days&r 
350 days/y-r USEPA, 1989a 

Exposure Duration Child 
Adult 

to”, USEPA, 1991b 

Ingestion Rate 
Child 
Adult 

1 L’day USEPA, 1989a 
2 L/day 



TABLE 2-6 

INGESTION OF GROUNDWATER CARCINOGENIC RGOs 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY CTO-232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant of Concern 

Benzene 

Trichloroethene 

AlSdC 

Beryllium 

Carcinogenic RGO 

Adult Resident Child Resident 

294 629 

774 1,659 

5 11 

2 4 

Notes: RGO = Remedial Goal Options 
Remediation Goal Options concentrations expressed in ug/L (ppb) 
Remediation Goal Options based on a risk of 1 .OE-04 



TABLE 2-7 

INGESTION OF GROUNDWATER NONCARCINOGENIC RGOs 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY CTO-232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Noncarcinogenic RGO 

Contaminant of Concern Adult Resident Child Resident 

Trichloroethene 219 94 

cis-WDichloroethene 365 156 

tram+ 1,2-Dichloroethene 730 313 

. Ethyl Benzene 3,650 1,564 

Methyl Tertiary Butyl Ether 183 78 

Toluene 7,300 3,129 

Xylenes 73,000 3 1,286 

Naphthalene 1,460 626 

Antimony 15 6 

Arsenic 11 5 

Barium 2,555 1,095 

Beryllium 183 78 

Cadmium 18 8 

Cobalt 2,190 939 

Copper 1,354 580 

Manganese 183 78 

Mercury 11 5 

Nickel 730 313 

Selenium 183 78 

Vanadium 256 110 

Zinc 10,950 4,693 

Notes: RGO = Remedial Goal Options 
Remediation Goal Options concentrations expressed in ug/L (ppb) 

Remediation Goal Options based on a HI of 1 .O 



TABLE 2-S 

COMPARISON OF GROUNDWATER INGESTION RISK-BASED RGOs AND 
GROUNDWATER CRITERIA TO MAXIMUM GROUNDWATER 

CONTAMINANT LEVELS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILTN STUDY CT.O-232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

Benzene 
Trichloroethene 

Arsenic 

Beryllium 

cis- 1,2-Dichloroethene 
trans- 1,2-Dichloroethene 

NC)F;7QS 

1 
2.8 

50 

NE 

70 
70 

Federal 
MCL (*) 

5 

5 

50 

4 

70 

100 

RGO o) Maximum 
Groundwater. 

Adult Child Concentration 
294 629 1,660 

774(4) 1,659”) 900 
219o, 94CS) 

5’4’ 110 165 
1 lo) 5(5) 

2s 4(4, 63.5 
183”’ 78o’ 
365 156 973 
730 313 176 

Vanadium NE NE 256 110 886 
Zinc 2,100 5 ,OOO@) 10,950 4,693 1,850 

Notes: Concentrations expressed in microgram per liter (ug/L) 
(0 NCWQS = North Carolina Water Quality Standards for Groundwater 
o) MCL = Safe Drinking Water Act Maximum Contaminant Level 
(‘) RGO = Risk-based Remediation Goal Options 
t4) Carcinogenic RGO 
~1 Noncarcinogenic RGO 
t6) SMCL = Secondary Maximum Contaminant Level 
(‘1 Action Level 
NE = No Criteria Established 



TABLE 2-9 

REMEDIATION LEVELS FOR COCs 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY CT0432 
MCB CAMP LEJEW’JE, NORTH CAROLINA 

Contaminant of Concern 
I 

Rc”’ 

I 
Basis of Goal Corresponding 

Risk 

zinc 

Notes: Concentrations expressed in microgram per liter (I&L) 
(I) RL = Remediation Level 
@) NCWQS = North Carolina Water Quality Standards for Groundwater 
0) MCL = Maximum Contaminant Level 
t4) HI = Hazard Index 



TABLE2-10 

COCsTHATEXCEEDREMEDIATIONLEVELS 
OPERABLEUNITNO.lO(SITE35) 

INTERIMFEASIBILITYSTUDYCTO-232 
MCBCAMP-, NORTHCAROLINA 

Contaminant of Concern 

Benzene 1 

Trichloroethene I 2.8 

Arsenic I 50 
I 

Beryllium I 4 

cis- 1,2-Dichloroethene 

trans-1.2-Dicbloroethene 

70 

70 

Ethyl Benzene 29 

Methyl Tertiary Butyl Ether 200 

Xylenes 530 

Antimonv 6 

Barium 

Cadmium 

moo 

5 

Manganese 50 

Nickel 100 

(I) RL = Remediation Level 
(2) Groundwater RLs expressed as ug/L (ppb) 



TABLE 2-11 

ORGANIC COCs THAT EXCEED REMBDIATION LEVELS 
OPERABLE UNlT. NO. 10 @lTE 35) 

lNTERlM FEASIBILITY !Zl’UDY CT0432 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant of Concern 

Benzene 

Trichloroethene 

cis-1,2-Dichloroethene 

tram-1,2-Dichloroethene 

Ethyl Benzene 

Methyl Tertiary Butyl Ether 

Xylenes 

~(l.2) 

1 

2.8 

70 

70 

29 

200 

530 

(0 a = Remediation Level 
B, Groundwater RLs expressed as ug/L (ppb) 



3.0 IDENTIFICATION AND PRELIMINARY SCREENING OF REMEDIAL 
TECHNOLOGIES 

This section covers the identification and preliminary screening of remedial action technologies that 
may be applicable for the remediation of the groundwater in the vicinity of the Fuel Farm at OU No. 
10. Section 3.1 identifies a set of general response actions which correspond to the remedial action 
objectives. Section 3.2 identifies a set of remedial technologies and process options applicable to 
groundwater. Section 3.3 presents the preliminary screening of the remedial technologies and 
process options. Section 3.4 presents a summary of the preliminary screening, and Section 3.5 
presents the process option evaluation. 

3.1 General Resuonse Actions 

Genera1 response actions are broad-based, medium-specific categories of actions that can be 
identified to satisfy the remedial action objectives of an FS. Five genera1 response actions have been 
identified that may satisfy the groundwater remedial action objectives at OU No. 10 including no 
action, institutional controls, containment actions, collection/discharge actions, and treatment 
actions. 

A brief description of each of the above-mentioned general response actions follows. 

3.1.1 No Action 

The NCP requires the evaluation of the no action response as part of the FS process. A no action 
response provides the baseline assessment for comparison with other remedial alternatives that have 
a greater level of response. A no action alternative may be considered appropriate when there is no 
adverse or unacceptable risks to human health or the environment, or when the response action may 
cause a greater environmental or health danger than the no action alternative itself. 

3.1.2 Institutional Controls 

Institutional controls are actions that can be implemented at a site as part of a complete remedial 
alternative to minimize exposure to potential hazards. With respect to groundwater, institutional 
controls may include monitoring programs or ordinances which restrict aquifer use and placement 
of supply wells. 

3.1.3 Source Containment Actions 

Source containment actions include various technologies which contain and/or isolate the 
contaminants at a site. These measures are designed to isolate so as to prevent direct exposure to 
or migration of the contaminated media without disturbing or removing the waste/contaminants from 
the site. Source containment actions generally serve to cover, seal, chemically stabilize, or provide 
an effective barrier around specific areas of contamination. 

3.1.4 Collection/Discharge Actions 

Collection/discharge actions are typically associated with groundwater or surface water and are used 
to control the movement of contaminants through these media or to covey contaminated portions 
of these media to treatment units. For this Interim FS, groundwater collection/discharge actions at 
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OU No. 10 are addressed. Collection actions may include extraction wells or subsurface drains. 
Discharge actions are those means for discharging groundwater that has been treated. Discharge 
actions may be directed on site or off site. 

3.1.5 Treatment Actions 

3.1.5.1 Ex Situ Treatment 

Ex situ treatment actions, as defined herein, involve physical and/or chemical means of reducing 
toxicity or destroying contaminants that are present in groundwater once it has been collected and 
conveyed above the ground surface. Ex situ treatment actions for groundwater are normally 
conducted on site, but off-site treatment actions are also considered. 

3.1.5.2 In Situ Treatment 

In situ treatment in groundwater refers to a process whereby groundwater contaminants are reduced 
or eliminated via technologies applied primarily below the ground surface. This type of treatment 
may involve groundwater extraction, treatment, and reinjection, as long as primary treatment occurs 
below the ground surface. 

3.2 Identification of Remedial Action Technologies and Process ODtions 

In this step, an extensive set of potentially applicable technology types and process options is 
identified for each of the general response actions identified for the media of concern at OU No. 10. 
The term “technology type” refers to general categories of technologies such as chemical treatment, 
thermal treatment, biological treatment, and in situ treatment. The term “technology process option” .* 
refers to specific processes within each technology type. For example, rotary kiln, fluidized bed, 
and multiple hearth incineration are process options of thermal treatment. Several technology types 
may be identified for each general response action, and numerous technology process options may 
exist within each technology type. 

Remedial action technologies potentially applicable to OU No. 10 are listed in Table 3-l with 
respect to their corresponding general response action. The applicable process options associated 
with each of the listed technologies are also listed in the table. 

3.3 Preliminarv Screeniw of Remedial Action Technologies and Process O&ions 

In this step, the set of remedial action technologies and process options identified in the previous 
section is reduced (or screened) by evaluating the technologies with respect to technical 
implementability and site-specific factors. This screening step is site-specific and is accomplished 
by using readily available information from the RI, with respect to contaminant types, contaminant 
concentrations, and on-site characteristics, to screen out technologies and process options that cannot 
be effectively implemented at the site (USEPA, 1988). In general, all technologies/options which 
appear to be applicable to the site contaminants and to the site conditions are retained for further 
evaluation. The preliminary screening is presented in Table 3-2. Each of the process options 
remaining after the preliminary screening is evaluated in Section 3.4. 
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As shown in Table 3-2, several technologies and/or process options were eliminated from further 
evaluation since they were determined to be inappropriate for the site-specific characteristics and/or 
contaminant-specific characteristics of OU No. 10. 

3.4 Process 

The objective of the process option evaluation is to select only one process option for each 
applicable remedial technology type to simplify the subsequent development and evaluation of 
alternatives without limiting flexibility during remedial design. More than one process option may 
be selected for a technology type if the processes are suffkiently different in their performance that 
one would not adequately represent the other. The representative process provides a basis for 
developing performance specifications during preliminary design. However, the specific process 
option used to implement the remedial action may not be selected until the remedial design phase. 

The retained process options are evaluated based on effectiveness, implementability, and relative 
cost. The effectiveness evaluation focuses on: the potential effectiveness of process options in 
meeting the remedial action objectives, the potential impacts to human health and the environment 
during the construction and implementation phase, and how reliable the process is with respect to 
the contaminants of concern. The implementability evaluation focuses on the administrative 
feasibility of implementing a technology as well as the technical implementability. The cost 
evaluation plays a limited role in this screening. Only relative capital and operating and 
maintenance (O&M) costs are used instead of detailed estimates. Per the USEPA FS guidance, the 
cost analysis is made on the basis of engineering judgment. 

A summary of the groundwater process option evaluation is presented in Table 3-3. It is important 
to note that the elimination of a process option does not mean that the process option/technology can 
never be reconsidered for the site. As previously stated, the purpose of this part of the Interim FS 
process is to simplify the development and evaluation of potential alternatives. 
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TABLE 3-l 

POTENTIAL SET OF REMEDIAL ACTION TECHNOLOGIES AND 
PROCESS OPTIONS IDENTIFIED FOR OPERABLE UNlT NO. 10 (SITE 35) 

lNTERxMFEAsIBILrrYsTuDY,cro-o232 
MCB CAMP LEJEUNE,NORTHCAROLINA 

Media General Respouse Action 

No Action 

Ltlstitutional Controls 

Zontainment Actions 

Collection/J%clmrge Actions 

Treatment Actions 

Remedial A&u I pn>cess option I 
Technology 

No Actiou 

Morlitoring 

Aquifer-Use Limitations 

Natural Attenuation 

Groundwater and Surface Water 
Monitoring 

Restrictions in Base MasterPlan 

Deed Restrictious 

VerticalBarriers Grout curtain 

shIrxy wall 

Sheet Piliua I 

1 RockGroutine 

Grout Injection 

Block Displacement 

Extraction Wells 

Extraction/Injection Wells 

1 Interceptor Trenches 

I 

Horizontal Barriers 

Extraction 

Subsurface Draius 

On-Site Discharge 

Off-Site Discharge 

Biological Treatmeut 

Reiujectiou 

Infiltration Galleries 

Surface Water 

POTW 

Base STP 

Surface Water 

Aerobic 

Anaerobic 
I 
I 

Physical/Chemical 
Treatment 

Reverse Osmosis 

Ion Exchange 

Chemical Reduction 

Chemical Oxidation 

UV Oxidation 

Electrochemical Iron Generation 



i 

TABLE 3-l (Continued) 

POTENTIAL SET OF REMEDIAL ACTION TECHNOLOGIES AND 
PROCESS OPTIONS IDENTIFIB D FOR OPERABLE UNIT NO. 10 (SlTE 35) 

INTERIM FEASIBILITY STUDY, CI’O-0232 
MCB CAMPLEJEUNE,NORTHCAROLINA 

Media General Remorse Action 

GrouIldwater 
(Co&) 

Treatment Actions (Cod) 

Remedial Action Technology Recess option 

Physical/Chemical Neutralization 
Treatment (Cont) Preci&ation . 

oiLmwzr*arator 1 
Filtration 

Flocculation 

O-E-Site Treatment 

In-Situ Treatment 

POTW 

RCRAFacility 

Sewage Treatment Plant 

Biodegradation 

Air spa&g 

In Well Aeration 

Passive Treatment Wall 



TABLE 3-2 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

t 

General Response Remedial Action 
Action Technology 

Process Option Description Site-Specific Applicability Screening 
Results 

No Action No Action 

Institutional Controls Monitoring 

Aquifer-Use 
Restrictions 

Containment Actions Capping 

Vertical Barriers 

Natural Attenuation Contaminated groundwater remains as is Potentially applicable to any site; the Retained 
and natural subsurface process (for NCP requires a “no action” process 
example, biodegradation, adsorption, and option. 
volatilization) reduce contaminant levels. 

Groundwater or Ongoing monitoring of groundwater or Potentially applicable. Retained 
Surface Water Monitoring surface water. 
Restrictions in Base Prohibit the use of the contaminated Potentially applicable. Retained 
Master Plan aquifer as a drinking water source. 
Deed Restrictions Limit the future use of land including Not applicable to a military Eliminated 

placement of wells. installation not on a closure list. 
Clay/Soil Cap Capping material placed over areas of Not implementable due to the Eliminated 
Asphalt/Concrete Cap contamination. proposed highway that will span the 
Soil Cover Fuel Farm area and because the 
Multilayered Cap horizontal limits of the plume have 

not been defined to date. 
Grout Curtain Pressure injection of grout in a regular Not applicable because the horizontal Eliminated 

pattern of drilled holes to contain limits of the plume have not been 
contamination. defined to date. 

Slurry Wall Trench around areas of contamination. Not applicable due to the obstruction Eliminated 
The trench is filled with a soil bentonite posed by the proposed highway. 
slurry to limit migration of contaminants. 

Sheet Piling Interlocking sheet pilings installed via Not applicable due to the obstruction Eliminated 
drop hammer around areas of posed by the proposed highway. 
contamination. 

Rock Grouting Specialty operation for sealing fractures, Not applicable because rock is not Eliminated 
fissures, solution cavities, or other voids present within several hundred feet of 
in rock to control flow of groundwater. the ground surface at the site. 



TABLE 3-2 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA t 

General Response Remedial Action 
Action Technology Process Option Description Site-Specific Applicability Screening 

Results 

Containment Actions Horizontal Barriers Grout Injection Pressure injection of grout to form a Generally used in conjunction with Eliminated 
(Continued) bottom seal across a site at a specific vertical barriers which have been 

depth. primarily deemed not applicable at 
this site due to the presence of the 
proposed highway. 

Block Displacement Continued pumping of grout into Technique is experimental. Large Eliminated 
specially notched holes causing area over which grout would be 
displacement of a block of contaminated required limits this technique. 
groundwater. 

Collection Actions Extraction Extraction/Injection Wells Extraction wells pull water from the Not applicable because the Eliminated 
aquifer. Injection wells inject extraction/injection process may 
uncontaminated groundwater to enhance induce intolerable ground settlement 
collection of contaminated groundwater on the highway resulting from 
via the extraction wells. Or the injection fluctuations in the groundwater table. 
wells can also inject material into an 
aquifer to remediate groundwater. 

Subsurface Drains Interceptor Trenches Perforated pipe installed in trenches Potentially applicable because Retained 
backfilled with porous media to collect contamination is limited to a shallow 
contaminated groundwater. zone and rate of extraction can be to 

limit effects on groundwater level. 

Treatment Actions Biological Aerobic Degradation of organics using Potentially applicable to Retained 
Treatment microorganisms in an aerobic nonhalogenated organic COCs. 

environment. 
Anaerobic Degradation of organics using 

microorganisms in an anaerobic 
environment. 

Potentially applicable to halogenated Eliminated 
and nonhalogenated organic COCs. 
Development is in pilot-scale and is 
not commercially available. I 



TABLE 3-2 (Continued) 

General Response 
Action 

Treatment Actions 
(Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. IO (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial Action 
Technology 

Physical/Chemical 
Treatment 

Process Option 

Volatilization 
(Air/Stream Stripping) 

Carbon Adsorption 

Reverse Osmosis 

Ion Exchange 

Chemical Reduction 

Chemical Oxidation 

Electrochemical Iron 
Generation 

Description 

Mixing large volumes of air/steam with 
water in a packed column to promote 
transfer of VOCs to air. Applicable to 
volatile organics. 
Adsorption of contaminants onto 
activated carbon by passing water 
through carbon column. Applicable to 
wide range of organics. 
Using high pressure to force water 
through a membrane leaving 
contaminants behind. Applicable to 
dissolved solids (organic and inorganic). 
Contaminated water is passed through a 
resin bed where ions are exchanged 
between resin and water. Applicable for 
inorganics, not organics. 
Addition of a reducing agent to lower the 
oxidation state of a substance to reduce 
toxicity/solubility. Mainly applicable to 
inorganic wastes, phenols, pesticides, and 
sulfur-containing compounds 
Addition of an oxidizing agent to raise 
the oxidation state of a substance. 
Applicable to organics and some metals, 
primarily iron and manganese. 

Electrical currents are used to put ferrous 
and hydroxyl ions into solution for 
subsequent removal via precipitation. 
Applicable to metals removal. 

Site-Specific Applicability 

Potentially applicable to halogenated 
and nonhalogenated organic COCs. 

Potentially applicable to most organic 
cots. 

Not applicable because dissolved 
solids are not anticipated to be a 
primary treatment concern at this site. 

Not applicable to the organic COCs. 
Inorganic compounds are not a 
primary treatment concern at this site. 

Not applicable to the organic COCs. 
Inorganic compounds are not a 
primary treatment concern at this site. 

Not applicable to the organic COCs. 
Inorganic compounds are not a 
primary treatment concern at this site. 

Not applicable to the organic COCs. 
Inorganic compounds are not a 
primary treatment concern at this site. 

I 

Screening 
Results 

Retained 

Retained 

Eliminated 

Eliminated 

Eliminated 

Eliminated 

Eliminated 



TABLE 3-2 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 1 

General Response Remedial Action 
Action Technology 

Process Option Description Site-Specific Applicability Screening 
Results 

Treatment Actions 
(Continued) 

Physical/Chemical 
Treatment 
(Continued) 

Neutralization 

Precipitation 

Oil/Water Separation 

Filtration 

UV Oxidation 

Flocculation 

Sedimentation 

Addition of an acid or base to a waste in Not applicable because pH adjustment Eliminated 
order to adjust its pH. Applicable to is not a concern at this site. 
acidic or basic waste streams. . 

Materials in solution are transferred into Not applicable to the organic COCs. Eliminated 
a solid phase for removal. Applicable to Inorganic compounds are not a 
particulates and metals. primary treatment concern at this site. 

Materials in solution are transferred into Not applicable because no free phase Eliminated 
a separate phase for removal. Applicable product was detected at the site. 
to petroleum hydrocarbons. 
Removal of suspended solids from Not applicable because the removal of Eiiminated 
solution by forcing the liquid through a suspended solids and inorganic 
porous medium. Applicable to compounds is not a primary treatment 
suspended solids. concern at this site. 
Ultraviolet (UV) radiation, ozone, and/or Potentially applicable to the organic Retained 
hydrogen peroxide are used to destroy cots. 
organic contaminants as water flows into 
a treatment tank; an ozone destruction 
unit treats off-gases from the treatment 
tank. 
Small, unsettleable particles suspended in Not applicable to the organic COCs. Eliminated 
a liquid medium are made to agglomerate Patticulates and inorganic compounds 
into larger particles by the addition of are not anticipated to be a primary 
flocculating agents. Applicable to treatment concern at this site. 
particulates and inorganics. 
Removal of suspended solids in an Not applicable to the organic COCs. Eliminated 
aqueous waste stream via gravity Particulates and inorganic compounds 
separation. are not anticipated to be a primary 

treatment concern at this site. 
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General Response 
Action 

Treatment Actions 
(Continued) 

TABLE 3-2 (Continued) 

PRELIMINARY SCREENING GF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA t 

Remedial Action 
Technology 

Physical/Chemical 
Treatment 
(Continued) 

Thermal Treatment 

Engineered Wetland 
Treatment 

Off-site Treatment 

Process Option 
I 

Description 

Chemical Dechlorination 
(KPEG) 

Incineration/ 
Thermal Desorption 

Constructed Wetlands 

POTW 

RCRA Facility 

Sewage Treatment Plant 

Process which uses specially synthesized 
chemical reagents to destroy hazardous 
chlorinated molecules or to toxify them 
to form other less harmful compounds. 
Applicable to PCBs, chlorinated 
hydrocarbons and dioxins. 

I Site-Specific Applicability 
I 

Screening 
Results t 

Not applicable to the organic COCs. Eliminated 

Combustion of waste at high Not applicable to non-combustible Eliminated 
temperatures. Different incinerator types liquids such as the groundwater. 
can. be applicable to pumpable organic 
wastes, combustible liquids, soils, 
slurries, or sludges. 
An engineered complex of plants, Not applicable to the halogenated Eliminated 
substrates, water, and microbial 
populations. Contaminants are removed 
via plant uptake, biodegradation 
(organics only), precipitation, and 
sorption processes. 
Extracted groundwater discharged to 

organic COCs. 

Not implementable since this POTW Eliminated 
Jacksonville POTW for treatment. 1 will not accept contaminated I 

groundwater. 

Extracted groundwater discharged to 
licensed RCRA facility for treatment 

Not implementable due to large 
volume of groundwater. 

Eliminated 

and/or disposal. 

Extracted groundwater discharged to 
Base STP for treatment. 

Not implementable since Base STP 
cannot effectively treat highly 
concentrated VOCs. 

Eliminated 



TABLE 3-2 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA t 

General Response 
Action 

Treatment Actions 
(Continued) 

Remedial Action 
Technology 

In Situ Treatment 

Process Option 

Bioventing 

Air Sparging 

Dual-Phase Vacuum 
Extraction 

In-Well Aeration (a.k.a. 
UVB, vacuum vaporizer 
well, in-situ air stripping) 

Passive Treatment Wall 

Description Site-Specific Applicability Screening 
Results 

System of introducing nutrients and Potentially applicable to the Retained 
oxygen to waste for the stimulation or nonhalogenated COCs. 
augmentation of microbial activity to 
degrade contamination. Applicable to 
nonhalogenated organic compounds. 
The injection of air under pressure in Potentially applicable using horizontal Retained 
groundwater to remove VOCs via or angled drilling techniques. 
volatilization. Air bubbles migrate into 
the vadose zone where they can be 
extracted or treated by other methods. 
Introduction of air also may promote 
degradation of contaminants through 
biological transformation. 
Extraction of a two-phase air-water Not applicable because the proposed Eliminated 
stream under high vacuum using wells highway serves as obstruction to the 
screened above and below the water vertical wells required for the 
table. implementation of this type of system. 
Process of inducing air into a well by Similar to air sparging. Potentially . Retained 
applying a vacuum. Results in an in-well applicable. 
airlift pump effect that serves to strip 
volatiles from groundwater inside the 
well. 
A permeable reaction wall is installed Potentially applicable to the Retained 
across the flow path of a contaminant halogenated organic COCs. 
plume, allowing the plume to passively 
more through the wall. 



J 

TABLE 3-2 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA * 

General Response 
Action 

Discharge Actions 

Remedial Action 
Technology 

On-Site Discharge 

Off-Site Discharge 

Process Option 

Reinjcction 
0 Injection Wells 
0 InfiltrationGalleries 

Surface Water 

POTW 

Surface Water 
Base STP 

Description 

Treated water reinjection into the site 
aquifer via use of shallow infiltration 
galleries (trenches) or injection wells. 

Treated water discharged to Brinson 
Creek. 
Treated water discharged to Jacksonville 
POTW. 
Treated water discharged to New River. 

Treated water discharged to closest Base 
STP. 

Site-Specific Applicability 

Not applicable. Could induce 
intolerable ground settlement above 
the highway from fluctuations in the 
groundwater table. 
Potentially applicable. 

Not implementable due to distance. 

Potentially applicable. 
Not implementable due to distance. 

Screening 
Results 

Eliminated 

Retained 

Eliminated 

Retained 
Eliminated 
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TABLE 3-3 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 1 

General 
Response 
Action 

\lo Action 

nstitutional 
Zontrols 

Zollection 
4ctions 

Remedial 
Action 

Technology 

No Action 

Monitoring 

Aquifer-Use 
Restrictions 

Subsurface 
Drains 

Evaluation 

Process Option Evaluation 
Effectiveness Implementability cost Results 

Natural Attenuation l Evaluation not necessary since it is the l Evaluation not necessary since it is l Evaluation not necessary Retained 
only option under this general response the only option under this general since it is the only option 
action category. response action category. under this general response 

action category. 
Groundwater l Provides a means for evaluating impact l Readily implementable, but, will l Low capital. Retained 
Monitoring of natural attenuation processes and likely require additional monitoring l Low to moderate O&M. 

monitoring contaminant migration. well installation to replace those 
wells abandoned due to the highway. 

Restrictions in Base 0 Reduces future direct exposure to 0 Readily implementable by Camp 0 Low capital. Retained 
Master Plan contaminated groundwater. Lejeune staff. . NoO&M. 

Interceptor Trenches l Commercial track record for collecting l Requires an experienced specialty l Low to moderate to high Retained 
and containing a contaminated contractor capital. 
groundwater plume. l May require handling and disposal of l Low to moderate O&M 

l Applicable only for shallow a substantial volume if contaminated 
groundwater plumes soil is encountered during excavation 

l Area of influence is limited l Potential exposures during 
installation 

l May require a special permit to 
install in a wetlands 

C 
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TABLE 3-3 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA t 

General 
Response 

Action 

Treatment 
Actions 

Remedial 
Evaluation 

Action Process Option 
Evaluation 

Technology Effectiveness Implementability cost Results 

Biological Aerobic l Not effective treatment for halogenated l Commercially available technology l Moderate capital. Eliminated 
Treatment organics l Will require bench-scale testing l Moderate O&M. 

l High levels of halogenated organics 
may adversely impact treatment of 
nonhalogenated organics 

l Contaminants are converted to carbon 
dioxide and water 

Physical/ 
Chemical 
Treatment 

In Situ 
Treatment 

Volatilization 
(Air/System 
Stripping) 

Carbon Adsorption 

UV Oxidation 

Air Sparging 

0 Can potentially remove all organic l Commercially available technology l Low to moderate capital. Retained 
contaminants l Secondary treatment of off gas may l Low to moderate O&M. 

l Commercially proven and widely used be required 
technology l May require air emissions treatment 

l Contaminant transfer rather than 
destruction technology 

0 Can potentially remove all organic l Commercially available technology l Low to moderate capital. Eliminated 
contaminants l Spent carbon must be properly l Low to high O&M 

l Commercially proven and widely used regenerated or disposed (dependent on loading rates 
technology l May require bench-scale testing and carbon life). 

l Contaminant transfer rather than 
destruction technology 

0 Can potentially remove all organic l Commercially available technology l Moderate to high capital. Eliminated 
contaminants l Secondary treatment of off gas may l 

Commercially proven technology 
Moderate to high O&M. 

l be required 
l Contaminant destruction rather than l May require bench-scale testing 

transfer technology 
l Effectiveness is reduced by high iron 

and other organic levels in groundwater 

0 Can potentially remove all organic l Commercially available technology 0 Moderate to high capital. Retained 
contaminants 0 Secondary treatment of off gas may l Low to moderate O&M. 

l Commercially proven technology be required 
l Contaminant transfer rather than l May require air emissions permit 

destruction technology 



TABLE 3-3 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA t 

General Remedial 
Evaluation 

Response Action Process Option Evaluation 

Action Technology Effectiveness Implementability cost Results , 

Treatment In Situ In-Well Aeration 0 Can potentially remove all organic l Patented technology licensed by a l Moderate to high capital. Retained 
Actions (cont’d) Treatment contaminants. single vendor. l Low to moderate O&M. 

(cont’d) l Limited commercial track record. 0 Secondary treatment of off gas may 
l Contaminant transfer rather than be required. 

destruction technology. l May require air emissions permit. 

Passive Treatment l Not effective treatment for BTEX l Technology currently provided by a l Moderate to high capital. Eliminated 
Wall contaminants. single vendor. l Low O&M. 

l Innovative technology with minimal l May require retrofit after prolonged 
long-term applications. remediation. 

l Contaminant destruction technology. 



4.0 -DEVELOPMENT AND SCREENING OF ALTERNATIVES 

In this section, general response actions and the process options chosen to represent the various 
technology types applicable for the contaminated smficial groundwater in the vicinity of the Fuel 
Farm at Site 35 will be combined to form remedial action alternatives. Following development, each 
alternative will be evaluated against the short-term and long-term aspects of three criteria 
(effectiveness, implementability, and cost). The alternatives with the most favorable composite 
evaluation of all criteria will be retained for further consideration during the detailed evaluation 
(Section 5.0). 

4.1 DeveioDment of Alternativeq 

The general response actions and process options chosen to represent the various applicable 
technologies identified on Table 3-3 have been combined into five remedial action alternatives 
@As) potentially applicable for the contaminated suficial aquifer near the Fuel F&m at Site 35. 

These RAAs combine one or more of the previously screened process options as follows: 

0 I&4 1: No Action 
0 I&42: No Action with Institutional Controls 
0 RfL43: Groundwater Collection and On-Site Treatment 
0 RAA4: In Situ Air Sparging and Off Gas Carbon Adsorption 
0 RtL45: In Well Aeration and Off Gas Carbon Adsorption 

As indicated by their titles, RAAs 1 and 2 do not include provisions for the active treatment while 
RA4s 3,4 and 5 are treatment alternatives. As part of the RAA development process an evaluation 
is made as to precisely where at a particular site it would be best to install any remediation system 
designed for shallow groundwater. This is particularly an issue at Site 35 because of the proposed 
highway which is scheduled for completion prior to implementation of the remediation and will be 
constructed over a substantial area of previously identified shallow groundwater contamination. 

The remedial alternatives developed are considered to be interim in nature because they provide for 
additional protection to human health and the environment, but are not necessarily intended to 
represent the final solution for site. This Interim Remedial Action FS does not seek to remediate 
groundwater contamination across the entire Site 35 because, based on the results of the RI, it has 
not been adequately defined to date. Since the entire area of shallow contamination cannot be 
addressed, the alternatives developed for the Interim FS focused on remediating the shallow 
groundwater contamination along the downgradient extreme of the plume; that is, in the area 
between the proposed highway and Brinson Creek. A remediation system installed in this area 
would ideally contain the groundwater contamination from Site 35 prior to its being discharged to 
Brinson Creek. Additional remediation beneath the proposed highway and further upgradient may 
be necessary, but should be part of an overall site-wide groundwater remedial action to be 
considered under a future comprehensive FS. 

The proposed highway also represents an access constraint that directly impacts the cost of 
remediation. Access during construction and operation to the area between the proposed highway 
and Brinson Creek is critical to this project and can be provided three ways including: 1) via 
emergency on and off ramps from and to the proposed highway; 2) via a tunnel or culvert through 
and beneath the proposed highway; or 3) via a dedicated access road constructed parallel to the 
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propost?d highway. Although much of the area on the creek side of the highway is marshy, it has 
been determined that adequate space and firm foundation material will likely be available for any 
treatment facilities associated with RAAs 3, 4, and 5. In this case, an access road constructed 
parallel to the new highway on the creek side would be sufficient. 

Baker, LANTDIV, and MCB, Camp Lejeune will negotiate with NC DOT regarding the specifics 
for site access to the creek side of the new highway. The EPA and NC DEHNR will be kept abreast 
of developments on this subject. In this FS, Baker proposes an access road running along the east 
side of the highway from the south. 

4.1.1 R4A 1: No Action 

Under the No Action RAA, no remedial actions will be performed to reduce the toxicity, mobility, 
or volume of the contaminated smficial groundhater at Site 35. This method assumes that passive 
remediation will occur via natural attenuation processes and that the contaminant levels will be 
reduced over an indefinite period of time. However, the achievable reductions versus time is 
difficult if not impossible to predict. 

The No Action RAA is required by the NCP to provide a baseline for comparison with other 
alternatives. Since contaminants will remain at the site under this alternative, USEPA is required 
by the NCP [40 CFR 300.5 15(e)(ii)] to review the effects of this alternative no less often than every 
five years. 

4.1.2 FMA 2: No Action with Institutional Controls 

Under RAA No.2, no remedial actions will be performed to reduce the toxicity, mobihty, or volume 
of the contaminated surficial groundwater at Site 35. This I%4 assumes that the Base Master Plan 
will be modified to include restrictions on the use of the surficial aquifer in the vicinity of the Fuel 
Farm. This will reduce the risk to human health and the environment posed by this media by 
eliminating one exposure pathway, however, without additional remediation the contaminated 
surf-icial groundwater will remain a future source of contamination for Brinson Creek. 

In addition to aquifer-use restrictions, long-term groundwater monitoring is to be included under this 
RAA to provide data regarding the impact of natural attenuation and the progress of contaminant 
migration. Long-term groundwater monitoring includes the semi-annual collection and analysis 
(TCL VOCs) of groundwater samples from 11 monitoring wells, the development of a semi-annual 
monitoring report, and the replacement of one monitoring well every five years. Figure 4-l depicts 
possible locations of additional monitoring wells. 

Since contaminants will remain at the site under this alternative, the USEPA is required by the NCP 
[40 CFR 300.5 15(e)(iii)J to review the effects of this alternative no less often than every five years. 

4.1.3 R4A 3: Groundwater Collection and On-Site Treatment 

RAA 3 is a source collection and treatment alternative, the source being the contaminated surficial 
groundwater in the vicinity of the Fuel Farm at Site 35. Under this alternative a vertical interceptor 
trench will be installed at the downgradient edge of the contaminated plume in the area between the 
proposed highway and Brinson Creek (see Figure 4-2). The interceptor trench will be installed from 
the ground surface to the semi-confining layer at the base of the surficial aquifer (see Figures 4-3 
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and 4-4). The purpose of the interceptor trench is to collect contaminated surficial groundwater for 
transfer to an on-site treatment facility prior to it being discharged to Brinson Creek. 

The type of interceptor trench proposed under RAA 4 is termed a “biopolymer slurry drainage 
trench.” This type of trench can be installed without dewatering or structural bracing. Through the 
use of a natural, biodegradable slurry, the walls of a trench excavation can be supported and the 
trench can be installed without personnel entering an excavation. Compared to other trenching 
methods, this technique is safer and cost-effective in areas with a high groundwater and unstable soil 
because there are no costs of dewatering and water disposal or shoring. 

A biopolymer slurry drainage trench is constructed in much the same manner as a typical slurry cut- 
off wall. However, unlike a bentonite-clay slurry, a biodegradable biopolymer slurry supports the 
walls of the trench while excavated materials are removed and drainage structures are installed. The 
biopolymer slurry then naturally biodegrades after the trench is backfilled. In the end, a permeable 
wall is left intact (see Appendix B for additional information on this technology). 

The interceptor trench will be designed to collect groundwater at a rate roughly equal to the rate of 
groundwater flow (i.e., roughly 5 to 10 gpm. See calculations contained in Appendix C) across the 
upgradient face of the trench (3 1,900 square feet). Flow across the downgradient face of the trench 
will be restricted by an impermeable geomembrane barrier. Drawdown of the groundwater surface 
will be minimized so as to mitigate the potential of excessive ground settlement beneath the 
highway. The collected groundwater will be conveyed to an on-site treatment plant located just east 
of the proposed highway right-of-way, creek-side, where it appears that adequate space and firm 
foundation material is available. 

Baker, LANTDIV, and MCB, Camp Lejeune will negotiate with NC DOT regarding the specifics 
for site access to the creek-side of the new highway. The EPA and NC DEHNR will be kept abreast 
of developments on this subject. In this FS, Baker proposes an access road running along the east 
side of the highway from the south. 

The collected groundwater will be treated sufficiently to allow for its discharge to Brinson Creek 
at a point downstream of Site 35. It is anticipated that the groundwater treatment system will 
include filtration for the removal of suspended solids, precipitation for the removal of inorganics, 
sludge collection and disposal, volatilization (air stripping) for the removal of VOCs, and secondary 
treatment of VOC emissions from the air stripper and of the treated groundwater (i.e., via carbon 
adsorption). The treatment plant effluent will be sampled once a month to insure that water 
discharged to Brinson Creek meets all applicable water quality standards. The process flow diagram 
is depicted in Figure 4-5. 

BAA 3 assumes that the Base Master Plan will be modified to include restrictions on the use of the 
surficial aquifer in the vicinity of the Fuel Farm. This will reduce the risk to human health and the 
environment posed by this media by eliminating one exposure pathway. 

In addition to aquifer-use restrictions, long-term groundwater monitoring is to be included under this 
BAA to provide data regarding the impact of natural attenuation and the progress of contaminant 
migration. Long-term groundwater monitoring includes the semi-annual collection and analysis 
(TCL VOCs) of groundwater samples from 11 monitoring wells, the development of a semi-annual 
monitoring report, and the replacement of one monitoring well every five years. 
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Since c’>ntaminants will remain at the site under this alternative, the USEPA is required by the NCP 
[40 CFR 300.5 15(e)(iii)] to review the effects of this alternative no less often than every five years. 

4.1.4 FUA 4: In Situ Air Sparging And Off-Gas Carbon Adsorption 

In situ air sparging (IAS) is a technique in which air is injected into water saturated zones for the 
purpose of removing organic contaminants primarily via volatilization and secondarily via aerobic 
biodegradation. IAS systems introduce contaminant-free air into an impacted aquifer near the base 
of the zone of contamination, forcing contaminants to transfer from the groundwater into sparged 
air bubbles. The air bubbles are then transported into soil pore spaces in the unsaturated zone where 
they are typically collected via soil vapor extraction (SVE) and conveyed to an on-site off-gas 
treatment system. 

An IAS system typically is comprised of the following components: 1) air injection wells; 2) an air 
compressor; 3) air extraction wells; 4) a vacuum pump; 5) associated piping and valving for air 
conveyance; and 6) an off-gas treatment system (e.g., activated carbon, combustion, or oxidation). 
Under RAA 4 a line of air sparging wells will be installed between the proposed highway and 
Brinson Creek in order to treat and contain the contaminated plume near its downgradient extreme 

. (see Figure 4-6). Based on empirical data from similar sites, the radius of influence of an air 
sparging well ranges from five to almost 200 feet, but is typically on the order of 25 feet (EPA, 
1992). A typical well detail and process flow diagram for the IAS system proposed under RAA 4 
is depicted in Figure 4-7. The proposed off-gas treatment system, consisting primarily of activated 
carbon units, will be located east of the proposed highway where it appears that there is adequate 
space and firm foundation material available for its construction. The air emissions from the off-gas 
treatment system will be sampled monthly to insure that all applicable air emissions standards are 
being met. 

Air sparging systems are most effective in sandy soils, but, can be adversely impacted by high levels 
of inorganic compounds in the groundwater which oxidized and precipitate when contacted by the 
sparged air. These organics can form a heavy scale on well screens and clog the well space of the 
sand pack surrounding the well screen resulting in a reduction in permeability. A field pilot test is 
recommended to determine the loss of efficiency over time as a result of inorganics precipitation and 
oxidation, the radius of influence of the wells under various heads of injection air pressure, and the 
rate of off-gas organic contaminant removal via carbon adsorption and carbon breakthrough (see 
Appendix D for additional information on this technology). 

Baker, LANTDIV, and MCB, Camp Lejeune will negotiate with NC DOT regarding the specifics 
for site access to the creek side of the new highway. The EPA and NC DEHNR will be kept abreast 
of developments on this subject. In this FS, Baker proposes an access road running along the east 
side of the highway from the south. 

RAA 4 assumes that the Base Master Plan will be modified to include restrictions on the use of the 
surficial aquifer in the vicinity of the Fuel Farm. This will reduce the risk to human health and the 
environment posed by this media by eliminating one exposure pathway. 

In addition to aquifer-use restrictions, long-term groundwater monitoring is to be included under this 
BAA to provide data regarding the impact of natural attenuation and the progress of contaminant 
migration. Long-term groundwater monitoring includes the semi-annual collection and analysis 

‘w 
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(TCL VOCs) of groundwater samples from 1 1 monitoring wells, the development of a semi-annual 
monitoring report, and the replacement of one monitoring well, every five years. 

Since contaminants will remain at the site under this alternative, the USEPA is required by the NCP 
[40 CFR 300.5 1 S(e)(iii)J t o review the effects of this alternative no less often than every five years. 

4.1.5 RAA 5: In Well Aeration and Off-Gas Carbon Adsorption 

In well aeration is a new technology that utilizes circulating air flow within a groundwater well that, 
in effect, turns the well into an air stripper. In well aeration differs from air sparging in that 
volatilization occurs outside the well via air sparging and within the well via in well aeration. 
Similar to air sparging, this technique removes organic contaminants from groundwater primarily 
via volatilization and secondarily via aerobic biodegradation. Under RAA 5 a line of in well 
aeration wells will be installed between the proposed highway and Brinson Creek in order to treat 
the contaminated plume near its downgradient extreme and contain the migration the plume toward 
Brinson Creek (see Figure 4-8). The radius of influence or capture zone, of an in well aeration well 
is reportedly much greater than that of a typical air sparging well. At Site 35, the radius of influence 
has been calculated by the technology’s developers to be over 100 feet. This radius of influence is 
based upon site specific geological and hydrogeological parameters. Volatilized organic 
contaminants collected by the in well aeration system, unlike air sparging, will be treated at each in 
well aeration well by independent carbon adsorption systems which will rest adjacent to the wells. 
The air emissions from the off-gas treatment system will be sampled monthly to insure that all 
applicable air emissions standards are being met. Each well and above-ground off-gas treatment 
system will be housed in a small prefabricated building. 

In well aeration systems, like IAS systems, are most effective in sandy soils, but can be adversely 
impacted by high levels of inorganic compounds in the groundwater which oxidize and precipitate 
when contacted by air. These inorganics can form a heavy scale on well screens and clog the well 
space of the sand pack surrounding the well screen resulting in a reduction in permeability. A field 
pilot test is recommended to determine the loss of efficiency over time as a result of inorganics 
precipitation and oxidation, the radius of influence of the wells under various heads of injection air 
pressure, and the rate of off-gas organic contaminant removal via carbon adsorption and carbon 
breakthrough (see Appendix E for additional information on this technology). 

Baker, LANTDIV, and MCB, Camp Lejeune will negotiate with NC DOT regarding the specifics 
for site access to the creek side of the new highway. The EPA and NC DEHNR will be kept abreast 
of developments on this subject. In this FS, Baker proposes an access road running along the east 
side of the highway from the south. 

RAA 5 assumes that the Base Master Plan will be modified to include restrictions on the use of the 
surficial aquifer in the vicinity of the Fuel Farm. This will reduce the risk to human health and the 
environment posed by this media by eliminating one exposure pathway. 

In addition to aquifer-use restrictions, long-ten-n groundwater monitoring is to be included under this 
RAA to provide data regarding the impact of natural attenuation and the progress of contaminant 
migration. Long-term groundwater monitoring includes the semi-annual collection and analysis 
(TCL VOCs) of groundwater samples from 11 monitoring wells, the development of a semi-annual 
monitoring report, and the replacement of one monitoring well every five years. 
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Since contaminants will remain at the site under this alternative, the USEPA is required by the NCP 
[40 CFR 300.5 I5(e)(iii)J to review the effects of this alternative no less often than every five years. 

4.2 Screenine of Alternativq 

Typically, this section of the FS presents the initial screening of the potential RAAs. The objective 
of this screening is to’make comparisons between similar alternatives, so that only the most 
promising ones are carried forward for further evaluation (USEPA, 1988a). This screening is an 
optional step in the FS process, and is usually conducted if there are too many RAAs to perform the 
detailed evaluation on. In the case of Site 35 (OU No. lo), the decision was made not to conduct 
this preliminary IL4A screening step, and therefore, all of the developed RAAs will undergo the 
detailed evaluation presented in the next section. 

.) 
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5.0 -DETAILED ANALYSIS OF ALTERNATIVES 

This section of the FS contains the detailed analysis of the set of RAAs developed in Section 4.0. 
This analysis has been conducted to provide sufficient information to adequately compare the 
alternatives, select an appropriate remedy for the site, and demonstrate satisfaction of the CERCLA 
remedy selection requirements in the ROD (USEPA, 1988a). 

The extent to which alternatives are assessed during this detailed analysis is influenced by the 
available data, the number and types of alternatives being analyzed, and the degree to which 
alternatives were previously analyzed during their development and screening (USEPA, 1988a). 

The following nine evaluation criteria serve as the basis for conducting the detailed analysis: 

1. Overall protection of human health and the environment 
2. Compliance with ARARs 
3. Long-term effectiveness and permanence 
4. Reduction of toxicity, mobility, or volume 
5. Short-term effectiveness 
6. Implementability 
7. cost 
8. USEPA/State acceptance 
9. Community acceptance 

The first two criteria (referred to as the Threshold Criteria) relate directly to statutory findings; the 
next five criteria (referred to as the Primary Balancing Criteria) are the primary criteria upon which 
the analysis is based; and the final two criteria (referred to as the Modifying Criteria) are typically 
evaluated following comment on the RI/FS report and the proposed plan. 

5.1 Individual Analvsis of Alternatives 

The individual analysis of the R&k is presented in the following subsections. This analysis 
includes an assessment and a summary profile of each of the IV&s against the evaluation criteria, 
and a comparative analysis among the alternatives to assess the relative performance of each with 
respect to each of the evaluation criterion. 

The cost estimates that have been developed for each of the alternatives include both capital and 
operational expenditures. The cost evaluation presents the net present worth (NPW) values for each 
of the alternatives such that the options can be easily compared. The accuracy of each cost estimate 
depends upon the assumptions made and the availability of costing information. The present worth 
costs were calculated assuming a 30-year operational period (based on USEPA guidance) for all of 
the alternatives, a five percent discount factor, and a zero percent inflation rate. All costs presented 
in the following sections have been updated to 1995 dollar values. 

For this FS, it has been assumed that groundwater monitoring will be conducted semiannually for 
30 years. This assumption has been made for costing purposes only. 
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5.1.1 -F&L4 1: No Action 

5.1.1.1 Description 

Under the No action &IA, no remedial actions will be performed to reduce the toxicity, mobility, 
or volume of the contaminated surficial groundwater at Site 35. This method assumes that passive 
remediation will occur via natural attenuation processes and that the contaminant levels will be 
reduced over an indefinite period of time. However, the achievable reductions versus time are 
difficult, if not impossible to predict. 

The No Action RAA is required by the NCP to provide a baseline for comparison with other 
alternatives. Since contaminants will remain at the site under this alternative, USEPA is required 
by the NCP [40 CFR 300.5 15(e) (ii)] to review the effects of this alternative no less often than every 
five years. 

5.1.1.2 Assessment 

Overall Protection of Human Health and the Environment 

The No Action RAA does not’provide for any protection to human health or to the environment with 
respect to exposure to contaminated surficial groundwater in the vicinity of the Fuel Farm at Site 
35. Contaminants in the surficiai groundwater will continue to be the source of future contamination 
via direct discharge to Brinson Creek. Reductions in contaminant levels may occur over time as a 
result of natural attenuation processes; however, the extent of the attenuation and time required to 
achieve any reductions is impossible to predict. 

Comnliance with ARARs 

Under the No Action RAA, no active effort will be made to reduce the levels of various organic 
contaminants in the surficial groundwater to achieve the remediation goals. Therefore, this 
alternative will not achieve the remediation levels for the COCs identified in Section 2.7. 

Long-Term Effectiveness and Permanence 

Under the No Action RAA, any long-term or permanent effect on contamination in the surficial 
aquifer in the vicinity of the Fuel Farm is dependent on reductions achieved via natural attenuation 
processes. The extent and degree of natural attenuation and time required to achieve it is impossible 
to predict. Since contaminants will remain at the site under this alternative, USEPA is required by 
the NCP [40 CFR 300.5 15(e) (ii)] to review the effects of this alternative no less often than every 
five years. 

Reduction of Toxicity. Mobilitv. or Volume 

The No Action R/W does not provide for any form of active treatment with the exception of natural 
attenuation processes. Natural attenuation may reduce the toxicity, mobility, or volume of organic 
contaminants in the surficial groundwater at Site 35; however, the extent and degree of the natural 
attenuation and time required to achieve it is impossible to predict. 
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Short-Term Effectiveness 

Under the No Action RAA, no construction or treatment activities will be implemented and, 
consequently, there will be no workers placed at risk to exposure to toxic chemicals. The risks to 
the public health and the environment will remain unchanged unless natural attenuation processes 
result in a substantial reduction in contaminant levels. 

Imnlementabihtv 

The No Action RAA is easily implementable since no remediation or monitoring activities are 
required. In terms of administrative feasibility, this R4A should not require coordination with other 
agencies. The availability of services and materials is not applicable to this alternative. 

There are no capital or operation and maintenance (O&M) costs associated with the No Action 
RAA. 

USEPAIState AcceDtance 

The No Action RAA is a required component of an FS. It has historically not been deemed 
acceptable by the USEPA or NC DEHNR at contaminated sites with nearby receptors such as 
Brinson Creek. 

Communitv Acceotance 

There seems to be little public interest in this decision process. Although it can be assumed that the 
distinct odor which is occasionally prevalent around Brinson Creek due to contaminants would not 
be desirable to the local community. Under the No Action RAA this odor would persist and likely 
render this alternative unacceptable to the community. 

51.2 RAA 2: No Action With Institutional Controls 

5.1.2.1 Description 

Under RAA No. 2, no remedial actions will be performed to reduce the toxicity, mobility, or volume 
of the contaminated surficial groundwater at Site 35. This &%A provides for the revision of the Base 
Master Plan to include restrictions on the use of the surficial aquifer in the vicinity of the Fuel Farm. 
This will reduce the risk to human health and the environment posed by this media by eliminating 
one exposure pathway; however, the impacted surficial groundwater will remain a potential source 
of contamination to Brinson Creek. 

In addition to the aquifer-use restrictions, long-term groundwater monitoring is to be included under 
this RAA to provide data regarding the impact of natural attenuation and the progress of contaminant 
migration. Long-term groundwater monitoring includes the semi-annual collection and analysis 
(TCL VOCs) of groundwater samples from 11 monitoring wells, the development of a semi-annual 
monitoring report, and the replacement of one monitoring well every five years. 
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Since centaminants will remain at the site under this alternative, the USEPA is required by the NCP 
[40 CFR 300.5 15(e) (iii)] to review the effects of this alternative no less often than every five years. 

5.1.2.2 Assessment 

Overall Protection of Human Health and the Environment 

The incorporation of aquifer-use restrictions into the Base Master Plan will provide for protection 
of human health and the environment to direct exposure to the contaminated surfmial groundwater 
at Site 3.5. Since no active means of treatment or contaminant reduction is provided for under this 
RAA, contaminated surficial groundwater discharge to Brinson Creek can be expected to continue. 
Reductions in contaminant levels may occur over time as a result of natural attenuation processes; 
however, the extent and degree of the attenuation and time required to achieve it is impossible to 
predict. 

RAA 2 includes long-term groundwater monitoring to provide data regarding the impact of natural 
attenuation and the progress of contaminant migration. 

Comoliance With ARARs 

Under RAA 2 no effort will be made to reduce the levels of various organic contaminants in the 
surfkial groundwater to achieve the remediation goals. Therefore, this alternative will not achieve 
the remediation levels for COCs identified in Section 2.7. 

Lone-Term Effectiveness and Permanence 

Upon the implementation of aquifer-use restrictions, RAA 2 provides a permanent means for 
protecting human health from direct exposure to contaminants within the surficial aquifer at Site 35. 
However, the impacted surficial aquifer will remain a potential source of contaminant discharge to 
Brinson Creek. Reductions in contaminant levels may occur over time as a result of natural 
attenuation processes; however, the extent and degree of the attenuation and time required to achieve 
it is impossible to predict. Since contaminants will remain at the site under this alternative, USEPA 
is required by the NCP [40 CFR 300.5 15(e) (ii)] to review the effects of this alternative no less often 
than every five years. 

Reduction of Toxicity. Mobility. or Volume 

RAA 2 does not provide for any form of active treatment of the surficial groundwater at Site 35. 
Natural attenuation may reduce the toxicity, mobility, or volume of organic contaminants in the 
surficial groundwater at Site 35; however, the extent and degree of the attenuation and time required 
to achieve it is impossible to predict. 

Short-Term Effectiveness 

Under RAA 2, on-site activities will include the installation of four new groundwater monitoring 
wells and the semi-annual sampling of 11 wells. The potential for worker exposure is limited as 
these activities will be carried out by trained environmental professionals. 

5-4 



Upon implementation aquifer-use restrictions will reduce the risk of direct exposure to groundwater 
contamination by civilian and military personnel. However, the surficial aquifer will remain a 
potential future source contamination via direct discharge to Brinson Creek. 

Imolementability 

R4A 2 will be relatively easy to implement since no remediation activities are involved. Some 
effort will be required to modify the Base Master Plan and prepare a long-term groundwater 
monitoring plan. The latter document will be subject to review and some agency interaction can be 
expected. It is anticipated that four new groundwater monitoring wells will need to be installed 
primarily as replacements for those wells abandoned when the proposed highway is constructed in 
1955. In addition to these four new wells, seven existing wells will be sampled on a semi-annual 
basis. The results of sample analyses from these 11 wells will be presented in a report prepared 
semi-annually for agency review. This data will be used to monitor the effects of natural attenuation 
and the progress of contaminant migration. 

The projected cost of I&4 2 is presented in Table 5-l. 

USEPA/State Acceotance 

This I&4, No Action with Institutional Controls, is a required component of an FS. It has 
historically not been deemed acceptable by the USEPA and NC DEHNR at contaminated sites with 
nearby receptors such as Brinson Creek. 

Communitv Accentance 

There seems to be little public interest in this decision process. Although it can be assumed that the 
distinct odor which is occasionally prevalent around Brinson Creek due to contaminants would not 
be desirable to the local community. Under RAA 2 this odor would persist and likely render this 
alternative unacceptable to the community. 

5.1.3 RAA 3: Groundwater Collection and On-Site Treatment 

5.1.3.1 Descriution 

MA 3 is a source collection and treatment alternative, the source being the contaminated surficial 
groundwater in the vicinity of the Fuel Farm at Site 35. Under this alternative a vertical interceptor 
trench, approximately two-feet wide, by 30-feet deep, by 1,080 feet long, will be installed at the 
downgradient edge of the contaminated plume in the area between the proposed highway and 
Brinson Creek. The interceptor trench will be constructed from the ground surface to the semi- 
confining layer at the base of the surficial aquifer. The purpose of the interceptor trench is to collect 
contaminated surficial groundwater for transfer to an on-site treatment facility prior to it being 
discharged to Brinson Creek. 

The type of interceptor trench proposed under RAA 3 is termed a “biopolymer slurry drainage 
trench.” This type of trench can be installed without dewatering or structural bracing. Through the 
use of a natural, biodegradable slurry, the walls of a trench excavation can be supported and the 
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trench ean be installed without personnel entering an excavation. compared to other trenching 
methods, this technique is safer and cost-effective in areas with a high groundwater and unstable soil 
because there are not costs of dewatering and water disposal or shoring. 

r. 

A biopolymer slurry drainage trench is constructed in much the same manner as a typical slurry cut- 
off wall. However, unlike a bentonite-clay slurry, a biodegradable biopolymer slurry supports the 
walls of the trench while excavated materials are removed and drainage structures are installed. The 
biopolymer slurry then naturally biodegrades after the trench is backfilled. In the end, a permeable 
wall is left intact. In this case an impermeable geotextile will be installed along the downgradient 
side of the trench so that groundwater will enter the trench from only the upgradient direction. 

The interceptor trench will be designed to collect groundwater at a rate roughly equal to the 
groundwater flow (i.e., roughly 5 to 10 gpm. See calculations contained in Appendix C) across the 
upgradient face of the trench (3 1,900 square feet). Flow across the downgradient face of the trench 
will be restricted by an impermeable geomembrane barrier. Drawdown of the groundwater surface 
will be minimized so as to mitigate the potential of excessive ground settlement beneath the 
highway. The collected groundwater will be conveyed to an on-site treatment plant located just east 
of the proposed highway right-of-way, creek-side, where it appears that adequate space and firm 
foundation material is available. 

Baker, LANTDIV, and MCB, Camp Lejeune will negotiate with NC DOT regarding the specifics 
for site access to the creek-side of the new highway. The EPA and NC DEHNR will be kept abreast 
of developments on this subject. In this FS, Baker proposes an access road running along the east 
side of the highway from the south. 

The collected groundwater will be treated sufficiently to allow for its discharge to Brinson Creek 
at a point downstream of Site 35. It is anticipated that the groundwater treatment system will 
include filtration for the removal of suspended solids, a settling tank for the removal of metals, 
sludge collection and disposal, volatilization (air stripping) for the removal of VOCs, and secondary 
treatment of VOC emissions from the air stripper and of the treated groundwater (i.e., via carbon 
adsorption). The treatment plant effluent will be sampled once a month to insure that water 
discharged to Brinson Creek meets all applicable water quality standards. 

RAA 3 assumes that the Base Master Plan will be modified to include restrictions on the use of the 
surficial aquifer in the vicinity of the Fuel Farm. This will reduce the risk to human health and the 
environment posed by this media by eliminating one exposure pathway. 

In addition to aquifer-use restrictions, long-term groundwater monitoring is to be included under this 
R4A to provide date regarding the impact of natural attenuation and the progress of contaminant 
migration. Long-term groundwater monitoring includes the semi-annual collection and analysis 
(TCL VOCs) of groundwater samples from 11 monitoring wells, the development of a semi-annual 
monitoring report, and the replacement of one monitoring well every five years. 

Since contaminants will remain at the site under this alternative, the USEPA is required by the NCP 
(40 CFR 300.5 15(e) (iii)] t o review the effects of this alternative no less often than every five years. 
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5.1.3.2.Assessment 

Overall Protection of Human Health and the Environment 

R4A 3 provides for the overall protection of human health and the environment by intercepting 
contaminated surficial groundwater prior to its discharge to Brinson Creek and by restricting future 
use of the surflcial aquifer. A reduction of contaminants in the surficial aquifer will result from the 
collection of groundwater via the interceptor trench and subsequent treatment. Contaminant 
reduction due to this system will be limited primarily to the zone of capture of the interceptor trench 
which, based on Baker’s experience, will extend 100 feet or less upgradient of the trench. 

Aquifer-use restrictions will serve to provide additional protection against direct exposure to 
contaminated surficial groundwater at the site. 

Comnliance With ARARs 

Under RAA 3 substantial reductions of the levels of organic contaminants in the surficial 
groundwater can be expected within the capture zone of the interceptor trench. Upgradient of the 
capture zone some additional reductions can be expected from natural attenuation processes and 
because contaminants can be expected to continue to flow downgradient toward the interceptor 
trench. However, no direct means of treatment will be applied in this upgradient area under RAA 
3 and it is unlikely that the remediation levels will be achieved upgradient of the capture zone of the 
interceptor trench. 

This RAA proposes that the interceptor trench be installed in the wetlands area between the highway 
and Brinson Creek. Wetlands are specifically protected by ARARs as is the endangered alligator, 
one of which has been reported in this area. It is assumed that the intent of federal and state 
wetlands regulations will be met while conducting RAA 3 activities. 

RAA 3 provides for treated groundwater discharge to Brinson Creek and for treated air discharge 
to the atmosphere. It is assumed that the intent of air and water discharge regulation will be met. 

Long-Term Effectiveness and Permanence 

R4A 3 will provide an effective and permanent means of intercepting and treating contaminated 
surficial groundwater and mitigating the risk of future discharges of contaminants to Brinson Creek 
for as long as the system operates. Additional reductions in contaminant levels may occur over time 
as a result of natural attenuation processes; however, the extent and degree of the attenuation and 
time required to achieve any reductions is impossible to predict. Aquifer-use restrictions will 
provide a permanent means of protection against direct exposure to the surficial aquifer. 

The interceptor trench represents technology that requires special skills and experience to install and, 
consequently, is offered by a limited number of vendors. Once installed, the trench requires standard 
proven and reliable technology to operate and maintain. Routine maintenance and equipment 
replacement will be required, but, should be able to be completed without compromising the 
environmental protection component of the system. 
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Since contaminants will remain at the site under this alternative, USEPA is required by the NCP 
[40 CFR 300.5 15(e) (ii)] t o review the effects of this alternative no less often than every five years. 

w 

Reduction of Toxicitv. Mobilitv. or Volume 

RAA 3 utilizes groundwater collection and on-site, aboveground treatment as the means for reducing 
contaminant levels in the surficial aquifer at Site 35. Within the capture zone of the interceptor 
trench a reduction of toxicity, mobility, and volume of organic contaminants in the surficial aquifer 
can be expected. Upgradient of this capture zone RAA 3 does not provide for any form of active 
treatment other than natural attenuation processes. Natural attenuation may reduce the toxicity, 
mobility, or volume of organic contaminants in the surficial groundwater at Site 35; however, the 
extent and degree of the attenuation and time required to achieve it is impossible to predict. 

The on-site treatment process under RAA 3 will produce residual wastes that will require proper 
handling and disposal. These wastes include solids and metals sludge, and spent activated carbon. 
Excavated soil will be a residual waste of the trench installation process that will need proper 
disposal. 

RAA 3 satisfies the statutory preference for treatment alternatives. 

Short-Term Effectiveness 

The installation procedure for the interceptor trench is designed to minimize worker exposure to 
contaminated groundwater and toxic vapors. During operation the collection and treatment of 
contaminated surficiai groundwater is conducted essentially within a closed loop. The system allows 
minimal potential for community exposure to contaminants provided air emissions and treated 
groundwater ARARs are adhered to. 

The installation of the trench will result in some disturbance of the wetlands area within which it is 
proposed to be placed. It has been reported that an alligator, identified as an endangered species, 
inhabits B&son Creek. It is assumed that the Contractor will be able to satisfy the intentions of all 
regulations regarding protection of the wetlands and any endangered species. 

ILL4 3 will provide short-term protection against the discharge of groundwater contaminants to 
Brinson Creek. Aquifer-use restrictions will be in effect within a relatively short period; however, 
no short-term effect will be apparent because the surficial aquifer is not presently utilized at the 
Activity. 

ImDlementabilitv 

R4A 3 will present technical and perhaps regulatory challenges to its implementation. These 
challenges will stem from the proposed location of the interceptor trench within a wetlands area 
situated between Brinson Creek and the proposed highway. In addition, biopolymer slurry trench 
installation is not widely performed and the number of contractors experienced with this method is 
limited. 

Access to the area between the highway and Brinson Creek for construction equipment is limited 
and will possibIy require the cooperation ofNCDOT to incorporate access features into the proposed 
highway design. The proposed trench will be located in a soft soil area which may be difficult for 
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heavy cbnstruction equipment to maneuver on. The construction of the trench will temporarily 
disturb the wetlands area although if proper steps are taken during installation, extraordinary 
restoration efforts may be avoided. It is assumed that the intent of wetlands regulations and all 
applicable air and water discharge regulations will be met. 

The proposed groundwater monitoring program coupled with regular system operation and 
maintenance checks should be sufftcient to provide notice of a system failure so that adjustments 
can be made before a significant contaminant release would occur. 

The project cost of R4A 3 is presented in Table 5-2. 

USEPA /State Acceptance 

The USEPA and NC DEHNR have expressed their concurrence with the inclusion of this WA. 
RPFA 3 is a treatment technology and therefore acceptable to these agencies. Because RAA 3 is an 
above-ground technology, it is not as preferable as in situ alternatives, therefore, RAA 3 has been 
identified as the proposed alternative should RAA 5 be determined to be technically infeasible based 
on the results of a field test. 

Communitv Acceotance 

Based on the lack of community participation at a public meeting held on May 10, 1995, no adverse 
community reaction to the proposed remedial action is anticipated. 

5.1.4 RAA 4: In Situ Air Sparging and Off-Gas Carbon Adsorption 

5.1.4.1 Description 

In situ air sparging (IAS) is a technique in which air is injected into water saturated zones for the 
purpose of removing organic contaminants primarily via volatilization and secondarily via aerobic 
biodegradation. IAS systems introduce contaminant-free air into an impacted aquifer near the base 
of the zone of contamination, forcing contaminants to transfer from the groundwater into sparged 
air bubbles. The air bubbles are then transported into soil pore spaces in the unsaturated zone where 
they are typically collected via soil vapor extraction (WE) and conveyed to an on-site, off-gas 
treatment system. 

An IAS system typically is comprised of the following components: 1) air injection wells; 2) an air 
compressor; 3) air extraction wells; 4) a vacuum pump; 5) associated piping and valving for air 
conveyance; and 6) an off-gas treatment system (e.g., activated carbon, combustion, or oxidation). 
Under RAA 4 a line of air sparging wells will be installed between the proposed highway and 
Brinson Creek in order to treat and contain the contaminated plume near its downgradient extreme. 
Based on empirical data from similar sites, the radius of influence of an air sparging well range from 
five to almost 200 feet, but is typically on the order of 25 feet (EPA, 1992). For the purpose of the 
FS, Baker estimates that 43 sparging wells, 30 feet deep, and 43 SVE wells, 4 feet deep, would be 
required. The proposed off-gas treatment system (activated carbon) will be located just east of the 
proposed highway where it appears that there is adequate space and firm foundation material 
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:.‘, availabk The air emissions from the off-gas treatment system will be sampled monthly to insure 
that all applicable air emissions standards are being met. 

_L 
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Air sparging systems are most effective in sandy soils, but, can be adversely impacted by high levels 
of inorganic compounds in the groundwater which oxidized and precipitate when contacted by the 
sparged air. These organics can form a heavy scale on well screens and clog the well space of the 
sand pack surrounding the well screen resulting in a reduction in permeability. A field pilot test is 
recommended to determine the loss of eficiency over time as a result of inorganics precipitation and 
oxidation, the radius of influence of the wells under various heads of injection air pressure, and the 
rate of off-gas organic contaminant removal via carbon adsorption and carbon breakthrough. 

Baker, LANTDIV, and MCB, Camp Lejeune will negotiate with NC DOT regarding the specifics 
for site access to the creek side of the new highway. The EPA and NC DEHNR will be kept abreast 
of developments on this subject. In this FS, Baker proposes an access road running along the east 
side of the highway from the south. 

. 

R4.A 4 assumes that the Base Master Plan will be modified to include restrictions on the use of the 
surficial aquifer in the vicinity of the Fuel Farm. This will reduce the risk to human health and the 
environment posed by this media by eliminating one exposure pathway. 

In addition to aquifer-use restrictions, long-term groundwater monitoring is to be included under this 
RAA to provide data regarding the impact of natural attenuation and the progress of contaminant 
migration. Long-term groundwater monitoring includes the semi-annual collection and analysis 
(TCL VOCs) of groundwater samples from 11 monitoring wells, the development of a semi-annual 
monitoring report, and the replacement of one monitoring well every five years. 

Since contaminants will remain at the site under this alternative, the USEPA is required by the NCP 
[40 CFR 300.5 15 (e) (iii)] t 0 review the effects of this alternative no less often than every five years. 

5.1.4.2 Assessment 

Overall Protection of Human Health and the Environment 

This RAA will provide for the overall protect of human health and the environment by the 
application of in situ treatment technology to reduce the level of organic contaminants in the 
surficial aquifer and to provide, in essence, a barrier to minimize the potential for the discharge of 
organic contaminated groundwater to Brinson Creek. Contaminant reduction due to this system will 
be limited primarily to the radius of influence of the air sparging wells (estimated at approximately 
25 feet). 

Aquifer-use restrictions will serve to provide additional protection against direct exposure to 
contaminated surficial groundwater at the site. 

Compliance With ARARs 

Under RAA 4 substantial reductions of the levels of organic contaminants in the surficial 
groundwater can be expected within the radius of influence of the IAS system. Further upgradient 
some additional reductions can be expected from natural attenuation processes and because 
contaminants can be expected to continue to flow downgradient toward the air sparging wells. 
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However, no direct means of treatment will be applied in this upgradient area under RAA 4 and it 
is unlikely that the remediation levels will be achieved upgradient of the radius of influence of the 
IAS system. 

This RAA proposes that the air sparging wells and much of the associated piping and appurtenances 
will be installed in the wetlands area between the highway and Brinson Creek. Wetlands are 
specifically protected by AR4Rs as is the endangered alligator, one of which has been reported in 
this area. It is assumed that the intent of federal and state wetlands regulation will be met while 
conducting RAA 4 activities. 

It is also assumed that the intent of air emissions regulations be met during the implementation and 
operation of RAA 4. 

Lone-Term Effectiveness and Permanence 

This RAA involves in situ treatment technology designed to permanently remove organic 
contaminants from the surficial aquifer. As an interim action, however, it will be confined to a 
limited area in the vicinity of the Fuel Farm at Site 35. Based on data obtained under the RI, 
contaminated surficial groundwater located upgradient of the proposed in situ air sparging system 
will continue to be a source of contamination to Brinson Creek, however, the organic contaminants 
should be effectively cut off from discharging to this surface water body by the IAS system. 

Air sparging has a significant track record of commercial use and should be able to be controlled 
adequately and reliably for an indefinite period. High dissolved metals could be precipitated out of 
solution by the system and cause clogging. This would force frequent maintenance and equipment 
replacement. 

Since contaminants will remain at the site under this alternative USEPA is required by the NCP 
[40 CFR 300.5 15 (e) (ii)] t o review the effects of this alternative no less often than every five years. 

Reduction of Toxicitv. Mobility. or Volume 

This RAA involves the application of in-situ air sparging technology which, by design, is intended 
to reduce the volume of volatile organic contaminants in the surficial aquifer where applied by a 
combination of volatilization and biodegradation. The technology, in essence, works like an in-situ 
air stripper by injecting air below the groundwater table and, in turn extracting air, presumably laden 
with volatile organics, from the vadose zone. The contaminants are collected and, in this case, 
transferred to activated carbon for ultimate disposal. Reductions of contaminants will be limited 
primarily to the zone defined by the radius of influence of the air sparging wells. Natural attenuation 
may reduce contaminant levels further over time. 

System installation will result in drill cuttings (soil) for which proper disposal will be required. The 
on-site air treatment will produce residual wastes including spent activated carbon, and a small 
volume of contaminated water (i.e., condensed vapor collected in a knock-out tank). 
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RAA 4Satisfies the statutory preference for treatment alternatives. 

Short-Term Effectiveness 

The primary activity in constructing an IAS system is installing the air injection/extraction wells. 
This involves standard environmental drilling techniques which, when executed by experienced 
professionals, should involve minimal risk of exposure to workers. The potential exists for the 
release of toxic vapors to the atmosphere if the vapor extraction portion of the IAS system is not as 
efficient as the air sparging portion. This concern increases when IAS systems are installed in areas 
where the groundwater surface is within a few feet of the ground surface as is the case at Site 35. 
The release of toxic vapors to the atmosphere during operation of the IAS system could increase the 
risk of exposure to the surrounding community. 

Relative to environmental impacts, the installation of the IAS system should result in minimal 
disturbance to the wetlands. Furthermore, the line of air sparging wells should serve as a barrier to 
organic contaminated groundwater discharge to Brinson Creek. 

ImnlementabiliQ 

IAS technology is widely used and commercially available. Nevertheless, a field pilot-scale study 
would be appropriate to ensure its effectiveness at Site 35 and to determine critical design 
parameters. In any in situ system where oxygen is injected, a concern is the effect on the system 
operation of metals precipitation and oxidation. At high enough levels the metals can clog the well 
screens, prompting frequent maintenance or even well replacement. 

The implementation of this technology will require the installation of multiple air sparging wells in 
the area between the highway and Brinson Creek. Access to this area for construction equipment 
is limited and will require the cooperation of NCDOT to incorporate special access features into the 
proposed highway design. 

The construction activities in the wetlands area may result in some disturbance and require 
restoration efforts. Meeting the intent of air emissions regulations will be necessary. 

The proposed groundwater monitoring program coupled with regular system operation and 
maintenance checks including ambient air monitoring should be sufficient to provide notice of a 
system failure so that adjustments can be made before a significant contaminant release would occur. 

The project cost of RAA 4 is presented in Table 5-3. 

USEPA/State Acceptance 

Based on comments received to date, USEPA and NC DEHNR appear to concur that R&4 4, In Situ 
Air Sparging and Off-Gas Carbon Adsorption, will present unacceptable risks due to uncontrolled 
vapor emissions. This in situ treatment technology is therefore not preferred. 
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Commanitv Accentance 

There seems to be little public interest in this decision process. Although it can be assumed that the 
distinct odor which is occasionally prevalent around Brinson Creek due to contaminants would not 
be desirable to the local community. Under RAA 4 this odor may even be exaggerated and therefore 
likely render this alternative unacceptable to the community. 

5.1.5 RAA 5: In Well Aeration and Off-Gas Carbon Adsorption 

5.1.5.1 DescriDtion 

In well aeration is a new technology that utilizes circulating air flow within a groundwater well that, 
in effect, turns the well into an air stripper. In well aeration differs from air sparging in that 
volatilization occurs outside the well via air spargmg and within the well via in well aeration. 
Similar to air sparging, this technique removes organic contaminants from groundwater primarily 
via volatilization and secondarily via aerobic biodegradation. Under RAA 5 a line of in well 
aeration wells will be installed between the proposed highway and Brinson Creek in order to treat 
the contaminated plume near its downgradient extreme. The radius of influence, or capture zone, 
of an in well aeration well is reportedly much greater than that of a typical air sparging well system. 
Using modeling equations and graphical solutions, the developers of this technology have calculated 
a radius of influence of over 100 feet at Site 35. 

For the purpose of the FS, Baker estimates that six in well aeration wells would be required to create 
a containment/remediation line spanning approximately 1,000 feet with wells spaced 180 feet apart. 
Volatilized organics collected by this technology, unlike air sparging, will be treated at each in well 
aeration well by independent carbon adsorption systems which will rest on skids adjacent to the 
wells. The air emissions from the off-gas treatment system will be sampled monthly to insure that 
all applicable air emissions standards are being met. Each well and aboveground off-gas treatment 
system will be housed in a small prefabricated building. 

In well aeration systems, like IAS systems, are most effective in sandy soils, but, can be adversely 
impacted by high levels of inorganic compounds in the groundwater which oxidize and precipitate 
when contacted by air. These inorganics can form a heavy scale on well screens and clog the well 
space of the sand pack surrounding the well screen resulting in a reduction in permeability. A field 
pilot test is recommended to determine the loss of efficiency over time as a result of inorganics 
precipitation and oxidation, the radius of influence of the wells under various heads of injection air 
pressure, and the rate of off-gas organic contaminant removal via carbon adsorption and carbon 
breakthrough. 

Baker, LANTDIV, and MCB, Camp Lejeune will negotiate with NC DOT regarding the specifics 
for site access to the creek side of the new highway. The EPA and NC DEHNR will be kept abreast 
of developments on this subject. In this FS, Baker proposes an access road running along the east 
side of the highway from the south. 

RAA 5 assumes that the Base Master Plan will be modified to include restrictions on the use of the 
surficial aquifer in the vicinity of the Fuel Farm. This will reduce the risk to human health and the 
environment posed by this media by eliminating one exposure pathway. 
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In addition to aquifer-use restrictions, long-term groundwater monitoring is to be included under this 
RAA to provide data regarding the impact of natural attenuation and the progress of contaminant 
migration. Long-term groundwater monitoring includes the semi-annual collection and analysis 
(TCL VOCs) of groundwater samples from 11 monitoring wells, the development of a semi-annual 
monitoring report, and the replacement of one monitoring well every five years. 

Since contaminants will remain at the site under this alternative, the USEPA is required by the NCP 
[40 CFR 300.515 (e) (iii)] t 0 review the effects of this alternative no less often than every five years. 

5.1.5.2 Assessment 

Qverall Protection of Human Health and the Environment 

This RAA will provide for the overall protection of human health ‘and the environment by the 
application of in situ treatment technology to reduce the level of organic contaminants in the 
surficial aquifer and to provide, in essence, a barrier to minimize the potential for the discharge of 
organic contaminated groundwater to Brinson Creek. Contaminant reduction due to this system will 
be limited primarily to the radius of influence of the in well aeration wells (estimated at slightly 
greater than 100 feet). 

Aquifer-use restrictions will serve to provide additional protection against direct exposure to 
contaminated surficial groundwater at the site. 

Comnliance With ARARs 

Under RAA 5 substantial reductions to the levels of organic contaminants in the surficial 
groundwater can be expected within the radius of influence of the in well aeration system. Further 
upgradient some additional reductions can be expected from natural attenuation processes and 
because contaminants can be expected to continue to flow downgradient toward the in well aeration 
system. However, no direct means of treatment will be applied in this upgradient area under MA 
5 and it is unlikely that the remediation levels will be achieved upgradient of the radius of influence 
of the in well aeration system. 

This R4A proposes that the in well aeration wells and much of the associated piping and 
appurtenances will be installed in the wetlands area between the highway and Brinson Creek. 
Wetlands are specifically protected by ARARs as is the endangered alligator, one of which has been 
reported in this area. It is assumed that the intent of federal and state wetlands regulations will be 
met while conducting RAA 5 activities. 

It is also assumed that the intent of all air emissions regulation be met during the implementation 
and operation of RAA 5. 

Long-Term. Effectiveness and Permanence 

This RAA involves in situ treatment technology designed to permanently remove organic 
contaminants from the surficial aquifer. As an interim action, however, it will be confined to a 
limited area in the vicinity of the Fuel Farm at Site 35. Based on data obtained under the RI, 
contaminated surficial groundwater located upgradient of the proposed in well aeration system will 
continue to be a source of contamination to Brinson Creek, however, the organic contaminants 
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should’be effectively cut off from discharging to this surface water body by the in well aeration 
system. 

In well aeration is a relatively new technology without a substantial commercial track record in the 
United States. Nevertheless, it is similar to air sparging and should be able to be fitted with adequate 
controls to ensure reliability. High dissolved metals could be precipitated out of solution by the 
system and cause clogging. This could force frequent maintenance and equipment replacement. 

Since contaminants will remain at the site under this alternative, USEPA is required by the NCP 
[40 CFR 300.5 15 (e) (ii)] t 0 review the effects of this alternative no less often than every five years. 

Reduction of Toxicitv. Mobilitv. or Volume 

This RAA involves the application of in-situ volatilization and biodegradation technology which, 
by design, is intended to reduce the volume of organic contaminants in the surficial aquifer where 
applied. The technology, in essence, works like an in well air stripper by injecting air below the 
groundwater surface and, in turn extracting air, presumably laden with volatile organics, from the 
vadose zone. The contaminants are collected and, in this case, transferred to activated carbon for 
ultimate disposal. Reductions of contaminants will be limited primarily to the zone defined by the 
radius of influence of the air sparging wells. Natural attenuation may reduce contaminant levels 
further over time. 

System installation will result in drill cuttings (soil) for which proper disposal will be required. The 
on-site air treatment will produce residual wastes including spent activated carbon and a small 
volume of contaminated water (i.e., condensed vapor collected in a knock-out tank). 

RAA 5 satisfies the statutory preference for treatment alternatives. 

Short-Term Effectiveness 

The primary activity in constructing an in well aeration system is installing the wells. This involves 
standard environmental drilling techniques which, when executed by experience professionals, 
should involved minimal risk of exposure to workers. During operation, the collection and treatment 
of toxic vapors is conducted within essentially a closed loop. The system allows minimal potential 
for community exposure to contaminants provided air emission ARARs are adhered to. 

Relative to environmental impacts, the installation of the in well aeration system should result in 
minimal disturbance to the wetlands. The wells should serve as a barrier to organic contaminated 
groundwater discharge to Brinson Creek. 

Imnlementability 

In well aeration is a relatively new technology. Baker has identified two companies which have 
developed remediation systems utilizing in well aeration. These companies are IEG Technologies 
Corporation and EG&G Environmental. The IEG systems have been commercially applied 
extensively in Germany, and are now beginning to find in-roads to the United States. EG&G in well 
aeration systems are currently operating at several sites overseas and here in the United States as 
well. Because this technology is still quite new to industry in the United States, a field pilot-scale 
study should be performed to determine its effectiveness and identify critical design parameters. 
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Such a ?tudy managed by Baker at Site 69 at Camp Lejeune is about to begin. The results of that 
pilot study should be sufficient and applicable at Site 35. 

In any in situ system where oxygen is injected, a concern is the effect on the system operation of 
metals precipitation and oxidation. At high enough levels the metals can clog the well screens, 
prompting frequent maintenance or even well replacement. 

The implementation of this technology will require the installation of multiple, custom-designed 
groundwater wells in the area between the highway and Brinson Creek. Access to this area for 
construction equipment is limited and might require the cooperation of NC DOT to incorporate 
special access features into the proposed highway design. 

The construction activities in the wetlands area may result in some disturbance and require 
restoration efforts. Meeting the intentions of air emissions regulations will also be necessary. 

The proposed groundwater monitoring program coupled with regular system operation and 
maintenance checks should be sufficient to provide notice of a system failure so that adjustments 
can be made before a significant contaminant release would occur. 

The projected cost of RAA5 is presented in Table 5-4. 

USEPA/State Acceptance 

The USEPA and NE DEHNR have indicated their concurrence with the RA4s developed under this 
FS, in general, and with R4A 5 as the proposed alternative, in particular. The ROD also identified 
RAA 3 as the proposed alternative should I&4 5 be determined to be technically infeasible based 
on the results of a field pilot test. 

Communitv AcceDtance 

Based on the lack of community participation at a public meeting held on May 10, 1995, no adverse 
community reaction to the proposed remedial action is anticipated. 

5.2 Comnarative Analvsis 

This interim FS has identified and evaluated a range of RAAs potentially applicable to the 
groundwater concerns at Site 35 (OU No. 10). Table 5-5 presents a summary of this evaluation. A 
comparative analysis in which the alternatives are evaluated in relation to one another with respect 
to the nine evaluation is presented below. The purpose of this analysis is to identify the relative 
advantages and disadvantages of each R4A. 
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5.2.1 a Overall Protection of Human Health and the Environment 

RAA 1 (No Action) and RAA 2 (No Action With Institutional Controls) are similar in that neither 
alternative involves active treatment. RAA 2 provides for some overall protection to human health 
through the incorporation of aquifer-use restrictions wliich are not included under RAA 1. 

. 

FL&4 3 (Groundwater Collection and On-Site Treatment), RAA 4 (In Situ Air Sparging And Off-Gas 
Carbon Adsorption), and MA 5 (In Well Aeration And Off-Gas Carbon Adsorption) have a 
common element in that each is intended to reduce groundwater contamination at the downgradient 
extreme of the contaminated plume and to serve as a barrier to future contaminated groundwater 
discharge to Brinson Creek. RAA 3 would likely be the most effective barrier in that it is designed 
to span the entire length and depth of the contaminated portion of the surficial aquifer and will be 
equipped with an impermeable geomembrane along its downgradient face. RAA 3 is the only 
treatment alternative that will impact both organic and inorganic contaminants which could be 
important if it is determined in the future that inorganic contaminants in groundwater are still a 
concern. 

5.2.2 Compliance With ARARs 

R4A 1 (No action) and RAA 2 (No Action With Institutional Controls) are no action alternatives 
that will not comply with ARARs. RAA 3 (Groundwater Collection and On-Site Treatment), MA 
4 (In Situ Air Sparging And Off-Gas Carbon Adsorption), and RAA 5 (In Well Aeration And Off- 
Gas Carbon Adsorption) are primarily source control measures that will reduce contaminant levels 
over a limited area defined as the particular zone of influence of each system. 

Wetlands disturbance will be an issue with RAA 3,4, and 5, but, most significantly with RAA 3 
which includes the excavation of an approximately two-foot wide, by 30-foot deep, by 1,080-foot 
interceptor trench. The disturbance associated with RAA 4 and 5 is limited primarily to drilling and 
well installations, although of the two, RAA 4 will have the greater impact due to the large number 
of wells to be installed. 

Treated air and groundwater discharge are provisions of MA 3, whereas, only air emissions are a 
part of RAA 4 and 5. These discharges will need to meet the intentions of applicable regulations. 

5.2.3 Long-Term Effectiveness and Permanence 

In the case of all five MS, contamination will remain at the site and require a USEPA review on 
five year basis. RAA 1 (No Action) and RAA 2 (No Action With Institutional Controls) provide for 
no active means of contaminant reduction although, under IUA 2, aquifer-use restrictions will 
provide a permanent means for protection against direct human exposure to the contaminated 
surficial groundwater. 

The effectiveness of RAA 3 (Groundwater Collection and On-Site Treatment), RAA 4 (In Situ Air 
Sparging And Off-Gas Carbon Adsorption), and RAA 5 (In Well Aeration and Off-Gas Carbon 
Adsorption) can be assumed to be roughly equivalent without the benefit of the results of field pilot- 
scale testing. R&4 3 may be the most difficult of the three to install, however, once installed it will 
likely be the most reliable and easiest to control. RAA 4 and 5 may encounter clogging problems 
if dissolved metals precipitate out of solution when placed in contact with forced air. At a minimum 
the metals problem will prompt increased maintenance which could lead to complete well 
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replacement. RAA 4 has the additional problem of releasing toxic vapors to the atmosphere during 
operation because it is difficult to apply sufficient vacuum to the vadose zone where the groundwater 
surface is within a few feet of the ground surface. 

5.2.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

No reduction of contaminants will occur under FL4A 1 (No Action) and RAA 2 (No Action With 
Institutional Controls) as the result of active treatment because active treatment is not provided for 
under these RAAs. 

RAA 3 (Groundwater Collection and On-Site Treatment) provides for on-site treatment of the 
collected contaminated groundwater (organics and inorganics) using standard wastewater treatment 
technology. Conversely, RAA 4 (In Situ Air Sparging And Off-Gas Carbon Adsorption) and RAA 
5 (In Well Aeration And Off-Gas Carbon Adsorption) provide for treatment of the organic phase of 
contaminated groundwater in-situ. Both R&4 4 and 5 utilize primarily volatilization technology and 
biodegradation technology secondarily. The principle difference between the two is that under IMA 
4 both volatilization and biodegradation occur outside the well and within the soil column. Under 
RA4 5, volatilization occurs within the well while biodegradation occurs outside the well within the 
soil column. Under RAA 4 it may be difficult to efficiently collect all of the volatilized organic 
contaminants via conventional soil vapor extraction because of the proximity of the groundwater 
surface to the ground surface at this site. Without an efficient means of collecting the volatilized 
organics under R4A 4, toxic vapors may be released to the atmosphere. Under RAA 5 this is not 
a concern because the volatilization is conducted within the well and conveyed to an adjacent 
activated carbon unit via piping which means the system is essentially a closed loop. 

RAA 3 will produce the highest volume of residual waste during operation because it is the only 
alternative involving groundwater treatment. However, the volume of air treatment under RAA 3 
will be less than that under RAAs 4 and 5 because the latter are specifically designed as air 
volatilization systems. Under RAAs 4 and 5 a small volume of contaminated water wiIl be 
generated because extracted air contains water which condenses and collects in a knock-out tank at 
the treatment facility. 

5.2.5 Short-Term Effectiveness 

Worker protection against exposure will not be a significant issue for any of the Ms. Each system 
provided for under RAA 3 (Groundwater Collection and On-Site Treatment), RAA 4 (In Situ Air 
Sparging and Off-Gas Carbon Adsorption), and RAA 5 (In Well Aeration and Off-Gas Carbon 
Adsorption) will require approximately 30 to 60 days to install with the total time in the field for 
construction being a little longer. It has also been assumed that system start-up and testing 
operations will require an additional 90 days. 

Under RAA 1 (No Action) and RAA 2 (No Action With Institutional Controls) there will be no 
increase in the risks to the community resulting from implementation of the MA. RAAs 3 and 5 
will likely present minimal risk of community exposure during implementation and operation 
because they are, in essence, closed loop systems. RAA 4 has the potential for releases of toxic 
vapors to the atmosphere because of close proximity of the groundwater surface to the ground 
surface will make efficient soil vapor extraction difficult. 
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Some disturbance of the wetlands is expected under R&As 3,4, and 5. The greatest disturbance will 
be associated with RAA 3. 

5.2.6 Implementability 

Aside from RAAs 1 and 2, which are no action or essentially no action alternatives, RAA 3 
(Groundwater Collection And On-Site Treatment) will present greater technical challenges during 
construction than RAA 4 (In Situ Air Sparging and Off-Gas Carbon Adsorption), and BAA 5 (In 
Well Aeration and Off-Gas Carbon Adsorption). This is because RAA 3 involves the construction 
of a two-foot wide by 30-foot deep by 1,080 foot long interceptor trench while IL4As 4 and 5 
involve primarily well installation. 

The interceptor trench under RAA 3 represents specialized technology that is available from a 
limited number of vendors, whereas, the air sparging technology of RAA 4 is relatively 
commonplace, and in well aeration (BAA 5) is a relatively new technology offered by two vendors, 
IEG Technologies Corporation and EG&G Environmental. 

The proposed groundwater monitoring plan coupled with routine system maintenance and 
monitoring should be sufficient to provide sufficient notice of a system failure under either R&4 3, 
4 or 5. The purpose of the monitoring is to provide for system adjustments with sufficient time so 
that a significant contaminant release to the environment will not occur. 

Because each system under IL4A 3,4, and 5 will require construction within a wetlands area and 
because air and water discharges are incorporated into the designs, federal and state agency 
interaction will be required. 

5.2.7 Cost 

The estimated total present worth costs of the alternatives, excluding R&A 1: No Action, range from 
$299,800 for RAA 2: No Action with Institutional Controls to $3,000,500 for RAA 3: Groundwater 
Collection and On-Site Treatment. These costs are based on the assumption of 30 years of active 
use. The ranking of the alternatives in terms of costs is as follows: 

RAA 1: No Action 
MA 2: No Action with Institutional Controls 
R4A 4: In Situ Air Sparging and Off-Gas Carbon Adsorption 
RAA 5: In Well Aeration and Off-Gas Carbon Adsorption 
RAA 3: Groundwater Collection and On-Site Treatment 

$0 
$299,800 

$2,459,600 
$2,5 19,700 
$3,000,500 

Figure 5- 1 graphically displays a comparison of costs for RAAs 2,3,4, and 5. 
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5.2.8 - USEPAlState Acceptance 

The USEPA and NE DEHNR have indicated their concurrence with the IWAs developed under this 
FS, in general, and with RAA 5 as the proposed alternative, in particular. The ROD also identified 
RAA 3 as the proposed alternative should RAA 5 be determined to be technically infeasible based 
on the results of a field pilot test. 

5.2.9 Community Acceptance 

Based on the lack of community participation at a public meeting held on May IO, 1995, no adverse 
community reaction to the proposed remedial action is anticipated. 
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TABLE 5-1 

ESTIMATED COSTS 

RAA 2: INSTITUTIONAL CONTROLS WITH GROUNDWATER MONITORING 
SITE 35 - CAMP GEIGER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 
0 & M AND CAPITAL COST ESTIMATE 

I UNlT SUBTOTAL TOTAL 
OUANTITY COST COST COST COST COMPONENT 1 UNIT 

I 
SOURCE BASIS I COMMENTS 

) & M COST ESTIMATE (SEMI-ANNUAL SAMPLING YEARS l-30) Cluster Well: l-25’ deep well, l-40’ deep well 

Zroundwater Monitoring 

Labor 

Laboratory Analyses - 

TCL VOCs 

Misc. Expenses 

Report 

Well Maintenance Year 

XF’ITAL COST ESTIMATE 

New Monitoring Wells 

Revise Base Master Plan 

Hours 110 s 40 

Sample 32 

Sample 

Event 

Sample 

Event 

S 115 

S 2,780 

s 1,500 

s 500 

Cluster 

Well 

s 3,100 

4,440 Engineering Estimate 

Baker Average 1994 BOAS 

5,600 

5,560 1994 JTR, Vendor Quotes 

3,000 Engineering Estimate 

500 Engineering Estimate 

s 19,100 

6,200 I Engineering Estimate 

s 6,200 

LNNUAL GROUNDWATER MONITORING 0 UC M COSTS (Years 1 - 30) s 19,100 

:ROUNDWATER MONITORING CAPITAL COSTS s 6,200 

rOTAL COST (FW-) - RAA 2 (5 YEAR TREATMENT PLANT OPERATION) s 88,900 

rOTAL COST (PW) - RAA 2 (30 YEAR TREATMENT PLANT OPERATION) S 299,800 

7 - EXISTING MONITORING WELLS 
+ 2 -NEW MONITORING CLUSTER WELL5 

- 

Semi-annual sampling of 6 locations (11 wells): 
2 samplers, 5 hours (avg.) each location, 

2 events per year. 

Semi-annual sampling of 11 wells: 

GW Samples - 11 from wells, 5 QA/QC 

- 16 samples 

Includes travel, lodging, air fare, supplies, 

truck rental, equipment, cooler shipping 

1 - report per sampling event 

Includes repainting andannualized cost of 
replacing 1 -well every 5 -years 

Cluster Well: 1 - 25’ deep 2” well & 

1 - 40’ deep 2” well 

No cost - by Camp Lejeune EMD 
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TABLE 5 - 2 

ESTIMATED COSTS 

RAA 3: GROUNDWATER COLLECTION WITH ON-SITE TREATMENT 

SITE 35 - CAMP GEIGER AREA FUEL FARM 

MCB CAMP LEJEUNE, NORTH CAROLINA 

0 & M AND CAPITAL COST ESTIMATE 

BIOPOLYMER TRENCH 

7 - EXISTING MONITORING WELLS 

+ 2 - NEW MONITORING CLUSTER YELLS 

UNIT SUBTOTAL TOTAL 

COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

3 & M COST ESTIMATE (SEMI-ANNUAL SAMPLING YEARS l-30) Cluster Well: l-25’ deep well, 1-4O’deep well 

3oundwster Monitoring 

Labor Hours 110 s 40 6 4,440 Engineering Estimate Semi-annual sampling of 6 locations (11 wells) 

2 samplers, 5 hours (avg.) each location, 

2 events per year. 

Laboratory Analyses - 

TCL VGCs Sample 32 175 s 

Baker Average 1994 BOAa Semi-annual sampling of 11 wck 

s 5,600 GW Samples - 11 from wells, 5 QAKJC 

= 16 samples 

Misc. Expenses 

Report 

Sample 2 s 2,780 S 5,560 1994 JTR, Vendor Quotes Includes travel, lodging, air fare. supplies, 

Event truck rental, equipment, cooler shipping 

Sample 2 s 1,500 f 3.000 Engineering Estimate 1 - report per sampling event 

Event 

Well Maintenance 

CAPITAL COST ESTIMATE 

New Monitoring Wells 

Revise Base Master Plan 

Year 

Cluster 

Well 

1 6 500 6 500 Engineering Estimate Includes repainting and annualized cost of 

replacing 1 - well every 5 -years 

s 19,100 

2 s 3,100 $ 6,200 Engineering Estimate Cluster Well: 1 - 25’ deep 2” well & 

1 - 40’ deep 2” well 

s - No cost -by Camp Lejeune EMD 

s 6,200 

(Continued Next Page) a 
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TABLE 5-2 

ESTIMATED COSTS 
(CONTINUED) 

RAA 3: GROUNDWATER COLLECTION WITH ON-SITE TREATMENT 

SITE 35 - CAMP GEIGER AREA FUEL FARM 

MCB CAMP LEJEUNE, NORTH CAROLINA 

0 & M AND CAPITAL COST ESTIMATE 

BIOPOLYMER TRENCH 

7 - EXISTING MONITORING WELLS 

+ 2 - NEW MONITORING CLUSTER YELLS 

I- 
UNIT SUBTOTAL TOTAL 

COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

3 & M COST ESTIMATE 

freatment Plant 0 & M (Years 1 - 30) 

Electricity Month 12 s 150 s 1,800 Means 010-034-0160 & 24 hr/day, 365 days/year operation 

Engineering Estimate 

Carbon Regeneration/ 

Replacement 

Chemicals - Polymer, Caustic 

Analytical (Effluent) 

(Air) 

Sludge Disposal 

Labor 
Operating 

Plant Maintenance 

& Sampling 

unit 

Month 

Sample 

Sample 

Month 

Week 

Month 

6 s 

12 s 

24 6 

24 s 

12 $ 

52 s 

12 s 

875 S 5,250 

100 s 1200 

200 s 4,800 
300 s 7200 

300 s 3,600 

120 s 6,200 

240 S 2.900 

Engineering Estimate 

Engineering Estimate 

Engineering Estimate 

Engineering Estimate 

Engineering Estimate 

Engineering Estimate 

Engineering Estimate 

Four 350 #/GAC Unit@2.50/# - 687Yunit 

Based on approx. S-month carbon “life”. 

1 sample/month/GAG unit 

1 sample/month/GAG unit 

2 drumJ/month at $15O/drum disposal costs. 

4 hr/weck, 52 weekslyear, at S3OI’hr. 

8 hr/month, 12 monthdyear, at $30/hr. 

Administration & Reports Hour 100 50 f 5,000 Engineering Estimate 25 hrs/quatter at SSOIhr 

s 38,000 

. L 
(Continued Next Page) 0 
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TABLE 5-2 

ESTIMATED COSTS 
(CONTINUED) 

RAA 3: GROUNDWATER COLLECTION WITH ON-SITE TREATMENT 

SITE 35 - CAMP GEIGER AREA mL FARM BIOPOLYMER TRENCH 

MCB CAMP LEJEUNE, NORTH CAROLINA 7 - EXISTING MONITORING WELLS 

0 & M AND CAPITAL COST ESTIMATE + 2 - NEW MONITORING CLUSTER YELLS 

UNIT SUBTOTAL TOTAL 

COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

CAPITAL COST ESTIMATE (BIOPOLYMER TRENCH) 

SITE PREPARATION 

Equipment Mobilization LS 1 200 200 Rental company 8c Means 1 trailif, 1 forklift 1 utility tractor w/backhoe 

Personnel Mobilization LS 1 860 860 1994 JTR, Eng’r.Est. (Does not include biopolymer trench 

Pre-Construction Submittals LS I 14,830 14,830 Engineering Estimate subcontractor mob/demob.) 

Offke. Trailer Setup LS 1 120 120 Engineering Estimate 

Laydown Area I Staging Area LS 1 7.950 7,950 Engineering Estimate 60’ x 100’ staging/laydown area 

Decontamination Area LS I 1,580 1,580 Means & Eng’r. Estimate steel pans 

Site Access LS 1 69,490 69,490 Means Bt Eng’r. Estimate 3,000 A access road parallel to highway 

Miscellaneous LS 1 81.440 81.440 Means & Eng’r. Estimate Utilities Materials and Hookup, 
(in4 Treatment Bldg. and Wells) 

Erosion Control. Safety Fencing, 
Sediment Fencing 

:ROUNDW’ATER COLLECTION I ON-SITE TREATMENT /DISCHARGE I SOIL DISPOSAL 

Biopolymer Trench Construction LS 1 1,148,650 1.148.650 Means, Vendor 8c Eng’r. Est. Includes sub mob/demob, soil disposal. 

Groundwater Collection LS 1 23,380 23,380 Means, Vendor & Eng’r. Est. 

Treatment Plant Construction LS 1 193,170 193.170 Means, Vendor & Eng’r. Est. 

SITE RESTORATION 

General Site Cleanup LS 1 1,500 1,500 Engineering Estimate 

Wetlands Revegetation LS I 14,810 14,810 Engineering Estimate 

Equipment Decon LS 1 500 500 Engineering Estimate 

DEMOBILIZATION 

Equipment & Trailer Demob LS 1 200 200 Rental company & Means Same as Mobilization 

Personnel Demob LS I 860 860 1994 JTR, Eng’r.Est. Same as Mobilization 

Post-Construction Submittals LS 1 7,240 7,240 Engineering Estimate 

Miscellaneous LS 1 9,750 9.750 Engineering Estimate Remove Utilities (not incl. Treatment Bldg.), 

Erosion Control,Safety Fencing 
,n _. I \. . v. . 



TABLE.3 - 2 

ESTIMATED COSTS 
(CONTINUED) 

RAA 3: GROUNDWATER COLLECTION WITH ON-SITE TREATMENT 

SITE 35 - CAMP GEIGER AREA FUEL FARM 

MCB CAMP LEJEUNE, NORTH CAROLINA 

0 & M AND CAPITAL COST ESTIMATE 

COST COMPONENT UNIT QUANTITY 

ZAPITAL COST ESTIMATE (BIC OLYMEI IRENCH COI 

1ISTRIBUTIVE COSTS 

Supervision LS 

LS 

LS 

LS 

LS 

I 

Per Diem 

Home Oflice/Eng’r/H & S/QAlQC 

Trailer, Portable Toilet Rental 

Vehicles 

SUBTOTAL CAPITAL COST 

Engineering & Design @ 12 % 

Contingencies @ 15 % 
rOTAL CAPITAL COST 

I 20.720 20.720 

1 

0.12 200,000 

0.15 250.000 

UNIT SUBTOTAL TOTAL 

COST COST COST 

Rued) 

56,880 

8,530 

540 

3,330 

56,880 

8.S30 

540 

3,330 

I s 1.666.500 

S 2.116.500 

BIOPOLYMER TRENCH 

7 - EXISTING MONITORING WELLS 

+ 2 -NEW MONJTORKNG CLUSTER WELLS 

SOURCE 

lngineering Estimate 

lngineering Estimate 

krgineering Estimate 

IFdiNS, 1994: 015-904-1350 

IEANS, 1994: 016-420-7200 

4EANS, 1994: 016-420-7200 

1 

BASIS I COMMENTS 

Site Supervisor. Foreman (3 months) 

Mechanical Engineer (2 weeks) 

at S66ktay: Site Supervisor, Foreman, 

Mechanical Engineer, Plant Operators 

15 % of Supervision 

Trailer 3 months at S 1021month 

Portable toilet 3 months at S78/month 

Pickup TN& - 2 @ SSSYmonth each 

(3 months) 

ANNUAL GROUNDWATER MONITORING 0 & M COSTS (Years l-30) 

ANNUAL TREATMENT PLANT 0 & M COSTS (YEARS l-30) 

GROUNDWATER MONITORING CAPITAL COSTS 

TREATMENT PLANT CAPITAL COSTS 

TOTAL CAPITAL COSTS 

TOTAL COST (PW) - RAA 3 (5 YEAR TREATMENT PLANT OPERATION) 

TOTAL COST (PW) - RAA 3 (30 YEAR TREATMENT PLANT OPERATION) 

S 19,100 

S 38,000 

S 6,200 

S 2,116,500 

S 2,122,700 

S 2,580,800 

s 3,000,500 

d 
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TABLE S-3 

ESTIMATED COSTS 

RAA 4: IN SITU AIR SPARGING AND OFF - GAS CARBON ADSORPTION 43 - NEW AIR INJECTION WELLS 

SITE 35 - CAMP GEIGER AREA FUEL FARM + 43 -NEW AIR EXTRACTION WELLS 
MCB CAMP LEJEUNE, NORTH CAROLINA 7 - EXISTING MONITORING WELLS 
0 & M AND CAPITAL COST ESTIMATE + 2 -NEW MONITORING CLUSTER W-ELLS 

I- 
I 

UNIT SUBTOTAL TOTAL 
COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS / COMMENTS 

3 g: M COST ESTIMATE (SEMI-ANNUAL SAMPLING YEARS l-30) Cluster Well: l-25’ deep well, l-40’ deep well 

Zroundwatcr Monitoring 

Labor Hours 110 s 40 6 4,440 Engineering Estimate Semi-annual sampling of 6 locations (1 I wells) 

2 samplers, 5 hours (avg.) each location, 

2 events per year. 

Laboratory Analyses - 

TCL VOCs Sample 32 

Baker Average 1994 BOAS Semi-annual sampling of 1 I wells: 

s 175 s 5,600 GW Samples - 11 from wells. 5 QA/QC 

- 16 samples 

Misc. Expenses 

Report 

Sample 

Event 

Sample 

Event 

2 S 2,780 S 5,560 1994 JTR, Vendor Quotes Includes travel, lodging, air fare, supplies, 

tru&rental, equipment, cooler shipping 

2 s 1,500 S 3,000 Engineering Estimate 1 - report per sampling event 

Well Maintenance 

CAPITAL COST ESTIMATE 

New Monitoring Wells 

Revise Base Master Plan 

Year 

Cluster 

Well 

1 s 500 s 500 Engineering Estimate Includes repainting and annualized cost of 

replacing 1 -well every 5 -years 

S 19,100 

2 s 3,100 s 6,200 Engineering Estimate Cluster Well: 1 - 25’ deep 2” well & 

1 - 40’ deep 2” well 

s - No cost - by Camp Lejeune EMD 

S 6,200 

(Continued Next Page) a 



TABLE 5-3 

ESTIMATED COSTS 
(CONTINUED) 

RAA 4: IN SITU AIR SPARGING AND OFF - GAS CARBON ADSORPTION 43 -NEW AIR INJECTION WELLS 
SITE 35 - CAMP GEIGER AREA FUEL FARM + 43 -NEW AIR EXTRACTION WELLS 

MCB CAMP LEJEUNE, NORTH CAROLINA 7 - EXISTING MONITORING WELLS 
0 & M AND CAPITAL COST ESTIMATE + 2 -NEW MONITORING CLUSTER W,ELLS 

UNIT SUBTOTAL TOTAL 
COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

1 & hl COST ESTlhlATE 

rreatment Plant 0 & M (Years 1 - 30) 

Electricity Month 12 s 250 s 3,000 Means 010-034-0160 & 24 hrlday. 365 days/year operation 

Engineering Estimate 

Carbon Regeneration/ 

Replacement 

Analytical (Water) 

(fir) 

Labor 

Operating 

Plant Maintenance 

& Sampling 

unit 3 

Sample I2 

Sample 72 

Week 52 

Month 12 

6 a75 s 2,625 Engineering Estimate Two 350 UIGAC Unit@.S2.50/# = g875lunit 

Based on approx. I-month carbon “life”. 

s 200 s 2,400 Engineering Estimate 1 sample/month 

6 300 s 21,600 Engineering Estimate 6 samples/month/GAG unit 

x 240 S 12.500 Engineering Estimate 8 hriweek, 52 weekslyear, at f30Ihr. 

s 480 S 5.800 Engineering Estimate 16 hr/month, 12 months/year, at $30/hr. 

Disposal of Water 

Hmrdous 

Non-Hazardous 

Transport Costs 

Administration & Reports 

(Continued Next Page) 

Gal. 1500 

Gal. I500 

Load 6 

Hour 100 

s 5 s 7,500 Engineering Estimate Assume S/gal. 

s 5 s 7,500 Engineering Estimate Assume SO.SO/gal. 

s 500 s 3,000 Engineering Estimate Assume SSOO/trip 

s 50 s 5,000 Engineering Estimate 25 h&quarter at f50/hr 

S 71,000 

b 



TABLE 5-3 

_.-. 
I’ 

ESTIMATED COSTS 
(CONTINUED) 

RAA 4: IN SITU AIR SPARGING AND OFF - GAS CARBON ADSORPTION 43 -NEW AIR INJECTION WELLS 
SITE 35 - CAMP GEIGER AREA FUEL FARM + 43 -NEW AIR EXTRACTION WELLS 

MCB CAMP LEJEUNE, NORTH CAROLINA 7 - EXISTING MONITORING WELLS 
0 & M AND CAPITAL COST ESTIMATE + 2 -NEW MONITORING CLUSTER WFLLS 

UNIT SUBTOTAL TOTAL 
COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS / COMMENTS 

CAPITAL COST ESTIMATE (AIR SPABCING) 

SITE PREPARATION 

Equipment Mobilization LS 1 200 

Personnel Mobilization LS 1 860 

PreConstruction Submittals LS 1 14,830 

Office Trailer Setup LS 1 120 

Laydown Area I Staging Area LS 1 7,950 

Decontamination Area LS 1 1,580 

Site Access LS 1 69,490 

Miscellaneous LS 1 26,410 

‘APOR COLLECTION I VAPOR - WATER SEPARATION I DISPOSAL 
Treatment Plant Construction LS 1 369,900 

Vapor Collection LS 1 146,270 

200 Rental company & Means 

860 1994 JTR, EngkEst. 

14,830 Engineering Estimate 

120 Engineering Estimate 

7,950 Engineering Estimate 

1,580 Means & Eng’r. Estimate 

69.490 Means & Eng’r. Estimate 

26,410 Means & Eng’r. Estimate 

369.900 Means, Vendor & Eng’r. Est. 

146,270 Means, Vendor & Eng’r. Est. 

I trailer. I forklift 1 utility tractor w/backhoe 

(Does not include biopolymcr trench 

subcontractor mob/demob.) 

60' x 100’ staging/laydown area 

steel pans 

3,000 A access road parallel to highway 

Utilities Materials & Hookup 

(incl. Treatment Bldg.), Erosion 

Control, Safety Fencing, Sediment 
Fencing 

XTE RESTORATION 

General Site Cleanup 

Wetlands Revegetation 

Equipment Decon 

LS 

LS 

LS 

1 1,500 1,500 Engineering Estimate 

1 14,810 14,810 Engineering Estimate 

1 500 500 Engineering Estimate 

REMOBILIZATION 

Equipment & Trailer Demob 

Personnel Demob 

Post-Construction Submittals 

Miscellaneous 

Î  . . . . . .- . 

LS 

LS 

LS 

LS 

I 200 200 

I 860 860 

I 7,240 7,240 

I 9.750 9,750 

Rental company & Means 

1994 JTR, Eng’r.Est. 

Engineering Estimate 

Engineering Estimate 

Same as Mobilization 

Same as Mobilization 

Remove Utilities (not incl. Treatment Bldg.). 
Erosion Control,Safety Fencing 

(contmuecl Next Page) C 
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TABLE 5-3 

ESTIMATED COSTS 
(CONTINUED) 

RAA 4: IN SITU AIR SPARCING AND OFF - GAS CARBON ADSORPTION 43 -NEW AIR INJECTION WELLS 

SITE35 - CAMP GEIGER AREA FUEL FARM + 43 -NEW AIR EXTRACTION WELLS 

MCB CAMP LEJEUNE, NORTH CAROLINA 7 - EXISTING MONITORING WELLS 

0 & M AND CAPITAL COST ESTIMATE + 2 -NEW MONITORING CLUSTER WELLS 

r 

t 

L 

UNIT SUBTOTAL TOTAL 1 
COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

CAPITAL COST ESTIMATE (Continued) 

DISTRIBUTIVE COSTS 
Supervision LS I 56.880 56,880 ,Engineering Estimate Site Supervisor, Foreman (3 months) 

Mechanical Engineer (2 weeks) 

Per Diem LS 1 20,720 20,720 Engineering Estimate at S66/day: Site Supervisor, Foreman, 

Mechanical Engineer, Plant Operators 

Home OfficclEng’rM & SIQAJQC 

Trailer, Portable Toilet Rental 

Vehicles 

SUBTOTAL CAPITAL COST 
Engineering & Design @ 12 % 

Contingencies @ 15 % 

Treatment Study 

TOTAL CAPITAL COST 

LS 

LS 

LS 

1 

1 

I 

0.12 

0.15 

8,530 

540 

3,330 

8.530 

540 

3,330 

91,500 

114,400 

100,000 

Engineering Estimate 15 % of Supervision 

Means, 1994: 015-904-1350 Trailer 3 months at S lOUmonth 

Means, 1994: 0 16-420-7200 Portable toilet 3 months at 6781month 

Means, 1994: 0 16-420-7200 Pickup Trucks - 2 @ SSSS/month each 

(3 months) 

S 762,500 

S 1,068,400 

ANNUAL GROUNDWATER MONITORING 0 & M COSTS (Years 1 - 30) S 19,100 

ANNUAL TREATMENT PLANT 0 & M COSTS (YEARS 1 - 30) S 71,000 

GROUNDWATER MONITORING CAPITAL COSTS s 6,200 

TREATMENT PLANT CAPITAL COSTS S 1,068,400 

TOTAL CAPITAL COSTS S 1,074,600 

TOTAL COST @‘WV) - RAA 4 (5 YEAR TREATMENT PLANT OPERATION) S 1,675,600 

TOTAL COST (PWV) - RAA 4 (30 YEAR TREATMENT PLANT OPERATION) S 2,459,600 

d 
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TABLE 5-4 

ESTIMATED COSTS 

RAA 5: IN WELL AERATION AND OFF-GAS CARBON ADSORPTION 
SITE 35 - CAMP GEIGER AREA FUEL FARM ? - NEW AERATION WELLS 

MCB CAMP LEJEUNE, NORTH CAROLINA 7 - EXISTING MONITORING WELLS 

0 & M AND CAPITAL COST ESTIMATE + 2 -NEW MONITORING CLUSTER W,ELLS 

UNIT SUBTOTAL TOTAL 

COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

0 & M COST ESTIMATE (SEMI-ANNUAL SAMPLING YEARS 1.30) Cluster Well: l-25’ deep well, 1-4O’deep well 

Groundwater Monitoring 

Labor Hours 110 s 40 s 4,440 Engineering Estimate Semi-annual sampling of 6 locations (1 I wells): 

2 samplera. 5 hours (avg.) each location, 

2 events per year. 

Laboratory Analyses - 

TCL VGCs Sample 32 

Baker Average 1994 BOAs Semi-annual sampling of 11 wells: 

b 175 s 5,600 GW Samples - 11 from wells. 5 QA/QC 

= 16 samples 

Misc. Expenses 

Report 

Sample 

Event 

Sample 

Event 

2 S 2.780 6 5,560 1994 JTR, Vendor Quotes Includes travel, lodging, air fare, supplies, 

truck rental, equipment, cooler shipping 

2 s 1,500 s 3,000 Engineering Estimate 1 - report per sampling event 

Well Maintenance 

CAPITAL COST ESTIMATE 

New Monitoring Wells 

Revise Base Master Plan 

(Continued Next Page) 

Year 

Cluster 

Well 

1 s 500 s 500 Engineering Estimate Includes repainting and annualii cost of 

replacing 1 -well every 5 -years 

s 19,100 

2 s 3,100 s 6,200 Engineering Estimate Cluster Well: 1 - 25’ deep 2” well & 

1 - 40’ deep 2” well 

f No cost - by Camp Lejeune EMD 

s 6,200 

a 



TABLE 5-4 

ESTIMATED COSTS 
(CONTINUED) 

RAA 5: IN WELL AERATION AND OFF- GAS CARBON ADSORPTION 
SITE35 - CAMP GEIGER AREA FUEL FARM ?-NEW AERATION WELLS 
MCB CAMP LEJEUNE, NORTH CAROLINA 7 - EXISTING MONITORING WELLS 
0 & M AND CAPITAL COST ESTIMATE + 2 -NEW MONITORING CLUSTER WELLS 

UNIT SUBTOTAL TOTAL 
COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

1 & M COST ESTIMATE 

ndependent Off-Gas Treatment Systems 0 & M (Years 1 - 30) 

Electricity Month 12 s 200 s 2.400 Means 010-034-0160 & 24 hrlday, 365 days/year operation 

Engineering Estimate 

Carbon Regeneration/ 

Replacement 

Analytical (Air) 

Labor 

Sampling 

Aeration Equipment by 

Subcontractor 

Disposal of Water 

Hazardous 

Transport Costs 

Administration & Reports 

Continued Next Page) 

unit 9 

Sample 72 

Month 12 

Event 2 

Gal. 200 

Load 1 

Hour 100 

s 440 s 3,960 Engineering Estimate 175#/GAC Unit@2.50/# -S440/unit 

Based on approximately 8-month carbon “life”. 

s 300 s 21,600 Engineering Estimate 1 samplJmonthlindcpcndcnt GAC unit 

s 480 S 5,760 Engineering Estimate 16 hr/month. 12 months/year, at $30&r. 

s 11,500 s 23.000 Vendor Quote & 2 days maintcnancc by subcontractor - 

Engineering Estimate includes labor 62 travel costs 

s 5 s 1,000 Engineering Estimate Assume $5/gal. 

s 500 s 500 Engineering Estimate Assume SSOOitrip 

s 50 s 5,000 Engineering Estimate 25 hrs/quartcr at SSO/hr 

S 63,200 

b 



TABLE 5-4 

ESTIMATED COSTS 
(CONTINUED) 

RAA 5: IN WELL AERATION AND OFF- GAS CARBON ADSORPTION 

SITE35 - CAMP GEIGER AREA FUEL FARM ?-NEW AERATION WELLS 

MCB CAMP LEJEUNE, NORTH CAROLINA 7 - EXISTING MONITORING WELLS 

0 & M AND CAPITAL COST ESTIMATE + 2 - NEW MONITORING CLUSTER WFLLS 

UNIT SUBTOTAL TOTAL 

COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

CAPITAL COST ESTIMATE (IN WELL AERATION) 

SITE PREPARATION 

Equipment Mobilization 

Personnel Mobilization 

Pre-Construction Submittals 

Office Trailer Setup 

Laydown Area / Staging Area 

Decontamination Ares 

Site Access 

Miscellaneous 

LS 

LS 

LS 

LS 

LS 

LS 

LS 

LS 

1 200 200 Rental company & Means I trailer, I forklift. 1 utility tractor w/backhoe 

I 860 860 1994 JTR, Eng’r.Est. (Does not include biopolymer trench 

I 14.830 14,830 Engineering Estimate subcontractor mob/demob.) 

1 120 120 Engineering Estimate 

I 7,950 7.950 Engineering Estimate 60’ x 100’ staging/laydown arca 

1 1,580 1,580 Means & Eng’r. Estimate steel pans 

1 69,490 69,490 NC DOT Budget Quote 3,000 ft access road parallel to highway 

1 64,770 64,770 Means & Eng’r. Estimate Utilities Hookup (incl. Treatment Bldg.), 

Erosion Control, Safety Fencing, 

Sediment Fencing 

TAPOR COLLECTION I VAPOR-WATER SEPARATION I DISPOSAL 

Individual Off-Gas Treatment UNIT 6 12,600 

Systems 

In Well Aeration Wells UNIT 6 91.887 

75,600 Means, Vendor & Eng’r. Est. 

55 1,320 Means, Vendor & Eng’r. Est. 

Includes: Knockout Tank, Activated 

Carbon Unit, 5 HP Blower 

UVB Custom Wells, 30’ deep 

SITE RESTORATION 

General Site Cleanup 

Wetlands Revegetation 

Equipment Decon 

LS 

LS 

LS 

I 1,500 1.500 Engineering Estimate 

1 7,400 7,400 Engineering Estimate 

1 500 500 Engineering Estimate 

DEMOBILIZATION 

Equipment & Trailer Demob 

Personnel Demob 

Post-Construction Submittals 

Miscellaneous 

IT. . . I \1 . I, \ 

LS 

LS 

LS 

LS 

1 200 200 Rental company & Means 

I 860 860 1994 JTR, Eng’r.Est. 

I 7,240 7J40 Engineering Estimate 

1 9,740 9,740 Engineering Estimate 

Same as Mobilization 

Same as Mobilization 

Remove Utilities (not incl. Treatment Bldg.), 

Erosion Contml.Safety Fencing 
n (~onunuca NCX~ t-age) 



TABLE--5 - 4 

ESTIMATED COSTS 
(CONTINUED) 

RAA 5: IN WELL AERATION AND OFF - GAS CARBON ADSORPTION 

SITE35 - CAMP GEIGER AREA FUEL FARM 

MCB CAMP LEJEUNE, NORTH CAROLINA 

0 & M AND CAPITAL COST ESTIMATE 

1ISTRIBUTIVE COSTS 

Supervision 

Per Diem 

Home Oflice/Eng’rA-l & SIQAIQC 

Trailer, Portable Toilet Rental 

Vehicles 

( UNIT COST COMPONENT QUANTITY 

7APITAL COST ESTIMATE (Continued) 

SUBTOTAL CAPITAL COST 

Engineering & Design @ 12 % 

Contingencies @ 15 % 

Treatment Study 
I-OTAL CAPITAL COST 

LS 

LS 

LS 

LS 

LS 

0.12 108,500 

0.15 135,600 

UNIT SUBTOTAL TOTAL 

COST COST COST SOURCE BASIS / COMMENTS 

56,880 56,880 Engineering Estimate Site Supervisor, Foreman (3 months) 

Mechanical Engineer (2 weeks) 

20,720 20,720 Engineering Estimate at S66/day: Site Supervisor. Foreman, 

Mechanical Engineer, Plant Operators 

8,530 8,530 Engineering Estimate 15 % of Supervision 

540 

3,330 

540 

3,330 

MEANS, 1994: 015-904-1350 

MEANS. 1994: 0 16-420-7200 

MEANS, 1994: 0 16-420-7200 

Trailer 3 months at SlOZ/month 

Portable toilet 3 months at S781month 

Pickup Truck.9 - 2 @ SUS/month each 

(3 months) 

? -NEW AERATION WELLS 

7 - EXISTING MONITORING WELLS 

+ 2 -NEW MONITORING CLUSTER WELLS 

s 904,200 

I 
100,000 I 

1 S 1,248,300 

ANNUAL GROUNDWATER MONITORING 0 & M COSTS (Years l-30) S 19,100 

ANNUAL TREATMENT PLANT 0 & M COSTS (YEARS 1 - 30) S 63,200 

GROUND\VATER MONITORING CAPITAL COSTS S 6,200 

TREATMENT PLANT CAPITAL COSTS S 1,248,300 

TOTAL CAPITAL COSTS S 1,254,500 

TOTAL COST (PWV) - RM 5 (5 YEAR TREATMENT PLANT OPERATION) S 1,821,700 

TOTAL COST (PW - RA4 5 (30 YEAR TREATMENT PLANT OPERATION) s 2.519.700 
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TABLE 5-5 

SUMMARY OF DETAILED ANALYSIS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, (X0-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

‘- 

Evaluation Criteria 

OVl~RA1.1. I’ROTliCTIVl~NI:SS 

RAAI 
No Action 

RAA2 
No Action with 

Institutional Controls 

RAA3 R&l4 RAA5 
Groundwater Collection In Situ Air Sparging and In Well Aeration and Off- 
and On-Site Treatment Off-Gas Carbon Adsorption Gas Carbon Adsorption 

* I lun1nn I-lcnllll Potential risks associated Aquifer-use restrictions Active collection and Active in situ volatilization Active in-well volatilization 
with groundwater exposure mitigate risks from direct treatment will reduce 
will remain. Some 

and biodegradation will 
groundwater exposure. contaminant levels in 

and in situ biodegradation 
reduce contaminant levels will reduce contaminant 

reduction in contaminimt 
levels may result from 

groundwatcr within caplurc hr groundwatcr within 
zone of interceptor trench radius of influence of wells 

levels in groundwntcr 
within radius of influence 

natural attenuation. (estimated at 100 feet (estimated at 25 feet). of wells (estimated at 45 to 
upgradient maximum). 
Aquifer-use restrictions will 

Aquifer-use restrictions will 
also mitigate risks from 

60 feet). Aquifer-use 
restrictions will also 

also mitigate risks from direct groundwater 
direct groundwater 

mitigate risks from direct 
exposure. groundwater exposure. 

exposure. 

* Environment Contaminated groundwater Contaminated groundwater Interceptor trench serves as Air sparging wells and SVE Aeration wells serve as a 
will continue to be a source will continue to be a source a barrier to contaminated wells serve as a barrier to barrier to contaminated 
of future contamination to of future contamination to groundwater discharge to contaminated groundwater 
Brinson Creek. Brinson Creek. Brinson Creek. discharge to Brinson Creek. 

groundwater discharge to 
Brinson Creek. 

COMPLIANCE WITH ARARs 

l Chemical-Specific No active effort made to No active effort made to Reductions in groundwater Reductions in groundwater 
reduce groundwater reduce groundwater contaminant levels to below contaminant levels to below 

Reductions in groundwater 
contaminant levels to below 

contammant levels to below contaminant levels to below federal or state ARARs can federal or state ARARs can federal or state ARARs can 
federal or state ARARs. federal or state ARARs. be expected within capture be expected within radius 

zone of interceptor trench. of influence of wells. 
be expected within radius 
of influence of wells. 

Reductions upgradient will 
be less substantial if at all. 

Reductions upgradient will 
be less substantial if at all. 

Reductions upgradient will 
be less substantial if at all. 

. Location-Specific 

* Action-Specific 

Not Applicable. Not Applicable. 

Not Applicable. Not Applicable. 

Wetlands and alligators 
(endangered species) are 
concerns because of 
proposed location of 
interceptor trench. It is 
assumed that necessary 
approvals can be obtained. 

Can be designed to meet 
these ARARs. 

Wetlands and alligators 
(endangered species) are 
concerns because of 
proposed location of 
interceptor trench. It is 
assumed that necessary 
approvals can be obtained. 

Can be designed to meet 
these ARARs. 

Wetlands and alligators 
(endangered species) are 
concerns because of 
proposed location of 
interceptor trench. It is 
assumed that necessary 
approvals can be obtained. 

Can be designed to meet 
these ARARs. 



TABLE 5-5 (Continucd) 

Evaluation Criteria 

LONG-TERM EFFECTIVENESS AND 
PERFORMANCE 

* Magnitude of Residual Risk 

* Adequacy and Reliability of 
Controls 

* Estimated Period of Operation 

’ Need for j-Year Review 

RAA I 
No Action 

Any long-term effect on 
contamination will be the 
result of natural attenuation 
processes only. 

SUMMARY OF DETAILED ANALYSIS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Not Applicable. 

30 Years 

Review required because no 
active treatment is included 

RAA2 
No Action with 

Institutional Controls 

Any long-term effect on 

contamination will be the 
result of natural attenuation 
processes only. 

Aquifer-use restrictions will 
provide a permanent means 
for protection against direct 
exposure to the 
contaminated surficial 
groundwater. 

Aquifer-use restrictions are 
reliable if enforced. 
Enforcement is likely as 
Camp Geiger is a controlled 
military installation. The 
proposed highway right-of- 
way will continue to be 
controlled bv the Marine 
Corps, indefinitely, under 
lease to NCDOT. 

30 Years 

Review required because no 
active treatment is included. 

RAA3 
Groundwater Collection 
and On-Site Treatment 

Provides an effective means 
of intercepting 
contaminated groundwater 
and blocking its discharge 
to Brinson Creek for as 
long as it remains in 
operation. 

Aquifer-use restrictions will 
provide a permanent means 
for protection against direct 
exposure to the 
contaminated surficial 
groundwater. 

Interceptor trench involves 
basic technology and 
should be adequate and 
reliable for an indefinite 
period. 

30 years unless additional 
active treatment actions are 
implemented upgradient. 

Review required because 
area impacted by treatment 
will be limited. 

RAA4 
In Situ Air Sparging and 

Off-Gas Carbon Adsorption 

Provides an effective means 
of intercepting and treating 
contaminated groundwater 
prior to its discharge to 
Brinson Creek for as long 
as it remains in operation. 

Toxic vapors escaping to 
the air due to poor vapor 
extraction may increase risk 
to community. 

Aquifer-use restrictions will 
provide a permanent means 
for protection against direct 
exposure to the 
contaminated surficial 
groundwater. 

Air sparging has a long 
track record of commercial 
use and should be able to 
be controlled adequately 
and reliably for an 
indefinite period. High 
levels of metals in 
groundwater could short 
circuit the system 
prompting frequent 
maintenance. Well 
replacement over several 
years may result. 

30 years unless additional 
active treatment actions are 
implemented upgradient. 

Review required because 
area impacted by treatment 
will be limited. 

RAA5 
In Well Aeration and OIT- 
Gas Carbon Adsorotion 

Provides an effective means 
of intercepting and treating 
contaminated groundwater 
prior to its discharge to 
Brinson Creek for as long 
as it remains in operation. 

Aquifer-use restrictions will 
provide a permanent means 
for protection against direct 
exposure to the 
contaminated surticial 

In well aeration is a 
relatively new technology 
without a substantial 
commercial track record. 
High levels of metals could 
short circuit the system 
prompting frequent 
maintenance. Well 
replacement over several 
years may result. 

30 years unless additional 
active treatment actions are 
imolemented uogradient. 

Review required because 
area impacted by treatment 
will be limited. 
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TABLE 5-5 (Continued) 

SUMMARY OF DETAILED ANALYSIS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Criteria 

REDUCTION OF TOXICITY, 
hlOBll,lTY. OR VOLUME THROUGH 
TRliA~l’hll:N-I 

RAAI 
No Action 

RAA2 
No Action with 

Itlstilllti0tlill Controls 

RAA3 u4.44 RA.45 
Groundwater Collection In Situ Air Sparging and In Well Aeration and Off- 
and On-Site Trcntmcnt Off-Gas Carbon Adsorption Gas Carbon Adsorplion 

. Treatment Process Used No active treatment process No active treatment process On-site groundwater In situ volatilization and In situ volatilization and 
applied. applied. treatment includes biodegradation. Off-gas 

filtration, metals carbon adsorption. 
biodegradation. Off-gas 

precipitation, air stripping, 
carbon adsorption. 

air and water carbon 
adsorption. 

. Reduction of Toxicity, Mobility No reduction except by 
natural attenuation. 

No reduction except by Reduction of organic and Reduction of organic 
or Volume natural attenuation. inorganic contaminants 

Reduction of organic 
contaminants expected 

expected within capture within radius of influence 
contaminants expected 
within radius of influence 

zone of trench. of wells. of wells. 

. Residuals Remaining After 
Trearnient 

* Sh~ul0t-y Preference for 
Treatment 

SHORT-TERM EFFECTIVENESS 

No active treatment process No active treatment process Residuals include metals Residuals requiring 
applied. applied. sludge and spent carbon disposal include spent 

Residuals requiring 

which would have to be carbon and a small volume 
disposal include spent 
carbon and a small volume 

disposed of properly. of condensed contaminated of condensed contaminated 
vapor (waler). vapor (water). 

Not satisfied. Not satisfied. Satisfied except that area Satisfied except that area Satistied except that area 
impacted by treatment is impacted by treatment is impacted by treatment is 
limited and does not limited and does not limited and does not 
include entire plume of include entire plume of include entire plume of 
contaminated surficial contaminated surticial contaminated surticial 
groundwater. groundwater. groundwater. 

* Community Protection Risks to community not Risks to community not 
increased by remedy increased by remedy 
iniplemenlation. implementation. 

Minimal, if any, risks 
during collection and 
treatment. 

Possible migration of toxic 
vapors through ground 
surface because vapor 
extraction is difficult to 
control when groundwater 
surface is within several 
feet of ground surface. 

Minimal, if any, risks 
during operation and 
treatment. 

. Worker Protection None. Protection required during Trench installatibn Minimal potential for Minimal potential for 
well installation and procedure limits worker worker exposure. worker exposure. 
sampling. exposure by design. 



TABLE 5-5 (Continued) 

Evaluation Criteria 

* Environmental Impacts 

. Installation Period 

IMPLEMENTABILITY 

. Ability to Construct and Operate 

* Ability to Monitor Effectiveness 

. Availability of Services and 
Equipment 

SUMMARY 01; DETAILED ANALYSIS 
OI’ERABLE UNIT NO. IO (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

MAI 
No Action 

Continued impacts from 
unchanged existing 
conditions. 

Not Applicable. 

No construction or 
operation activities. 

No monitoring. 

None required. 

BAA2 
No Action with 

Institutional Controls 

Continued impacts from 
unchanged existing 
conditions. 

Less than 30 days required 
to install additional 
grg;dwater monitoring 

Involves standard well 
installation and sampling 
only. 

Proposed monitoring will 
provide an indication of 
effects of natural 
attenuation and progress of 
contaminants migration. 

Well installation and 
sampling services available 
from multiple vendors. 

BAA3 
Groundwater Collection 
and On-Site Treatment 

Wetlands disturbance 
during installation could be 
significant. Trench will 
serve as a barrier for 
contaminated groundwater 
discharge to Brinson Creek. 

60 to 90 days estimated to 
install trench and treatment 
system. 

Sot? ground in wetlands 
areas may hamper 
construction and result in 
delays. Once installed, 
operating is straight- 
forward using commercially 
proven technology. 
Approximately 2,000 to 
3,000 cubic yards of 
potentially contaminated 
soil excavated from the 
trench will require disposal. 
Lack of access may be a 
significant lost factor. 

Proposed monitoring will 
give notice of failure so that 
system can be adjusted 
before a significant 
contaminant release occurs. 

Biopolymer trench 
technology available from a 
limited number of vendors. 

MA4 
In Situ Air Sparging and 

Off-Gas Carbon Adsorption 

Minimal wetlands 
disturbance. System will 
serve as a barrier for 
contaminated groundwater 
discharge to Brinson Creek. 

60 to 90 days estimated to 
install sparging and SVE 
wells and treatment system. 

Construction of activities 
involve primarily well 
installation which has been 
previously executed 
successful1 in this area. 
Disposal o Y drill cuttings 
required. 

Thin vadose zone may 
hamper effective vapor 
extraction which could 
result in the release of toxic 
vapors to atmosphere. 

High metals in groundwater 
could clog well screens 
which would require 
frequent maintenance or 
well replacement. 

Proposed monitoring will 
give notice of failure so that 
system can be adjusted 
before a significant 
contaminant release occurs. 

Air sparging technology is 
available from multiple 
vendors. 

MA5 
In Well Aeration and Off- 
Gas Carbon Adsorption 

Minimal wetlands 
disturbance. System will 
serve as a barrier for 
contaminated groundwater 
discharge to Brinson Creek. 

60 to 90 days estimated to 
install aeration wells and 
treatment system. 

Construction of activities 
involve primarily well 
installation which has been 
previously executed 
successfirlly in this area. 
Disposal of drill cuttings 
required. 

High metals in groundwater 
could clog well screens 
which would require 
frequent maintenance or 
well replacement. 

Proposed monitoring will 
give notice of failure so that 
system can be adjusted 
before a significant 
contaminant release occurs. 

ht well aeration is a 
patented priority 
:echnology currently 
available from only one 
{endor. 



TABLE 5-5 (Continued) 

SUMMARY OF DETAILED ANALYSIS 
OPERABLE UNIT NO. 10 (SITE 35) 

INTERIM FEASIBILITY STUDY, CTO-0232 
MCB CAMP l,E.IEUNE. NORTH CAROLINA 

1 

Evaluation Criteria RAAI 
No Action 

RAA2 
No Action with 

Institutional Controls 

RAA3 RAA4 RAAS 
Groundwater Collection In Situ Air Sparging and In Well Aeration and Off- 
and On-Site Treatment Off-Gas Carbon Adsorption Gas Carbon Adsorption 

* Requirements for Agency None required. Must submit semi-annual None required, provided the 
Coordination reports to document intent of wetland and air 

None required, provided the 
intent of wetland and air 

None required, provided the 
intent of wetland and air 

sampling reports. and water discharge permits and water discharge permits and water discharge permits 
are met. are met. are met. 

COSTS 

* Net Present Worth (30 years) $0 $299,800 $3,000,500 $2,459,600 $2,5 19,700 
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1.0 INTRODUCTION 

This Treatability Study Work Plan has been prepared by Baker Environmental, Inc. (Baker) under 
the United States Department of the Navy (DON), Atlantic Division, Naval Facilities Engineering 
Command (LANTDIV) Comprehensive Long-Term Environmental Action Navy (CLEAN) Program 
for Contract Task Order 0323, Operable Unit (OU) No. IO, Site 35 - Camp Geiger Area Fuel Farm, 
Marine Corps Base (MCB), Camp Lejeune, North Carolina. The treatability study is being 
conducted as part of the Remedial Design (RD) for surficial groundwater at Site 35. This document 
has been prepared in accordance with the requirements of the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP) for remedial actions [40 Code of Federal Regulations 
(CFR) 300.4301. The NCP regulations were promulgated under Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), commonly referred to as Superfund, and 
amended by the Superfund Amendments and Reauthorization Act (SARA) signed into law on 
October 17, 1986. The USEPA’s document Guide for Conductinp Treatabilitv Studies Under 
CERCLA (USEPA, 1992) has been used as guidance for preparing this document. 

MCB Camp Lejeune was placed on the CERCLA National Priorities List (NPL) on October 4, 1989 
(54 Federal Register 4 1015, October 4, 1989). The United States Environmental Protection Agency 
(USEPA) Region IV, the North Carolina Department of Environment, Health and Natural Resources 
(NC DEHNR) and the DON then 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 the 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 public health and the environment. 

1.1 Pumose and Owanization 

This document presents Baker’s approach to executing the pilot-scale Treatability Study of Air 
Sparging technology at Site 35. Its purpose is to detail the objectives and methodologies for 
conducting this work. 

Section 1 .O of this document includes this introduction and site background information. Section 2.0 
contains a description of in situ air sparging (IAS) technology and its limitations along with a 
discussion of remedial design/remedial action implementation considerations. The objectives of the 
treatability study are presented in Section 3.0. Test procedures are detailed in Section 4.0. 
Community relations efforts are discussed in Section 5.0. The proposed reports to be prepared as 
part of this project are discussed in Section 6.0, and, finally, the project schedule is presented in 
Section 7.0. 

1.2 Site Background 

1.2.1 Site Location and Description 

Marine Corps Base (MCB), Camp Lejeune is a training base for the U.S. Marine Corps, located in 
Onslow County, North Carolina. The Activity, as the base is referred to, covers approximately 
236 square miles and includes 14 miles of coastline. MCB, Camp Lejeune is bounded to the 
southeast by the Atlantic Ocean, to the northeast by State Route 24, and to the west by 
U.S. Route 17. The town of Jacksonville, North Carolina, is located north of the Activity (see 
Figure l- 1). 
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Camp Geiger is located at the extreme northwest comer of MCB, Camp Lejeune. The main entrance 
to Camp Geiger is off U.S. Route 17, approximately 3.5 miles southwest of the city of Jacksonville, 
North Carolina. Site 35, the decommissioned Camp Geiger Area Fuel Farm, refers primarily to five, 
15,000-gallon aboveground storage tanks (ASTs), a pump house, and a fuel unloading pad formerly 
situated within Camp Geiger just north of the intersection of Fourth and G Streets (see Figure l-2). 

Site 35 is contained within Operable Unit (OU) No. 10, one of 17 operable units at MCB, Camp 
Lejeune. An “operable unit,” as defined by the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP), is a discrete action that comprises an incremental step toward 
comprehensively addressing site problems. 

The Interim Feasibility Study (FS) study area consists of a portion of OU No. 10 measuring 
approximately 18 acres. More specifically, the study area consists of contaminated groundwater in 
the portion of the surfcial aquifer that is located roughly between the Fuel Farm and Brinson Creek 
(see Figure l-2). 

1.2.2 Site History 

Construction of Camp Geiger was completed in 1945, four years after construction of MCB, Camp 
Lejeune was initiated. Originally, the ASTs were used for the storage of No. 6 fuel oil, but were 
later converted for storage of other petroleum products including unleaded gasoline, diesel fuel, and 
kerosene. The date of their conversion is not known. The ASTs at the site are reported to be the 
original tanks. Demolition of the Fuel Farm ASTs was completed in 1995. 

Product was dispensed from the ASTs via trucks and underground piping. Routinely, the ASTs at 
Site 35 supplied fuel to an adjacent dispensing pump. A leak in the underground line from the ASTs 
to the dispensing island was reportedly responsible for the loss of roughly 30 gallons per day of 
gasoline over an unspecified period (Law, 1992). The leaking line was subsequently sealed and 
replaced. 

The ASTs at Site 35 were used to dispense gasoline, diesel, and kerosene to government vehicles 
and to supply underground storage tanks (USTs) in use at Camp Geiger and the nearby New River 
Marine Corps Air Station until the spring of 1995. The ASTs were supplied by commercial carrier 
trucks which delivered product to fill ports located on the fuel unloading pad at the southern end of 
the facility. Six short-run (120 feet maximum), underground fuel lines were utilized to distribute 
the product from the unloading pad to the ASTs. 

Reports of a release from an underground distribution line near one of the ASTs date back to 
1957-,58 (ESE, 1990). Apparently, the leak occurred as the result of damage to a dispensing pump. 
At that time, the Camp Lejeune Fire Department estimated that thousands of gallons of fuel were 
released, although records of the incident cannot be located. The fuel reportedly migrated to the east 
and northeast toward Brinson Creek. Interceptor trenches were excavated and the captured fuel was 
ignited and burned. 

Another abandoned underground distribution line extended from the ASTs to the former Mess Hall 
Heating Plant, located adjacent to D Street, between Third and Fourth Streets. The underground line 
dispensed No. 6 fuel oil to a UST which fueled the Mess Hall boiler. The Mess Hall, located across 
“D” Street to the west, is believed to have been demolished along with its Heating Plant in the 1960s. 
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In April 1990, an undetermined amount of fuel had been discovered by Camp Geiger personnel 
along the unnamed drainage channels north of the Fuel Farm. Apparently, the source of the fuel, 
believed to be diesel or jet fuel, was an unauthorized discharge from a tanker truck that was never 
identified. The Activity reportedly initiated an emergency clean-up action that included the removal 
of approximately 20 cubic yards of soil. 

Decommissioning of the Fuel Farm began in the spring of 1995 and was completed in July 1995. 
The ASTs were cleaned, dismantled and removed along with associated concrete foundations, slabs 
on grade, berms, and underground piping. The Fuel Farm was removed to make way for a six-lane, 
divided highway proposed by the North Carolina Department of Transportation (NC DOT) (see 
Figure l-2). 

In addition to the Fuel Farm dismantling, soil remediation activities began in August 1995 along the 
highway right-of-way as per an Interim Record of Decision (ROD) executed on September 15, 1994. 
To date, all identified contaminated soil has been excavated and removed from the site. 

1.2.3 Previous Investigations and Findings 

Previous investigations conducted at Site 35 include the Initial Assessment Study of Marine Corps 
Base, Camp Lejeune, North Carolina (WAR, 1983); Final Site Summary Report, MCB Camp 
Lejeune (ESE, 1990); Draft Field Investigation/Focused Feasibility Study, ‘Camp Geiger Fuel Spill 
Site (NUS, 1990); Underground Fuel Investigation and Comprehensive Site Assessment (Law, 
1992); Addendum Report of Underground Fuel Investigation and Comprehensive Site Assessment 
(Law, 1993); Interim Remedial Action Remedial Investigation/Feasibility Study for Soil (Baker, 
1994); Comprehensive Remedial Investigation Report (Baker, 1995); and Interim Feasibility Study 
for Surficial Groundwater (Baker, 1995). 

A comprehensive RI was conducted by Baker in 1994 to evaluate the nature and extent of the threat 
to public health and the environment caused by the release of hazardous substances, pollutants, or 
contaminants, and to support a Feasibility Study evaluation of potential remedial alternatives. The 
RI field program was initiated on April 11, 1994. Data gathering activities were derived from a soil 
gas survey and groundwater screening investigation, a soil investigation, a groundwater 
investigation, a surface water and sediment investigation, and an ecological investigation. In April 
1996, Baker performed a supplemental field investigation to characterize the vertical and horizontal 
extent of fuel- and solvent-related contamination along the proposed IAS curtain boundary. This 
investigation consisted of installation and sampling of a total of 36 temporary monitoring wells. 
These wells were installed at 12 locations and as 3-well clusters designed to monitor the upper, 
middle, and lower regions of the surficial aquifer (see Figure 2-3). 

Several areas of fuel- and solvent-related groundwater contamination were identified in the suficial 
aquifer in the area north of Fourth Street. Organic contaminant concentrations detected in the upper 
and lower portions of the surficial aquifer during the May 1994 sampling round, conducted by 
Baker, are shown in Figures l-3 and l-4, respectively. Additional figures depicting the nature and 
extent of groundwater contamination are provided in the Final R.I Report (Baker, 1995). A water 
table contour map indicating general groundwater flow directions in the surficial aquifer is provided 
in Figure l-5. As shown in Figures 1-6 and l-7, a hydrogeologic cross-section was developed for 
the area paralleling Brinson Creek, which shows the various soil types for the area in which the IAS 
system would be installed. An additional hydrogeologic cross-section was developed from the 
temporary well boring logs, which is provided in Appendix A. This cross-section indicates that the 
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soil lithologies vary significantly between the southern and northern portions of the site. As shown 
in Appendix A, the surficial aquifer in the northern region north of temporary well TW- 19 is 
comprised mainly of medium and fine-grained sands, whereas the region to the south of TW-19 
contains at least one significant silt/clay lens of varying thickness. 
Two additional areas of solvent-related groundwater contamination have been identified adjacent 
to Site 35. The extent and sources of this contamination have not been identified and additional RI 
activities are planned. In addition, significant levels of organic and inorganic contamination were 
identified in sediment samples. 

Following the completion of the RI, a Final Interim Proposed Remedial Action Plan (PRAP) and 
Final Interim ROD for surficial groundwater at Site 35 were prepared (Baker, 1995). These 
documents detailed five potential Remedial Action Alternatives (RAAs) developed in the FS for the 
remediation of organic chemical contaminated surficial groundwater at Site 35. More specifically, 
the following Remedial Action Objectives (RAOs) were developed in the FS for the surficial 
aquifer: 

0 Mitigate the potential for direct exposure to the contaminated groundwater in the 
surficial aquifer. 

l Minimize or prevent the horizontal and vertical migration of contaminated 
groundwater in the surficial aquifer. 

l Restore the surficial aquifer to the remediation levels established for the 
groundwater contaminants of concern. 

The remediation levels established for the contaminated of concern are provided in Table l-l. These 
levels were based on the NC DEHNR Water Quality Standards for Groundwater (15A NCAC 
2L.0202). 

RAA 5, In Well Aeration with Off-Gas Carbon Adsorption, was selected in the Final Interim ROD 
contingent upon the successful execution of preliminary field pilot-scale tests. This RAA is interim 
in nature because it represents only one phase of a comprehensive investigation and remediation at 
Site 35 and is not intended to represent the final solution for OU No. 10. This particular interim 
action focuses on containment and remediation of organic groundwater contamination in the 
surficial aquifer located in the vicinity of the Fuel Farm and extending downgradient towards 
Brinson Creek. A remediation system installed in this area would be designed to mitigate the 
migration of groundwater contamination from OU No. 10 prior to its discharge into Brinson Creek. 

Other media of concern such as sediment and groundwater in the upgradient portion of the surficial 
aquifer will be addressed during subsequent RI/FS activities that are scheduled to commence later 
this year. Soil contamination at Site 35 was excavated and removed as part of a separate Interim 
Remedial Action. 

The viability of in-well aeration technology (RAA 5) at Camp Lejeune is being evaluated by means 
of a field pilot test currently underway at another site (OU No. 14, Site 69). Whether or not in-well 
aeration is applied at Site 35 is dependent on the results of the field pilot test at Site 69 and, 
subsequently, on field pilot testing at Site 35. If it is determined, based on the results of the field 
pilot test, that in-well aeration cannot perform as required, RAA 3 (Groundwater Collection and 
On-Site Treatment) will be selected as the Interim Preferred Remedial Action. To date, the field 
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pilot test of an in-well aeration technology has experienced delays in being implemented at Site 69 
which further delays field pilot-scale tests at Site 35. In the meantime, EPA, NC DEHNR, 
LANTDIV, Camp Lejeune, and Baker staff agreed that a field pilot test of in-situ air sparging (IAS) 
technology would be appropriate at this site. If the results of this test are sufficiently positive, a 
request may be made to prepare an Explanation of Significant Differences (ESD) document to 
modify the selected alternative. 
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2.0 INITIAL FEASIBILITY EVALUATION 

2.1 Technolow Descrintion 

IAS is a technology in which air is bubbled through a contaminated aquifer. Air bubbles traverse 
horizontally and vertically through the soil column, creating an underground stripper that removes 
contaminants by volatilization and, for some contaminants, particularly fuel-related compounds, by 
biodegradation. The air bubbles carry the contaminants upward until they can be recovered by a 
vapor extraction system or released to the atmosphere. 

IAS is a commercially available technology for removing volatile organic chemicals from 
groundwater. Various technical papers have been published documenting its effectiveness at sites 
across the U.S. In general, the available literature indicates that IAS is most frequently used to 
remediate shallow groundwater (i.e., less than 20 feet below the ground surface bgs); however, in 
theory there is no limit to its application. 

At Site 35, the area east of the former Fuel Farm, between Brinson Creek and the proposed divided 
highway, is located, for the most part, within the limits of the Brinson Creek loo-year floodplain. 
The area is characteristically marshy with the groundwater surface generally situated within three 
feet of the ground surface throughout the year. This type of site does not avail itself to vapor 
extraction due to the lack of a sufficiently thick unsaturated soil zone. Consequently, the 
contaminants removed from the shallow groundwater at Site 35 via IAS will be discharged to the 
atmosphere directly. 

2.2 Technolow Limitations 

The effectiveness of IAS generally increases with increasing intrinsic permeability (k, cm2). Soils 
should have an intrinsic permeability of at least 10m9 in order for air sparging to be effective 
(EPA/5 10/B-94/003). Silty sands generally have k values in the range of IO-lo to 10”. Therefore, 
the soils at Site 35, which are predominantly silty sands, are potentially amenable to IAS. Organic 
compounds with Henry’s law constants greater than 0.0 1 atm-m3/mol (EPA/542&94/0 13) or 100 
atm (EPA/510/B-94/003) are typically considered amenable to stripping. All of the VOCs of 
concern have Henry’s constants that are greater than these values. 

As previously indicated, IAS is generally applied to remediate contamination in shallow 
groundwater (i.e., less than 20 feet bgs). At Site 35, the area of contamination is distributed 
throughout a shallow groundwater zone that varies in depth from approximately 32 to 40 feet. 
Lighter molecular weight fuel contaminants are more prevalent near the groundwater surface, while 
heavier halogenated compounds are concentrated atop a semi-confining layer at the base of the 
shallow groundwater zone. In general, the lighter contaminants near the groundwater surface should 
be easier and less costly to remove than the heavier contaminants at the base of the shallow zone. 
This is due, in part, to the higher volatility of the lighter compounds and, in part, because of the 
greater energy required to inject air in the deeper zone. 

The track record for IAS shows that it has indeed been applied more at sites contaminated with fuels 
rather than solvents. This is probably due in part to the larger number of fuel-related versus 
solvent-contaminated sites, the biodegradability of fuel-related contaminants, and the fact that the 
majority of fuel-related sites are characterized by contamination at or near the groundwater surface. 
One IAS pilot study was performed in 1995 on solvent-related contamination (TCE) at Hill AFB in 
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Utah (Wheeless, et al., 1995). Significant contaminant removals were achieved by the IAS system, 
which was applied at a depth similar to Site 35. A copy of this paper, which discusses the results 
of this study, is included in Appendix B. 

IAS systems utilize injected air and are often combined with vapor extraction systems to controlthe 
migration of contaminants. At Site 35, between Brinson Creek and the proposed divided highway, 
the groundwater surface is generally within three feet of the ground surface throughout the year. 
The available unsaturated soil zone is insufficiently thick to afford the application of vapor 
extraction. Without vapor extraction, the migration of contaminants in the vadose zone is 
uncontrolled. However, as illustrated by the following example calculations, vapor emissions are 
anticipated to be low and should not pose an unacceptable risk to human health or the environment. 

To provide a conservative estimate, or upper bound, of the vapor emission rate prior to performing 
the pilot test, it can be assumed that, at steady-state, the contaminant vapor emission rate will equal 
the dissolved contaminant migration rate to the IAS system. Thus, this upper bound can be 
calculated from an estimate of the groundwater specific discharge q [ft./d], width of the IAS barrier 
W [ft], the depth below the groundwater table to the injection point H [ft], and dissolved 
contaminant concentration C, [lb/ff] as follows: 

Emissions,, = q [ft/d] x W [Md] x H [ft] x C, [Ib/ff] 

Based on the available Site 35 data from the RI Report, conservative estimates for these parameters 
are as follows: q = 0.06 ft/d (based on K = 0.001 cm/s, I = 0.02), W = 200 ft., H = 25 ft., C, = 
0.00006 lb/P (= 1,000 ug&). Inserting these values into the above emissions equation results in a 
maximum surficial emission rate of approximately 0.02 lb/d. 

Assuming four sparging wells are installed over the 200-foot wide capture zone with a combined 
air flow rate of 40 cubic feet per minute (&in) (i.e., four wells spaced 50 feet apart with 10 cfm per 
well), the resulting contaminant air concentration passing through the vadose zone would be 3.5 x 
10.’ lb/ft 3 or 5.6 mg/m ! For a qualitative risk assessment, this value can be compared to the 
threshold limit value (TLV) for an 8-hour exposure (i.e., time-weighted average (TWA)) for benzene 
and TCE, which are 32 mg/m’ and 269 mg/m’, respectively. Additional risk assessment analyses 
will be performed based on the air sampling results from the pilot tests. 

Another potential concern associated with the IAS system is the amount of contamination that will 
be retained in the soiis (i.e., resulting contaminant concentrations) since implementation of a soil 
vapor extraction system to collect volatilized contaminants in the vadose zone may not be possible. 
Based on an vapor contaminant concentration of 5.6 mg/m’ and assuming an equilibrium soil-vapor 
partitioning coefficient of 3.3 L/kg for benzene and 2.5 L/kg for TCE (see calculations provided in 
Appendix C), the degree of soil contamination resulting from this contaminated air is approximately 
0.018 mg/kg. for benzene and 0.014 mg/kg for TCE. The acceptable U.S. EPA risk-based 
concentrations (RBCs) for exposure to contaminated soil (i.e., accidental ingestion) under a 
residential use scenario are 22 mg/kg and 58 mg/kg for benzene and TCE, respectively. Thus, the 
IAS system should not create soil contamination that poses an unacceptable risk to human health or 
the environment. 
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2.3 Technolow ImDlementatiodDesi~n Basis 

.The IAS alternative in the Interim FS (Baker, 1995), Remedial Action Alternative (RAA) 4, included 
installation of an IAS “curtain,” or barrier, to contain and treat contaminated groundwater as it flows 
towards Brinson Creek. The conceptual design for IUA 4 included a total of 43 sparging (i.e., air 
injection) wells spaced approximately 25 feet apart. As shown in Figure 2- 1, a total capture zone 
approximately 1000 feet in width was assumed based on available data. The capture zone width was 
based on containing groundwater contaminated above the NC DEHNR-based groundwater standards 
(Table l-l). As shown in Figure 2-1, the sparging curtain is expected to be located approximately 
25 feet downgradient, or east, of the highway’s eastern right of way. A soil vapor extraction system 
was included in the FS as part of RAA 4, since it is typically required for an IAS system as a 
safeguard measure for controlling vapor emissions. RAA was not selected because of the high water 
table conditions in the capture zone area along Brinson Creek. 

One of the goals of the pilot-scale test is to refine the conceptual design in the FS using test data as 
well as additional groundwater contaminant data obtained during the Phase II RI at Site 35. The 
Phase II RI is scheduled to be completed prior to the initiation of the pilot test. A summary of the 
available groundwater data through the 1994 RI for the fuel-related (i.e., benzene, toluene, 
ethylbenzene, and xylenes (BTEX)) and solvent-related (i.e., total chlorinated hydrocarbons (CHCs)) 
contamination in the vicinity of Brinson Creek is provided in Figure 2-2. Total concentrations of 
BTEX and CHCs detected during the April 1996 field investigation are shown in Figure 2-3. 

Groundwater sampling results from the most recent field investigation and previous studies 
conducted by ESE (1986), NUS (1990), Law (1991 and 1993), and Baker (1994), indicate three 
primary areas of contamination that intercept the proposed sparging curtain boundary. Hypothetical 
contaminant plumes for these areas were developed (Figure 2-4) to estimate capture zones and to 
identify additional data needs. These plumes have been identified as plumes A, B, and C for 
purposes of this report. These plumes are considered hypothetical since it is unknown if each plume 
originates from a single source area or if it is actually a composite of two or more plumes originating 
from multiple sources. The two northern plumes (A and B) represent BTEX contamination 
associated with monitoring wells MW-20 and MW- 16, respectively. The southern plume (plume 
C) consists of chlorinated solvent contamination, primarily TCE and 1,2-DCE, associated with 
monitoring well MW-19. A fourth potential area of solvent contamination (not shown), plume D, 
is located south of plume C near wells 35MW-34B, 35MW-35B, and 35MW-36B (see Figures l-3 
and l-4). This zone of contamination does not appear to have encroached as near to Brinson Creek 
as plumes A, B, and C. The concentrations in plume D are three orders of magnitude less than the 
plume C contamination and appear to represent a separate contaminant source. 

Of the three or four plumes intercepting the sparging curtain boundary, plumes B and C contain the 
bulk of the contaminant mass in the groundwater and pose the most risk to receptors in Brinson 
Creek. The significance of these two plumes with respect to the remedial design/action is discussed 
later in this section. Groundwater data (Figure 2-2) show that BTEX levels associated with plume 
A attenuate rapidly in the downgradient direction, suggesting natural attenuation mechanisms 
(i.e., biodegradation) are preventing appreciable contamination from reaching the creek. With 
respect to plume D, contaminant levels in this area only slightly exceed established cleanup levels. 
Therefore, with containment/treatment of the upgradient source area, natural attainment of the 
cleanup levels in plumes A and D may be possible through dilution and dispersion. 
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Conceptually, the shallow aquifer can be divided into two regions; an upper region in which the 
majority of the BTEX contamination resides, and a lower region that contains the bulk of the 
solvent-related contamination. The thickness of the shallow aquifer is approximately 30 to 35 feet, 
with the water table located approximately two to three feet bgs along the sparge curtain boundary. 
BTEX compounds were generally detected in the upper 0 to 15 feet of aquifer; whereas, the highest 
concentrations of chlorinated compounds were detected in the lower 20 to 35 feet of aquifer 
(i.e., above the semi-confining layer). BTEX concentrations in the upper aquifer are generally about 
two orders of magnitude higher in the upper aquifer than in the lower aquifer. 

Plume B is generally a shallow BTEX plume with contamination in the center of the plume 
extending into the middle portion of the shallow aquifer (approximately 25 feet bgs) and 
contamination near the edges of the plume extending only to about 15 feet bgs. Plume B is 
approximately 300 feet in width. The centerline of the plume appears to be located near well TW- 
23. Soil conditions across Plume B appear more uniform compared to those across Plume C. Most 
of the saturated aquifer material across Plume B is composed of medium- and fine-grained sands. 
Thin silt/clay stringers were observed in some of the borings, however, the soils are predominantly 
sands. Therefore, there is a good chance of success for implementing IAS in Plume B. 

In contrast to Plume B, Plume C is generally a deeper chlorinated solvent plume (mainly TCE and 
1,2-DCE) with contamination generally absent in the upper 10 feet of aquifer and then increases 
dramatically with depth to the confining layer located 30-35 feet bgs. Plume C appears to be at least 
450 feet in width. As shown in Figure 2-4, part of plume C overlaps with plume B. The highest 
concentrations of the TCE and 1,2 DCE contamination are centered near well locations TW- 16 and 
TW-17. Soil boring logs from the wells installed along Plume C indicate a much more 
heterogeneous condition. Boring log TW-16 indicates either silty clay or clayey silt from 6.5 to 25 
feet bgs. Silt and clay was also apparent in boring TW-17 down to 18.5 feet bgs with silty sand 
down to about 24.5 feet bgs. Borings TW-16 and TW-17 contained the highest concentrations of 
TCE and 1,2-DCE. The thicknesses of the silt/clay and clay/silt lenses appear to dramatically 
decrease in the northwestern direction along the sparge curtain boundary. A silt/clay lens was only 
detected from about 8.5 to 9.5 feet in boring TW-18. The thickness of the silt/clay lens may also 
attenuated in the southeastern direction. Upon implementation of IAS, air flow channels will likely 
be dependent on the extent and shape of the silt/clay material. Depending on these factors, as well 
as the permeability and heterogeneity of the sandy and shell hash materials below the silt/clay layer, 
injected air could travel in a uniform lateral direction beneath the layer, preferentially travel in one 
direction, or become trapped beneath the silt/clay layer. 

Since plumes B and C essentially represent two distinct sites with different types of contamination 
and soils, two short-term (6-day) pilot-scale tests are proposed for Site 35, one for plume B and one 
for plume C. The pilot test for plume B will be conducted first since the soil lithology is more 
homogeneous and contains more sand and less silt than the aquifer materials located further south 
in the plume C area. Thus, the plume B area is more conducive to IAS technology and has the 
greatest chance of success. If the plume B pilot test appears successful (i.e., air can be effectively 
injected into the aquifer with no signs of entrapment below confining layers), then the plume C pilot 
test will be performed. This area contains the highest levels of solvent-related contamination and 
poses the greatest treatment challenge with respect to IAS. It is anticipated that the scope of work 
for the plume C pilot test will be very similar to the first plume B pilot test. However, modifications 
and adjustments may be made to the plume C study based on data obtained and lessons learned from 
the first test. 
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To accommodate the two different types and zones of contamination, two sparging wells are 
proposed for the plume B treatability study, as shown in Figure 2-5. The upper sparging well would 
be screened approximately 14 to 16 feet bgs, whereas the lower sparging well would be screened 
from approximately 32 to 34 feet bgs. Exact screen placements would be determined in the field 
based on actual conditions. As shown in Figure 2-6, only one deep sparging well is proposed for 
plume C because of the silt/clay and clay silt lenses present from approximately 7 to 23 feet bgs. 
Air injected into the plume C sparging well is expected to travel horizontally within the lower sand 
layer and beneath the silt/clay lenses. The air will gradually travel upward as the silt/clay lenses 
become thinner and eventually disappear. 

As shown in Figures 2-5 and 2-6, as the injected air exits the well screen and travels upward towards 
the water table, it fans out radially, forming a parabolic-shaped zone of influence (under 
homogeneous conditions). Soil heterogeneities, however, such as silt stringers or very permeable 
sand lenses, can dramatically alter this flow regime by trapping air and forcing it to move laterally 
and/or by creating preferential flow paths. Thus, changes in lithology may preclude the sparge 
curtain from treating certain zones of contamination. Because of the “fanning-out” effect, the length 
of the radius of influence (ROI) of a sparging well is typically least at the bottom of the well and 
greatest near the water table. Since the sparging wells cannot be placed below the semi-confining 
layer, chlorinated hydrocarbons located immediately above this layer may pass beneath and/or 
between the sparging wells. To minimize this problem, sparging wells may need to be tightly spaced 
in the deep zones of contamination (i.e., plume C). In areas with mainly shallow contamination, a 
longer spacing may be feasible, depending on lithology. 

Depending on the results of the test and the observed vertical distributions of BTEX compounds and 
chlorinated hydrocarbons, the full-scale design could include any of the following sparging well 
combinations: 

0 Shallow sparging wells for BTE’X 
0 Shallow and deep sparging wells for BTEX 
0 Deep sparging wells for chlorinated hydrocarbons 
0 Shallow and deep wells for chlorinated hydrocarbons 

The results of the short-term pilot tests will provide key information concerning the effectiveness 
and implementability of IAS technology at the Site 35 plumes. However, the short-term tests will 
not provide conclusive evidence as to the effectiveness of the sparge curtain to mitigate long-term 
contaminant migration. Furthermore, since the plume B pilot test will only be performed for a short 
duration, it will not provide data regarding potential enhancement of biodegradation rates in this 
area. For these reasons, a long-term (i.e., 12 to l&month) barrier effectiveness test is proposed for 
plumes B and C, provided the short-term pilot test(s) yield(s) promising results. The long-term test 
would essentially represent the fust phase of the interim remedial action, in which permanent, full- 
scale equipment and utilities would be installed by the Remedial Action Contract (MC) contractor 
and operated at the site. During this period, new and existing monitoring wells located up-, down-, 
and cross-gradient of the sparge curtain boundary would be monitored to track contamination in both 
untreated and treated areas. Near the end of this time frame, one of the following decisions would 
be made based on sampling results: 

0 Continue operation of the existing system 
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l Expand the existing IAS system to include additional areas if necessary (e.g., plume 
A and/or plume D) 

0 Discontinue use of the sparging system in plume B and/or plume C in favor of an 
alternate technology (i.e., in-well aeration) 

Should the short-term tests demonstrate that IAS is a potentially feasible technology for both the 
BTEX and solvent-related plumes, Baker proposes to proceed with the design of the full-scale 
interim system based on the collected data and following receipt of review comments on the 
Treatability Study Report. 
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3.0 TREATABILITY STUDY OBJECTIVES 

At Site 35 IAS is proposed as part of an interim remedial action. The focus of this interim action 
is the contaminated surticial groundwater in the area located east of the former Site 35 Fuel Farm, 
between Brinson Creek and the proposed divided highway. As this represents only a portion of the 
contaminated shallow groundwater identified at the site, this action is referred to as an Interim 
Remedial Action. That is, it represents only a portion of a more comprehensive investigation and 
remediation at Site 35 and will not necessarily be the final solution for OU No. 10. 

The objectives of the pilot-scale treatability study are as follows: 

‘0 Assess the applicability of IAS technology in addressing shallow groundwater 
contamination at Site 35 by evaluating the effectiveness, implementability, and cost 
of a full-scale treatment system. 

0 Obtain sufficient data to afford the development of a full-scale system remedial 
design. 

0 Assess the impact of air emissions on human health and the environment, and verify 
that air emissions will not impact the proposed highway project. 
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4.0 TESTING PROCEDURES 

A Final Remedial Investigation Work Plan, Sampling and Analysis Plan (SAP), Quality Assurance 
Project Plan (QAPP), and site-specific Health and Safety Plan (HASP) were prepared by Baker 
(December, 1993) for various field activities at Site 35, including monitoring well installation and 
soil and groundwater sampling. These project plans will be used for the monitoring well installation 
and groundwater sampling activities described herein for the pilot-scale test. 

4.1 Mobilization 

Mobilization will include site preparation, site clearing, and mobilization of drilling crew and rig. 

4.1.1 Site Preparation/Site Clearing 

Since the treatability study area is located in a heavily-wooded, low-lying area, site-preparation and 
site-clearing activities will be required to provide access and a stable working surface. 

The existing dirt access road is generally accessible for a drilling rig and 4-wheel drive vehicles. 
However, the treatability study areas are in a low-lying portion of the site, which are subject to 
occasional flooding and are generally soft. Therefore, the areas will need to be improved prior to 
treatability study mobilization activities. A small staging area (approximately 15’~ 15’) will be 
prepared in each area by placing a l-foot thick compacted gravel layer over a geofabric. Limited 
site-clearing, which includes cutting small trees and removing shrubs, may be required to install the 
staging areas and treatability study monitoring wells. 

4.1.2 Installation of Temporary Utilities 

The compressor for the IAS system will be operated using a 20-hp gas-powered engine. Therefore, 
installation of temporary power will not be required. 

4.1.3 Temporary Facilities 

Baker’s existing office and storage trailers near Site 41 will be used during the study due to its short 
duration. Trash will be collected in garbage bags and disposed of in the dumpster located at Site 4 1. 
Baker will have a mobile phone on site during the well installation and treatability study effort. 

4.2 Drillinp and Well Construction 

This section describes the procedures for the construction and installation of groundwater 
monitoring wells (two-inch diameter PVC casings two-inch diameter, No. 10 slot, well screened), 
IAS wells, and the soil gas monitoring probes. All drilling activities will be performed using 
hollow-stem augering methods under the direct supervision of a licensed well driller in accordance 
with the procedures provided in the Baker SAP. Oversight will be provided by a Baker geologist. 

4.2.1 PVC (Zinch) Monitoring Wells 

Plan views of the proposed IAS and groundwater monitoring wells for each test are shown in Figure 
4- 1. As shown in Figure 4-1, six pairs of shallow/deep monitoring well clusters are proposed for 
the pilot test for plume B. For the plume C test, four pairs of shallow/deep monitoring well clusters 
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are planned with an additional four deep monitoring wells. Thus, a total of 12 new monitoring wells 
will be installed for each test. All new monitoring wells will be installed and developed immediately 
prior to performance of each treatability study. 

To optimize data collection for the plume B study, each pair of wells will not be located immediately 
adjacent to one another as is done with a typical well cluster. However, the cluster well numbering 
terminology will be used to maintain consistency with previous investigations. The purpose of the 
two-well cluster concept is to provide the means for obtaining groundwater data at the shallow 
groundwater surface and above the underlying semi-confining layer. These intervals are monitored 
by existing double-nested shallow wells. According to the results of previous investigations, the 
shallow groundwater surface can be expected to be encountered across the treatability study area at 
two to three feet bgs. Data provided in previous investigations indicates that the top of the semi- 
confining layer is located about 35 feet bgs. 

Each well in the two-well clusters will be provided with either an “A” or “B” designation 
(e.g., MW-45A and MW-45B). The “A” will identify the well screened at the groundwater surface, 
whereas “B” will identify the well screened at the top of the underlying confining layer. Existing 
monitoring wells are currently numbered up to 35MW-43AA. Therefore, wells installed for the 
treatability studies will begin with number 35MW-44AB. 

Each well will be constructed with two-inch diameter, schedule 40 PVC casings and No. 10 slot, 
2-inch diameter PVC screens. All air sparging wells (35MW-44A/B and 35MW-51B) will be 
installed using two-foot long screens. The shallow sparging well will be installed to a depth of 
approximately 16 feet bgs. The deep air sparging well will be installed just above the clayey silt 
semi-confining layer at a depth of approximately 34 feet bgs. 

For the plume B test, a lo-foot screened interval for the groundwater surface monitoring wells will 
be used from about two to 12 feet bgs. For the deep monitoring wells in plume B, a five-foot long 
screen will be set approximately three feet higher than the screen depth used for the deep sparging 
well (i.e., 3 1 feet). These monitoring wells are placed higher than the sparge wells for the purpose 
of intercepting the air flow channels rising from the injection well. Detailed well construction 
information and well installation procedures are provided in Section 5.0 of the SAP. 

Because of the presence of the silt/clay lenses, the shallow.wells for the plume C test will actually 
be screened within the lower sand stratum just above (i.e., l-2 feet) the deep well casing (i.e., within 
a range of approximately 20 to 30 feet bgs). For all deep monitoring wells which are part of a well 
cluster (35MW-52B, 35MW-53B, 35MW-54B, and 35MW-55B), a five-foot long screen will be set 
at a depth that is either equal to, or slightly higher (i.e., 1 to 3 feet) than the screen depth used for 
the deep sparging well, depending on the thickness of the sand stratum. Thus, the screens for these 
deep monitoring wells will be placed within a depth range of 26 to 34 feet bgs. For the remaining 
deep monitoring wells which are not part of a cluster (35MW-56B, 35MW-57B, 35MW-58B, and 
35MW-59B), 15-foot long screens will be set for an interval from 19 to 34 feet bgs. The purpose 
of these 15-foot screens is to capture a greater section of the aquifer to allow for more effective 
monitoring of the horizontal movement of air at large distances from the sparge well. 

Continuous split-spoon sampling using 2-foot long, 2.5- or 3-inch I.D. spoons will be performed 
during installation of several of the deep wells to determine soil types and well screen placements. 
Selected soil samples will be collected for possible future geotechnical analysis (e.g., grain size 
analysis), if deemed necessary following completion of the treatability study. 
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4.2.2 Soil Gas Probes 

For each test, a total of six soil gas probes will be installed at various locations surrounding the air 
sparging wells as shown in Figure 4-2. The probes will be placed approximately 1 foot above the 
water table (i.e., 1 to 1.5 feet bgs). The probes will be constructed of 2.5-feet long, 1/2-&h 
diameter schedule 40 PVC piping with retractable or disposable tips. They will be manually pushed 
into the soil and removed upon completion of the test. 

4.3 Pilot Test Desim and ODeration 

Once the soil gas probes and monitoring wells are installed, as described in Section 4.2, each IAS 
test and associated air and groundwater sampling/monitoring activities will commence as follows: 

0 Day 1: Pre-Test Sampling (Baseline Conditions) 
l Days 2-3: Phase I IAS Test (5 scfm flow rate) 
0 Days 4-5: Phase II IAS Test (20 scfin flow rate) 
0 Day 6: Post-Test Sampling 

During each phase of the pilot test, air will be simultaneously injected into both the shallow and deep 
sparging wells. In other words, approximately 5 scfm will be injected into each well during Phase 
I; whereas, approximately 20 s&n will be injected into each well during Phase II. The text will be 
revised to clarify this point. As discussed below, the length of Phase I and/or Phase II could be 
expanded based on field observations. 

Changes in the following parameters will be measured to evaluate the radius of influence (ROI) of 
the IAS system: 

0 Dissolved oxygen (D.O.) in groundwater 
0 Oxygen concentration (by volume) in soil (vadose zone) 
0 Contaminant levels in vadose zone (soil gas) 
0 Contaminant levels in groundwater 
0 Helium concentrations in vadose zone 
0 Vadose zone pressure 
0 Groundwater pressure (water table elevation) 

All measurements in the vadose (i.e., unsaturated) zone will be taken using the soil gas probes, and 
all groundwater parameters will be measured using the upper and lower aquifer monitoring wells. 

Of the above parameters, oxygen concentration is the key parameter that will be used to assess the 
zone of influence of the sparging system, particularly D.O. concentrations in the surficial aquifer. 
Background dissolved oxygen levels are expected to be at concentrations less than 2 mg/L in the 
aquifer and possibly in the range of 10 - 15 percent in the vadose zone, depending on the amount of 
biological activity in the area. Once the IAS system is turned on, D.O. levels in the monitoring wells 
may rise to various levels up to the saturation point of about 9 mg/L, and oxygen levels in the vadose 
zone may increase to about 20 percent. The duration of Phase I and/or Phase II could be increased 
an additional 12 to 24 hours if D.O. measurements indicate that the system has not reached steady- 
state and more time is needed to obtain an accurate ROI estimate. 
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In addition to oxygen, a helium tracer will be used to help determine the IAS radius of influence. 
Procedures for the helium tracer test as well as the other data collection methods and frequencies 
are discussed for each test phase in the following sections. 

All samples collected during this investigation, including QA/QC samples, will be designated with 
a unique number. The number will serve to identify the investigation, the site, the area within the 
site, the sample medium, a sampling location, depth or round (pre-test, test, post-test) of sample, and 
QA/QC qualifiers. 

The sample designation format is as follows: 

Site # - Medium - Location - Depth/Round - Time (QA/QC) 

An explanation of each of these identifiers is given below. 

Site # 

Medium 

Location 

Depth/Round 

Time 

This investigation includes Site 35. 

GW = Groundwater 
SG = Soil Gas 
WT = Waste 

The location numbers identify the sampling location. This would include 
station number for soil location or monitoring well number for 
groundwater. Each grid station will be identified with a unique 
identification number. 

Depth indicators will be used for soil samples. The number will refer to the 
depth of the top of the sampled interval. For example: 

00 = 
01 = 
07 = 

top of sample at ground surface 
top of sample is 1 foot below surface 
top of sample is 7 feet below surface 

Round indicator will be used for groundwater samples as follows: 

01 = 
02 = 
03 = 
04 = 

Pre-test sampling round 
Pilot test (Phase I) 
Pilot test (Phase II) 
Post-test sampling round 

Time indicators will be used to identify the time (in hours) of sample 
collection during each phase as follows: 

00 = Initial baseline sampling or immediately after system 
startup (i.e., t = 10 minutes) 

02 = t = 2 hours 
24 = t = 24 hours 
48 = t = 48 hours 
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QNQC (FB) = Field Blank 
02 = 
(TB) = 
(ER) = 

Duplicate Sample 
Trip Blank 
Equipment Rinsate 

Under this sample designation format the sample number 35-GW-48A-Ol-24D refers to: 

JJ-GW-48A-0 1-24D 
35-m-48A-Ol-24D 
35-GW-m-Ol-24D 
35-GW-48A-u-24D 
35-GW-48A-Ol-%D 
35-GW-48A-Ol-24IJ 

Site 35 
Groundwater Sample 
Monitoring well 48A 
Pre-test sampling round 
Sample collected after 24 hours 
duplicate (QA/QC) sample 

This sample designation format will be followed throughout the project. Required deviations to this 
format in response to field conditions will be documented. 

The types and quantities of QA/QC samples associated with the groundwater sampling are indicated 
in Tables 4- 1,4-2, and 4-3 discussed in the following sections. Additional information concerning 
the QNQC samples is provided in the Site 35 QAPP. Sample bottle and holding time requirements 
for the groundwater samples are also provided in the QAPP. 

4.3.1 Pre-Test Sampling 

Prior to startup of the IAS system, a 24-hour pre-test sampling event wiI1 be conducted to obtain a 
baseline data set of the natural physical/chemical conditions in the aquifer and vadose. The pre-test 
sampling matrix outlining all test parameters, methods, and sampling frequencies is provided in 
Table 4-l. Specific sampling methodologies are described below. 

4.3.1.1. Soil Gas Sampling and Monitoring 

With the exception of the SUMMA canisters, all soil gas samples will be collected using a Dawson 
electric high volume air sampling pump connected to the soil gas probes. The high volume air 
sampler is designed to provide a variable flow setting between 3 to 20 liters/min. The air sampler 
will be connected to the soil gas probes using l/4” flexible tubing (i.e., tygon, PVC, polyethylene, 
or polypropylene). Specific methods and equipment are given below. 

Oxygen Concentrations 

Oxygen concentrations in the vadose zone will be measured using a portable Sentinel Model 503-A 
O&EL meter, or equivalent. The measurement will be taken by drawing air from the air pump 
discharge line into the intake tube on the O&EL meter. 

Organic Contaminant Concentrations 

The majority of the total organic compound concentrations in soil gas will be measured using an 
IINu Model PI-101 or DL-101 photoionization detector (PID) with a 10.2 eV lamp. The 
measurement will be taken by holding the PID probe the in the discharge from the air pump. 
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In addition to PID readings, a limited number (Table 4-1) of vapor samples will be collected using 
6-liter SUMMA canisters. The inlet to the SUMMA canisters (i.e., swagelock), which are supplied 
under vacuum, will be connected to the soil gas probes using l/4” flexible tubing (i.e., tygon, PVC, 
polyethylene, or polypropylene) and shipped to an off-site laboratory certified by NFESC or the 
U.S. Army Corps of Engineers for EPA Method TO-14 analysis. A list of the constituents detected 
by the TO- 14 analysis is provided in Appendix D. There is no holding time for the SUMMA 
canisters; however, it is anticipated that all canisters will be shipped to the laboratory within a few 
days of sampling and analyzed within a two-week time frame. 

Pressure Measurements 

Pressure measurements will be taken using magnehelic differential pressure gauges (e.g., Dwyer 
Series 2000,0-20” H,O) hard-piped to dedicated l/4-inch diameter soil gas probes. 

4.3.1.2. Groundwater Samuling 

Oxygen Concentrations 

D.O. concentrations in the aquifer will be measured using a portable YSI Model 57 D.O. meter, or 
equivalent. The measurement will be taken by using the peristaltic pump to pump water into a small 
jar in which the D-0. sensor is placed. The D.O. measurement will be taken after the sensor reading 
stabilizes. The collected water will be disposed in the decontamination water container. 

Organic Contaminant Concentrations 

Groundwater samples will be collected for VOC analysis as indicated in Table 4- 1. The peristaltic 
pump will be used to purge three to five well volumes from the well and to obtain a turbidity reading 
less than 10 NTUs prior to collecting the sample. Additional sampling collection protocols are 
provided in the SAP. The samples will be analyzed using EPA SW 846 Method 8240 (plus xylenes) 
by an off-site laboratory certified by NFESC or the U.S. Army Corps of Engineers. 

Pressure Measurements 

Water table levels will be automatically recorded on an hourly basis in four shallow wells 
throughout the pre-test, pilot test, and post-test periods using pressure transducers linked to a data 
logger (Cchannel In Situ, Inc. Hermit Model SE2000). 

4.3.2 Pilot Test Operation 

As previously noted, each pilot test will consist of two, 2-day phases (Phase I and Phase II) in which 
air injection flow rates (per well) of approximately five standard cubic feet per minute (SCFM) and 
20 SCFM will be used. The phases will be performed in series without discontinuing air injection. 
IAS systems typically operate within the range of three to 20 SCFM, with the majority of systems 
operating around 10 SCFM per well. Thus, the five and 20 SCFM flow rates were selected to 
provide the optimal data on which to base a full-scale system design. 
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4.3.2.1 Pilot Test Eauinment 

A process flow schematic showing the equipment and instrumentation to be used for the IAS tests 
is provided in Figure 4-3. The equipment shown in Figure 4-3 will be pre-assembled on a single- 
axle flat bed trailer (5 feet by 8 feet), which will be transported to the site by a van or pickup truck. 
Since a soil vapor extraction (SVE) test will not be performed in conjunction with the IAS test due 
to the high water table, the major equipment item to be used in the IAS will be an oil-free rotary 
vane air compressor. The compressor will be equipped with a pressure relief valve, check valve, and 
pressure gauge and will be plumbed to a section of l-inch diameter schedule 40 steel pipe with a 
bleed valve to control air flow and sampling port to monitor helium concentrations. Schedule 40 
0.5-inch diameter high temperature hose will be used to connect the steel pipe to the injection well 
head. The following parameters will be measured on the compressor discharge: 

0 Temperature 
0 Pressure 
0 Air flow rate 

These parameters will be monitored periodically and any changes/adjustments recorded in the field 
log book as appropriate. 

4.3.2.2 Pilot Test Samnling 

The test sampling matrix outlining all test parameters, methods, and sampling frequencies is 
provided in Table 4- 1. The sampling procedures are identical to those described in Section 4.3.1, 
except that helium concentrations will be measured in the soil as part of the helium tracer test 
discussed in the next section. 

4.3.2.3 Helium Tracer Test 

As air injection is initiated after the baseline sampling, helium will be blended with the injection air 
at a concentration of about two percent. A series of pressurized helium tanks will be manifolded 
together and piped into the air injection line. Helium air flow will be adjusted manually by sampling 
the injected air. Pressure and flow gauges will also be provided on the helium line. The helium will 
be used as a conservative tracer to identify where the injected air reaches the vadose zone, and to 
identify if the injected air is traveling to any location of concern. Helium concentrations in the 
vadose zone will be measured using a portable battery-operated helium detector (Mark 9821 or 
equivalent). The measurement will be taken by drawing air from the air pump discharge line into 
the intake tube on the helium detector. 

Once the soil gas data has been collected, contaminant emission rates will be estimated by 
multiplying the air injection flow rate Qti [Wmin] with some average of the measured shallow soil 
gas concentrations C, [lb/fl?]: 

Emissions = Q,,ir ui/min] x C,, /lb&‘] 

As a check on the accuracy of the estimate, an estimate of the helium emission rate will be 
calculated using the same procedure. The helium emission estimate will then be compared with the 
known helium injection rate to check the accuracy of the contaminant emission rate estimate. 
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4.3.3 Post-Test Sampling 

Following completion of Phase II air injection period, a 24-hour post-test sampling event will be 
conducted to evaluate how the aquifer and vadose zone return to their natural pre-test conditions. 
The post-test sampling matrix outlining all test parameters, methods, and sampling frequencies is 
provided in Table 4-3. The sampling methodologies are identical to those described in Section 4.3.1 
for the pre-test sampling round. 

4.4 Eauioment Decontamination Procedures 

All drilling and sampling equipment will be decontaminated before use, between each sampling 
station, and at the completion of the sampling program in accordance with the EPA Region IV 
ECBSOPQAM. Specific decontamination procedures are provided in the SAP (Baker, 1993). 

4.5 Residuals Manapement 

Investigation derived wastes (IDW) will be generated during the drilling and sampling activities 
associated with the treatability study. The IDW to be generated will include soil cuttings, purge and 
development groundwater, spent decontamination fluid, and personal protective equipment (PPE) 
and clothing (PPC). Procedures for IDW disposal are included in the SAP (Baker, 1993). 
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5.0 COMMUNITY RELATIONS 

Community relations activities and requirements are outlined in the Base-wide Community 
Relations Plan prepared by Baker for the CERCLA RI/l3 activities being performed on-Base. A 
Technical Review Committee (TRC) has been established for the MCB Camp Lejeune CERCLA 
activities, which includes LANTDIV, the Activity, USEPA, NC DEHNR personnel, and local 
citizens. The TRC reviews CERCLA documents and participates in periodic meetings with Baker 
to discuss ongoing CERCLA activities. 
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6.0 REPORTS 

Two main reports are associated with the treatability study effort include this Treatability Study 
Work Plan and the Treatability Study Report, which will document the treatability study results and 
conclusions. Submission and review of these two reports are discussed in the following sections. 

6.1 Treatabilitv Studv Work Plan 

This Draft Treatability Study Work Plan, which details the scope of the treatability study activities 
to be performed, is being submitted to LANTDIV, the Activity, USEPA Region IV, and NC DEHNR 
for review. Comments received from the NC DEHNR and USEPA Region IV, will be addressed 
and incorporated, as appropriate, into the Final Treatability Study Work Plan. Baker will distribute 
the appropriate number of copies of the Final Treatability Study Work Plan to LANTDIV, the 
Activity, USEPA Region IV, NC DEHNR, and the other members of the TRC. 

6.2 Treatabilitv Studv ReDort 

Upon completion of the on-site pilot study, a Treatability Study Report will be prepared in 
accordance with USEPA’s “Guide for Conducting Treatability Studies under CERCLA” (USEPA, 
October 1992). The Treatability Study Report will provide a presentation and evaluation of the 
treatability study test results. The Treatability Study Report will also include engineering and 
design-related information needed for evaluating the short- and long-term effectiveness, 
implementability (including long-term operation and maintenance requirements), and cost (both 
capital and operation and maintenance) of implementing a full-scale IAS system on site. 

Two versions of the Treatability Study Report will be prepared as follows: a Draft Treatability Study 
Report for review by the Navy, USEPA, and NC DEHNR, and a Final Treatability Study Report, 
which will incorporate review comments from the Navy and regulatory agencies. Upon completion, 
Baker will distribute the appropriate number of copies of the Final Treatability Study Report to 
LANTDIV, the Activity, USEPA Region IV, NC DEHNR, and the other members of the TRC. 
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7.0 SCHEDULE 

A preliminary schedule depicting the treatability study process is provided in Figure 7-1. As shown 
in Figure 7- 1, the on-site operational period for the pilot system, including installation of monitoring 
wells and demobilization efforts, is approximately three weeks, whereas, the entire treatability study 
process, which includes development and review of the Treatability Study Work Plan and 
Treatability Study Report, is expected to require a total of eight months to complete. 
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8.0 PROJECT MANAGEMENT AND STAFFING 

The proposed management and staffing of this Treatability Study is graphically depicted in 
Figure 8-l. The primary participants in this project will include: 

0 Mr. Matthew D. Bartman, Activity Coordinator 
0 Mr. Daniel Bonk, P.E., Project Manager 
0 Mr. Gordon J. Ruggaber, P.E., Lead Engineer 
a Mr. Mark Kimes, Site Manager/Project Engineer 

Mr. Daniel L. Bonk will serve as the Project Manager. He will be responsible for the overall 
technical preparation of the report and will serve as the client contact representative from Baker. 
Lead technical assistance will be provided by Mr. Gordon J. Ruggaber. AI1 field activities will be 
managed and coordinated by Mr. Mark Kimes, who will serve as the Site Manager. Mr. Kimes will 
be responsible for coordinating with on-site subcontractors. Senior review and technical guidance 
will be provided by the MCB, Camp Lejeune Activity Coordinator, Mr. Matthew D. Bartman. 

Overall field and reporting QA/QC will be the responsibility of Mr. Daniel L. Bonk. Mr. Ray 
Wattras will provide program-level technical and administrative support. 
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TABLE l-l 

ORGANIC COCs THAT EXCEED REMEDIATION LEVELS 
OPERABLE UNIT NO. 10 (SITE 35) 

CTO-0323 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant of Concern 

Notes: 

(‘) RL = Remediation Level 
f2) Groundwater RL,s expressed as pg/L (ppb) 

NC WQS = North Carolina Water Quality Standard 



TABLE 4-l 

PRE-TEST SAMPLING MATRIX 
SITE 35 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Matrix Location 

Soil gas All probes 

Analysis 

Oxygen 

Soil gas 

Soil gas 

Soil gas 

Groundwater 

Groundwater 

Groundwater 

All probes I vocs 

SGl, SG2, SG4, SG7, 
I 

vocs 
SG8, SG9 

All probes I Pressure 

All wells 

46AIB, 5OA/B, 53AfEJ 
54An3 

D.O. 

vocs 

45A, 46A, 48A, 50A, 
52A, 53A, 54A, 55A 

Water Level 

Frequency Method I Total 
Samples 

t = 0, 8,24 hrs OJLEL meter 18 

t = 0, 8,24 hrs Vapor analyzer 18 

t = 0 hrs SUMMA, TO- 14 3 

t = 0, 8,24 hrs 1 Pressure gauge I 18 I 

t = 0, 8,24 hrs I D.O. meter I 18 I 

t = 0,24 hrs Lab, SW 846 8240 

I 8+3’ I 

Hourly for 24 hrs I Data logger I 96 
I 

Notes: 

* Includes following QA/QC samples: 
1 Trip blank 
1 Equipment r&ate (sampling pump tubing) 
1 Field duplicate 
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TABLE 4-2 

PILOT TESTING SAMPLING MATRIX 
SITE 35, MCB CAMP LEJEUNE, NORTH CAROLINA 

Matrix Location Analysis Frequency Method Total 
Samples 

Phase I, Air Flow Rate = 5 SCFM 

Soil gas All probes Oxygen t=O, 2,4,6, 8, 12,24,28,32,36,48 hrs O&EL meter 66 

Soil gas All probes vocs t = 0,8,24,32,48 hrs Vapor analyzer 30 

Soil gas SGI, SG2, SG4, SG7, vocs t=48 hrs SUMMA, TO-14 3 
SG8, SG9 

Soil gas All probes Pressure t = 0,8,24,32,48 hrs Pressure gauge 30 
Soil gas All probes Helium t=O, 2,4,6,8, 12,24,28,32,36,48 hrs Portable analyzer 60 
Groundwater All wells D.O. t=O, 2,4,6,8, 12,24,28,32,36,48 hrs D-0. meter 66 

Groundwater 46AlB, 50AlB, 53AiI3, vocs t = 24,48 hrs Lab, SW 846 8240 8 
54AtB 

Groundwater 45A, 46A, 48A, 50A, Water Level Hourly for 48 hrs Data logger 192 
52A, 53A, 54A, 55A 

Phase II, Air Flow Rate = 20 SCFM 

Soil gas All probes Oxygen t=O, 2,4,6,8, 12,24,28, 32, 36,48 hrs O&EL meter 66 
Soil gas All probes vocs t = 0,8,24,32,48 hrs Vapor analyzer 30 

Soil gas SG 1, SG2, SG4, SG7, vocs t = 48 hrs SUMMA, TO- 14 3 
SG8, SG9 

Soil gas All probes Pressure t = 0, 8,24,32,48 hrs Pressure gauge 30 
Soil gas All probes Helium t=O, 2,4,6, 8, 12,24,28,32, 36,48 hrs Portable analyzer 60 
Groundwater All wells D.O. t=O, 2,4,6, 8, 12,24,28,32,36,48 hrs D.O. meter 66 
Groundwater 46AlB, 5OAlB, 53Ail3, vocs t = 24,48 hrs Lab, SW 846 8240 8+3’ 

54AfB 

Groundwater 45A, 46A, 48A, 50A, Water Level Hourly for 48 hrs Data logger 192 
52A, 53A, 54A, 55A 

Notes: 

* Includes following QA/QC samples: 
1 Trip blank, 1 Field duplicate 
1 Equipment rinsate (sampling pump tubing) 



TABLE 4-3 

POST-TEST SAMPLING MATRIX 
SITE 35 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Location 

I All probes 

Soil gas I All probes I vocs 

Soil gas 

Soil gas 

Soil gas 

Groundwater 

Groundwater 

SGl, SG2, SG4, SG7, 
SG8, SG9 

All probes 

All probes 

All wells 

46AB, 5OAh3,53AlB, 
54AlB 

vocs 

Pressure 

Helium 

D.O. 

vocs 

Groundwater 45A, 46A, 48A, SOA, 
52A, 53A, 54A, 55A 

Water Level 

Frequency Method 
Total 

Samples 

t = 4,8, 12,24 hrs 

t = 4,8, 12,24 hrs 

I O,/LEL meter 

I Vapor analyzer I 24 

t=24hrs SUMMA, TO- 14 3 

t = 4, 8, 12,24 hrs 

t=4,8, 12,24hrs 

t = 4,8,12,24 hrs 

t = 24 hrs 

Hourly for 24 hrs 

Pressure gauge 24 

Portable analyzer 4 

D.O. meter 24 

Lab, SW 846 8240 4+ 1’ 

Data logger 96 

Notes: 

* Includes following QAIQC samples: 
1 Trip blank 
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In Situ Air Sparging=-Tcchndogy Demonstration for Rcmcdiating Groundkter 
Chtamhatcd wilh Dissolved-Phase Chst#uents al Hill Air Force Base 

. . . 

Whitney Whetless, Radian Corporation 
Steve @cken. Hill Air Porcc Base 

CarricIklUer,Jim kwc, Mark A. Rob&s, R#an Co&Non 
- Robert E. Hinchee, Parsons Engineering Science _ : 

Pad C. Johnson, Arizow State Unikity 
I&hard L Johnson, O-on Gmdurtc Inrtituk of Science& Technology 

David R i.icWhortcr, Cobmdo Sf.atc Univcrsi~~ 
,.:. - ; : 

Abstract 
In-situ air sparging (IAS), In conjurrctbn with soil vapor extraction (WE), Is becoming a 

widdy used technology for remcdking gfound;vrlcr conIaminatefj with volattle organic cornpour& 
As pm of a technology dcmonstrscion condd at Hill AFB, t+ authoir evalud IAS technology 
for mrndaling groundwater cuueted with dissolved-phase chlorinated organic ccmpound~. The 
primary objective of the demonstration was 10 dctcrminc whcrhcr US could effectively cave as a 
comol bark rcchnology and rcmediik Ihe coutamlnant ptunc at Opcmbk Unit 6, whwe 
tricMme&ene is ti major constituent ofconccm. Anotbcmbjtive was ~o.cstabIish the physical and 
chcmial motitotiag paramdcu +I the types of sampling ne@& to conclusively determine the 
treatment effectiveness of IAS. : . 

The investigators detent&c ihc cffccWness &of IAS cechn&gy ay ekvluating the reduction 
of Lcichtor#lfrene Gum tbe’pndwater, as measund in hydropunch and moniu~ well fnmples of the 
groundwater coUccte.d befotc and aflcr the lwclvc-week dcmonr;Cmli~ pkti. h addition, they used 
chc nzsults of a helium tracerstudy 10 dolermine the efficiency of the SVE system in qxufing rhc rir 
spargcd into (he rrquifu. The invcstigalors aim usqj the results from moniw well purge tests to 
determine .the represcntntiveness of monitor well d@ta fq evaluatlng IAS syslcms. The zone of 
influence and the effect of the IAS system on tic aqu@ w@$ mned on the basis of field 
m~urcmcnu, such as water Icvck, .subsurfac~ prccdu.~, .md.water quality parametus. 

‘. . . . . . . . . :I 
Borh the monitor well and hydropunch eampl~m~#ts showed significant reductions of TCE 

con&r&ions during the IAS $cst-gcncmUy Fran l.s,U, m @I, I b@clinc to I to 50 pg/L after 
12 WC& of IAS opcmtbn. Signficftnl zcjuclionr ~.,obs++at ho@ dCpthr for 8Il downgradient 
monitor we&. These reductions aie believed to be a Fcpult of a *iivcly u&fok dirtibution of air 
flow throughout tir aquifer a~ OU 6 during IAS tiuncnt. l’$e observe l+t+ movcmcnt of air iq 
I;tclv CUJB~ by Ihe lower pqgwbiity UDds within the apiftt that divtf upwdrG movement of air and .., .,. . - .._ . . 
force air to flow larej@y. Under the flow ngimc * ,@c QV,$.Tp sJ&, &e aquifer as a whole was 
t=atcdbytkIAS system. ..‘.: _._, ;: .::; . ’ . . . . .._.. . . .:*..- . 

. . :,. .- . . . :. 

. 

:; . ;... i:. 

InlK&clion ,.,. :- (< 
In situ air spar&g (IAS) is 8n innovative t8cbmIqgy.for.~pq)sdirllng gtoundmrct, wbca air 

is.injeckd into the rpbrrated zone fti the pWpoSc Of ~OViag Ofgqic. fwUmhants. The vcrtkal and 

horizod air flow euabks UIC can&minants in the groundwater to,vo~l@lizc Into drc air mrcam. Ak 
tic contaminated air has migmtcd to the unsaturated zone, it ir ~ypi~y,co&cted through soil vapor 
extraction (SW?) for treatment or emission. ‘:> ,.-;. .+.- ” . . ‘-. 1’. 

* ,‘-. . . . .’ .; . .;i ., .i _ ;,c. :;r..:* . L’:.’ 
1-1 _ - 

. .r._ .._ -. 

)/. : ._ ‘:. Li’.. . .., ,. 

1. *_ . . . . . . >..‘. 
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I?iigurc 2 shows the l&own cxtcnt O;f conlamina& groundwater. The contaminant plume is 
clongarcd ill the dhction of groundwater flow and extends from a maintcnrncc aa on Base to bencgh 
a rcsidcndal area off Base. Minimal lateral spreading ir seen in the plume because of the lowcr- 
pcxmcability matcriah Lhal bordu the utnd to silty-sand aquifer in which the coqtamination is migrating. 
Bccaure the TCE has not appreciably spfcsd latcraily, Lhc avgage peak conccnuation in the ccntcr of 
the plume is relatively consislcn: (scncrally bctwcen 200 and 300 &L). .~&cation of the TD rite 
rchti~c LO tic pl~~~~‘an~!~Basc borinddry & also shown in Fiyrr, & ., . ~ :. :, 

.: - :. 
;L. ../ ,i i .( :.” 

.,I 

Technical Approach ” 
The 1AS t&t WEP &&tctcdfor a 12- 

wedi period from &ctqacy 16 May 1995 to 
CWluatc the pcrforman&f the system in rcmov- 
ing chlorinated dissoi@Sph~ contaminants 
from the groundwat& Bafclinc groundwaru &aracteristics md or&;Y.Y.tims ;cen 

dctcxmincd. 

The LWSVB system includes a single 
row of four ncstcd sparging and SVE wells. 
Figure 3 shows a s&ematic of the treatment 
system instakd at OU 6. The IAS process 
equipment was sized to ptide a 90% minimum 
stripping cfficicq ying relaiidnships &.v+pcd 
by Pankow et al. (1 993).L,~ reulling cbinprcs- . 
sor specifications were’ 15 ccfm per well al 20 
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ysig. The WE bIowefs wcw rhcn sized to 

atpture the sporged air with a safety factor of 
three to four. 

Figunz 4 shows a plan of @e site’ and the 
locations of the trcatmcn~ and monitor Wlls. 
Each ucatment well contains an JAS well at the 
bottom of the aquifer, a deep WE well rcrcclled 
at the water table, and a ;shalIow SVE well 
scfculcd 20 ft above the WtitlibJc. Tea nested 
monitor wells were also iWakd at the site al 
the TD site Each cluster contains two vapor 
pmbcs and thtce monitor wells with S-ft 
screened intcrvale and bcntonite .s& bcrweea 

rhc screens. Figure 5 shows a schematic of the 
IA!3SVJ3dualweJJsandthencskdmonitiweJJ 
inlitallations. 

” . 

To observe the impact bf the tn%nent 
system on the aquifer and..j.he unoaturatd zone, 
numerouspatamclcrs wy ~Onkmd al vatying 
frcqufzncics, 1~’ outlir@ 13 T@lc 2. Baseline 
samples and mcasurcmcnts were, coI+ted to 
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Table 2. Summwy of Paramctw Monitor&l &kwing the IAWSVE T& 

M&I% Parameter Freqiky LocaUon 

Groundwatcr Chlorinated v&tile organic B&&e and .final : : Hydropunch locations 
communds _ -.._- w-,1.. .-.- - -...a.-- ._.. . .< 
Chlolinal~ volalilc organic M@hly ; ‘1 ( ‘?, Monitor wells 
CqmwW. . _ . . ._ . . . . .’ 5 
Anions &‘&ions 

. ., _... .:. 
------- 

Alkalinity 

Water level 

Dfssolvcd oxygta --..-- -“-- -.... . . . : sm-.m Wockly or monthly 

l,N 

Soil gas 

Air 

Specific conductance 
. .. . . 

. , . - 
Rcdox poKcntisl .‘:: : .- 
Tempcraturt .’ 

c&.bo~s~- <-, : ” ‘.a*- .:: 
-.A-.-, - --p,- -. .--.--. . .--- 

.PlWWC Continubujtv : ,. >’ Vapor probes . . . . - . ..- . .---w....... . 
Volatile organic compounds Monthly : ,’ Syr1emoff-gasand 

! . . , . venting monitor well 
. . 

Pcrformancc &sting was also conducted to further evaluate the tcFt nzsultr. A helium tracer 
. recovev test was performed to determine the ellidency of the S,VE system in recovering the air spa@ 

into the aquifer. During the test, helium was ad&d to the air. spar&g bystem, and the conce&ation 
of helium was mumd in the SVE off-gas streams and &o in the air flow out the venting monitor 
wells. The rccovcry of helium was cakulatcd from the injected and rccovercd helium volumetric flow 
rate... I: 

Additionnlly, a moniwwcl! purge wt was pe#om@d ~.eval~aro‘ti6&resentativcness of the 
monilor well sample for quriniifying I* treatment., ,+. ~nt$@;UU low-#o+ purge (0.15 gpm) was 
performed on tke monitor wells within the Irw(mcal20nc (SM, 7M, and 8M) lo remove 800 gaUons. 
from each wcil. The: ‘Ta 45oncciiWbn was moititqred~ q+:ti.mc. to .&crmine a lrtabilizcd 

. concentration at cuch well; lhese ~ntrations wti.‘~@rbd b @e fit$ sample rcsub for e 
monitor wcI1. ,.” ‘.4iZ . _. , . . 

..,.L..+...;. - . . i ,. _’ . . -.* .,*. --.‘.e.n,,*“.. 
: . 

Test Results 
. : *.. ,. _ : ., 1 ‘. . ” . 

I’ 
, - L .  . . : .  
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. Table 3. TCE Red&ion by Depth for Monitor Well and Ifydmpanch Samples 
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6 that rcprcscntt baseline and final concentrations ‘at tfic mc$ium depth for both hydropunch and 
monitor well 6ampks. As the figures illustrates, foll?wing the t+t the ~onccntrarions of ‘El? declined 
downgradient of the rp2qing line to cwoentrations'hj~jf+m 0.3 pg/L al MW-6 to 55.8 @L al 
MW-10. St&k11 annlysie of rhc basclinc-to-rnd rcd;clioti$@d final contentions conkned that 4 

lhc reductions observed were statktically significan$? ‘: i’ i : i 
.L ‘. ;c.*y,,: ; ,: 

‘.*a ,.-. ‘q::.‘ 
The higher concq&ion observed at M$$i8%#be due to me position Of the well 

approximately 95 ft.downgra&% of the Qqc linc&&&~c linear v&&y I the siti is low (0.S 
ro 1.8 ft/day), and during the course of thd tcsL, gmu@, &&&&hcd at rhes&rging line may not have if 
had suficicnt time to n&are to MW-10 by the time tlkfiiial$i&plti~w~&lccted. EviduK;t for this 
was provided in sub.scq&nt pampling EU the sire two ~rhs;afteiithe test period, where con~traxions 
of TCE at MW-lOM,y~pxncasurcd~at 7.8 pg/L. ; T;.. . ,; .l* . ..:.-' .: -,, 

-4.': --,";. .I ~~~' '.;i". .'; . ,.L I~4.i'-'~~>;i:s.:..s 
. . . .;: , ',:-3&y .\ p",','" '>A: o... . . . . . :e... 

The data wecc evaluated to detumine whcthc# the mca6$d mduktions are ~4. h3ass balances 
were pcrfomxd using the liquid phase and gas phase +ppIkmM& m mass of TCD rcmovcd from 
the groundwater (0.29 to 3.4 lb) cxxnpared well Wily from the SVE and monitor well 
off-gas (0.80 lb). An air-co-water ratio dcpcnding on the groundwarcr 
vcloci~y. A thcorcfical air-to-water of these analykek indicate 

. 

. .; 
'.i., , ._ .-x4 

. . . . . . 10. 
.:ii,.,;,.:‘.;s 

:.,, 
-\. : ,. 

i 
"- . ..' ; . ..* ..'.,.'. . . ', 
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I 
groundwater flow direction has rcmaincd consisiently to the north. Neither of thhc~c factors &f&d 
‘I’CE conccntracions or lrcatmcnt at II-it site. 

Ii . 

I 

The rcsul~~ of the purge test at mqni- 
LOT wells 5, 7, and 8 F’ shswn in Figure 7. 
The TCE concentrations at A#W=7M nzmajnod 
csscntially constant during &?&st &id.30 
pg/L, which agreed well with the final sample 
IX& of 32.7 p&h. However, concentrations 
did show incrcarec during pumping at MW- 
5M and MW-SM. The cause of this rise is 
uncenain. The ob- gradual rise could be 
caused by mixing cfkts from untreated 
groundwatcr entering the wells’ zooms of 
influence or by prefcmtiai treflrment at the 
monitor w$l. Mi+kg cffccts are esp&ly 
relevant for monitor wells 5 and 8 since t+y 
are on the edge of lhe treatment zooe. 

;: .,, < . 
Even though th& r&Its wuq @con- 

clusive, the monitor well data%hotiki +d 
correIau’on with the hydropunch sample re- 
sula. lkis comhtion does not mean, how- 
cvcr, that sampling interfcrcnces do not exist 
with eirhcr sampling technique, such as prcfcr- 
ential flow or volatiIition. The unc&ainliu 
in the purge test dara do emate qricstions 
concerning the mults, but * c4mristent 
conccnlration rcJuc%ions across the treatment 
zone, utilizing three dinerent sampling t&h- 
niques, appkr to bc indicative of tr~~+tmeni as 
a whole. : 

l3ccausc the feduclim -during the test w& s$$ii&% and t~ppcural to be relatively 
consistent across the TD site, a conceptual physical m&l ~$.$&&a& io accouni far the obse~cd 
rduc~iotw. Besides the TCE concenttad~ meraf other pi@ of.&fkollcctcd during cbe test were 
impor(iurt for evaluating the cfkct of l&3 on lhc aquifer, in&fing~dic6olved oxygen dings, pI1 
mcawremcnts, the poteutiomotric surface and water Ievel ch&cs, air. flow measurcmctlts from tic -. 
monitor wells, and the Iitbdogy at rhe site. 

. . . -, IL.. 
_‘.. . :..: 

TIC DO con~~~trati~~ weat ded prior to and during the@; F presented graphidy i 
IJigure 8. These data show that DO wnctntmtions i-cd?. r#iki:to wtc, within a WC& c 
startup. This rapid risqInD0 was M..ut most dcpt&s fk$l~,&wngrk$&&~Utlr; clc~atod DO I 

1 .indicative of oxygen transfer to fhc:&q&r @om the ~&+Parti~~ runewo&y art fi 
rrkasurements at MW-9 and MW-SO, whi@ are lacaiod 7O.,amj $I5 ft-::f&i~ the spatting lin 
rcspcctivcly, because thcy$mFed elevated bo after 4 wcckhf ibp&$& tdkng the fiti rampfin 

% “0 

d 

m 

&” 
Y 

: -: ..: :D&q us stmdy (It&) 
.’ * . _, :..,>. .i, 

. L. . Soagirr&Bvau 
. well; Mp*cliac Rid 

WW-SM 222 36.8 

Mw-7M 194 323 
.&a 

93.3 3.16 

1 

1 

. 
. . 

D . 
evenl). The ground~~,,~~o&~.thc site is afproximatcfy;O3io 1:~8fl&Q~so it is not likely that th 
trc~ted groundwater plume ~nu#c&!o :thcsd locatio.ns, .+v$l&.:$+,~t four we& of opcratior 

.,-. *::. - : “,-; _ ‘t If .: 
. . ‘..:‘. 1.. ._..’ 

1’. 4:: ‘,’ ; ,. ..’ 
.,,. . . ” 

I! . 
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t=igm IO prCsCnb a schsmatic of the conceptual air flow pathways at steady .state in the 0~ 
6 quifcr syHc!n. As the figure Skws. (he kss pcrmeahlc svnds have t& c&.ct pf spreading he air flow 
laterally through the aquifer. Unique to this silt m the confining layers tl+ nzstricl the air flow and 
cteac a locally extensive prcssuce field during tr~&ncn(. The deep SVB wells and some of ule shallow 
monitor ~11s pcnctratc the confining layers thus providing a retcase point for the prcssum field 
developed because: of thcsc layers. ” .“. 

Conclusions 
The in situ sparging system instalkd at Kill APB OU 6 &l ~&&ably remove contaminants. 

specifkally TCB, from UIC groundwater. Both the monitor well and hj&opunch sampk results showed 
significant reductions of ‘IXE concentrations during the IA$‘test+cz&lIy from 150 to 300 pg/L at 
basclinetol Lo5O~~~I2woefrrofIASoperati~~.~~ .:, ‘” . : 

’ _. ; L:t’ 
Siet reductions were observed at most depths fw all downgradknt monitor wells. These 

reductions dII: bcIie*ed to be a result of a relatively uniform distribution of air flow throughout tie 
aquifer at OU 6 during I&S treatment. ‘I’M conclusion is supp&d by $h~ rapid ti in dissolved 
oxygen at wells up 10 95 ft horn the.sparging Iinc and thc~c+@+@Iy.$c~v~ dissolved oxygen 
conccntralions in the aquifcr.both lrtcdly and verJicaIiy fiop! t& spa@pg v&IL The Iat@ movcmtDt 
of air is likely caused.!..by ,&. lower perme&Iliry mds &@i .t&,~quifu that divert the upward 
movement of air and force air (0; flow la&Q. In contit 10 a G&&al chanueling flow mechanism 
when discrete channels of air provide a relari~ely small air-&er i&.rf&& the pancake fIow of air in 
the OU 6 sysrcm pwided air mwcmcltt laterally and verticaily, throughout the aquifer. Since tic 
primary removal mechauism for chlorinated organics is t& strifiping cif,~ntaminants caused by air 
movement, it appears that under the flow regime at the OU G .m site ti..aquifcr as a whale was treated 
by the IAS sy#zm. . ,. ,,, &es,.. ::g .;. .‘I .: 

‘, 
It w& also found ihat subsurface lithology drastically at%+ the a@I$y of lhe &ii syslem 

to remove sparged air. The confiuing lay= Y or near the we table c.au&ir to accumuIatc and a 
prcssun field to dcvclqp in the treatment a+ a& sparg&p,+g+ Thwel&s caused the majority 
of spargcd air (80%) to bcCTbxi &rough the shallow ent@r WC!\? :,.is. - 

. 

6 

I 

B 

. . .: .,’ ;:;y 
To better under&d tie impact and cffectivc&s, &i :G$ ‘2% at$ it is recommended ths 

submersible pressure ~u~~,neasummcnIs, ~irsolvt$.oxy&~& .$,h &damirmr concentration 
be monitored More, durIng&d.aft~ .&c t&tin8 pexidd. . I .,. ., 
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of In Situ Air Spar&f. Ground Wticr Monitoring and $erne@z& 1?(4):127-135. Fall 1993. 

.‘.” .c I 
Pankow. J.F.. RL Johnson, and LA. cherry. “Air S~a9i.R$.$:~~.L~clls in Cudf Walls an 
lkenchcs for Controi of Plumes of Vdatilc Organic Compc~nd$ NC&&. G&& Water, 31(4);654 
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APPENDIX C 
CONTAMINANT CONCENTRATION CALCULATIONS 
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Subject: 5*iJ-Unpr /nbfdwr~~u f /rllrrJn+,bwl E,+;,~tef< 

flL&&w, /P,.P.wd , /5. II. /Do /P Sheet No. - 2 of3 

(I-h -?c Drawing No. 
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APPENDIX D 
CONSTITUENTS DETECTED BY EPA METHOD TO-14 



TABLE 1. VOLATILE ORGANIC COMPOUND DATA SHEET 

#KlLRjmAR 
cowou~o (SYNONYM) 

BOILING N TING 
FORMULA 

CAS 
WEIGHT POINT ("C) POILNT ('C) NUMBER 

Freon 12 (Dlchlorodifluoranethanc) Cl2CF2 120.91 
Methyl chloride (Chloranethane) 

-29.8 -158.0 

Freon 114 (1,2-Dichloro-1,1,2,2- 
CH3Cl 50.49 -24.2 a-97.1 74-87-3 

170.93 4.1 -94 .o 
tetrafluoroethane) 

ClCF2CClF2 

Vinyl chloride 
I 
Chloroethylene) CH2'CHCl 62.50 

lkthyl bromide Branomethane) 
-13.4 -1538.0 75-01-4 

CH3Br 94.94 
Ethyl chloride (Chloroethane) 

-93.6 74-83-9 
64.52 

li.63 

Freon 11 (Trlchlorofluoranethane) 
CH3CH2Cl -136.4 75-0013 

Vlnylldene chloride (1.1.Dlchloroethene) 
CC13F 137.38 23:t -111.0 
c+c12 96.95 31.7 

Dlchloraaethane (Hethylene chloride) 
-122.5 75-35-4 

39.0 
Freon 113 (1.1.2.Trlchlor~l,2,2- 

(;I~$12 84.94 -95 .l 75-09-2 

trl fluoroethane) 
CF2ClCC12F 187.38 47.7 -36.4 

1 ,I-Dichloroethane (Ethylldene chloride) 
cis-1.2.Dichloroethylene 

CH3CHC12 90.96 57.3 
CHClmCHCl 

-97.0 74-34-3 
96.94 60.3 

Chloroform (Trlchlormethano) 
-80.5 l 

119.38 61.7 67-66-3 
1.2.Dlchloroethane (Ethylene dichloride) 

CHC13 -63.5 
ClCH2CH2Cl 90.96 03.5 -35.3 107-06-2 

kthyl chloroform (1.1 ,I-Trichloroethane) CH3CC13 133.41 74.1 -30.4 71-55-6 
Benzene (Cyclohexatrlene) 
Carbon tetrachlorlde (Tetrachlorawthane) 

C6H6 78.12 
CC14 

. 00.1 
153.82 76.5 -235*x 

71-43-2 

1.2.Dlchlor ropane (Propylene 
56-23-5 

3 
CH3CHClCtl2Cl 112.99 96.4 -100:4 78-87-5 

dichloride 
Trlchloroethylene (Trlchloroethene) ClCHmCCl 

CH3CCl&l 
131.29 87 -73.0 7941-6 

cls-1,3-Dichloropr ene (cl s-l ,3- 110.97 76 
dlchloropropylene 
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TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: %r ‘C-p r3r SCRC;-f..P4.,G- 
S.O. NO.: LZc\-lO -23Z -0 3~00 BORING NO.: f”w I - R 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: /4*/ 6TOP OF STEEL CASING: /a. 8: 3 c 

RIG: 
r‘ro%lLt SS’- -p2uck=. Yrou/JT 

SPLIT CORE 
SPOON CASING AUGERS BARREL 

SIZE (DIAM.) 3”“rxn 
LENGTH Sl=T 

DATE 
PROGRESS 

03 WEATHER 

WATER 
DEPTH 

(FT) TIME 

STICK UP 

REMARKS: 

SAMPLE TYPE 
s = Split Spoon A = Auger INFiYR%ATION DIAM TYPE 

BOTi-OM 
DEPTH 

WI T = Shelb; Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Well Casing 

Well Screen 

\ 
I, 

\ ” 

iamp 
Rec. 
Ft. 
& 
56 

Lab. 
Zlass. 

or 
Pen. 
Rate 

implc 

we 
and 
VO. 

Well 

I 
Elevation 

Lab. 
Vloisi 

% 

P-T 
jr 
{QD 

Visual Description Depth 
(Ft.) 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

1-t-l 

l’“l Match to Sheet 2 

DRILLING CO.: Tt! (L~L!:---- ’ ,.I r?‘v:*.‘<‘ BAKER REP.: \3iLIAh) c. l-jAJ\r 
DRILLER: LT,p BORING NO.: ci-‘.d I- A SHEET r OF- 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJEZ: S&f - tm k3t sCaC-E:rltae 

5.0. NO.: QWTo- Z32 - 03600 BORING NO.: 7-w I - A 

- 

1’ 

1: 

1: 

11 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

i 

1 

1 

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.) 

l- 

2- 

3- 

4- 

5 

6- 

7- 

8- 

9- 

o- 

:1 - 

I2 - 

!3 - 

!4 - 

!5 - 

!6- 

!7 - 

!B - 

!9- 

10, 

mple 

W 
and 
No. 

amp 
Rec. 
(Ft. 
& 

%I 

- 

T 
1 ;I, 

- 

- 

- 

ab. 
:lass. 
or 

pen. 
Iate 

ab. 
loist 
% 

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 

Visual Description 

- 

Elevation 

w 

-I d 

IRILLING CO.: ?Wrztsv ~&u=T- BAKER REP.: &t&J E. DAJd 

IRILLER: CHlP BORING NO.: -i-W I- A SHEET 2 OF 2 - 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: S&T - CT zLcl,?- C;C$L.E&.ltr3Lr 

5.0. NO.: L2yW -232-m6o- 03b0o BORING NO.: 7’4 I -B 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: /9./ TOP OF STEEL CASING: /RX3 

WEATHER 

REMARKS: 

WELL 
INFORMATION 

Well Casing 

DIAM TYPE 

I 
## PVC Threaded \“Q, h 

TOP 
DEPTH 

m 

0 

BOTTOM 
DEPTH 

m 

‘-fr 

SAMPLE TYPE 
_ S = Split Spoon A = Auger 

1 = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample Well Screen I ,, PVCSlotted 1 

Lab. 
Ilass. 
or 

Pen. 
Rate 

4nd 
lab. 
!lU?Sl 

36 

Depth 
(Ft.) 

amp. 
Rec. 
Ft. 
& 
o/6 

Well 
Insta~ta~;ion Elevation 

Visual Description 

l- 
5-l 

2 2.0 

3- 
5-1 

4 ~Y.0 

5- 
s-3 

6 LfO 

7- 

8- A-t-4 

9- 

. LJ 

DRILLING CO.: QAGXfx79 -F E BAKER REP.: h\~,, E , hJ\$. 

DRILLER: =lA,e / LUGI-L\I / Oi;r!,,L BORING NO.: -rw 1-a SHEET 1 OF 3- 



TEST BORING AND WELL CONSTRUCTION RECORD 

’ ” 

SAMPLE TYPE DEFINITIONS 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (Rlow1o.S’) 

1 = Shelby Tube W = Wash RQD = Rock Quality Designation (%I 

R = Air Rotary C = Core Lab. sass. = IJSCS (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 

Samp. Lab. 

Depth 
Qmple Rec. SIT 

l-b- 

Type 
Class. *. 

(Ft.) 
(Ft. or or mt Visual Description 

Well Irggi~i3tion . 
Elevation 

and 
No. 

8 RQD Pen. % 
%I Rate (ppcI’ 

q 

l- 5-q to 7% 
&I Continued from Sheet 1 

‘ho, F\wLbwt~d, tnq,qhsd 

IL 
WCS-, Loo% 

* lZn0 

3- 

28- 

29- 
- - 

30, Match to Sheet L - 

DRILLING CO.: ‘?gQ-LTR-yr ‘d9LFF BAKERREP.: ktP$ El &Jr5 

DRILLER: CM\? BORING NO.: ‘tM k - 1% SHEET 2 OF & 



.r”!t,,u,.. ** wwN# 

TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: sGr’- C.--RJ 13% ~Cfifi6thJtdb 

5.0. NO.: ~~y7o-~32-woo-O~boo0 BORING NO.: W I -0 

SAMPLE TYPE -- 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blows/O.S’) 
RQD = Rock Quality Designation (%) 
Lab. Class. = USC5 (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

N = No Sample 

Lab. 

P-f Class. T bD 
or 

Pen. 
Rate 

5 
0 

R 1 8 

u 

;r\u 

lab. 
Visual Description Eieva tion 

Samp. 
Rec. 
(Ft. 
& 

0%) 

iample 

Type 
and 
No. 

Depth 
(Ft.) 

31- 

52 32.0 

33- 

$4- 

35 &a0 

36- 

37cc 

18- 

>9- 

,* w.0 

Jl- 

9 hr 

q3- 

L(4- 

$5 *cl50 

46- 

q, Y7.o 

48- 

J9- 

t 

s 

- 
- F: 

6 
c 
‘ 

L 

, 

-s 

L 
; 

c 

lo 

J 

La 

f 

5-8 

A-13 

2 1 LO 

3 
IO 

5-Y 

4-d 

S-10 

I 
1% 

7 

14 

a-d 

G- 
3’3 5-u 

DRILLING CO.: 4 AWahyr wow= F BAKER REP.: bl?.JhpJ E I peJ1s 

DRILLER: Q+\Q BORINGNO.: W I- ‘3 SHEET 3 OF 3- 



m 

TEST BORING AND WELL CONSTRUCTION RECORD 
I p~0,~c-r: SG’: -Q-b 23-Z ~~REE$\~+ 

:. I ‘. 5.0. NO.: b2q-io-t3z-ocwa-o3boo BORING NO.: 7-b.J 2 - A 
COORDINATES: EAST: Zk4646.7270 NORTH: .7623%3t09 
ELEVATION: SURFACE: 17.6 TOP OF STEEL CASING: 

RIG: 
~OeJLl$ !jc 7-vw~~ hOJ+Jr- 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE F-0 WEATHER m-1 TIME 

SIZE (DIAM.) Y-9-96 a- ‘5 5-0’5 =Lgw1 L.0 . 0kl.s 

LENGTH 

TYPE 

HAMMERWT. 

FALL 

STICK UP 
I 
1 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 

Depth 
(Ft.1 

/ 

1 ,- 

I- 

i- 

i- 

?- 

3- 

3- 

I’0 Match to Sheet’ 2 - 
DRILLING Co.: ~$.(?‘c-rY:-- h~r>&~ BAKER REP.: &In-r3 g t OP.-J?S 

DRILLER: r_\.2 x ,, BORING NO.: -l-‘!’ t- f=* SHEET 1 OF & - 

mph 

w 
,nd 
JO. 

4-d 

#amp 
Rec. 
Ft. 
& 

% 

PT 

,iJD 

Lab. 
Ilass. 

Or 

Pen. 
Rate 

Latj. 
Aoist 

% 

WELL 
INFORMATION 

I I 
DIAM TYPE 

TOP BOllOM 

D:izH “KY 

Well Casing PVC Threaded 

Well Screen I I I PVCSlotted 

Visual Description 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: SC3 - CTO =I - SceG+-“Lr 

5.0. NO.: b~c(~o-23~-0ooo-cSboo 

SAMPLE TYPE DEFINITIONS 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (BlOWS/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 

Samp. Lab. 

Depth 
hmple Rec. SIT 
Type 

Class. Lab. 

(Ft.1 (Ft. or or 
and 

Moist Visual Description 
Well Mmt&il~tion 

Elevation 
& 

No. 
RQD Pen. % 

%) Rate 

Continued from Sheet 1 w&CL 
bcr 

l- fb- 
o.ol-0 fCt0 *. - 

2- A-d wk- knEEJ 
G--5.0 to - 

3- c*o * 

4 
EhlO of= (3ocwxl- @ Lq,o 

5- 
- 

Kmt ‘* \-kLC URSgcr q.0 y. * g+~~;p”-- 2.6 

6- 

7- I 

8- 

19- 

!O - 

!1 - 

22 - 

23 - 

24- 

25- 

26- 

27- 

28- 

29- - 

301 Match to Sheet L u 

DRILLING CO.: ?e, ‘(r- ucs~F(C BAKER REP.: blz\r+J E 1 OItJlr 

DRILLER: t&p BORING NO.: 3-u.) 2-A SHEET 2_ OF 2_ 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: %r -C-m 7-32 St~=zwwb 

I 5.0. NO.: LZY70 ‘Z37 -03boO BORING NO.: ~w 2 - 13 
COORDINATES: EAST: 2464d46.727~ NORTH: sTb.2393 3209 
ELEVATION: SURFACE: l-I.6 TOP OF STEEL CASING: 

. 

WATER 
DEPTH 

6-O TIME i / sEXi ( CASING / AUGERS ( BC~)R”REL DATE 
PROGRESS 

03 WEATHER 

SIZE (DIAM.) 

LENGTH 

TYPE 

A-- FALL 

STICK UP 

REMARKS: 

SAMPLE TYPE 
. S = Split Spoon A = Auger 

T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

WELL 
INFORMATION 

I I 
DIAM TYPE 

TOP 
DEPTH 

I 
“%z 

m m 

Welt Casing I 
., 

PVC Threaded 1 “.a& dG0 1 L(2.0 
I ( I 

Well Screen I I” 1 PVCSlotted I 

#amp 
Rec. 
Ft. 
& 

% 
-- 

.‘L 

-- 

,i’ 

-- 

210 

-- 

-- 

Lab. 

PT Class. 

Nr 
,QD .:i. 

Rate 

I 
IO 

1 
7 

:6 

l.2 
, 

-3 

ImpIf 

‘we 
and 
No. 

Well 
lnstak$ion Elevation 

Lab. 
Jloist 

% 

Depth 
(Ft.1 

s 

0 

R 

Visual Description 
h 

1 

2 280 

3 

t 

4 
Y.0 

5 

6 Lqo 

Cl 5-l 

5-2 

i-3 

A-J 

Cl 

Match to Sheet 5 

DRILLING CO.: %+%Xfi tie t-T= F BAKER REP.: BPwd E , DlkJlF, 

DRILLER: t HIf’ BORING NO.: T-LI/ 2 - I3 SHEET 1 OF 3 



‘PROJECT: %f - bn 232 sx&-wt 
’ 5.0. NO.: h2+-fo - 232 - b34oo BORING NO.: TLJZ -I3 

, 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = No Sample 

DEFlNlTlONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blow~l0.5’) 
RQD = Rock Quality Designation (%I 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Samp. 
Sample Rec. 5p~ 

Lab. &lnv 

Depth Type 
Class. *. 

(Ft.) and 
(Ft. or Mmt Visual Description 

Well ifgtf$3tion 
Elevation 

& 
No. o/o) 

RQD & 
Rate cp:) 

Y Continued from Sheet 1 WELL cAs.cr(, - 

ll- 5-y OlQ c9 <I 
SAti0, r=Me WA-4, 6~2~7, LCW>~, ,,&Sy _ e-a”. h*Orn - 

‘iSv3 Fy 

19- 4-J 

20 - _----- _ - - _ - - 
-29.0 - -2.40 

\ 
5-r I.0 ,’ 

s4m, FltJE &. 
c-3 

ae.~IJ,--=+Ccz stq- 
21 - Cl 

1 Lo-E Iid&‘- 

I 
22 22. D 

23- 

24- A-IJ 

25 =a 
\. 

z 

30; 
3b.d 30.0 

c,CdXO >!Lf -Sti - - I2.‘ 

DRILLING CO.: @w--r ‘J%‘, f% BAKER REP.: aev&rJ E. .Ol=t-J!S 

DRILLER: G.h’ ,p BORING NO.: -i-d z - & SHEET 2 OF 3 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 5‘Lrl: - CTe, ZSZ 5wEE?.%\crG 
5.0. NO.: b2~70-~‘3L-b~-o3~oU BORING NO.: WL-0 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-l 586) (Slows/O.S’) 
RQD = Rock Quality Designation i%) 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sample 

I_ I 1 SawI 1 Lab. 1 j&J 

Depth 
(Ft.) 

Samp. 
Sample Rec. SIT 

Lab. F\na 

Depth Type 
Class. M. 

(Ft.) and 
(Ft. or or lukisl 
& 

No. 
RQD Pen. % 

Oh) Rate cfQc1‘ , I. 

17 17 
If3 If3 

a- a- 
s-e s-e 

2.3 Iq 2.3 Iq 

3t 3t 4 4 
32 32 3LaO 3LaO 

-I -- 
0 

Visual Description I 

L j-7 . 
;9- 

‘O-- Yo *a 

‘1 - 

r;! 42,~ 

i3 - 

DRILLING CO.: - PA Ran woe* BAKER REP.: ?Wd El D4\1\r 

DRILLER: C@ke BORING NO.: -i-d I- 6 SHEET j OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: %I-- c70 232 SrREErJl(Jb 
5.0. NO.: b2~7o - 232 -0060 -03boo BORING NO.: ~ti 3- A 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: /w TOP OF STEEL CASING: /?. 5-9 

>I DATE 
SlZE(DIAM.) ! ;, ,_ , 1 3& rO 

STICK UP I I 

REMARKS: 

SAMPLE TYPE -- 
. S = Split Spoon A = Auger 

T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Depth 
(Ft.) 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

o- 

amp11 

bw 
and 
No. 

k-,-J 

lamp 
Rec. 
Ft. 
& 
% 

TI 
Lab. 
loist 
% 

PROGRESS 
03 

o- Is’ 

WATER 
DEPTH 

WEATHER (F-0 TIME 

so’s SLlrJdJ‘j 6 G- 0 br. 

WELL 
INFORMATION 

Well Casing 

TOP 
DIAM TYPE DEPTH “Et/ 

~~ m 

I 
II PVCThreaded 1 II D, 0 s 

Well Screen I ” PVCSlotted ( 

Visual Description 

Match to Sheet 2 

DRILLING CO.: ~~~~~~~ - NJbLf I= BAKER REP.: F3etd c, c)pD/I~ - 
DRILLER: Ctl\P BORING NO.: 7-J3- A SHEET 1 OFL- 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 561 -c’rO 23L - SCRE-ah) cdL- 
5.0. NO.: bl‘t-10 - 23-L -oooo -03baO BORING NO.: 7-d 3- A 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Oenison - P = Piston 

Depth 
(Ft.1 

l- 

2- 

13- 

14- 

15 

16- 

17- 

IB- 

19- 

20- 

21- 

22- 

23- 

24- 

25- 

26- 

27- 

28- 

29- 

30, 

N = No% de 

ample 

rwe 
and 
No. 

amp. 
Rec. 
(Ft. 
& 

W 

PT 
lr 
IQ0 

Lab. 
Ilass. 
or 

Pen. 
Rate 

ab. 
loist 
% 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (8lows10.5’) 
RQD = Rock Quality Designation (%) 
lab. Class. = USCS (ASTM O-2487) or AASHTO (ASTM D-3282) 
lab. Moist. = Moisture Content (ASTM O-2216) Dry Weight Basis 

Visual Description I 
:ontinued from Sheet 1 - 

- 
- 
- 
- 
- 
- 
- 
- 

- 

W 
zi 
1 
\ 
t 

/ 

5 

Elevation 

DRILLING CO.: PAPefq-r - ‘dc%FF BAKER REP.: ht. J E. D)A~ r~ 

DRILLER: C F-l L(’ BORING NO.: w3- A. SHEET 2 OF 2 - 



RIG: 
r?O6\Lls 925 -l-+-utlc r-OWN 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE (FT) WEATHER (FT) TIME 

SIZE (DIAM.) rtii3 <d 3c’rP +/qh6 0 -‘/7’ S-0’ cdwl+j be- Ol+lL> 

LENGTH ZFr Sk 

TYPE 5’ 5 I-Is 

HAMMER WT. IctlS I&. 

FALL 3s 1rJ 

STICK UP 

REMARKS: 

SAMPLE TYPE WELL TOP 

. s = Split Spoon -7 = Auger INFORMATION DIAM TYPE DEPTH “Ex 
PO 

T = Shelby Tube W = Wash 
tm 

R = Air Rotary C = Core Well Casing 
I* PVC Threaded I J1o,A 0 tiz 

D = Denison P = Piston 
N = No Sample Well Screen !‘I PVC Slotted 0, 61 sLar Y-2 q? 

Samp. 
Sample Rec. 

Lab. I-h 

Depth We ,:t 9-T Class. *. 

RQ,, P::. -$& 

Visual Description 
Well 

(Ft.1 and & 
or Mukt Insgk$ion Elevation 

No. % 
Rate bP-9 

5‘ 5A~Oa ‘+rt ~nh.cr, thacrr., &LA~G,oA..+ - w&L 5ocr - 
f 

l- 2’O 6 
L-e, t?O+qb =%m O~Or=r-- 

s-1 Cl $&.+* -rw -3 -00 CbLC&!i &.A 00 

2 43 7 m OrSPr 8 lb:-ss l-a Y7al+ - 

2 

i,3 hj 
- - - - Li: k/QbL - /C3 

3- 
S-r 3 

c, I $49 t=l*G 6-.*, 6-23, cm+ nhp - 
U)hcrcr 

B- A-J 

9- 

1b.c) 
0 Match to Sheet ‘2 - 3.8 

5lLT fAra cl.fAp 

TEST BORING AND WELL CONSTRUCTION RECORD 
I PROJECT: %T- CrrS Z3Z - %fEEti\&‘- 

5.0. NO.: bz-n0-23z- 0-O -@&on BORlNG NO.: ‘i-d 3 - 0 

COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: /?. s TOP OF STEEL CASING: /?, 5? 

--- 

DRILLING CO.: -?fJci== ‘dLw BAKER REF.: E+Qfw E Q=wor 
- 

DRILLER: CHfC BORING NO.: fti3-!3 SHEET 1. OF t 



TEST BORING AND WELL CONSTRUCTION RECORD 

5.0. NO.: b’LY?o- 23x-se>00 -O&o0 BORING NO.: l-W 3- 9 

SAMPLE TYPE 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (810~~10.5’) 

RQD = Rock Quality Designation (%I 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
I&. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Visual Description 

DRILLING CO.: ofi @-f=TT =‘ou=i= BAKER REP.: A$&,@$ DPJIS 

DRILLER: CItt\Q BORING NO.: 7-U3- t3 SHEET 2 OF 3 



EST BOkFNC AND WELL CONSl-FNJCTION tt@,%RD 

m ‘. PROJECT: 5G-\ - CTuL3t ‘icnG.E.d~~ :. I . . 
5.0. NO.: b-r -IO- 23x- ok.w -0%~ BORING NO.: 74r 3- 6 

SAMPLE lYPE -- 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sample 
I I , I I 

I I 
- lmple Rec. SIT 

Depth T 
(Ft.1 I 

I 
-I 

9 

31 ’ 
- 5-8 

2co 
;’ ‘1 

&I 

32 ha 

. 7.0 

18- 

59- 
A-&J 

10 40.0 - 

t1- s-1, Lo 

12 y2*o 

f3- 

+4- A-d 

es 
YGV 

?6- %-If 2.d 

97 Y7.0 _- 

?8- 

“9- 

3, 1 

DEFiNlTlONS 
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 

I I 

Well installation 
Visual Description 

I 
Detail 

I 

Elevation 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

DRUJ’JG CO.: *;i& - ,-‘rd+-G F BAKER REP.: RK\AJ E;, O&J\S 

DRILLER: LH\Q BORING NO.: ‘V-4 3 -% SHEET 1 Of j- 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: S&Z -cl-O t32 - 5CGEErJ~ti~ 
5.0. NO.: b tY70 -23L-uooa-03t.00 BORING NO.: Tti ‘%- fh 
COORDINATES: EAST: 2465299.0839 NORTH: -3723 62- 134% 
ELEVATION: SURFACE: 15.00 TOP OF STEEL CASING: - 

RIG: 
~Of5!,b~ 2 $7 ‘TWC(L MwrJ~ 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE 03 WEATHER F-0 TIME 

SIZE (DIAM.) 3 k&Q 3i1Ws 0-4s 5% surwy 4 i!=T Ol-j-rr> 

LENGTH 5-w 

TYPE 1-J 5 

HAMMERWT. 

FALL 

STICK UP 

REMARKS: 

SAMPLE TYPE 
S = Split Spoon A = Auger 

Depth 
(Ft.1 

T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 
- 

ITlpti 
Lamp. 
Rec. 

we Ft 
PT 

Ind s& 
tr 

uo. ?6 
:QD 

-- - 

Lab. 
Class. 

or 
Pen. 
Rate 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

l’“l Match to Sheet 2 
- 

DRILLING CO.: &cteP-rr WOLl=f= BAKERREp. e)lillfih) E, ;F-hi; 

DRILLER: cHt4 BORING NO.: 7b.1 q - fi SHEET 1 OF 2 

4-d 

Lab. 
Woisl 

% 

WELL 
INFORMATION DIAM TYPE 

TOP 
DEPTH 

(n) 

BOTTOM 
DEPTH 

FQ 

Well Casing 

Well Screen 

\” PVC Threaded \ ” (I \A 0 5 

I 
0 PVC Slotted O~b\“$~ S Is- 

I 
I 

Visual Description 
Well 

Insta~ta;fion Elevation 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: %rL ‘CT0 L3Z- %RettJ!Jcur 
5.0. NO.: b~~W-z32-ooQo-a3uo BORING NO.: WJ +-- A 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (Blo’8fslO.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 

Samp. Lab. 

Depth 
Sample Rec. SPT Class. 
Type 

Lab. 

(Ft.) (Ft. or Moist 
8t RQD P::. % 

‘Visual Description 
Well Irg$ftion . 

Elevation 
and 
No. %I Rate 

Continued from Sheet 1 
‘w&L twoj& 

ll- %z ~~~~* toG.-tq-~ 
Fib- 010 
n315‘0~ - 

b-l %\L wFo&N\q~ W+Cu %rzceJ - 
12- Fko-s.0 - 

A-d to IS*0 f-r - 
13- 

14- 

15 

16- 

17- 

18- 

19- 

20- 

21- 

22- 

23- 

24- 

25- 

26- 

27- 

28- 

29- 

307 

DRILLING CO.: p-(zATT wet cg BAKER REP.: 

DRILLER: cti,e BORING NO.: 

‘i3aiJ E * ow\s 
-l-w LC-A SHEET 2 OF 2 - - 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: sz - c= t3% 5c&‘$$dtJrG- 

5.0. NO.: L+*,lo -ZfZ-ooao -a3bbS BORING NO.: -l-d - fl 
COORDINATES: EAST: 246SZLy3.0839 NORTH: 32236’L. 04s 
ELEVATION: SURFACE: IS.00 TOP OF STEEL CASING: - 

RIG: 
mot3tct: SC -bJCL h0uOJT 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE (FT) WEATHER v-0 TIME 

SIZE (DIAM.) (.el& 342.0 ~l\o jqb c -+ bd5 Sutifd~ L*Q$ owl 

LENGTH 2 Fr 5f=r 

lYPE 5 ‘5 E-b 

HAMMERWT. 1YIZ l\J 

FALL 30 rrJ 

STICK UP 

REMARKS: 

SAMPLE TYPE 
. 5 = Split Spoon A = Auger 

1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Depth 
(Ft.1 

lah 1 l-l,, 

-.--. 

I 

uh. 

01 MaM 
Pen. o/6 

WELL 
INFORMATION DIAM TYPE 

TOP 

DEiH 

ROlTOM 
DEPTH 

m 

Well Casing 

Well Screen 

I 
t, PVC Threaded 1 I* r4 0 37 

\ 
I, PVC Slotted btolsCor 3 7 YL 

I 
I 

Visual Description 
Well 

Elevation 

DRILLER: C’3-\f BORING NO.: -l- LJ ? - 6 SHEET _L OF 3 



5.0. NO.: b'LY)o-A'3Z'~~~~-43600 BORING NO.: w ‘k- ,R 
.e 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
0 = Denison * P = Piston 

N = No Sampie 

DEflNlTlONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blowsl0.S’) 
RQO = Rock Quality Designation (%) 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

22 22.0 

23- 

28- 
A-J 

29- - 

3* :30*3 Match to Sheet < - u 

DRILLING CO.: h-Q&r t. \rxw BAKER REP.: iJcMbJ E \ Do& 

DRILLER: cl-i ‘P BORING NO.: -f-u Y- I3 SHEET 2_ OF 2 



'm 

TEST BOkk AND WELL CONSTRUCTION i?mRD 

PROJECT. 'jcx -Cm >3> $c<r&,6cJtdh - ::d*, ‘. 
5.0. NO.:’ L2y-10’232 ‘*+xIO -03’paa BORING NO.: Y-W?- c3 

SAMPLE TYPE -- 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sample 

Depth 
(Ft.1 

31- 

32 32.0 

33- 

54- 

35 3510 

36- 

. 5-a () 

!L7 - 

48- 

w- 

;, 

ample 
ryw 
and 
No. 

i-l5 

si 

1 . 

5 -“I 

#amp. 
Ret, 
(Ft. 
& 

%) 

LPT 
)r 
{QD 

0 
Lr 

L 

lz 

Lab. 
Ilass. 

or 
Pen. 
Rate 

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 8asis 

Visual Description I I 
Elevation 

DRILLING CO.: ~tcr@fl~ - \*)bCt=k= BAKER REP.: Ijhm+J E. ihue= 

DRILLER: CH\B BORING NO.: 7 7 - & SHEET 2 OF 1. 



I TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: Sbr- Li L3’L - -flE~.rJ-t 
5.0. NO.: tZY30-232-oo~~- O%boa BORING NO.: Tw 5- A 
COORDINATES: EAST: 2463239.5376 NORTH: 362391.5068 ~- 
ELEVATION: SURFACE: 16.70 TOP OF STEEL CASING: 

RIG: 
meObe q--f 7’eJw FbJ47 

SPLIT CORE 
SPOON CASING AUGERS BARREL 

SIZE (DIAM.) 

LENGTH 

TYPE 

HAMMER WT. 

FALL 

STICK UP 

REMARKS: 

WATER 
DEPTH 

WEATHER (FT) DATE 
PROGRESS 

03 TIME 

SAMPLE NPE 
_ 5 = Split Spoon A = Auger 

T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

WELL 
INFORMATION 

Well Casing 

DIAM 

I” 

TYPE 

PVC Threaded 

TOP 
DEPTH 

03 

0 

BO?TOM 
DEPTH 

m 

5 

Well Screen 1 I II PVC Slotted 

Visual Description 

N = No Sample 

lamp. 
R:ec. 
Ft. 
& 
% 

Lab. 
Class. 

Of 

Pen. 
Rate 

Sample 

Type 
and 
No. 

Elevation 
Depth 
(Ft.) 

P-r 
lr 
:QO 

Lab. 
tlois: 
% 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

l’“l Match to Sheet 

DRILLING CO.: C’At+wr \hjbce BAKER REP.: 62~cd z i’hu\S 

DRILLER: 4+f BORING NO.: -i-d 5 - R SHEET _L OF 5 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE DEFINITIONS 

5 = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (Rlom10.5’) 

T = Shelby Tube W = Wash RQD = Rock Quality Designation (%I 

R = Air Rotary C = Core Lab. Class. = IJSCS (ASTM D-248-7) or AASHTO (ASTM D-3282) 

D = Denison . P = Piston Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

N = No Sample 

Samp. Lab. 

Depth 
Sample Rec. SIT 
Type 

Class. Lab. 

(Ft.) and 
(Ft. or Moist 
& RQD PO,:. % 

Visual Description 
Well ltg.t$l~tion 

Elevation 

No- %) Rate 

Continued from Sheet 1 

7- 

B- 

9- 

!O- 

!l - 

22 - 

23 - 

24- 

25- 

26- 

27 - 

2B- 

29- 

30, 

- 

Match to Sheet L 

DRILLING CO.: PAR&v tiU=f? BAKER REP.: r%!&,r3 E. ?&-J‘~‘, 

DRILLER: CYI? BORING NO.: -7-‘.k’ r- f’: SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: %-I - c-73 23 2 - S<IL+S”~J~- 
5.0. NO.: bZ+-lo- 231 -o”- - Q BORING NO.: -T-W 5- (3 

COORDINATES: EAST: Z46!76cr>. 5576 NORTH: 36739 I _ seat3 
ELEVATION: SURFACE: 16.20 TOP OF STEEL CASING: - 

I 

WATER 
DEPTH 

WEATHER (FT) TIME DATE 
PROGRESS 

FO 

SlZE(DIAM.) !j,q~,~~, ! ! 3 ho ! 

1 2 p.,m 1 LENGTH ISFrI 

STICK UP 

REMARKS: 

SAMPLE TYPE 
. S = Split Spoon A = Auger 

1 = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

WELL 
INFORMATION 

Well Casing 

Well Screen 

TYPE 

PVC Threaded \“hk. 

PVC Slotted h\“S&~ 

Visual Description 

TOP BOlTOM 
DEPTH DEPTH 

m C=O 

0 3-t 
37 9:2, 

I 
Well 

lnstak&ion Elevation 

amp 
Rec. 
Ft. 
& 

96 

ample 

‘w 
and 
No. 

PT 

ho 
Depth 
(Ft.1 

L.0 

-- 

..o 

-- 

* :3 

5-c 

Match to Sheet: 
w 

BAKER REP.: 5a,&.l E . -Q&J4 
BORING NO.: Tw-c r ?a SHEET 1 OF3- 

I I 1 

DRILLING CO.: i3rkrr.fLAm LloLFi= 

DRILLER: CHI f 



. .,! ._ _, .u ,...C . &+m’ 

m 

TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: sGz-c77~ 232 -5Cf%t%1d& :. 1 . . 
5.0. NO.: dt+-lo - 23-L-ooocr- 03boo BORING NO.: -h/ .5- R 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sample 

Depth 

(Ft.1 

l- 

* IGO 

3- 

14- 

15 /Sa 

16- 

17 n-a 

18- 

19- 

2* z&o 

T 

s - s” 

A-J 

2ea 

PT 
lr 

IQD 

Lab. ?/no 
Ilass. h I or msist 
Pen. 
Rate Lz> 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blowsl0.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 

Visual Description Elevation 

4 

DRILLING CO.: l’h-J-(Lam dJDLff= BAKER REP.: 

DRILLER: ckl\ e BORING NO.: Tti c- 6 SHEET 2 OF & 



TEST BORING AND WELL CONSTRUCTION RH3RD 

PROJECT: %z - c7b 232 - C~CUSEEI)~ .x.x- 
5.0. NO.: LLIC’Io - t32- eooa - O$boo BORING NO.: -tu 5- 6 

TYPE SAMPLE 
S = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison - P = Piston 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blowsl0.5’) 
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 

N = No% ale 

Lab. 
JT Class. 

;D PO,:. 
Rate 

mple 

we 
Ind 
UO. 

amp. 
Rec. 
(Ft. 
& 

% :I 

Visual Description 
Well lrx&aal~,ation Depth 

(Ft.) 
Elevation 

- 

- 

31- 

3* 32.0 

53- 

34- 

35-m 

36- 

7 37.6 

,- e 

t-d 

5-q 

-- 

h 4 
- 

- 

&I -25.36 
- Z5.0L 

klJ 

S-IO 2*0 

-- 

DRILLING CO.: %~~UY’X ‘d bLF$ BAKER REP.: -bR\ADJ E. ;-4NlS 

DRILLER: m\ 4 BORING NO.: ~‘&--~ SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

. . I 

PROJECT: s&r - cm 232 - swk;Gdj r3+ 
5.0. NO.: b2‘4?0 --L-s z -0-o -03b@o BORING NO.: -Pd &-A 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: / TOP OF STEEL CASING: 

LENGTH 

HAMMER WT. 

STICK UP 

REMARKS: 

SAMPLE TYPE 
S = Split Spoon A = Auser 
T = ShelbyTube W = Waih 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Depth 
(Ft.1 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

1’01 

. 

- 
- 
- 
- 
- 
- 
- 
- 

DRILLING CO.: pw&m ‘~~G=F BAKERREP.: i+%IAd El Dwls 

DRILLER: wt (3 BORING NO.: w b- A SHEET 1. OF L 

Lab. 

P-f Class. 

tr or 

:QD Pen. 
Rate 

Lab. 
Moist 

% 

/’ 
WATER 
DEPTH 

F-0 TIME 

WELL 
INFORMATION DIAM TYPE 

TOP BOl-rOM 
DEPTH 

m 

Well Casing 

Well Screen 

1 
I, 

I 
*I 

PVC Threaded I “&, 0.0 510 

PVC Slotted O*Ol fLor s-.0 lJ’,C3 

Well 
Elevation 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: s&7: -cm z3‘L - %dLtLCti~d- 
5.0. NO.: bZv7, -237 -60o0-03ia~ BORING NO.: -l-d b-A 

- 

SAMPLE TYPE DEflNlTlONS 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM O-1586) (Blow~lO.5’) 

T = Shelby Tube W = Wash RQD = Rock Quality Designation (%) 

R = Air Rotary C = Core Lab. Class. = LJSCS (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 

Samp. Lab. 

Depth 
Sample Rec. SPT 
Type 

Class. Lab. 

(Ft.) and 
(Ft. or or Moist Visual Description 

Well Im&a$3tion ’ 
Elevation 

No. 
& RQD Pen. % 

%I Rate 

Continued from Sheet 1 WEU50Glr - 
l- 

fiurer 
0.0-l-b 

2- 
5rE f3ma d&F COG 7-m b-q lC.0 f=T 

FOR ~atc3j3u A-nalJ 

3- t+I4 

4- 

5 - RoTlb-Vbc)(r- 

c-u0 OF RocLlcy,(a, ff<O q- 

6- 

,7- 

IB- 

19- 

!O- 

21 - 

!2 - 

23 - 

24- 

25- 

26- 

27 - 

2B- 

29- - - 

30, Match to Sheet i - 

DRILLING CO.: ?~cqz.,t,~- ‘rJ$la W= 

DRILLER: cl-w 

BAKER REP.: ~bt-hfa,, lz. -i&+.26 

BORING NO.: ‘fwb* A SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

COORDINATES: EAST: 
ELEVATION: SURFACE: d TOP OF STEEL CASING: - 

WATER 
DEPTH 

(F-0 TIME WEATHER 

REMARKS: 

.- I SAMPLE TYPE 
s = Split Spoon A = Auger 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

WELL 
INFORMATION DIAM TYPE 

TOP 

Df? 

BOTTOM 
DEPTH 

m 

Well Casing 

Well Screen 
I . I 

Visual Description 
Well 

lnstak$ion Elevation 

Lab. 
Class. 

or 
Pen. 
Rate 

amp. 
Rec. 
Ft. 
& 

‘% 
-- 

!. 0 

lmplc 

we 
rnd 
HO. 

IT 

hD 
Depth 
(Ft.) 

8 
> 
b 

I- 

2 2.0 

3- 

4 3*8 

s- 

6--&L 

7- 

8- 

9- 

5-l 

s- 2 210 

-- 

. I 0 5-3 

A-d 

I’” 4 
Match to Sheet: 

.3 
DRILLING CO.: _ 6-4m-i hlOLi=f= BAKER REP.: ~~wr,3 E, i&91< 

DRILLER: cl-he BORING NO.: TLJ6 -0 SHEET 1 OF 2 



.-I- m 

.~ ~ TESTij-ijRIN‘G Ahib WELL CONSTRUCTION RECORD 

:. . PROJECT: 5bx 4&v Z3L - $ce~~tiJ~~ , ‘. 
5.0. NO.: Lzv-to -~33-aoo~-03ko~ BORING NO.: Tu’ b -8. 

,.-, 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = No Sampie 

Depth 
(Ft.) 

Sample 

We 
and 
No. 

Il- 
5-q 

,2 lll0 

13- 

14- A-4 

15 EGO 

16- 5-5 
,, -17.0 

18- 

19- 4-d 

20 zoao 

21- s-6 
22 2=0 

23- 

24- A-J 

25 ‘C. 1. ‘\ ,-Y- 

26- 5--- 

27 -- c_ a ‘3 

28- 

Samp. Lab. 
Rec. iPT Class. 
(Ft. )r or 
& tQD Pen. 

%I Rate 

z.0 

2.0 C 
2.d 

DEFlNlTlONS 
SPT = Standard Penetration Test (ASTM D-1586) (Bl0w~lO.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 

Well Installation 
Visual Description Detail 

- 

Match to Sheet c 

Elevation 

DRILLING Co.: %ce&y UQtfp BAKERREP.: %\‘+a F\ i?&di\ 

DRILLER: Cl-k\P BORING NO.: Td 6x-h SHEET 2 OF s 



TEST BORING AND WELL CONSTRUCTION RECORD m PROJECT: G&f -cm232- kgEEdt&- :. 8,‘. 
5.0. NO.: (olrm-L3~- OQOU -Gboo BORING NO.: 7-d b-6 

SAMPLE ‘P(PE -- 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

D = Denison * P = Piston 
N = No Sample 

Depth 
(Ft.) 

Sample 

Type 
and 
No. 

‘8- 

9- 
A-d 

1 

SampI 
Rec. 
(Ft. 
& 

%I 

2.0 

L 0 

5PT 
or 
RQD 

15 

16 

\t 
‘L 

10 
9 

Lab. 
Zlass. 

or 
Pen. 
Rate 

q7 w.0 

?8- 

79- 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (8lowsi0.5’) 
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 

Visual Description I Well Installation I 
Detail 

I 

Elevation 

- 

- 

- 

- 

- 

- 

- 

- 

- 

I - 



TEST BORING AND WELL CONSTRUCTION RECOiD 
PROJECT: SGr- CTZ) 232 c scene&&- 

5.0. NO.: but 70 -232 -o-l-03boo BORING NO.: -I-W -I - A 
COORDINATES: EAST: 2464039.1530 NORTH: 36 (874.6056 
ELEVATION: SURFACE: 19.2 TOP OF STEELCASING: - 

TIME 

LENGTH 

TYPE ! 

HAMMER WT. 1 

1 STICK UP I I 

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 lYPE 

TOP 

“E” 

BOlTOM 

“K” 

Well Casing 
! I 

l e PVC Threaded I 0 L; 

Well Screen 1 1 PVCSlotted 1” 5 

Elevation 

Implc 
amp 
Rec. 

me IX 
Lab. 
flois 

Visual Description 
Well 

and & 
% 

Instak$ion 

No. % 
-- c C 

PT 

hD 

Lab. 
:lass. 

Or 

Pen. 
Rate 

Depth 
(Ft.) 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

1’“1 
DRILLING CO.: 6weffT.T b&24+ 

DRILLER: ct.4 ff 

- 
Match to Sheet 2 - I 

BAKERREP.: iktdd F -iI&dIL 

BORING NO.: -i-G7 A SHEET 1 OF 1 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

Depth 

(Ft.) 

‘l- 

2- 

3- 

14- 

15 JSfU 

16- 

17- 

18- 

19- 

20- 

21 - 

22- 

23 - 

24- 

25- 

26- 

27 - 

28- 

29- 

30, 

N = NoSa 

ample 

‘we 
and 
No. 

4-d 

;arnF 
Rec. 
W. 
& 

%I 

de 

PT 

hD 

tab. 
:lass. 
or 

Den. 
iate 

Lab. 
noisi 
% 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (8lowslO.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 

Visual Description 
Well lm&a$3tion 

kmtinued from Sheet 1 

Match to Sheet < 

Elevation 

DRILLING CO.: ?A&@ bq Q&c* BAKERREP.: %bkd E n&d15 

DRILLER: c ci \e BORING NO.: -f-u -? - ii SHEET 2 OF 2 
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TEST BORING AND WELL CONSTRUCTION RECORD 

I 

PROJECT: %rz-c7= zjz -sm'rJcr 

S-0. NO.: LrY’)O-231. -0000 ‘~3603 BORING NO.: l-w 7-6 
COORDINATES: EAST: _ 24L4039. mo NORTH: 3L1874. b&56 
ELEVATION: SURFACE: 19.2 TOP OF STEEL CASING: - 

RIG: md35r ~6 -~~cI\c -UWT 

SPLIT CORE 
SPOON CASING AUGERS BARREL 

SlZE (DIAM.) I .+3Ttl 3&Q 
LENGTH 2 FT SW 

TYPE 5 !j trs 

HAMMER WT. tvo b5. 

WATER 
DEPTH 

(FT) TIME 
PROGRESS 

FO DATE WEATHER 
- 

605 S**~tiy bk / ok.,- a- u-l 

- 

- 

- 

REMARKS: 

SAMP!LE TYPE 
-7 = Auger 

W = Wash 
R = Air Rotary C = Core 
0 = Denison P = Piston 

N = No Sample 

WELL 
INFORMATION 

Well Casing 

Well Screen 

TOP 
DIAM TYPE DEPTH B%F/ 

m (m 

\ 
,. 

PVCThreadad I<* 3 , 0 Y2 

1” PVC Slotted c&L0~ 92 Y5 

I 

I L I 

Visual Description 
Well 

I 

Elevation 
Depth 
(Ft.) 

Lab. 
Class. 

Or 

Pen. 
Rate 

SHEET 1 OF L 

7 

8 A- 

9 
I J 

Match to Sheet 2 

BAKER REP.: i%i,CLcAd E 8 t%‘f j 

BORING NO.: w 7 *‘k 



m 

TEST BORING AND WELL CONSTRUCTION RECORD 

:. PROJECT: ‘$.&s -CT72 ?.?.a - sC&+~t.b~ 8 . . 
5.0. NO.: 6ayqe - 232 -068 0 -atSbo= BORING NO.: tt3 7 -A 

h 

DEflNlTlONS 
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 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison - P = Piston 

N = NoSa le 

Samp. 
Rec. 
(Ft. 
& 

56) 

Visual Description I Lab. 
I- Class. 

20 6. 
Rate 

c 

12 

on, 

2 

-7 

II 

; 
‘3 

7 
1% 

amplf 

Type 
and 
No. 

Depth 
(Ft.) 

l- 

2,lZ.0 

3- 

4- 

I5 KS.0 

16- 

17 
17.0 

IB- 

19- 

20 LO 4 

21 - 

22 -=*O 

23- 

24- 

25 2s.o 

26- 

27-m 1 J 

2B- 

29- 

3()-% 

Elevation 

210 

A-+ 

s-s 2*0 

A-h 

5-c 

A-b 

S-7 

A-r 

2*0 

t 

DRILLING CO.: 4 ~-Qct+T b--d-e _ BAKER REP.: h 1R-J Gl OAd\l 

DRILLER: CR-. Q BORING NO.: f* ‘1-Q SHEET 2 OF & 



m 

TES-i BORING AND WELL CONSTRUCTION RECORD 

PROJECT* 5&r -2t 232 - s&26& @crlr- “‘- 

d 

I :. *I ‘. 
5.0. NO.:’ blY70 -232 -0000 - O?COO BORING NO.: -I’d 7- ‘3 

DEFlNlllONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blowsl0.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 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison - P = Piston 

N = No Sample 

iamp. 
Rec. 
(Ft. 
& 

%) 
-- 

Lab. 
:lass. 

or 
Pen. 
Rate 

ample 

Type 
and 
No. 

Visual Description 
I 

Elevation 
Pr 
)r 
(QD 

Depth 
(Ft.) 

Sl- 

sz -32ta 

33- 

34- 

35 35.0 

36- 

? 37.0 

38- 

39- 

Q) yo 

- 

Continued from Sheet 2 
ho *r*ro fkfa~&+ 1 ?3hy ,QcLL#~, p6dt _ 

j-8 

A-d 

: .c> 

t1- 

P3- 

Y4- 

q5 KC 

L(6- 

y, -t7,r 

q8- 

y9- 

‘l--t 

S-la 

2d s-\\ 

DRILLING CO.: - ewwwT wocFr’- BAKER REP.: bhJ c i)Fd fl 

DRILLER: %!4 BORING NO.: ?‘7- f3 SHEET 2_ OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: s&x- cm t3% - ~CRE~.c)\d+ 

5.0. NO.: bt\)70-t3-L ‘Moo -o3cao BORING NO.: -l-M B-A 
COORDINATES: EAST: 24G4682.0303 NORTH : 361894.4459 
ELEVATION: SURFACE: IS.40 TOP OF STEEL CASING: -/ 

WEATHER 

WATER 
DEPTH 

(FT) i / sE& j CASING 1 AUGERS / BCAORRREEL 
PROGRESS 

(FT) DATE TIME 

SIZE (DIAM.) 1 I 35f.d f’/JJ f% 0 -I$ 

*-t-t-t- 

REMARKS: 

WELL 
INFORMATION DIAM TYPE 

TOP 

DKH 

BOlTOh 

D:;H 

SAMPLE TYPE 
5 = Split Spoon A = Auqer 
T = Shelb; Tube W = Wa;h 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Well Casing 

Well Screen 

I 
II 

PVC Threaded \“hn. s- 

\ 
1 ’ PVC Slotted 0 d” 5-y ; r-r 

I 
I Lamp 

Rec. 
Ft. 
is 

96 
mm 

-- 

Lab. 
Class. 

or 
Pen. 
Rate 

tmpk 

We 
and 
No. 

Elevation 
Depth 
(Ft.1 

Lab. 
Uloisl 

?h 

Visual Description 

Match to Sheet 2 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

4-l-J 

- 
- 

- 

DRILLING CO.: fi6%m- ‘doLJ=J= BAKERREP.: %QtAtJ Et Q&dJr 

DRILLER: Q-v P BORING NO.: -I-ti8-A SHEET 1 OF z 



m 

TEST BORING AND WELL CONSTRUCTION RECORD 

:. . PROJECT. L;Gr - rev 232- %Z&E~~csc/ # . . . 
s-0. NO.:’ CZcllO - 232 -0000 - 03com BORING NO.: -rw@ -A 

SAMPLE TYPE DEFINITIONS 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (8l0~sl0.5’) 

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 = No Sample 

Samp. Lab. 

Depth 
Sample Rec. SIT Class. 
We 

Lab. 
(Ft. or or Moist Visual Description 

Well Im&a3il;tion 
Elevation 

(Ft.1 and & 
No. %I 

RQD Pen. % 
Rate 

Continued from Sheet 1 W6UStML 
L-S.0 h 

l- ta IS0 f=T- 

2- 
A-d 

5% EWWG Lc3G-rd&f3 ‘44LL 
t=L SQNL f*rGoa#T~~*rJ SccBEr, 

l3- Q-CO- 
xcs+u r.sTo - 

14- CT 

,s IS0 - Rem-Q~u~oq,o< o.& 

Lo -t= Bae.t.KrQ 15.0 fz-?, 

16- 

17- 

18- 

19- 

20- 

21- 

22- 

!3- 

!4- 

25- 

26- 

27- 

28- 

29- 

30, 

L 

- - - 

Match to Sheet c - w 
- 

DRILLING CO.: r---r wc$*R= BAKER REP.: KiZc Ad EN ThJ\~ 

DRILLER: clH-\p BORING NO.: -l-u 8-A SHEET _2 OF 2_ 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: SC1 - L76 t3L - fiLk’Z&h, ’ db- 

COOI 
I 5.0. NO.: ~~ ~S~70-Z3Z-oaoo-e3Goo BORING NO.: -r-k/ 0 b 

RDINATES: EAST: m NORTH: 38 R96.4459 
ELEVATION: SURFACE: IS.46 TOP OF STEEL CASING: 

RIG: 
MOSILB 5< TRutlL ?-3wJr 

SPLIT CORE 
SPOON CASING AUGERS BARREL DATE 

SIZE (DIAM.) l*f3 3) 3hro ~1lhC 

LENGTH 2’ ci g/ 

TYPE 55 as 

HAMMER WT. fqe Ibs 

FALL 30 Cd 
STICK UP 

REMARKS: 

WATER I I DEPTH 
WEATHER (FT) TIME 

PROGRESS 
V-l-l 

SAMPLE TYPE 
. S = Split Spoon A = Auger 

T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 
t 

1 

WELL 
INFORMATION DIAM TYPE 

TOP 
DEPTH 

m 

Well Casing 1 \ *e PVC Threaded ]‘A t h , 1 0 

Well Screen 1 \‘* PVC Slotted 0. 

s. amp. 

9:. SIT 

& 
or 

1% RQO 

Lab. 
lass. 
or 

Pen. 
Rate 

ample! 

‘be 
and 
No. 

Well 
Elevation Visual Description Depth 

(Ft.) 

DRILLING CO.: 17ARe &-FF vJac+ . BAKER REP.: &RI RiJ 

DRILLER: -zhP BORING NO.: 7J 8 -6 



. 1.. ,..w .,a... 

‘.‘” TEST BORING AND WELL CONSTRUCTION REkzD m . ‘j 
PROJECT: SC-% - CT-D 23% - sc@&cJ~ti~ 

gj 
4 

5.0. NO.: t%q 70 -tW - oaoo - BORING NO.: 7-d 8 -rf 

DEFlNlTlONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blovvs10.5’) 
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 = No Sample 

Sample 
Depth Type 

(Ft.1 and 
No. 

iamp. 
Rec. 

W. 
& 

%I 

Lab. 

,PT Class. 
rr or 

LQD Pen. 
Rate 

Well 
Elevation Elevation 

f 

3.90 

Visual Description 

,- CI .*O 

- 

- 

15 

- 

- 

: *a 

- 

- 

z< 

- 

- - 

3- / 

4- 

K43 5-- 

6- 

7 17-d 

8- 

9- 

10 ZO,i? 

!1 - 

‘2 z2*0 

!3 - 

!4- 

ES 23-*c 

26- 

27 27 -4 

28- 

29- 

30 
-‘3*.c 

+rJ 

- 

0 
- 

- 

4 
- 

- -6.10 

S-6 

- 

S-7 

Match to Sheet i _ 

BAKER REP.: ~%hJ t. r)AV I5 

BORING NO.: T”’ 8 - ‘& SHEET 2 OF2 



._m. * .._ ..nw 
TEST BORING ANti WELL CbNSTRUCTlON ‘iffORD 

5.0. NO.: bW?e,-23Z-aooo-o 3600 BORING NO.: -+I S -6 

SAMPLE TYPE 
S = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No !iample 

Depth 
(Ft.) 

h- 

:2 3l.f 

:3- 

:4- 

35 SC( 

36- 

. 37d 

sample 

Type 
and 
No. 

4-d 

‘-7 

- 
amp 
Rec. 
(Ft. 
& 

o/p) 
- 

Lab. 

SPT Class. 

iIbD 
or 

Pen. 
Rate 

‘%o 
-I 

zr 

I 7 
5 
% 

DEFiNlllONS 
SPT = Standard Penetration Test (ASTM D-l 586) (8lowslO.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 

Visual Description 
Well lrg$l~tion 

Elevation 

b.l~S~ _ 
b.a- 
3 10 ‘ro 
yo.0 Fr 

WELL 

zz!? 
osom 

35tol=T - 

GJ - -n-6 

ss*o+b - 

48bbh 

- I 
DRILLING CO.: @f-m-- WOLFF BAKER REP.: i3awnJ E. OAJ~~ 

DRILLER: ai@ BORING NO.: yd 6 - @ SHEET 1 OF3- 



I TESTBORINGANDWELLCONSTRUCTIONRECORD 

ELEVATION: SURFACE: , TOP OF STEEL CASING: /$zoo/ 

G: 
~04L& Gx- -l-a- DOUBT 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE (FT) WEATHER FT) TIME 

!E (DIAM.) 3”uro L) 1’“h6 & - 19 70'5 sc14) &'l b 0 (4~~1. 

NGTH 5Fr 

‘PE hs 

4MMER W-l-. 

rLL 

‘ICK UP 

.MARKS: 

SAMPLE TYPE WELL TOP BOl-rOM 

S = Split Spoon A = Auger INFORMATION DIAM TYPE DEPTH DEPTH 

T = ShelbyTube W = Wash 
m v-n 

R = Air Rotary C = Core Well Ca3ing 1; PVC Threaded 
D = Denison P = Piston 

I”& h 0 $” 
t* 

N = No Sample Well Screen 1 PVC Slotted O.O\“Sba7 s K 

‘Samp. 
Sample Rec. 

Lab. 
Well 

Depth SPT 

(Ft.) 
Type Ft. or 

Class. Lab. 
or Moist 

Visual Description Installation Elevation 
and & 
No. % RQD Pen. p/o Detai! 

Rate 

7- 

8- 

9- 

o- Match to Sheet 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = No Sample 

r 
Depth 
(Ft.1 

l- 

2- 

3- 

4- 

5 

6- 

17- 

18- 

19- 

!O - 

21 - 

22- 

23 - 

24- 

25- 

26- 

27- 

28- 

29- 

30- 

nple 

m 
Ind 
JO. 

-N 

w. Lab. 

,ec. SPT Class. 

Tr 

Ft- or or 
& RQD Pen. 
%) Rate 

Sa 
R 

( 

, 

c 

- 

- 

ab. 
oist 
K 

- 

- 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blows10.5’) 
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 

Visual Description 
Well Irgtt$l~tion 

Eievation 

ontinued from Sheet 1 

- 

Match to Sheet i 

DRILLINGCO.: ?Aeeecct k)we BAKER REP.: l3rwbJ E. DAJSL 

p”‘l.I-ER: ._ ..+f _._.___ - _________ _..____ __.__._I__ 80RlNG NO.1 = 9- fi SHEET 2 OF 2 
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TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: cj&x* c-I3 231. - SCREENS+ 
5.0. NO.: bzv7o - t3?-oooa- 03600 BORING NO.: -Tu/q- 6 
COORDINATES: EAST: NORTH: - 

ELEVATION: SURFACE: TOP OF STEEL CASING: /sTbf 

G: F\Oc$j(LC cc -i-if&L TcIoJtir 
WATER 

SPLIT CORE PROGRESS DEPTH 
SPOON CASING AUGERS BARREL DATE WI WEATHER W-1 TIME 

!E (DIAM.) \+3;d - Sk0 &l% 0 -$I 70's SudluJ‘I b 3 'i-c\ 
NGTH t* s’ Fr 

‘PE ‘55 45 

4MMER WT. 1% \bs 

rLL 30 ,rJ 
‘ICK UP 

iMARKS: 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
1 = Shelby T&e W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

i 

ample 
Depth Type 
(Ft.) and 

No. 

l- 
-m 

?- 
DOG- 

S- 

3 -9.0 

5- 5-r 

6 
G-0 

7- 

8- A-r) 

9- 

amp 
Rec. 
Ft. 
& 
% 

PT 

,ho 

La 
:la 

0 

Pe 
Ra 

- 

- 

WELL 
INFORMATION DIAM TYPE 

TOP 
DEPTH 

(Iv 

Well Casing 

Well Screen 

I 
PVC Threaded 1” AA 0 37 

\ PVC Slotted o-to\ %.0-T, 37 qz 
I 

, I I 

Visual Description 
Well 

Elevation 

16 .o 

Match to Sheet 2 

I 
I 



m 

TEST BORING AND WELL CONSTRUCTION RECORD ’ 

:: ,... PROJECT* g&r - C-73 t3% - SutZtl~.M(r 

5.0. NO.:‘W -JO -232-oocro -e-ttao~ BORING NO.: -i-d 9 - ;3 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = No Sample 

6- 
5-3 1s 

7 17-D 

18 

21 - 5-q 2.0 

22 - 2x.0 

23 - 

26- 5-s 2.0 

27 M*” 

28- 
A-t-l 

29- 

30, 5o.a I I Match to Sheet 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) @lOWS/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 

Visual Description I Well htz$ation . 
I 

Elevation 

DRILLING CO.: ,3Arze.~T~ \hlOLfF BAKER REP.: &?~Ahi E , 6)Ag 13 

DRILLER: L q\ p BORING NO.: -J-W?--& SHEET 2 OF 3 



TEST BOR-ING AND WELL CONSTRUCTION R.ECORD 

SAMPLE TYPE 
5 = Split Spoon A = Auaer 
T = Shelby Tube W = Wa<h 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sample 

Depth 
(Ft.) 

?I- 

32 3ta 

:3- 

34- 

p ?A*0 

36- 

* 37.a 

ample 
Type 
and 
No. 

S-7 

5-s 

iamp 
Rec. 
(Ft. 
& 

%) 

SPT 
or 
RQD 

Lab. 
Class. 

or 
Pen. 
Rate 

- 

LI 

DEFINITIONS 
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 

Visual Description 
Well Installation 

Detail Elevation 

DRILLING CO.: ?f+~l?-~- uoLF”r BAKER REP.: l3-zlAd El mw 5 

DRILLER: CkC BORING NO.: -J-W 9 - g SHEET 3 OF3 - - 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: %-I- c-kt32 u s@&5+4t’+‘r@ 

5.0. NO.: tag (1 - %3r - aaoo -a%+-Q BORlNGNO.:TW tb -A 
COORDINATES: EAST: NORTH: 

ELEVATION: SURFACE: . TOP OF STEEL CASING: /d:, +‘I?? 

RIG: 
mbn(‘CC 5s -muc(c /q~Uta- 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE F-0 WEATHER VT) TIME 

SIZE (DIAM.) 3 ‘$10 ~/l&b 0 - 15 ‘so’s 5vrJ~,y b 0 H&J 

LENGTH 5Fr 
TYPE cl5 

HAMMER WT. 

FALL 

STICK UP 

REMARKS: 

SAMPLE TYPE 
. S = Split Spoon A = Auger 

I 1 = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

Depth 
(Ft.1 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

Match to Sheet 5 

DRILLING CO.: __ Qwwf LJOLFG BAKER REP.: BRt.AI) E . -%df5 

DRILLER: w1e BORING NO.: -Td 10 -A SHEET r OF & 

N=Nok 

ample 

‘we 
and 
No. 

)amp. 
Rec. 
F:t 
& 
‘% 

ale 

Lab. 
:lass. 

OI 

Pen. 
Rate 

Lab. 
Aoist 

% 

WELL 
INFORMATION DIAM TYPE 

TOP 
DEPTH 

m 

Well Casing \a- PVC Threaded \f’Jh. 0 6 

Well Screen I ((1 1 PVCSlotted 4 ‘*al“ SLOT 5 16 

I 

Visual Description 
Well 

Elevation 



TESTBORINGANDWELLCONSTRUCTIONRECORD 
PROJECT: sGI-- cm =32- ‘hW&\rJG 
5.0. NO.: b-t.++lo --23.-ocna~- 03boO BORING NO.: W 10 -6 

SAMPLE TYPE 
S = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = NoSample 

Depth 
(Ft.) 

l- 

2- 

3- 

4- 

5 
ls;c: 

6- 

7- 

B- 

!9- 

!O - 

!l - 

22 - 

23 - 

24- 

25- 

26- 

27 -j 

28 

i 

29 

30 

mple 
m 
md 
40. 

\-rJ 

Imp. 
tee. 
(Ft. 
& 

%) 

.ab. 
lass. 
or 
‘en. 
late 

ab. 
lois 
% 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) @lOWSio.li’) 
RQD = Rock Quality Designation (%I 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight 8asis 

Visual Description 
Well h&$ation 

Elevation 

Match to Sheet 

DRILLING CO.: h.&w ‘LJoLk=F BAKER REP.: AR\Ac) Eb OA-rlK 

DRILLER: CM< C BORING NO.: w lo -A SHEET _2_ OF 2 - 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: s&z-- tcXr t32.@ sC~&i+Jl~~ 
‘j.O.NO.: L,tL(7b-Z3~-u-~-O>bOO BORINGNO.: CdIOwt3 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: /z 3 TOP OF STEEL CASING: /& q3 

G: 

:MARKS: 

PROGRESS 
(FT) WEATHER 

WATER 
DEPTH 

W-1 TIME DATE 

WELL TOP 
INFORMATION DIAM TYPE DEPTH “EE 

(iv m 

Nell Casing I 
1; PVC Threaded \ 1 I d t L 0 Yz 

Nell Screen 1 
,- PVC Slotted ~-,ol$#Lor c1L v-l 

I 
I 

Well 
Elevatior 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample I ’ < r I 
Depth 
(Ft. 1 

l- 

* 2.0 

3- 

4 q-0 

5- 

6L.o 

7- 

8- 

9- 

IO 
lo-0 

jamp 
Rec. 
Ft. 
& 

% 

implc 

We 
and 
No. 

1 

I 

F 

il.0 5-r 

2 .a 
s-2 

2.0 
-- 

s-3 

h-h 

t 1 MatchtoSETt21 - 

DRILLING CO.: _, 17AG(Lfim UJO~FF; BAKER REP.: l=tAd 



TESTBORINGANDWELLCONSTRUCTIONRECORD 
PROJECT. x 
5.0. NO.:' @ezq'to - r3L-booo-a3boo . . 

I SAMPLE TYPE 
5 = Split Spoon A = Auger 
1 = Shelby Tube W = Wash I 

I R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sampie 

I I _ I 
’ Lab. h.~ 

Class. a. 

(Ft.) 1 ;;d 1 ‘,’ 1 ;‘,, Or y I Pen. 

t?P9 

Samp. Lab. h.~ 

Depth 
Sample Rec. SPT Class. a. 
Type 

(Ft.) 
(Ft. or or Matst 

and & 
No. 

RQD Pen. -96 
%) Rate top-> 

C 
l- 5-3 rg 5- 41 : 

) 12-o 
b 

I , 

I 

11 

1; 

1: 

11 

11 

11 

1' 
-I I 

1 

1 

2 

2 

i 

‘ 

1 

C ,. I 

3- 

t- 
A-J 

5 
1g.o 

L 5 

6- 
\: 

7 I7.0 

8 

j I 
9 

I 
A-J 

:. - 2bl-s I 

!1 - 5-L 

!2 - 
Lt.0 

13 - 

M- 
4-d 

25 25o 

26- w 

27 ITa= 

28- 

29- A-J 

- 30.0 
301 

c: 
i 

I 

E 
? 

\ 

DEFlNlTlONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blow~10.5’1 
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 

Vis?ral Dnscrigt ion 
I 

Elevation 

1 

Match to Sheet 

DRILLING CO.: +pAtLGQJq '+JObFE BAKERREP.: bA.r3 rz * ‘OfNG 

DRILLER: CH\P BORING NO.: ‘Iw 1b - a SHEET 2 OF 2 



TESTBORINGANDWELLCONSTR UCTION RECORD 

PROJECT: St 1 -tm232. k&&ufht~- 
5.0. NO.: cZq7’J’-232 -0-o-0TCQQ BORING NO.: 

5AMPL.E TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 

R = Air Rotary C = Core 

0 = Denison P = Piston 

N = No Sample 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM 3-‘536: (5lows, 0.5’) 

RQD = Rock Quality Designation (%) 

Lab. Class. = USCS (ASTM D-2487) or rWShT0 (ASTM D-3252) 

Lab. Moist. = Moisture Content (ASTLl D-2216) Dry Weight 5asls 

Well installation 
Visual Description Detail E’e,dacion 

DRILLING CO.: Pwew #a* BAKER REP.: %22riw G ~Pfrdfi4 

DRILLER: t*w BORING NO.: v to- a SHEET k OF& 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: %r-t7B 2321 5CccEEdlrCrG- 

5.0. NO.: 62 370 -232 BORING NO.: “T\J II- A 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: /A < TOP OF STEEL CASING: 

RIG: 
MoelLE SS- I#ucK rv\oodT- 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE 03 WEATHER VT) TIME 

SIZE (DIAM.) 

t- 

7 

i 

HAMMER WT. 

FALL 

STICK UP 

RE MARKS: 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

Depth 
(Ft.1 

N =: No Sample 
- 

ImpIf 
amp 1 .ab. 
Rec. 

ype Ft. 
‘T 

ad & 
r 

I 

C lass. 
r 1 .ab. 

Weil 
or loist 

Visual Description 
‘en. 

lnst&hfion Elevation 

IO. 
F 

% 
;I, L % F (ate - - 

)- 

I- 

7- 
- 
- 

8- 
- 
- 

o- - 
Match to Sheet 2 

Well Casing 

Well Screen 

I 
1, PVC Threaded I *QI#&. I s- 

I 
,. PVC Slotted 0 0 01 -scar i pQf 

WELL 
INFORMATION DlA,M TYPE 

TOP 
DEPTH 

m 

BOl-rOM 
DEPTH 

(IT) 



TEST BORING AND WELL CONSTRUCTION RECORD 

BORING NO.: Wll-A 

SAMPLE TYPE DEFINITIONS 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (B~ows~o.~‘) 

T = Shelby Tube W = Wash RQD = Rock Quality Designation (%I 

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 

Samp. Lab. 

Depth 
Samp’e Rec. SPT Class. 
Type 

Lab. 
(Ft. or or Moist Visual Description 

Well l~~t.$l~tion 
Flevation 

(Ft.1 and & 
No. 

RQD Pen. 76 
% ) Rate 

Continued from Sheet 1 

7 j 

8- 

9- 

!O - 

I 
!1 - 

!2 - 

!3 - 

24- 

25- 

26- 

27 - 

2B- 

29- 

30- 

- -W 

Match to Sheet c - 

DRILLING CO.: ?&W@Tf WOLF? BAKER REP.: kl &d E L U&J I) 
DRILLER: CU\Q BORING NO.: -r’d-ii& SHEET 2 OF 2 



. .._..~ 1 .a .  

TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: str s Cm 232 - *&# fi 
5.0. NO.: CXY~O- t32-6-e-O 3~0 
COORDINATES: EAST: 
ELEVATION: SURFACE: I/* 5- 

BORING NO.: ‘TL) \\-9 
NORTH: 
TOP OF STEELCASING: - 

IG: 
mb*ttQ 5Y -UC wau.~~ 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE (F-r) WEATHER (FT) TIME 

‘E (DIAM.) 1 ,q3 zJ #q, Sldit -42 70’5 SaJnJ~ t. 5- 0 her. 

NGTH 
zm- SW 

‘PE 5s i-b 

4MMERW-T. I+, (b 

4LL 30 IJ 

ICK UP 

ZMARKS: 

SAMPLE TYPE WELL TOP 
5 = Split Spoon A = Auger INFORMATION DIAM TYPE DEPTH “ZJ?! 

T = Shelby Tube W = Wash m tm 

R = Air Rotary C = Core Well Casing I, PVC Threaded 0 37 
D = Denison P = Piston 1 

N = No Sample Well Screen I ,r PVC Slotted 37 cl1 

Samp. 

Depth 
sample Rec. 

Lab. Hnw 

Type Ft. 
SPT Class. 

w 
Well 

(Ft.) and or or 
& 

Met 
Visual Description Insta;~k&ion Elevation 

No. % 
RQD Penq 4c 

Rate Cpp) 

R -%-o A39 SkT, rut&- L&g 
6rE 6&4&J , &AU $&,.+a a5 

I m<Qldh, V&.&e 

7- 

8- A-J 

9- 

DRILLING CO.: 

VYILLER: -G, -- 

BAKER REP.: .- L ,2 P.-J35 

BORING NO.: ‘“. -) 11 - & SHEET _L OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: s&r - c7t3 232 - %(L=ab IJb- 
5.0. NO.: lpZylo -L’Jt-oeoa - otbso BORING NO.: %d I\-% 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = No Sample 

I Samp. Lab. &w 

D epth 
Sample Rec. SPT 
We 

Class. * 

[Ft.) and 
(Ft. or or w! 
& RQD Pen. 

No. o/o) Rate (.$’ 

:o Z9.a 

11 - 

9 .Z’L.t 

!3 - 

!4- 

25~zs.0 

26- 

27 _ 27.0 

28- 

29- 

30 3om, 

c 

! 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (8lowslO.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 

Visual Description 
Well ltgtg$l~tion 

Elevation 

1 

DRILLING CO.: %W$x7T ‘&U=+ BAKER REP.: &2\Ad Is. DAJl5 

DRILLER: c-+i rp BORING NO.: 7b.J f 1 -s SHEET 2 OF %; - 



fwwimous 
SPT = Standard Penetration Test (ASTM D-1586) (8lo~~lg.S’) 
RQD = Rock’Quality Designation (96) 
lab. Class = iIs& (ASTM o-2487) or AASHTO &STM C&82) 
Lab. Moii = Moisture Content (ASTM Du16) Dty Weight Basis 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
1 = Shelby Tube W =Wash 
R = Air Rotary :. c = Core 
D =Denison - P =Piston 

N =NoSa 

Samp. 
Rec. 
m. 
6 

%I 

Nllpk 
Type 
and 
NO. 

Visual Description Elevation Depth 
(Ft.1 

5-g 2,crs 

‘7 37.c 

8- 

;9- 

0 404 

fl- 

I2 bJ 

13- 

14- 

Fs- 

96- 

c17- 

‘t8- 

‘ig- 

PIG 

: ,. ; 
, .‘. 

.& : ;. i.;. j 

. - 



m TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 62476 - 232 
COORDINATES: EAST: 
ELEVATION: SURFACE: 

BORId! NO.: 35- WI2 R 
NORTH: 
TOP OF PVC CASING: I(,iZ 

S = Split Spoon 
T = Shelby Tube 
R = .Air Rotary 
D = Denison 

N = No Sample 

Visual Description 

Rate 

- 
1 _ 0-l 

/ 

FIFE SAND, kale 5;lt, 

-tFv =ky; it. how-7; - 

2 2.0 
*-I rq.&mJe; &q 

3, s-2 I.0 5 _ 

90% ‘& 
4 4-b 

5, 

DRILLING CO.: 

DRILLER: 

BAKER REP.: 

BORING NO.: 



TEST BORING AND WELL CONSTRUCTION RECORD 

J 
CT0 NO.: &470- 232 BORING NO.: 35 Tti Ia3 

I- 1 ; 
T 1 

1 

PEFINEIQNS 
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-22 16) Dry Weight Basis 

TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary c=core 
D = Denison P = Piston 

iple 
SPT 

R:D 

N=NoS 
samp. samp. 
Type Rec. 
and (ft. & 
No. %) 

s-4 J-7 
a-. 

A-N - 

s-5 ;c, 

A-d - 

S-6 0.7 
35'/, 

A-d - 

5-7 2-o 
toOj 

A-d - 

Lab 
ClaSS. 

Or 

Pen. 
Rate 

PID 
(PPm) 

Depth 
(fi-1 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(ft. MSL) 

37 
-2 

3.\ 

/ 0-l 
11 _ 

12 12-c 

i3 _ 

14 _ 

15 I5 

16 _ 

!7 1% 

!8 _ 

19 _ 

20 1 

21 _ 

22 -22 

23 - 

24 _ 

25 -& 

26- 

27 __ 2x 

.a- 

29 _ 

30 0 

- 

0.1 

/ 0. I 

I 
I 

’ I 

to 
8 

89 

3.1 

/ 0. I 
- 

0.1 

/ Q- I 
-- 

- 

DRILLING CO.: ?h?&k-YbW BAKER REP.: Msrk De’Jehii 

DRILLER: Chip L f c1 eqet BORING NO.: 35wm3 SHEETZ OF3 \ 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

S = Split Spoon 
T = Shelby Tube 
R = Air Rotary 
D = De&on 

SPT = Standard Penetration Test (ASTM D-1586)(Blows/O.S) 
RQD = Rock Quality Designation (%) 

Visual Description 

DRILLING CO.: ?~tm*-Y~~w BAKER REP.: Msrk $k.Zh 

DRILLER: Ch:p L f 4 Q4Cl- BORING NO.: 35 -TN I213 
\ SHEET3 OF3 



m TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 62&6 - 232 BORdi NO.: 3s-7-d 13 l-3 
COORDINATES: EAST: N0RTl.J: 246096. If332 36\2~8.S229 

ELEVATION: SURFACE: \1.7, TOP OF PVC CASMG: I l-70 

DRILLING CO.: 

DRILLER: 

BAKER REP.: 

BORING NO.: 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = Denison 

Depth 
@*I 

‘1 _ 

12 CC 

I!3 _ 

I4 _ 

15 15r 

16 _ 

17 17.c 

IS _ 

19 _ 

20 ,261 

2l- 

22 -m 

23- 

24 _ 

25 -I?2 1 

ii6 _ 

27 -a 

28 _ 

29 _ 

30 -39 

I 
salnp. 
Tvpe 
and 
No. 

s-4 

4-d 

S-5 

R-d 

s-6 

A-d 

kPl 

=NoS 
samp. 
Rec. 
(ft. & 

%) 

lple 
SPT 

5 
2 

% 

IS 
Id 

6 
26 

‘4, 
I3 

IC 

A = Auger iPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
W=Wash 3QD = Rock Quality Designation (%) 
C=COlX Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
P=Piston Lab. Moist. = Moisture Content (ASTM D-22 16) Dry Weight Basis 

I I 

or 
Pen. 
Rate 

0.4 
/ 0.4 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(ft. MSL) 

0.4 

/ o-4 

. 

- -0.2 

- -3.3 

- -4.4 

J 

- -8.3 

- -13.3 

DRILLING CO.: ?‘src&t - wow BAKER REP.: Msrk kI%h 

DRILLER: ch:? L f -=I eief- BORING NO.: 3S--T\r\ll3B .SHEETzOFs \ 



TEST BORING AND WELL CQNSTRUCTION RECORD 

PROJECTz 
CT0 NO.: 

:  

-  

7 
e 

7 

3 

3 

3 

? 

3 

4 

i 

4 

4 

4 

3 

4 

4 

4 

4 

C 
c 

TYPE ONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)(Blows/O.5’) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R=AirRotary C = Core Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
D=De&On P = Piston Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

N = No Sample 

Depth Samp. Samp. SPT Lab PID 
(ft.) Type Rec. or Class. @pm) Well 

and (ft.& RQD or Visual Description Installation 
Elevation 

No. %) Pen. Detail 
(ft. MSL) 

Rate 

DRILLING CO.: ?swtt-v~~~ BAKER REP.: Msrk h%h 

DRILLER: a-2: p L& 4eT BORING NO.: 3s-Tw 13% SHEET3 OF3 
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TESTBORING ANDWELLCONSTRUCTIONRECORD 
PROJECT: ‘%%- G-Q-~ Xcef da*+ - c72a 23% 
5.0. NO.: Ga~170 - ~3% -eooo Thor 

aK5i&. 91s3 
BORING’NO.: 713 lcl-c: 

COORDINATES: EAST: NORTH: 3bt565. I272 
ELEVATION: SURFACE: 16.10 TOP OF STEEL CASING: - 

Dqth 
(Ft.) 

5- S-93 

6 ‘Is) - 

7- 

8- A-Ii 

9- 

IO - loto _ 

amp. 
Rec. 
Ft 
t 

H 

ab. 

‘T lass. 

r 01 

‘PC. 
Late 

IMARKS: 

SAMPLE lYPE 
s = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
0 = Denison P = Piston 

N = No Sample 

Lab. 
4oist 
K 

WELL 
INFORMATION I I DIAM TYPE 

I , -- . 

Well Casing I I II‘ PVC Threaded ‘0 B- 

Well Screen 1 
,* PVC Slotted 35 . 40 

I 

Visual Dxription 
Well 



. 

TESmRlNGXND WELt CONSTkUCTto;i+‘kECORii- 

SAf&PlE TYPE 
5 = Splits@ A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
0 = Dekon - P = Piston 

N = NoSample 

Depth 
(Ft.1 

l- 

2-!!!E 

3- 

4- 

5 K-a 

6- 

7 I-IQ 

~8- 

19- 

!O-= 

!I - 

!2 WI 

13 - 

24- 

25-s 

26- 

27 z77.’ 

28- 

29- 

3oe 

ample 
Type 
and 
No. 

5-4 

4-d 

5-b 

4-d 

S-7 

A-h] 

I 

DEflNiTlONS 
SPT = Standard Penetration Test (ASTM D-lS86) (ElowslO.5’) 

,, RQD = Rock Quality Designation (%) 

1 

lab. Class . = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

9‘ 

Visual Description Elevation 

.Match to Sheet < 

DRILLING CO.: h-&i+ uo @ BAKER REP,: w\eJ g0-J 

DRILLER: tI-?G BORING NO.: @IW i3-6 SHEET 2 OF3 

-I 



w.-- . . -...a..sur ..__._ . . .*uIy. 
TESTXRING AND WELL CONSTRUCTlbiiECORD~ 

SAMPLE TYPE ” 
5 = Split Spoon A = Auger 
T = Shelby lube W = Wash 
R = Air Rotav c = Core 
0 = Oenison - P = Piston 

N = No Sample 

l6- 

17 -a 

48- 

59- 

io k3 

$1 - 

:.* Y2eo 

;3- 

:4- 

!S- 

46- 

*7- 

48- 

49- 

$0- 

\-a 

i-0 

SP 
Or 

RC 

lab. 
7 Class. 

p PZrn. 
Rate 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM O-1586) (BlowslO.S’) 
RQO = Rock Quality Designation (%I 
Lab. Class. = USCS (ASTM O-2487) or AASHTO (ASTM O-3282) 
lab. Moist. = Moisture Content (ASTM O-2216) Dry Weight Easis 

Well Installation 
Visual Description Detail 

- 

Elevation 

1 

DRILLING CO.: ~?&UUm k)Oct=i= BAKERREP.: &th-tJ 6 DcNF) 

DRILLER: G+\cI BORING NO.: % (4- 6 SHEET & OF & 



,.., 

-1 

BORING NO.: Y-‘+J 6-S 
COORDINATES: EAST: %k6064.625~ NORTH: ‘T6125I. IbZrt 
ELEVATION: SURFACE: 15.20 TOP OF STEEL CASING: :.i 

SPLIT CORE 
SPOON CASING AUGERS BARREL DATE 

PROGRESS 
(R) 

%i-E 
WEATHER VT) TIME 

SIZE (DIAM.) I*93 IIJ. 3k.m hd=f6 o- Lo3 cwq L I 0 l-lIu* 
LENGTH t* scr I 

TYPE 5s H3 I 
HAMMER WT. 

ILtOlbI l 

FALL .3a44*. -. _. -. . . :. . .P_. 
STICK UP 

RE iMARKS: 

SAMPLE lYPE 
5 = Split Spoon A = Auger 
T = ShelbyTube W. = Wash 
R = kkRotafy C = Core 
D = Deniron 

N = No Sample 

Depth 
(:t.) 

i 

2 7.o I 
t 

3- 

Lab. 
lass. 

Or 
Per.. 
Rate 

. . . . 
WELL 

INFORMATION DIAM TYPE 

Well Casizq 

WellScreen 

t II’ 

\ tr 

PVC Threaded 0 I 3s. ; 

PVC Slotted 
I . I 

Visual Description 

‘Match to Sheet! 2- 

I 

‘: 

- If.20 



.I 

.+ 

;‘ 

IMMIUC .,. ,.rrrll: .WC. , .i,. 
TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
0 = Denison * P = Piston 

N = No Sample 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (8lowslO.S’) 

, RQD = Rock Quality Designation (%) 
lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
lab. Moist = MoistureContent (ASIM D-2216) Dry Weight Basis 

lab. 
:lass. 

or 
Pen. 
Rate 

‘amp. 
Ret 
R 
& 

%I 

L 0 

iamplt 
Type 
and 
No. 

Visual Description 
Well hi$ation Depth 

(Ft.1 
Elevation 

5-q l- 

3- 

4- 

5 #So 

6- 

7 ‘2o 

w. 
k 
Job 

L 

B- 

9- 

g-j 20-a 

!l - 

!2 .~ 214 

!3 - 

!4- 

!j 2% 

26- 

27-z 

28- 

29- 

A-d 

5 
.a 5-6 

: 
L 

- 

- 

.Match to Sheet < 

DRILLING CO.: i36-wlay 3ouv BAKERREP.: %iL\fid 6. ot+d 

DRILLER: wclruq - L ., 
BORING NO.: W e-0 SHEET 2 OF& 

L 



SAMPLE TYPE 
I 

DEflNlTlONS 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-l 586) (Blows/OS’) 
T = Shelby Tube W = Waih 
R = Air Rotary C = Core 
0 = Den&n * P = Piston 

N = No Sample 

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 

Depth 
(Ft.1 

l- 

2 32*c 

3- 

4- 

5 LS*O 

6- 

,7 3ao 

.8- 

:9- 

$0 _Jo< 

41 - 

:*-> 

:3- 

;4- 

+s- 

46- 

#7- 

w- 

49- 

509 

A-d 

I 

Lab. 
spT Class. 
or or 
RQD Pen. 

Rate 

to 
‘S 

‘b 
+3 

6 

ir’ 

I 

i 
7 ’ 

9 
- 

- 

Visual Description Elevation 

4 

- 

f 

- 

DRILLING CO.: ph%&m - w oLff BAKER REP.: tbbI E. OA-J’S 

DRILLER: Ut4LL-j BORING NO.: -F, tf- (I SHEET & OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: %I -cm m;t- s~R~.E~~.J’H 
5.0. NO.: 62973 - 23~-otioe- &Y$bOO BORING NO.: -nh, bA 

COORDINATES: EAST: 246SR 25.2426 NORTH: 3 63304-3 185 
ELEVATION: SURFACE: 6.9 0 TOP OF STEEL CASING: 

SIZ 

LEI 

TY 

Hb 

FA 

ST 

RE :MARKS: 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

Deprh 
(Ft.) 

?- 3- 1- S- 
6- 

7- 

8- 

9- 

10 - 

WEATHER 

WATER 
DEPTH 

VT) TIME 

WELL 

I I 

TOP BOlTOM 
INFORMATION DIAM TYPE DEPTH DEPTH 

(FTI I m 

Well Casirig I I 
Ii PVC Threaded / I’&,~ 0 I r 

Well Screen I I *I PVC Slotted OlOl ‘kor i s j Js- 

Visual Description 
WPII 

Ins:alla:io= 
Detai! 

Eleva:ion 

N := No Sample 

Lab. 
Joist 
% 

ab. 
IaS. 
01 

‘er. 
tat? i 

Match to Sheet 2 I 
DRILLING CO.: %tmr tiotFFS BAKERREP.: R&&h/ E. 17A./r5 

DRILLER: ___ _..___ dk”L’=“i. ___.. .__ ___ _____ F TtING NO.: 2 p’~‘&-y&- SHEET 1 OF& - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 56I:-670 Z32- ~cKE;~J*~JG 
5.0. NO.: b2~70-~3Z-O000-~3bOO BORING NO.: -W lb-A 

I 

11 

1; 

1: 

1L 

l! 

II 

1’ 

1 

1 

2 

2 

2 

2 

2 

- 
1 

1 

d 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
Q = Denison . P = Piston 

Depth 
(Ft.) 

l- 

!- 

S- 

t- 

j--- 

6- 

7- 

B- 

9- 

o- 

l- 

2- 

13 - 

!4- 

!5 - 

!6- 

27 - 

2B- 

29- 

30- 

N = NoSa pie 

nple 

we 
nd 
IO. 

-rj 

mp. 
ec. 
Ft. 
& 
K) 

r 

D 

- 

Lab. 
Ilass. 

or 
Pen. 
Rate 

- 

Lab. 
Woisl 

% 

- 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blowsl0.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 

Visual Description 
Well lm&-$ation , 

Elevation 

ontinued from Sheet 1 

.Match to Sheet 

DRILLING CO.: fknsrr~ uott=t= BAKER REP.: %hJ F, i)AJ,f 

DRILLER: W&t3 BORING NO.: p -&JI SHEET 2. OF 2_ 
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TEST BORING AND WELL CONSTRUCTION RECORD 

50. NO.: bzrqo -z?.L-0000 -03603 

:DINATES: EAST: 246%325.2426 
ELEVATION: SURFAC E: 6.96 

BORING NO.: v lb -(B 
NORTH: 3633OQ.7 Ii35 
TOP OF STEEL CASING: 

SIZ 

LEf 

lY 

HP 

FA 

ST 

RE 

PROGRESS 
W-l I S%?N ( CASING / AUGERS 1 2%~ 1 DATE 

Q- \0 

t8-3b 

3 MARKS: i 

WELL 
INFORMATION 

I .I 

TOP 
D!A,M MPE DEPTH “EK 

(FT) ) m 

Kell Casing I 
1 ;I: 

PVC ‘Threaded I 0 30 

‘14’211 Screen PVC Slotted I 30 1 33- 

Visual Ossrription 
Will 

Ins:allaiicn 
Detaii 

Elevation 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = NoSample 

I 

I I SampI 1 Lab. 1 
Class. ! iab, 

Of Mois 
Pef-. 
Rate 1 

% 

- 

/ 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 3 GZ - c-V3 ‘ccsi - sCf&ti\& 

5.0. NO.: bzf?o-ZS-L-oaoo -eZbao BORING NO.: -t’d \k-% 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sample 

DEFlNlTlONS 
SPT = Standard Penetration Test (ASTM D-1586) (BlowsiO.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 

:8- 

.9- 

:1 - 

:2- 

:3- 

#7- 

+9- - - 

so- L - 
. 



., . . . ..- 
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TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT* Sbr -c-iu 232 - S~‘&Er&tJCr . - 
5.0. NO.: LdY70 - 232-~000 - a&,~3 BORING NO.: -r’dlh - C. 
COORDINATES: EAST: 2465825.2426 NORTH: 36 3304.7 165 
ELEVATION: SURFACE: 6.90 TOP OF STEEL CASING: - 

SPLIT CORE 
SPOON CASING AUGERS BARREL DATE 

I 3&v 5L(V/?6 
I 4 Fl- 

ZMARKS: 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

De;:h 
(Ft.) 

amp. 
Rec. 
Ft. 
& 
K 

1 

PROGRESS 
(FT) 

b-2( 

WATER 
DEPTH 

WEATHER FT) TIME 

I I 

WELL 
INFORMATION 

I I 
DIAM TYPE 1 D;$ 1 “:E: 1 

Well Ca3kg i 1”’ PVC Threaded i 6 i- I 
Well Screen 1 1” PVC Sl stttd -20 I zf- 

I I 

Visual Dexription 
Well 

l*s:alla:;c.? 8 0 
Datai! 

Elevarion 

Match to Sheet ‘21 

DRILLING CO.: %.WG-Y- - :kLpy 

DRILLER: -.m~:f’” P’lRlNG NO.1 Xc!!-k-k--- SHEET J- OF 2 . _ ____ __-.- ---- --- .-- 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: ST -C-ITJ 232 - XGZ~A\~)G 
5.0. NO.: lpzci?o -23 z-aooa - o3to3 BORING NO.: -W id- C 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison - P = Piston 

N = No Sample 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Bl0ws10.5’) 
RQD = Rock Quality Designation (%) 
Lab. Class. = IJSCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Samp. Lab. 

Depth 
Sample Rec. 5p~ Class. 

Type 
Lab. . 

Elevation 
(Ft.) and 

(Ft. or or Moist Visual Description 
Well lrgtaafiation 

& 
No. %I 

RQD Pen. % 
Rate 

l- 

2- 

3- 

4- 

5- 

Continued from Sheet 1 

6- 

7- 

8- 

4-d 

19- 

!O - U5LC - - 13@ 
5%B13 

31- 
20.0 

22 - n 
4&O 

F+- 
23 - 

24- 

27 - 

28- 

29- - - 

30, .Match to Sheet < - 

DRILLING CO.: p~~w~~ UaLyG 

DRILLER: C\A\< 

BAKER REP.: \3fhu 6. Oh-J\\ 

BORING NO.: -l-dlL-C SHEET 2 OF 2 - 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: 5br - c’p z3’L- =rilEE 4. .+A’- 
5.0. NO.: ~2~7a-252-eoeo-a3ca0 BORING NO.: -p’J:‘J- A 
COORDINATES: EAST: 2+&5786.574? NORTH: 363 399- 6&P 
ELEVATION: SURFACE: 4.70 TOP OF STEEL CASING: 

.IG: 
p-&:Lc 9s 7eKr M0LId-r 

I I I I I WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE 07 WEATHER VT) TIME 

E (DIAM.) 3+Yc q/ k/q& O- /c , 7ok S~JtJ~ / L 1 0 &id 

NGTH I a-- 

PE f-l5 I 

4MMER WT. 

.LL 

ICK UP 

IMARKS: 

SAfflPLE TYPE 
S = Split Spoon A = Auger 
T = ShelbyTube W = Wash 

WELL 
INFORMATION DIA,U TYPE 

TOP 
DEPTH 

cm 

R = Air Rotar,r c = core 
D = Denison P = Piston 

N := No Sa le 

v 

I- v 

l’ell Casing 1 1” PVC Threaded lo Is 

Fe!1 Screen 1 1” PVC Slotted I .c / 1s 

D*;:h 
(it.) 

I - 

!- 

3- 

1- 

5- 

6- 

7- 

8- 

9- 

o- 

I 

lmple’ 

pe 
nd 
IO 

Imp. 
let. 
Ft. 
& 
=/ 

.ab. I I 
lass. 
Or 

'0:. 

7ate 

Lab. ~ 
Mc isi 

“, 

Visual D5jrription 
Wlil 

Ins:alla:icn 
DPtai! 

EIwa:ior 

/ 1 I I 

I Match to Sheet 

ii 
i 
t 

DRILLING CO.: PA CCC,< ~>m BAKER REP.: ~~&J E 1 ih k5 

DRILLER: ?+.‘!!? _ ____.___._._ .__ -_-.__ __- F”?RINGNO.: -i=J t?-p, SHEET 1 OF & - -- ._ .-.. -- -_._ ___ - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: $&I-cm 232 - %z~~h\>r~Cr 
5.0. NO.: ~Lc!?o-~~r-oooo-*3~~0 BORING NO.:W 17-A 

- 

SAMPLE lYPE DEFlNlTlONS I 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (BIows/O.S) 

T = Shelby Tube W = Wash RQD = Rock Quality Designation (%I 
R = Air Rotary C = Core Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
D = Denison l P = Piston Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

N = No Sample 

Samp. Lab. 

Depth 
Sample Rec. SIT Class. 
Type 

Lab. 

(Ft.1 (Ft. or Moist 
RQD P::. % 

Visual Description 
Well ht&lftion 

Elevation 
and & 
No. %) Rate 

Continued from She& 1 
WELL 

( ~WEETJ 
l- t%J-5l,o _ 

&cE &Bg,hcc. Loo --iu M-8 \ l-0 rsl0 I== 

2- 
9-d 

Fo- 50% lrJG&,R-nr& 
WC%< 
S-IL 
Moe 

3- 0*0 m 
IS& Fr 

4- 

7- 

8- 

9- 

!O - 

!l - 

!2 - 

!3 - 

!4- 

25- 

26 - 

27 - 

28- 

29- - - 

30- .Match to Sheet < 

DRILLING CO.: Pkar ‘&L~ BAKER REP.: ijwk3 E:~A-dA-J 

DRILLER: LI-t\P BORING NO.: T+’ :-I - k SHEET 2 OF 2 - 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: 5&Z - C’P 231, ‘stnc, EVA. a> 
5.0. NO.: bv-1~0-23z-eooo-~?~ao BORING NO.: -‘i’a I7 -8 
COORDINATES: EAST: 24EiJea.57& NORTH: 363343.605~ 
ELEVATION: SURFACE: 4.70 TOP OF STEEL CASING: - 

5: 
Fl;r& $s;-c ;‘+?at.l(, p j0P.l” 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE (FT) WEATHER VT) TIME 

MARKS: 

SAMPLE IYPE 
S = Split Spoon A = Auger 
1 = ShelbyTube W = Wash 
R = Air Rotaq C = Core 
D = Denison P = Piston 

WELL 
INFORMATION DIA,M TYPE 

TOP 
DEPTH 

(fi) 

$211 Caair,g 
I \ 

0 . PVC Threaded \“A,* I 0 I 2-? 

Well Screen ] 1” PVC Siotttd Q.o\“slot ) 27 / 32 

I I 

N = No Sample 

amp. 
Rec. 
Ft. 
& 

% 

mple 
IPP 
nd 
40. 

Visual Description I Well 
Ins:alla:icn I 

Detail 
Eleva:ion 

1 

I 

Match to Sheet 
-. 



SPT = Standard 

Lab. Class. = US 

(ASTM D-l 586) (BlowslO.5’) 

) or AASHTO (ASTM D-3282) 
ASTM D-2216) Dry Weight Basis 

Visual Description 

SHEET 2 OF 2 



5.0. NO.: ~2Y?b-‘t32-caoba-d~6O 

TYPE SAMPLE 
S = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = No Sample 

Samp. 

Depth 
Sample 

Type 
Rec. SPT 

Lab. i&a 

(Ft.1 ‘b”: - 
and 

(Ft. or Ma 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Bl0wsiO.5’) 
RQD = Rock Quality Designation (%I 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Visual Description 

6- 

7- 

8- 

;9- 

vo- 

“1 - 

12- 

‘3- 

:4- 

:, 5 - 

16- 

+7- 

48- 

rt9- 
- 

so- L - 

DRILLING CO.: ! i; (-$^;-F . . . :- ,,) 0 ;L . ..‘1. BAKER REP.: &r&d c \ ~p.~J:z 

r.2 Ts DRILLER: -. \ BORING NO.: ‘-‘_I : ” - 3 SHEET 2 OF & 
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TEST BORING ANDWELLCONSTRUCTIONRECORD 
PROJECT: sGI-Lm 232 - Sce~,a’+G 

5.0. NO.: 62~ 76 -232 -0060 -03600 BORING NO.: Tw 17-C 

COORDINATES: EAST: 242i 7 86s 749 NORTH: 30349. WP 
ELEVATION: SURFACE: 4.30 TOP OF STEEL CASING: - 

WATER 
DEPTH 

VT) TIME 
SPLIT 

SPOON 
CORE 

AUGERS BARREL I I DATE 
PROGRESS 

(FT) WEATHER 

E(DIAM.) ! 3hID 4-k?L 
I 

4MMERWT. 1 I 

MARKS: 

WELL 
INFORMATION 

I I 

I 
TOP 

DIAM rYPE DEPTH “Ex ) 
(m m 

wall Caeiq ( \‘I’ PVC ‘Threaded I 9 ! iSI. 

Well Screen ! 1 
rl PVC Shied i .I 81s ( 33 s 

I I 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotaq C = Core 
D = Denison P = Piston 

N = No Sample 
- 

Imp 
ample tee. 
YPP Ft. 
and & 
No. J/3 

- 

‘1 

20 

.ab. 
la%. Lab. 
or Moist 

‘91. Iii 
iate ; 

I 
I 

Visual Description 

I 

Well 
Ins:alla:i 

De:ai! 

I 

3e;rh 
‘iT.1 

1 ~ 
i 

!- 

3- 

1- 

S- 

6- 

7- 

B- 

9- 

o- Match to Sheet 21 

BAKER REP.: hhd E ’ DA\/1 5 
F’?RING NO.: ____ -t’&-it’.:& SHEET J- OF ;! 

4-r 

DRILLING CO.: 

DRILLER: ____.._ _. 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE lYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison s P = Piston 

N = No Sample 

Depth 
(Ft.1 

l- 

2- 

3- 

14- 

5- 

6- 

7- 

B- 

19- 

!O- 

!l - 

!2- 

23- 
23: 

24- 

25- 

26- 

27- 

2B- 

29- 

30, 

ample 

Type 
and 
No. 

- 
amp 
Rec. 
(Ft. 
& 

%I 
- 

- - 

Lab. 
Class. 

or 
Pen. 
Rate 

Lab. 
tioisi 

% 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Bl0w~lO.5') 
RQD = Rock Quality Designation (%) 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (AZTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

I Well 
Visual Description 

Match to Sheet < 

DRILLING CO.: ? +ciL&ky- b.hia= BAKER REP.: P&\&J F , DrtJi.5 

DRILLER: Q+.e BORING NO.: 7d !?- c SHEET 2 OF 2 - - 



TESTBORINGANDWELLCONSTRUCTIQNRECORD 
PROJECT: %I -QuZi?’ -k-rz~c~^,~ dJs 
5.0. NO.: Ltyq,- zsz -oocro-o~,..a -3 
COORDINATES: EAST: 246S%l.S149 
ELEVATION: SURFACE: 4.60 

BORING NO.: -i-at%- /% 
NORTH: .363409.73+3 
TOP OF STEEL CASING: 

. 
r. 
J. CrnE si-3 W<<. pecIhJ-l- 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE (FT) WEATHER (FT) TIME 

E (DIAM.) 
I 

7 t, > q IQ Lfl1619t, o-/.h~ 33’s S;INrJJ G 0 s-c,+ 

\IGTH 5, 
I 

PE HL 

,MMER WT. 

LL 

ICK UP 

! . 

MARKS: 
1 

SAMPLE TYPE 
S = Split Spoon A = Auqer I 
T = Sfielb;Tube W = Wash I 

R = Air Rotary C = Core 
0 = Denison P = Piston 

N = No Sample 

Dqih 
!‘!.) 

ample 
‘pe 
nd 
l0 

amp. 
R~c. 
Ft. 
& 
YJ 

Lab. 
:lasj. , Lab. 
or 

1 Moist 
Per.. a; 
Rate j 

, 

WELL 

I I 

TOP BOTTOM 
INFORMATION DIAM TYPE 

Fell Casing 

Kell Screen 

PVC Threaded 

Visual *Dzsrription 

Match to Sheet 



TEST BORING AND WELL CONSTRUCTION RECORD 

BORING NO.: -i-d 19 - 4 

1 

1: 

1: 

12 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

i 

2 

1 

‘ 

I 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sample 

Depth 
(Ft.) 

l- 

2- 

3- 

4- 

5 IGo 

6- 

7- 

8- 

9- 

o- 

1, 

:2- 

13 - 

!4 - 

!5- 

!6- 

!7 - 

!8- 

!9- 

30, 

mple 

we 
and 
No. 

WI 

amp. 
Rec. 
(Ft. 
& 

%I 

J-r 

bD 

- 

- 

- 

.ab. 
lass. 
or 
‘en. 
Late 

- 

.ab. 
lois 
% 

- 

- 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (BlowslO.5’) 
RQD = Rock Quality Designation (%I 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Well Installation 
Visual Description Detail 

lontinued from Sheet 1 

- 

.Match to Sheets 

- 

- 

- 

- 

- 

I - 

Elevation 

40.40 

3RILLING CO.: \7kq.lxT tibLF7 BAKERREP.: %RaJ F On../ ~1 
3RILLER: NhLL9 BORING NO.: -W.’ LB- A SHEET 2 OF 2 
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TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: SGIC - cm x31- ‘hxEm+G 
S.O.NO.:hzct7o-23z-c~,oa -t’%oo BORING NO.:‘FJ \8- B 
COORDINATES: EAST: 24657615149 NORTH: 363409.~343 
ELEVATION: SURFACE: 4.60 TOP OF STEEL CASING: 

I 
1IG: CFzE; FjS’ti Y-cL)C!C. pc’8QrJ y 

SPLIT CORE 
SPOON CASING AUGERS BARREL DATE 

,\. 

IZE (DIAM.) ‘~ww ’ $3&Q 3ih 
ENGTH 25% 437 

\ 
‘PE 55 IS5 

4MMER W-l-. 1 Yo\b 

ILL 30 td 

ICK UP 

.MARKS: 

WATER 
DEPTH 

VT) TIME 
PROGRESS 

(FT) WEATHER 

WELL TOP 
INFORMATION DIAM TYPE DEPTH “EE 

(Fi) I m 

Well Caskig 
I \ tr’ PVC Threaded 

Cell Screen I i” P\-cSlst*~d 
1 

7 

t 

r 

.i 

4 

Visual Dss:ription 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

ai I Tb 
a 
F 

Dc;:h 
(Ft.) 

7- 

8 8.0 
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TEST BORING AND WELL CONSTRUCTlOliiii?ORD~ *- 

BORING NO.: 3 JJ [8- B 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = No Sample 

Samp. 

Depth 
Sample Rec. SIT 

Lab. I&, 

We 
Class. M. 

(Ft.) and 
(Ft. or Me& 
& 

No. 
RQD P::. ‘45 

%) Rate (up”) 

- 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (BlowslO.5’) 

RQD = Rock Quality Designation (%I. 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Visual Description 
Well i;~‘p,‘j~tion 

Elevation 

DRILLING CO.: G%T-Lfl~ bou7 BAKER REP.: bcr, ad c’ a+!> 

DRILLER: p;F :p BORING NO.: 7-J [S-Q. SHEET 2 OF z 



TEST BORING AND WELL CONSTRUCTION RECORD 

BORING NO.:-Tw 1% - a 

SAMPLE TYPE 
S = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
0 = Denison * P = Piston 

Depth 
(Ft.) 

l- 

2 32~ 

3- 

4 -A’- 

S- 

6- 

,7- 

.8- 

:9- 

no- 

Ll - 

1.2 _ 
-1 

,3- 

;4- 

is- 

16- 

47- 

W- 

49- 

150-4 

N = NoSa mF de 

ample 
rw 
md 
rl0. 

-lb 120 

amp 
Rec. 
(Ft. 
& 

%) 

?T 

hD 

Lab. 
Ilass. 
or 
en. 
ate 

DEflNlTlONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blows10.5’) 
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 

Well Installation 
Visual Description Detail Elevation 

DRILLING CO.: _ 



TESTBORING ANDWELLCONSTRUCTIONRECORD 
PROJECT: 5&r- C-ID ~32 -~w.GE~JJ\&~~ 
5.0. NO.: tv2+70 -232,~- -03bOO 

COORDINATES: EAST: Z&57 61. St49 
ELEVATION: SURFACE: 4.60 

BORING NO.: -Y~I%-c 
NORTH: 263409.73$3 
TOP OF STEEL CASING: 

RIG: 
C-Z F3W ti7nclc rnau~~ 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON ,CASING AUGERS BARREL DATE (FT) WEATHER (F-V TIME 

I 

NGTH 

‘PE 

AMMERWT. 

iLL I __ _. 
, I 

‘ICK UP I 
1 

I I 

.MARKS: 

I 
SAMPLE TYPE 

I 

WELL TOP BOllOM 

S = Split Spoon A = Auger INFORMATION DIAM TYPE DEPTH DEPTH 

T = Shelb;Tube W = Wa-sh (m m-1 

R = Air Rotary C = Core Well Casing 
D = Denison P = Piston 

N = No Sample Well Screen 
I  .  I  

amp. 
lmpl 

Lab. 
Rec. ‘T , :la;s. Lab. Visual Description 

Wtll Oep:h YQe Ft. (Ft.) snd 
01 

& ho 
Moist Ins:alla:icn Eleva:ion 

No 
Per. 

K 
‘1,; Detai! 

Rat2 

1 
j- 

’ I 8 

2- 

3- 

4- 

5- .L- . I 

6- 

7- 

8- 

9- 

IO - Match to Sheet I 2 
- - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: G&S -CT0 t3X - SU&0 *. ~1 G- 
5.0. NO.: bzm3 -ZZL-eooo -03bo3 BORING NO.: XAbz * s-t 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sampie 

DEFINITIONS 
SPT = Standard PenetrationTest (ASTM D-1586) (Blow~/O.5’) 

RQD = Rock Quality Designation (%) 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Cab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Samp. Lab. 

Depth 
Qmpie Rec. SPT Class. 
Type 

Lab. 

(Ft.) 
(Ft. or or Moist Visual Description 

Well lm&a~ii,ation 
Elevation 

and & 
No. 

RQD Pen. % 
% ) Rate 

Continued from Sheet 1 WELL 
SOCIC 

l- r-.-m 
0~O-P 

2- 
23-S--- 

3- 
W&L 

4- CASK&- _ 

Y-he- 

5- 
8! 3 73 

A-d s!& ‘gbf2.tJ’S- Lye T.JJ I “0  ̂ & 
(St< r-r _ 

6- F@h se::, iT.J &I* .+ p.:. :! +I 

7- W&LA. 

suct.3 - 

B- 
Fr,OF P- _ 
18,s 

?b - -13.90 
:9- 

23,yk- _ 

!O - 

!l - 

22 - 

26- 

27 - 

28- 

29- - - 

307 .Match to Sheet i - W’ 

DRILLING CO.: pa c&@&r; ‘Am L?F BAKER REP.: %Wd g GAdIS 

DRILLER: v Au-, BORING NO.: -wJ ie *c SHEET 2 OF 2 - 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: ‘%I- C7-07_?2- %tZ’Ec-~\~> 

S.O.NO.: (oiut’>-i~j~--~r30-‘1?fb~O BORING NO.: -r-w tq- A 

COORDINATES: EAST: Z&5719 _ 15-I I NORTH: 363‘+45.3%2; 
ELEVATION: SURFACE: IO.90 TOP Of STEEL CASING: - 

G: r%Blte SC -?iwC& r-eQQ)rsT 
WATER 

SPLIT CORE PROGRESS DEPTH 
SPOON CASING AUGERS BARREL DATE (FT) WEATHER (FT) TIME 

IE (DIAM.) 3”qTO Ltkk O-IS 60 5 &.JQ’-: (3 I o;+-.z. 

NGTH 5 lq- I 

‘PE i-i-5 

4MMER WT. 

‘ICK UP 

.MARKS: 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = ShelbiTube w = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

1 $ 
2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

o- 

N := No Sa le 

ample 

we 
and 
No 
- 

52 
I-- 
! F Imp. 

tee. 
Ft. 
& 
% 

‘T 

20 

.ab. 
lass. , Lab. 
or Mcis 

?ep. 
Iare ! ” 

I 
I 

WELL TOP 
INFORMATION DIAM TYPE DEPTH BoDZRY 

cm I (m 

Veil Caei2g I 
II’ PVC Threaded 1 .OOJra 0 1 5 

Cell Screen 1 I” PVC Slotted b * 0 I”SLay i c / 15 

Visual Description 
Well 

Installa:ion 
Detaii 

Elevalion 

1 

I 
Match to Sheet 21 



TEST BORING AND WELL CONSTRUCTION RECORD 

BORING NO.: -U :-?- F\ 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (BlowslO.5’) 
T = Shelby Tube W = Wash RQD = Rock Quality Designation (96) 
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 

Samp. Lab. 

Depth 
Samp’e Rec. SPT Class. 
Type 

Lab. 

(Ft.) (Ft. or or Moist Visual Description 
Well lfgtglf~tion 

Elevation 
and & 
No. %) 

RQD Pen. % 
Rate 

l- 

2- 

3- 

4- 

A-J 

7 

8 

9 

!O 

!1 

!2 

!3 

3 

!4- 

25 - 

26 - 

27 - 

28- 

29- - - 

.Match to Sheet c - 

BAKER REP.: %+xJ E. 3 WlS 

BORING NO.: W t9- A SHEET 2 OF 2 - - 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: Stir- GtbisZ - %z%&- 
5.0. NO.: WY/o-232 -aoeo - 
COORDINATES: EAST: 2&d& I 

BORING NO.: Tld t9- iz, 
NORTH: x3445. ‘134 5 

ELEVATION: SURFACE: IO.90 TOP OF STEEL CASING: C 

RIG: 
bw f5s-o -3rzft~~ moorJr 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE F-0 * WEATHER F-O TIME 

E (DIAM.) 1’* St3 m 3’ws 3 k/4& 0 - 3% 

VGTH zto cr f=t=r i 

Hs I 

SIZ 

LEI 

TY 

HF 

FA 

ST 

RE MARKS: 

WELL 

-I I 
INFORMATION DIA,M TYPE 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = ShelbiTube w = Wash 
R = Air Rotar, C = Core 
D = Denison P = Piston 

N := No Sample 

3qxh 
(Ft.) 

Clpk 

w 
rnd 
uo. 

L 

i ” 
! F 

5-I 

iVeIl Ca3izg 

Ktll Screen 

PVC ‘Threaded lo I33 
PVC Sisttd I 33 1 3%. 

I I 

Visual Description 
WPII 

Ir,s:alla:icn 
Detail 

Eleva:ior 
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TEST BORING 6ND WELL CONSTRUCTlOiiikORD~ - 

PROJECT: %I- cfb 222 - 5Wix~.~ 
5.0. NO.: bt’470 -232 -oooo- 03(ooo BORING NO.: Twlq - 8 

NW 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
II = Denison * P = Piston 

N = No Sample 

Depth 
Sample 

Type 
(Ft.1 and 

No. 

1 
1 1 

-t I S-6 
-I 

1: 2 IZ~O 

3- 

4 lCl(O 

5- 

6- (6,0 

7- 

8 18.0 

9- 

o tea0 

1: 

1, 

1 

1 

1 

1 

1 
: 

2 

2 

2 

2 

2 

2 

i 

i 

1 

‘ 

l- 

.2 2Zo 

13 - 

!4 t+o 

!5- 

‘6 zco 

!7 - 

!8 -284 

!9- 

30 2.‘ 

DRILLING CO.: _ !‘4Rwq LJOLfF 

DRILLER: Ct-b? 

PT 
lr 
.QD 

Lab. 
Class. 

or 
Pen. 
Rate 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blow~l0.S’) 
RQD = Rock Quality Designation i%) 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = MoistureContent (ASTM D-2216) Dry Weight Basis 

Visual Description 
Well I;selaallption 

Elevation 

4. 

-0.10 

- I.60 

-2.10 

--3.10 

j 
_’ 

t- 
- -\a.bo 

- -\1.60 

- -13.60 

- -\S&O 

- 

BAKER REP.: r;;iz\AS E. VAhs 

BORING NO.: I’d I? -3 SHEET 2 OFa 
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TESTBORlNGANDWELLCONSTRUCtloNRE-D 

:. PROJECT: s&l: - C~&!k~EU.i\ti 6 I . . 
5.0. NO.: 12~70-232-0000 -S%oo BORING NO.: WI+B 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = No Sample 

Samp. Lab. 
Samp’e Rec. SPT 

MPU 

Depth my 
Class. M. 

(Ft.1 aI 
N 

pe 1 (Ft. 1 or 1 or 

I- 

, '32.0 - 

3- 

q-z%2 

5- 

fj- 3L.d 

7- 

B- * 

9- 

o- 

-1 - 

2- 

*3- 

,4- 

is- 

16- 

c7- 

W- 

rs9- 

$0, 

- !& 

.3 

..a 

3ist 
k6 
-? - 

I 
- 

.I 
- 

-I 
- 

II 
- 

- 

DEFlNlTlONS 
SPT = Standard Penetration Test (ASTM D-1586) (El0wsiO.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 

Visual Description 
Well lrga$3tion 

3 - - 
L L 

Elevation 

- 

- 

DRILLING CO.: j+c#-(zII-cc ‘d=@ BAKER REP.: ~~lf+J El i)#wrr 

DRILLER: Cpi\l? BORING NO.: -0d %!,-s SHEET & OF & 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: s&I - cTd 232- StRE&+ti& 

‘j.0. NO.: bzy7c- 23-L -o’ooo- a%Do 

COORDINATES: EAST: 24657 19 157 I 
BORING NO.: -TW \q - C 
NORTH: 3 63445.7 345 

ELEVATION: SURFACE: IO.90 TOP OF STEEL CASING: 

w 

G: 
b3lL~; ii< TrzWLC ITir~urJl- 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE (FT) WEATHER VT) TIME 

E (DIAM.) 3&m q !g 9g o- 26J5 ‘;o’s 3UrJ~ y & 3k; 

\IGTH ST 1 

H 5 

ICK UP I 
I 
I 

I 
I I I 

MARKS: 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
0 = Denison P = Piston 

N = No Sample 

De,xh 
(Ft.) 

4 
7 

1 

I- 

I- 

i- 

j- 

7- 

B- 

9- 

o- 

mple 

YP” 
Ind 
VO 

A-E-1 

amp. 
iec. 
Ft. 
& 
?h 

‘T 

LO 

Lab. 
:laSj. 

Of 

Per. 
Rare 

.ab. 
loist 
% 

WELL 
INFORMATION 

I I 
D!A,M MPE I TOP 

i 

BOlTOM ~ 
DEPTH 

i (m 

Visual D2jrription 
Well 

Ins:alla:icn 
De:ai! 

Eieva:ion 

S ES 
Fog. 

DRILLING CO.: ~i‘?c~~‘y--- ’ ::3--,-< BAKER REP.: &.tovJ E D&\/IS 

DRILLER: --._c&fiL L”’ FTR\NG NO.: T’d :‘? - t SHEET 1 OF 2 __.__ ___- .-._ .._ ---. - -... -. __ ._._. -- --..__- 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 3O~-LL’rdZ3L-5Llr=d~+b 
5.0. NO.: bo2cflo -Z32-oooa -o3~00 BORING NO.: TU\4- c 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

Depth 
(Ft.) 

l- 

2- 

3- 

4- 

5- 

,A- 

17- 

18- 

‘9- 

!O - 

!l - 

!2 - 

!3 - 

24- 

25- 

26- 
2& 

27 - 

28- 

29- 

307 

N =NoSi 

ample 

‘we 
and 
No. 

Imp 
tee. 
ft. 
& 

%I 
- 

le 

- 

Lab. 
:lass. 
or 

Pen. 
Rate 

ab. 
loist 
9/o 

- 

DEFlNllIONS 
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. = MoistureContent (ASTM D-2216) Dry Weight Basis 

Visual Description Elevation 

C lontinued from Sheet 1 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

- 

- 
,Match to Sheet L 

BAKER REP.: ~‘&+.t-\ 5 DAJ is 
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’ TEST BORING AND WELL CONSTRUCTION RECORD 
- PROJECT: %T-Gm ZfZ -SCt2&Er-,r~6 

5.0. NO.: (~~470 -t?z. -e-o-- Q?&oe BORING NO.: ‘FJ LO- A 
COORDINATES: EAST: 2465686. u3b NORTH: 3b3473 l 5132 
ELEVATION: SURFACE: IO.60 TOP OF STEEL CASING: 

SIZ 

LEi 

l-f 

HP 

EA 

ST 

RE 

i 

I 

DEPTH 
I (FT) , TIME 

VGTH ) 1 

PE I 

d’4MER WT. 

.LL 

ICK UP 

5 

6 

I- 7 -i 

8 

i 

9 

#O 

t-d 

Match to Sheet 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE DEFINITIONS 

5 = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (Blowsl0.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 

Samp. Lab. 

Depth 
Sample Rec. sm Class. 
Type 

Lab. 

(Ft.) and 
(Ft. or or Moist Visual Description 

Well I;;$il;tion 
Elevation 

& 
No. 56) 

RQD Pen. % 
Rate 

Continued from Sheet 1 
W6-A. 
se& 

l- 
%- 

qze %.o$-zA3lrLo<t -w--(3 
8rO-m 
III0 Pi- 

2- 
&d 

I=- 3O\L ndl==hm-Aq& WeLC 
-a-J 

3- &-&o - 
~w,oG- - 

4- 

5 -b-to -. Ba- pLaA-~ -4.40 
EN0 oi= &o-J+ 653 jG0 Fl- 

6- 1 

7- 

8- 

9- 

!O- 

!l - 

!2 - 

!3 - 

!4- 

25 - 

26 - 

27 - 

28 - 

29- 

30- 

- - 

,Match to Sheet < - 

DRILLING CO.: p--T MOLW BAKER&: ‘hb~ E I hi’, 

DRILLER: CM\? BORING NO.: ?’ m -6 SHEET J& OF 2 
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TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: 5&z - C-i73 232 - 5~~~~;rJ do- 
5.0. NO.: 62470-~2-0mO - 03600 BORING NO.: 7tJ Zb - e 
COORDINATES: EAST: 2465666.1Wb NORTH: 363437.5132 - 
ELEVATION: SURFACE: IO.60 TOP OF STEEL CASING: 

RIG: 
.cvE 853 -mkf+ce Tv\bu&T 

L’t’ATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE WI WEATHER VT) TIME 

E(DIAM.) \,~.+3~~ 1 3bo o-38 q PC I hei bdsttOu*I b IL. 

VGTH 
th- gr=r 

PE 5s I45 ! 1 

rMMER WT. 
I C)Q Ita / 

LL ?ChJ 

ICK UP I I I i 

SAMPLE TYPE 
S = Split Spoon A = Aucjer 
T = Shelby Tube W = Wash 
R = Air Rotary C = Ccre 
D = Denison P = P&or: 

N =: No Sair,pie 

1 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: s67_ - cm 23-L - f-qr+,rJt 

5.0. NO.: t21 >a -232 dooh -efCa o BORING NO.: m 20’6 

DEFlNlTlONS 
SPT = Standard Penetration Test (ASTM O-1586) (810w~lO.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 

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 Installation 
Visual Description Detail 

amp. Lab. 

Rec. SPT Class. 
(Ft. or or 
& RQD Pen. 

% ) Rate 

Depth 
(Ft.) 

Sample, 

Type 
and 
No. 

Elevation 

l- -No 

2 I-L,.\b 

3- 
5-7 

4 w.0 

5- %zi 

6 Lb-0 

7 

L.0 

23- 
QL 

24 
ZY -0 

25- 
5-13 

26 -=*O 

27- 
L-\C 

28 2310 

29- 5-15 

30 30ao, 

- -\6.40 



TEST BORING AND WELL-CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sample 

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 

:3- 

:5- 

16- 

F7- 

W- 

w- - - 

SO, L - 
- 

DRILLING CO.: f++Yuuk~ k)oci=f= BAKER REP.: $2,&J 2 * m45 

DRILLER: Sfil6’ BORING NO.: -p&J 20 -6 SHEET &. OF & 
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TEST-BORING AND WELL CONSTRUCT10ft%ECORD- 
PROJECT: ‘t&r -c-W 232 - s’XZE~\ti~ 

5.0. NO.: 62Jm-r3%-oo=-wbaO 
COORDINATES: EAST: z&is686 *l&Q 
ELEVATION: SURFACE: IO.60 

BORING NO.: w ZO- G 
NORTH: 363473.5132 
TOP OF STEEL CASING: 

IG: 
~w3u3 5s m-IL Moody 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE W-l WEATHER VT) TIME 
J 

ZE (DIAM.) 343M 4lrsl”(d o-zc,r &J’s cco~c--q (4 0 G\PJ- 
iNGTH 

!3- I 

IPE 145 I 

AMMERWT. 
, 

iLL 

riCK UP 

EMARKS: 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
0 = Denison P = Piston I F 

3cp:h 
(Ft.) 

i 11 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

10 - 

N = NoSa de 

mple 

ype 
and 
NO. 

f?-TJ 

iamp. 
Rec. 
Ft. 
& 
% 

‘T 

ho 

1 
C 

I 
F 

- 

2;. i Lab, 
Or Mois 
‘0”. y,, 
Iate I 

L 

t 

f 

1 

WELL 
INFORMATION 

/ 

TOP 
DIAM TYPE j DEPTH 

(7) w-1 

Veil Casisg PVC Threaded 

Veil Screen i 11’ PVC Slotted 

Visual D?Xription 

Match to Sheet 

DRlLLlNG CO.: r@SLlitAc WOWP BAKER REP.: %@RC-) Ed. n&\/r.) 

~RILI.F.R: __...__ ‘F,ktY? _____.__ _. -._- _._ ___ r?R!NG NO.: -l-k’20 -t __ ._ _.-. - ._.__ -.-- SHEET r OF, 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: ‘6&-r- cm z32 c 5-U&“’ de 

S.O.NO.: ~2~-232-0='= -O%- BORING NO.: -i=” Lo- c 

SAMPLE TYPE DEFINITIONS 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-l 586) (8lowslO.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 = No Sample 

Samp. Lab. 

Depth 
Samp’e Rec. SPT 
Type 

Class. Lab. 
(Ft. or or Moist Visual Description 

Well iw&a3.~~tion . 
Efevation (Ft.) and & 

No. 
RQD Pen. % 

% ) Rate 

Continued from Sheet 1 
3::. 

l- ihh 
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,3 

14 

I5 

16 

17 
i 

18 

,2- -I 0.90 

23- 

24- 

25- 

29- - - 

30, Match to Sheet L - 
- - 

DRILLING CO.: REP.: BAKER 



ELEVATION: SURFACE: 9.60~ TOP OF STEEL CASING: - 

pR%Ess ElII 
DATE WEATHER (FT) TIME 

:E (DIAM.) 

NGTH 

PE 

4MMER WT. 

3b4 
SFr 

ks 

J-L _ 

KU UP 

_. _ - _ . __. ..- _.. - -. - . 

RE 

t 

MARKS: 

WeII Caaimz 1 I,' PVC Threaded 6 s- 

SAMPLE TYPE 
. s = Split Spoon A = Auger 

T = Shelby Tube w  =wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample WeII Screen 1 
fJ PVC s1otted I < I/s’. 

I 

Well 
Elevation 

r 
Lab. 
:laSS. 
Or 

Pen. 
Pate 

amp, 
Rec. 
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mple 
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;.i 
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TEST BORING AND WELL CONSTRUCTION RECORD 

5.0. NO.: bZY10-=32-oooa-e3b~a BORING NO.: -tW zz- 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = NoSample 

Depth 
(Ft.) 

l- 

2- 

3- 

4- 

5 15a 

6- 

7- 

8 

9- 

!O- 

!l - 

!2 - 

!3 - 

!4- 

25 - 

26- 

27- 

28- 

29- 

30- 

mple 

we 
and 
No. 

:‘lJ 

- 
Imp. 
tee. 
[Ft. 
& 

%) 
- 

- 

- 

‘T 

hD 

- 

- 

- 

ab. 
lass. 
or 
‘en. 
iate 

ab. 
oisi 
% 

I 

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 

Well Installation 
Visual Description Detail 

I 
Eievation 

DRILLING CO.: R+ma~ WOLF-l5 BAKERREP.: (?&Ad c, hJi) 

DRILLER: \r3 ALL-J BORING NO.: tw tZ- A SHEET 2 OF 2 



I TEST BORING AND WELL CONSTRUCTION RECORD m ~~~~ 
PROJECT: 5kz-m 237 
5.0. NO.: G2370-2327 
COORDINATES: EAST: 
ELEVATION: SURFACE: C 

’ -*~titLJ* c 

boo0 -83bOO BORING NO.: %J 22-g 
24LSb57. &IO NORTH: 363497.1766 

I.(,0 TOP OF STEEL CASING: L 

I I I I I I 
RIG: 

cme sso T-6 MO-&r 
WATER 

SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE (FT) WEATHER (FT) TIME 

RE 

1 
MARKS: 

SAMPLE TYPE WELL 

5 = Solit Spoon A = Auger INFORMATION I I 
DIAM 

T = ShelbiTube w = wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

7- 5-c 

8 8,’ 

3- S-S 

3 /D,O 

I I 

TYPE 

Well Casing 

Well Screen .hm 

6 
P 

r 
I 

I’ 

)- 

Visual Description 

. 

I 
II’ PVC Threaded \” A\&. 0 3s 

I” PVC Slotted 08Of ‘j-, i- 33 38 

I 
I 

Well 

I 
Elevatior 

- ! 1 



TEST BORlNG AND WELL CONSTRUCTION RECORD 

PROJECT: 5=-CT0 LSI- +e~~+-sdb w 

5.0. NO.: Lz+?O- 232-o~oo-s~~o~ , BORING NO.: -DJ 22 - 8 

SAMPLE TYPE I 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = No Sample 

Samp 
Sample Rec. 

Depth We 
(Ft.) 

(Ft. 
and & 
No. %) 

I 

l- S-6 Is 

* 12.0 

, . 
3- 

5-1 Lo 

4&U 

5- s-0 zqo 

7 

8 “B 

9- 

!O to.0 

?1 - 

22 Z;r,a 

23 - 

24 d.0 

25- 

26 2&d 

27- 

28 - 2e.o 

29- 

30 T- 

5-I) j 2** 
I 

Lab. t4-m 
,PT Class. * 

lr or Matrt 
IQ0 Pen. a 

Rate ;QQ” 

I 
I 

’ I 
LI 

Iq/ 

I I I 
I 

- 

L 

~. *fi 
DEFlNlTlONS 

SPT 1 Standard Penetration Test (ASTM D-1586) (610ws/0.5’) 
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 

Visual Description I Well I;s,tp,lj;tion 

I 

Efevation 

BAKERJEP.: ~hw E, ijP;;/l5 

BORING NO.: l-W rz-13 SHEET 2- OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: s&Z:-Crib 132-&2,Ed~\cJ* 

5.0. NO.: LZ-i70-%2-=‘-- -+&.a~ BORING NO.: %‘22-6 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1536) (Blows;0 5’) 
RQD = Rock Quality Designation &) 
Lab. Class. = USCS (ASTM D-2487) or AAShTO (ASTM D-3292) 
Lab. Moist. = 4Wolsture Content (ASTM D-2216) Dry Weight Basis 

Visual Description 
Well Installation 

E’evarion 

Samp. Lab. 
Rec. SpT Class. 
(Ft. or or 
2 RQD I Pen. 

?6 1 Ra:e 

Deotn 
(Ft.) 

Sample 

We 
and 

1 No. 

DRILLING CO.: _ 



I TESTBORINGANDWELLCONSTRUCTIONRECORD 

3 
PROjECJ-: 565- c7623:z - %f%Eh\‘dr 
5.0. NO.: l&‘/-w- 23z-=‘~-OS3do~ BORING NO.: Iw -22 c 
COORDINATES: EAST: z465ki7.4640 NORTH: 363493.1786 
ELEVATION: SURFACE: 4.60 TOP OF STEEL CASING: L 

G: 
f-wa\LE 55 Tavw p0JW-r 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE W-l WEATHER VT) 

IE (DIAM.) 34TD 9/r&& o-2 b& 60’s cLovo‘3 G 

NGTH sl+ 

‘PE HS 

4MMERWl. 

ICK UP 

.MARKS: 

SAMPLE TYPE 
s = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Depth 
(Ft.1 

I- 

!- 

3- 

$-- 

5- 

6- 

7- 

8- 

9- 

o- 

I Samp. 
mde Rec. 
w 

nd 
JO. 

I 

w 

Ft. 
& 
% 

‘T 

hD 

Lab. 
Ilass. 

or 
Pen. 
Rate 

DRILLING CO.: \‘fiZtrprr h 

Lab. 
nois 
% 

T- 
1 

7 

f 

TIME 

3 if! 

WELL TOP 
INFORMATION DIAM TYPE DEPTH %T 

c=n m 

Nell Casing 1 II . PVC Threaded 1 I() ,A 0 21, c 

Nell Screen I” PVC Slotted 0!3!“i[af 21.7 2&-- 

I I 

Visual Description 
Well 

Installation 
Detaii 

Elevation 
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TEST BORING AND WELL CONSTRUCTION RECORD 

:: PROJECT. 673 t3L- 5L& cc 64 , r.)* 4. NO.:‘~Wto 5&r-- 
5.0. - 2~~-0ooo*o%o3 BORING NO.: 7\h) -%ZL 

SPT = Standard (ASTM D-1586) (BlowslO.5’) 

D = Denison - P = Piston 

Visual Description 

BAKER&: &b&~! ;=‘! i-&,J;; 
BORING NO.: ^“‘]IhJ ” 2-L t SHEET 2 OF 2 - 



TESTBORINGANDWELLCONSTRUCTIONRECORD 
PROJECT: %iI -Cm 232 - Sche6d\FJ‘+- 
5.0. NO.: WLTO -23~‘oo*9-03~ O’J BORING NO.: 7-d 23 -Z t ~~~- 
COORDINATES: EAST: Z465610.9%6 NORTH: 363.543. I637 
ELEVATION: SURFACE: 9.10 TOP OF STEEL CASING: - 

RI 

Sli 

LE 

n 

HI 

Fk 

ST 

RE 

IG: 
malcG ss" -T-kUC& rnO~,rJT 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL + DATE F-0 WEATHER (F-0 TIME 

!E (DIAM.) 3kD Zf-rq-s, o- rs 3’s $WtJ~ L Oh). 

NGTH 0-r 

‘PE l+S 

4MMERWT. 

4LL 

‘ICK UP 

IMARKS: 

SAMPLE TYPE WELL TOP 
S = Split Spoon A = Auger INFORMATION DIAM TYPE DEPTH “EK 

T = ShelbyTube W = Wash m m 

R = Air Rotary C = Core Well Casing 
I ” 

PVC Threaded I. 0 @‘d. 0, 0 r 
D = Denison P = Piston 

N = No Sample Well Screen I ‘e PVC Slotted 0.0 I +s&&- 3- 1 IJ- 

Samp. 
Sample Rec. 

Lab. 
Depth Type 

Class. Well 
Ft. 

SPT Lab. 

(Ft.) and & 
or or Moist 

Visual Description Ingl:;;i on Elevation 

No. % RQD Pen. % 
Rate 

I- 

9- 

o- Match to Sheet 2 
- 

DRILLING CO.: 7AfwL.wr tib4? BAKERREP.: f%fkd Es n&d:5 

DRILLER: we BORING NO.:+’ z3 -A SHEET 1. OF & 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT:%I- cm 131--%CZ~Eh)td3(r 
5.0. NO.: bci270 - ‘L37L-a=- PXOa BORING NO.:-7W 23 -A 

1' 

1: 

1: 

11 

1 

1' 

1 

1 

1 

2 

2 

2 

2 

2 

- ‘ 

; 

‘ 

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 
-- 

Imp. ab. 
mple 

Depth 
:eC. IT lass. 

we 
(Ft.1 

Ft. or 
tnd 

Visual Description Elevation 
& W ‘en. 

VO. %) ate 
-- - 

ontinued from Sheet 1 WC 1 
59 

I 
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r I+ 

2 
.-d 

3 

4 

5 
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IGC - -0 - 5.90 

6 - 

7 

- 

8 

9 1 

o- 

,l - 

!2- 

13 - 

!4- 

!5- 

!6- 

28 

29 - - 

r 
- 

ab. 
oisi 
% 

- 

-- 

DRILLING CO.: +-&8t~~ WOLW 

DRILLER: C >ti \e 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (810~~10.5’) 
RQD = Rock Quality Designation i%) 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Match to Sheet 3-j -1 

BAKER REP.: %zl+J E, D+w~ 

BORING NO.: 7L’t3 -A SHEET 2 OF 2 - 



I TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: SGL -cmli5z- w~ti’s~r 
5.0. NO.: b2970 -232 -0600 -o&00 

COORDINATES: EAST: 24656IO. 9966 
BORING NO.: ttic3 -6 
NORTH: 3 W5.43. I633 

ELEVATION: SURFACE: 4.10 TOP OF STEEL CASING: 

- 

L 

- 

RI 

SIZ 

L LE 

TY 

Hk 

FP 

ST 

SPLIT CORE 
SPOON CASING AUGERS BARREL DATE 

PROGRESS 
F-0 WEATHER 

WATER 
DEPTH 

VT) TIME 

IE (DIAM.) ltf3,J (%a 

NGTH Lk -2-r-l 

‘PE 5s I-IS 

4MMER WT. No 1 Ix. 

,LL 3615. 

ICK UP 

iMARKS: 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
1 = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

WELL 
INFORMATION 

Well Casing 

DIAM 

1’ 
(I 

TOP BOTTOM 
TYPE DEPTH DEPTH 

m Fn 

PVC Threaded \” A IA 0 30 

3 0 3s- 

I 

Well Screen \ 
I’ PVC Slotted 

I 
ample 

we 
and 
No. 

iamp. 
Rec. 
Ft. 
& 

% 

Well 
Elevatior Visual Description Depth 

(Ft.) 

DRILLING CO.: \‘fi%pm h,lOtf?= BAKER REP.: ifk-,J E. ?h=-J’~ 

DRILLER: c-f-) I i’ BORING NO.: TWz3-Ij SHEET 1 OF 3 - - 
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TEST BORlNG AND WELL CONSTRUCTION RECORD 

. 
:. I . . PROJECT: SC-I- C.70 z3z- ‘j+wIJt’ BOR,NC NO. T\St3 -B 

5.0. NO.: b=f-lO-Z3Z-o~o-eJbbO . . 

I l- 

I 

11 

12 

1: 

1L 

l! 

II 

1’ 

1 

1 

2 

2 

4 

1 

d 

. 

DEFlNlllONS 
SPT = Standard Penetration Test (ASTM O-1586) (BlOWS/o.5’) 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 

R = Air Rotary C = Core 
D = Denison . P = Piston 

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 

Visual Description 
I 

Well lm&a$;tion . Efevation 

N = NoSa de I 

DRILLING CO.: huwrx-n WOLF? 

DRILLER: u-l\? 

BAKER REP.: AUlr&l E \ G&%.+S 

BORING NO.: -F’d @a- 6 SHEET 2 OF& 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: %I- trTr, t32- 5~LAE~tidr 
s.o.N6.: b2Y-B -L%Z-aQ*o -03bOo BORING NO.: -j-d 13 -A 

SAMPLE NPE 
5 = Split Spoon A = 4uger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 
I I / / 

Der?tC 
(Ft.) 

32 321~ i 
I DO 

33-7 

34 

DEFINITIONS 
SPT = Siandard Penetration Test (ASTM D-l 586) (Blows~O.5') 

RQD = ?ock Quality Designation (O/o) 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Mosture Content (ASTM D-2216) Dry Weight Sass 

Visual 
Well Installation 

Zescription Detail Elevat:on 

DRILLING CO.: fk-f&ii Wo=i=? BAKER REP.: had % 1 cIAJ\ 5 

DRILLER: -e-h!kf ._ ._.____.___ - ._ _ ..-.____ BORING NO.: ~dt3 :.b __ .__.__ -__ SHEET 3 OF ?- 



ELEVATION: SURFACE: 9.10 TOP OF STEEL CASING: - 

IG: 
hY\org\ttsr -wan r-ou+~- 

SPLIT CORE PROGRESS %--i 
<. SPOON CASING AUGERS BARREL DATE (FT) WEATHER (FT) TIME 

ZE (DIAM.) 3 !q’&j L.I-/J-9‘ (9 - Z>/ 70‘3 S*4P4PJ- $ 0 ‘mr; , 

iNGTH 9% 

IPE 4-e 

AMMERWT. l 

ALL 

rlCK UP .- 

EMARKS: 

1 

i 

7 

lNFii%!ATlON 

Well Casing 

Well Screen 

TYPE 

PVC Threaded 

PVC Slotted 

TOP 
DEPTH 

WI 

6 

-20 

SAMPLE TYPE 
. s = Split Spoon A = Auger 

T = ShelbyTube W =Wash 
R = Air Rotary C = Core 
0 = Denison P = Piston 

N = No Sample 

Lab. 
dOis 

% 

nple 

2 
IO. 

amp. 
Rec. 
Ft 
& 

% 

rb. 
:laSS. 
OI 

*n. 
tate 

Well 
Insta~ta;ion 

I Elevation 

&CL 

f- 

P-r 
r 

Depth 
(Ft.) 

Visual Description 1 I 

, . . I _  Match to Sheet 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: &I - c7b 232. +wcb+a* 
5.0. NO.: b,2? 70 -23z-0000 -0’3600 BORING NO.: ?wiZ3-C 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

Depth 

(Ft.1 

6 

7 

18 

19 

!O 

!l 

J 

23 - 

24- 

25 -ZS~C 

26- 

27 - 

28- 

29- 

30- 

N = No% 

mple 

se 
and 
No. 

4-J 

amp 
iec. 
(Ft. 
& 

% ) 

‘le 

4 

20 

- 

.ab. 
lass. 
or 
‘en. 
late 

- 

ab. 
loist 
% 

- 

- 

- 

DEFlNlllONS 
SPT = Standard Penetration Test (ASTM D-1586) (8lo~~I0.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 

Well Installation 
Visual Description Detail 

I 
Elevation 

I 
J 

2. 

i 

-!S.W 

I- 

DRILLING CO.: ?I%&&&~ b0Mi= BAKER REP.: %hXi E . 9W15 
Df?!L!.E!?: _ .LsP Lc-9 ._ BORING NO.: W%?Ck- ---_ SHEET 2 OF ” 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: k’1: -Cm t3-L- 5ME,W\~~ 
5.0. NO.: ~‘z.J-Io-~x.- 

COORDINATES: EAST: 246559 I .8938 
ELEVATION: SURFACE: IO.70 

BORING NO.: -t-d tLt - A 
NORTH: 36360 I.7530 
TOP OF STEEL CASING: 

G: 
Cl-q& Q-0 -T-aU~ h0LwJ-r 

SPLIT CORE PROGRESS 
SPOON CASING AUGERS BARREL DATE (FT) WEATHER 

!E (DIAM.) ’ 3 b rQ L)-13-76 o- 1s 7+ sc,rJ#fJ 

NGTH SF--r 

‘PE I45 

4MMER WT. 

4LL 

‘ICK UP 

RE 

t 

:MARKS: 

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.1 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

o- 

nple 

w 
nd 
IO. 

rN 

amp 
Rec. 
Ft. 
& 
% 

?T 

ho 

Lab. 
Ilass. 

Or 

Pen. 
Rate 

.ab. 
loist 
% 

WATER 
DEPTH 

VT) 

b 

TIME 

WELL 
INFORMATION 

Yell Casing 

Nell Screen 

TOP BOTTOM 
DIAM TYPE DEPTH DEPTH 

m t-1 

I !, PVC Threaded 1’2, ~, 0 S 

3 
0 PVC Slotted O*Of ‘3 Lo’T s Is- 

I 
I 

Visual Description ! 
Well 

lnstakion Elevation 

Match to Sheet 21 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

DRILLING CO.: i% Qux-3 ~&LFP BAKERREP.: i?air\~d E < nh~ls 

-‘,’ !ER: wc;if BORING NO.: -TLJ&! :..A _,..._ ___ __ SHEET 1 OF 2 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

m PROJECT: ‘%T - c7-0 232 - sU=Lw’~(djG BOR,NG NO.: ~ ~~-A ‘I)s’ :. I ‘.. 
5.0. NO.: b2u70 - 232-0000 -03~00 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
0 = Denison . P = Piston 

N = No Sample 

Depth 
(Ft.1 

4 

22- 

23 - 

24- 

25- 

26- 

27- 

28- 

29- 

30, 

,mple 

‘he 
and 
No. 

- 
amp 
iec. 
(Ft. 
& 

%) 
- 

- 

- 

- 

?T 

hD 

- 
~ 

- 

- 

.ab. 
law. 
Or 

‘en. 
(ate 

- 

.ab. 
lois 
% 

- 

- 

- 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blowsl0.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 

Visual Description 
Well ir$&l;tion . 

Elevation 

Match to Sheet 1 1 - 
DRILLING CO.: -h@cLR-rr ‘do&F BAKERREP.: bad F ,bJlS 
DRILLER: _ _. .e!. _- __ _ ..__ __ _._._.. ___ ______ -_-__ cl4 (f BORING NO.: ~2 24-A SHEET 2 OF 2 - 



.- .“C 

TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT- 56~ -cn)’ 232 - 5UWk’+.- 
5.0. NO.:‘ bZ476 -232.-m==’ -~3~00 BORING NO.: l-W&-i?a 
COORDINATES: EAST: 244559l.0938 NORTH: 363601.753o 
ELEVATION: SURFACE: IO.70 TOP OF STEEL CASING: 

RIG: 
~6lLE 55 -l?wuc I-Qoua- 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE W-l WEATHER W-7 TIME 

ZE PAM.) 1.33 d t 3 5420 41l+.u b- 4b lo’s 5unJeJ-j 6 0 I+-+> -- 
iNGTH 2F=r SF-r 

fPE 55 f-45 1 

AMMERWT.. \w {b5, 

4LL 30 Id. 

rlCK UP 

EMARKS: 

SAMPLE TYPE 
S = Split Spoon A = Auger 
1 = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 
, I 

Depth 
(Ft.) & 

or 

1 1 
NO. % RQD 

Lab. &J 
Ilass. &, 
or rvluist 

WELL 
INFORMATION 

Well Casing 

Well Screen 

TOP 
DIAM TYPE DEPTH “EK? 

(Iv m 

I 
/r PVC Threaded i”Jl* 0 3s 

L ,I PVC Slotted O*ol”$~r 3s- 90 

I 
I 

Visual Description 
Well 

Eievatior 

Match to Sheet 
n i i‘ 



TEST BORING AND WELL CONSTRUCTION RECORD 

I 

I 

11 

1; 

1: 

11 

l! 

1’ 

1 

1 

1 

2 

2 

; 

d 

d 

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.) 

l- 

! - 
iz”3 

3- 

$- Ma 

5- 

\lc.3 
6-- 

7- 

8 

9 

Samp. 
PamfJe Rec. SPT 

Lab. &,J 
Class. M. 

We T-r-n (Ft. or or 
and 

mJ!st 
& RQD Pen. % 

No. %) Rate (pf+-)i 

I I I ?!Jl , 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (BiowSl0.5’) 
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 

L 

I Well Installation 
Visual Description I Detail 

. 

Elevation 

I 
-f 

- -6.80 

- -r4.sc 

DRILLING CO.: ~1At4P.* w3u=e BAKER REP.: &&(,I.: ! y C’&,; J 

DRILLER: +i I’? 
.-rrnl.:~~‘--, -j-vJ2+e c ‘-‘.~’ -2OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 5 ST- &-o~r32- %QE~+I ‘ti G 
5.0. NO.: Llr\7O-L3t-oooo -43bo0 BORING NO.: -l-w -Z‘i R 

SAMPLE TYPE 

5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 

R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

DEFINITIONS 

SPT = Standard Penetration Test (ASTM D-7 536) (Blows, 0 5’) 

RQD = Rock Quality Designation (O/o) 

Lab. Class. = USCS (ASTM D-2487) or AASI-TO (ASTM D-3252) 

Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Visual Description 
Well Installation 

Detail i’evat;or 

- 

DRILLING CO.: w4-bn +dotw BAKERREP.: &?A& E . ‘+.I-; 

DRILLER: L!-j(l? -.L-.-L ____- ----.- . .~.. BORING NO.: SHEET 3 OF 5 ;?jJ - L ‘-f 13 _ ._.. -. --.- _-._-.-. - 
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TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: %Cd - Gx>, X3-L - hi-&Ei%ti~~G 

~.~.NO.:~~~?O-~~~.~~*~-Q~GQO BORlNG NO.: T\E) t4- t 
COORDINATES: EAST: 246559 I, 843B NORTH: 3L3601.7 r30 
ELEVATION: SURFACE: IO.70 TOP OF STEEL CASING: d 

SPLIT 
SPOON CASING / AUGERS I BC~OR”R’EL 

ZE (DIAM.) 1 3q Y&Q 1 

iNGTH 

(PE 

AMMERWT. 1 

4LL 

ilCK UP 

EMARKS: 

SAMPLE lYPE 
S = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Depth 
(Ft.) 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

B- 

9- 

IO - 

mple 

fpe 
lnd 
40. 

r-3 

amp 
Rec. 
Ft 
& 
% 

PT 
lr 
.QO 

Lab. 
:lass. 
or 

Pen. 
?ate 

Lab. 
floist 
% 

DATE 
PROGRESS 

03 WEATHER 

WATER 
DEPTH 

FT) TIME 

WELL 
INFORMATION 

Well Casing 

Well Screen 

TOP 
DIAM TYPE DEPTH “E? 

(I3 m 

I 
,I’ PVC Threaded \‘IJ, ~, 0 

25s 

I 
I’ PVCSlotted &,o!.$,uf ZZ.“, 27.5 

I Well 
Elevation 

Visual Description 

Match to Sheet 2 

DRILLING CO.: ++w6 MoL% BAKER REP.: ?%@i~ @. ;)kJIs 

DRILLER: CM\ BORING NO.: T,J,Lj -b SHEET 1 OF 2 



m 

TESTBORlNGANDWELLCONSTRUCTlONRECORD 
&Z - CT0 t3z - 5c.g.&&d~rJiJ- :. , .., PROJECT* ‘;7D Laz booo Oqb~ 

5.0. NO.:’ b - - - BORING NO.: * 3-r -Q 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

1 

1 

L 

13 - 

!4- 

25 - 

26- 

27 - 
17, 

28- 

29- 

30, 

- 

m - 46.80 

1 1 

- 

- 

DRILLING CO.: %m dbLf+ BAKER REP.: &\A~ 9. DA,J15 

DRILLER: LHl? BORING NO.: 3-W r’d - t SHEET 2 OF 2 

SAMPLE TYPE DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586) (Bl0wslO.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 

5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = No Sample 

Depth 

(Ft.) 

- 

T 

20 

ab. 
loist 
% 

- 

Visual Description 

- 
Imp. .ab. 

l-7 tee. lass. 
Yl (Ft. or 
ar & ‘en. 
N % ) late 

- 

Continued from Sheet 1 

I- 

h 

Elevation 



I TEST BORING AND WELL CONSTRUCTION RECORD 

i PROJECT: &I- c-m ~32 - Sc~t-ur’” 
S.O.NO.: &2470-23'3t-O~OO-0x00 BORING NO.: ~ -a=-& 
COORDINATES: EAST: 24655’) 0.6022 NORTH: 363625.97 14 
ELEVATION: SURFACE: II.10 TOP OF STEEL CASING: - 

IMARKS: 

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.) 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

IO - 

ample 

we 
snd 
No. 

i-h 

)amp. 
Rec. 
Ft 
& 
% 

‘T 

hD 

.ab. 
lass. 
or 
‘en. 
late 

.ab. 
4oist 
% 

WATER 
PROGRESS I ! DEPTH 

F-0 WEATHER (FT) TIME 

WELL 
INFORMATION 

Nell Casing 

DIAM 

I”’ 

TOP 
TYPE DEPTH “ET/Y 

tm m 

PVC Threaded I”&~~ 0 IO 

Nell Screen 1 1” 1 PVCSlotted 

Visual Description 

Match to Sheet 
n 

1 \-IO 
DRILLING CO.: ?f+KZPcTT Lhm=~ 

DRILLER: -.-CHlp- BORINGNO.: Td -C-A SHEET 1 OF’-- - - -v____-___ 

t 

Elevatior 



TESTBORINGANDWELLCONSTRUCTIONRECORD 

PROJECT: 561- 6-P 232- %&e.hllrJ+ w 
5.0. NO.: b2+70 -232 wow -o?w’edQ BORING NO.: -fW ZS-A 

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.1 

l- 

2- 

3- 

4- 

5 ITle, 

6- 

7- 

8 

9 

:O 

!1 ! 

!2 - 

!3 - 

!4- 

!S-- 

,6- 

27 - 

28- 

29- 

30- 

mple 

w 
and ~ 
NO. 

Imp. 
let. 
[Ft. 
& 

% ) 

- 

- 

T 

ID 

- 

- 

- 

ab. 
ass. 
or 
en. 
ate 

ab. 
‘oist 
% 

DEFlNlTlONS 
SPT = Standard Penetration Test (ASTM D-1586) (Blowsl0.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 

I Well installation 
Detail Visual Description 

I 

Elevation 

ontinued from Sheet 1 

- 

Match to Sheet 3-I 

I 

DRILLING CO.: ~Pt%PiV wOLf%= 

DRILLER: a+$ 

BAKER REP.: &Qd E ’ ‘;-)hfd 

BORING NO.: 7’LI2$- A SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: SGx-c~b z37- - %aee+d(r 
5.0. NO.: bZ(i70 - t32 -0000 - oscoo BORING NO.: m-u- - 8 
COORDINATES: EAST: i?&s570-60~ NORTH: 363625.9 7 t9 
ELEVATION: SURFACE: I I.10 TOP OF STEELCASING: 

TIME 

WATER 
DEPTH 

VT) DATE 
PROGRESS 

F-0 WEATHER 

70% S~rul ( b.s OhfS. 

I 

EMARKS: 

WELL 
INFORMATION DIAM TYPE 

TOP 
DEPTX 

m 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Well Casing 

Well Screen 

I ‘( 

I ,I 

PVC Threaded 1 )I &. 0 3s 

PVC Slotted O&\ sk+t 3s 76 

I 
I I 

Visual Description 
Well 

I 

Elevation 

iamp. Lab. 

“F’t” SPT Class. 
or 

& 
or 
RQ’J Pen. 

% 

t 

Rate 

1 I 

2.0 t 
3 

ampl 

we 
an3 
No. 

< 
e 

5-t 

s-t 33 

I 2.0 3 3 
s-3 

S-r; 

5-g 

Depth 
(Ft.) 

l- 

s- 

L.0 6-- 

7- 

* 810 

9- 

p’o 
IO -- 

Ll 

L 
6.60 

2.60 
3.10 

DRILLING CO.: Pkuw dOLFf BAKER REP.: k+\&..$J E , Q4JJ i 

DRILLER: ClttP BORING NO.: m Xc-8 SHEET 1 OF 3 ____._ ---... . . . ._-____.-.- 



TESTBORINGANDWELLCONSTRUCTIONRECORD 

PROJECT: f7&- Cn 23Z- %Ji+%?i&~~~~ 

5.0. NO.: b2~30-23t-aooo-og&o~ BORING NO.: ~dkts -3 



TEST BORING AND WELL CONSTRUCTION RECORD 

BORING NO.: Iw ts’ - 0 

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 

Visual Description Elevation 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison * P = Piston 

N = No Sample 

amp. 
Rec. 
(Ft. 
& 

%) 

Lab. 
3as.s. 
or 

Pen. 
Rate 

ample 

rwe 
and 
No. 

PT 
lr .QD 

Depth 
(Ft.) 

31- 

32 ,e 

I3- 

f4 3%a 

35- 

36 36ho 

58 “” 

39- 

30 3ata 

L\1 - 

i2- 

Y3- 

14- 

95- 

+6- 

Y7- 

L\8- 

3- 

- 

- 

- 

- 

- 

- 

- 

- 

I 

,5 

19 

17 , 
l-7 

C( 

I- l-l I, I 

7 
Y .c 
z2 kr ‘*Cl 
5 16 ‘8 
lL( 

zc j-2.0 

DRILLING CO.: ~W’-(+@( rcrDLt=p BAKERREP.: bk,,xu E ,OAJb 

DRILLER: CHtS BORING NO.: -d zS’- 3 SHEET 3 OF & 



TEST BORING- AND WELL CONSTRUCTION RECORD 
PROJECT: %-r-tm t3%- ‘XfLQZ~qJ+ 
5.0. NO.: dzd?o-L32- ooaO-Q3Cbb BORING NO.: Yw r<*c 
COORDINATES: EAST: 2465570.6022 NORTH: 363625.9-I t9 
ELEVATION: SURFACE: Il.10 TOP OF STEEL CASING: 

IG: 
~omk 6 -mwG MOk4rJ-T 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE F-0 WEATHER W-1 TIME 

ZE (DIAM.) %3x2 d&c o -27, b ,--+ SJW), 6 0 hfJ1 
.NGTH 5u 

fPE I% 

AMMER WT. 

4LL 

rICK UP 

EMARKS: 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
1 = Shelby Tube W = Wash 
R = Air Rotary C = Core 
Cl = Denison P = Piston 

N = No Sample 

Depth 
(Ft.’ 

l- 

2- 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

IO - 

mple 

me 
I?d 
40. 

amp. 
Rec. 
Ft. 
& 

% 

P-r 

b0 

Lab. 
flass. 

or 
Pen. 
Rate 

tab. 
noist 
% 

E I 
7 

WELL 
INFORMATION 

I I 
DfAM TYPE 

TOP 
DEPTH 

(FT) 

iVeIl Casing PVC Threaded I”&. c3 

Well Screen 1 1 PVCSlotted I ” 

Visual Description 

Match to Sheet j 

Elevation 

DRILLING CO.: ?Accf.fl bJo[ .fF BAKER REP.: f%%J 6 

DRILLER: Cfll4 BORING NO.: ‘iu%c-c SHEET 1 OF ‘L_ - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: m 

5.0. NO.: L~‘i7o-23z-oooo-o3bo0 BORING NO.: - 2c -c 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sample 

Depth 
(Ft.1 

13 

I4 

15 

16 

18 

j 
19 

23- 

24- 

25- 

26- 

27 - .Lb-. 
28- 

29- 

30- 

ample 

‘be 
and 
No. 

4-d 

- 
Imp. 
iec. 
(Ft. 
& 

% ) 
- 

- 

PT 

hD 

- 

mb. 
‘lass. 
or 
‘en. 
Zate 

- 

.ab. 
loist 
% 

- 

DEFlNlTfONS 
SPT = Standard Penetration Test (ASTM D-1586) (Bl0~slO.5’) 
RQD = Rock Quality Designation (%I 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Well installation 
Visual Description 1 

>ontinued from Sheet 1 

Detail 

I 

Elevation 



I 

PROJECT: %1-m 23t -S~~E~~~.scr- 
5.0. NO.: tat-Y-0 -23t -oae~-03600 BORING NO.: -rwt(r - A 
COORDINATES: EAST: 246s530.7*7 NORTH: 363&%3.63m 
ELEVATION: SURFACE: 10.80 TOP OF STEEL CASING: t 

G: 
(--4lLL- 5q 7iiz~~rc hdJhll- 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE 03 WEATHER VT) TIME 

IE (DIAM.) i ,- ‘, 3+m Ltll3 14‘ 0 -Is- 709 swfdy c 0 kr, 

NGTH 55Fy 

PE i-k 

iMMER WT. 

,LL 

ICK UP 

MARKS: 

SAMPLE TYPE 
S = Spiit Spoon A = Auger 
1 = ShelbiTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N=NoSa ‘ml pie 

I ample 
Depth 
(Ft.1 

Type 
and 
No. 

I- 

i- 4-d 

i- 

r- 

3- 

3- 

5- 

DRILLING CO.: 
D!?!!.LER: ( 

Well Ca3ing 

Well Screen 

I ” 

I ” 

PVC Threaded f’lDIA, 0 s- 

PVC Slotted DtOl “SLOT s 1s 

I I ? amp. Lab. 
Rec. PT tlass. Lab. Visual Description 

Well 
Ft. 
& 

ir or Jois Elevation 

% 
:QD Pen. % 

lnstD.$$ion 

Rate 

WELL 
INFORMATION DIAM TYPE 

TOP 
DEPTH 

m 

Match to Sheet 2 

ppI(L(rpR-t- UOL,i=G- BAKER REP.: Bew E -i&J:.; 

L \t\Q BORING NO.1 -r \F/ = -A SHEET _L OF & . .__ __ .._ __..__ ._ __- _--- .._.__ _. 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 5&i--c-r0 t32--5~g~~+d6- 
5.0. NO.: bz-f7o-z3i -oaoo - 03605 BORING NO.: 7k, 2-6-h 

SAMPLE TYPE DEFlNlTlONS 

5 = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (Blows/OS’) 

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 

Samp. Lab. 

Depth 
Sample Rec. SPT Class. 
Type 

Lab. 

(Ft.1 and 
(Ft. or or Moist Visual Description 

Well lf7aP,‘i’~tion 
Elevation 

& 
No. o/o) 

RQD Pen. 0~ 
Rate 

Continued from Sheet 1 Ld EU sor(c 
FRO, 

l- o 147-a rS.om-- 
WELL 

2- 
A-4 5Ee )3oafdG Lo6 TwLb-b 

ZyrserJ - 
I=%-- 

3- ,I=- +-IL J,J~-NL~~~,~J s.0 mkoir 

4- 

5 Is30 I3cm-+- bcr I 1 -4.20 
Ehlo OF %ocLtic- @ rg.0 f=r 

16- 

17- 

18- 

19- 

!O- 

!l - 

22- 

23- 

24- 

25- 

26- 

27- 

28- 

29- 

30, Match to Sheet < 

Yy 

DRILLING CO.: -3AC&W-r \&LFF BAKERREP.: @ttAd E i&r< 

DRILLER: CHrf BORING NO.: 1 wu-A SHEET 2 OF 2 



. 
-a 

-1. .*. , 

., -_a 

, .A.‘..‘* & 

c 

. I 

TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECTS 56-T -C-m r3r- ~CR~S.A~F 

:. . I . . 5.0. NO.:’ - BORINGNO.: -t-bJ 2la-A 
COORDINATES: EAST: 2465 53g2.7507 NORTH: 363678.6%9 
ELEVATION: SURFACE: 10.00 TOP OF STEEL CASING: 

PROGRESS 
W-l TIME 

ZE (DIAM.) I ,Y 3EJ 363, Q3hc -- 
iNGTH ze- ra- 

(PE SS h5 
AMMER WT. 1% br 

ALL 36 rJ 

0 -40 

rlCK UP I 

EMARKS: 

WELL 
INFORMATION DlAM TYPE 

TOP BOTTOM 

“Rn “K” 

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 Casing 

Well Screen 

I 
/I . 

I I! 

PVC Threaded I’: .d ’ k,’ 0 3&i- 

PVC Slotted cml” scoi- 35 cl0 

I 

Depth 
(Ft.1 

3mplt 

‘ype 
and 
No. 

Samp. Lab. &IQ 

‘ttF SPT Class. Lab. 
or or 

& 
Mois 

RQD Pen. 
% Rate &!< 

‘3 
04 ,sT 

t.4 
I 

5 
z,o 2 

2 
Cl 

t 

I 

< 

+ 
, 

- 

Visual Description 
Well 

Installation 
Detail 

Elevation 

I 

l- S-I 

2 zno 

3- x 
4 q*a 

1 

5- 5-3 

6 .6*0 

- -- - 4.30 
7- 5-Y - 3.30 
8 8.0 

9- 5’ -\ - 1-80 

IO IO.0 

DRILLING CO.: f+--+-m how? BAKERREP.: ~~*Cb+J c. l--ji=dtr 

DQuER: _._ !%3?. .._. ̂  _... _. BORING NO.: -I-Id lb- ,b SHEET _L. OF 2 _ 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 5Gr- CT?, -232 - 4&5ZetQ*drJ w 

5.0. NO.: b-ml0 -23X -0000 -43+eo BORING NO.: 7-3 ~-6 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison . P = Piston 

N = No Sample 

k ;. 

DEFlNlTlONS 
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 

Visual Description 
I 

I Well Installation 
Detail 

I 
Elevation 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: %I -QOZ~Z - w~*IA)* 
‘5.0. NO.: bz--t?o -z32-oo== 4-u.aa BORING NO.: -t-w Lb-B 

SAMPLE TYPE 

5 = Split Spoon A = Auger 

T = Shelby Tube W = Wash 

R = Air Rotary C = Core 

D = Denison P = Piston 

N = No Sample 

DEFINITIONS 

SPT = Standard Penetration Test (ASTM D-7586) (Blows 0 5’) 

RQD = Zock Quality Designation (“6) 

Lab. Class. = LlSCS (ASTM D-2487) or AXtTO (ASTM D-3282) 

Lab. Moist. = Moisture Content (ASTM D-22 16) Dry Weight Basis 

Samp. 
Sample 

Lab. &a 

Deoth 
Rec. SPT 

TYP* 
Class. *, Well Installatiofl 

(Ft.) 
i:evat:on 

apd 
(Ft. or or ~1 Visual Description Detail 

j NC. ( 

- 

DRILLING CO.: ?‘+*a< ‘dOU=S BAKER REP.: t3h\hl4 E ,oorJ15 

DRILLER: cl+cg SORING NO.: -NJ ?A - (3 - SHEET J- OF ?_- _ .._ -- _ .___._ _... .._..__... _ -._. _ -- .-- -__ _ _ 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: %z- aOt32 -5uZ&t;r,,~b- 
5.0. NO.: bz.wo-232-o~o-*3b@~ BORING NO.: 7-w u -c 
COORDINATES: EAST: 24~553t?,7501 NORTH: 363678.6989 
ELEVATION: SURFACE: lo. 80 TOP OF STEEL CASING: * 

IG: 
~ofhe sg -f-?%w4dnadPJT 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE (FT) WEATHER FT) TIME 

IE (DIAM.) h.n \3(9b o-277 70‘) Sq-~tu-J b Or-b, 

INGTH 3, 

YPE F, 

4MMER WT. 

‘ICK UP 

EMARKS: 

SAMPLE TYPE 
S = Split Spoon A = Auqer 
T = Shelb;Tube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sa pie 

Depth 
(Ft.) 

l- 

2- 

3- 

4- 

5- 

6- 

7+ 

8 

i 

9 

0 

mplc 

fv 
Ind 
40. 

amp. 
Rec. 
Ft. 
& 

% 

PT 
lr 
:QD 

- 

Lab. 
:lass. 
or 

Pen. 
Rate 

.ab. 
loist 
% 

WELL 
INFORMATION TYPE 

Well Casing ) r; PVC Threaded 1”)) ~ 0 L?a c 

Well Screen I” PVC Slotted 

Visual Description 

Match to Sheet 2 

Well 
Installation 

Detail 
Elevation 

DRILLING CO.: f+?~**~ b..b OUT .?; BAKER REP.: e@*n.& E ~C.,--J- 1 

DRILLER: . ..__.._._ ~?Y?-.-- _-_- - BORING NO.: w %- c SHEET 1 OF 2 - __ - _ 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: $1 - CT0 232 - +c~~c+~~~ 
5.0. NO.: Gw70-23z-a -0~ -O~L~DO BORING NO.: -nJ% -C 

SAMPLE TYPE 

5 = Split Spoon A = Auger 

T = Shelby Tube W = Wash 

R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sampie 

DEFINITIONS 

SPT = Standard Penetration Test (ASTM D-15861 (Blows 0 5’) 

RQD = Rock Quality Designation (O/o) 

Lab. Class. = USCS (ASTM D-2487) or A%H:O (ASTM D-3282) 

Lab. Mois.1. = ,Moisture Content (ASTM D-2216) Dry Weight Basis 

Samp. Lab. 
Sample 

Dee:’ 
Rec. SPT Class. 

Type 
Lab. 

(Fti and 
(Ft. or or 

Well Installation 
MOiSi 

:;c. 1 
RQD , pen. I,, 

j 1 ?:I / 1 RaIe , 

Visual Description Detail Elevation 

29 - - 

$0 
V 

- 

DRILLING CO.: 
DRILLER: CMg-3 

BAKER REP.: %wt+J E’ f&+qs 

BORING NO.: 7-W -Lb-C SHEET 2. OF Z- 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: &x,lw&t~ Gmmdwtzr 5: Ht ctc 35 - ruwLES 

CT0 NO.: 62470 - 232 BORINYi NO.: zis- T\E(Z7 G 
COORDINATES: EAST: 24G58~3.5482 NORTH: 343238.2270 

ELEVATION: SURFACE: I I P, TOP OF PVC CASING: I I.90 

SPLIT CORE 
SPOON CASING AUGERS BARRFL 

azE (DIAhl) 13/g" rD - ,X4” ID - 
.ENGTH / I 

YPE %?=hki5 - U5h - 
IAMMERWT. 140 \bs - - - 
FALL 37’ - - - 

STICK UP I - I I I 
:crk I ; -1 laa5e 

Well Diam. VI-= Top Bottom 
Information Depth Depth 

@> (fi-> 

I” 03 5d3m 4a PC c&f - 35-o 

“Cm 5A.40 IA& 5&m 33-o 38-o 

I 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary C = Core 
D = Denison P = Piston 

N = No Sample 

SPT 

RZD 

Lab 
Class. 

Or 

Pen. 
Rate 

samp. samp. 
Type Rec. 
and (ft. & 
No. %) 

s- 

s-2 

s-3 

s-4 

S-S 

PID 
(Ppm) 

PS 
/ f34 

Depth 
@J Well 

Installation 
Detail 

Elevation 
(ft. MSL) 

Visual Description 

I 

- 8-I 

6.5 

- 5.0 

- 3.9 

1, 

2 2-C 

3- 

4 4r 

5, 

6 6.( 

7- 

8 8.‘ 

9- 

10 l0.l 

DRILLING CO.: %a- VJolff BAKER REP.: *ck Ih2sd-m 

DRILLER c\+ L&M BORING NO.: 35- TV42717 SHEET 1 OF3 



m TEST BORING AND WELL CONSTRUCTION RECORD 

S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = De&on 

A = Auger SPT = Standard Penetration Test (ASTM D- 1586)@lows/O.5’) 
W=W&h 

I 
RQD = Rock Quality Designation (%) 

C = Core Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
P = Piston 

I 
Lab. Moist. = Moist&e Content (ASTM D-22 16) Dry Weight Basis* P lple 

SPT 

R;D 

3 
3 

34 
-a- 

32 

34 

32 
24 

z3 

34 
2 I 

5 

‘2 
2 

2 ..__I - 
2 

3 

35 

23 

43 
I401 

I 
z 

1 I --I 
13 

20 
24 

24 --__ 

Lab 
ChSS. 

or 
Pen. 
Rate 

-- 

-- 

---- 

_--- 

I 

PID I 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(ft. MSL) 

f’--&h Sheet 3 

- -0.1 

- -2.1 

- -6.1 

- -7.8 
- -8-l 

- -I 1.6 

- - \5.7 

DRILLING CO.: ?hWkt- WOW BAKER REP.: Mwk !&3+m 

DRILLER: ch:p t f 4 e+c.t BORING NO.: 35-TV4278 , SHEETZOFS 



m TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE DEFWXKQ?S 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D- 1586)(Blows/O.5’) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R=AirRotary C = Core Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
D = Denison P = Piston Lab. Moist. = Moisture Content (ASTM D-22 16) Dry Weight Basis 

N = No Sample 
Depth samp. samp. SPT Lab PID 
(ft.) Type Rec. or Class. @pm) Well 

and (ft. & RQD or Visual Description Installation 
Elevation 

No. %) Pen. Detail 
(ft. MSL) 

Rate 
~aOt;nocd bM %Xet 2 _ 

DRILLING CO.: ?9t14*-v~~w BARER REP.: Mw-k &T&n 

DRILLER: ch:p L f 4 e4et BORING NO.: 35--rdZ-l\3 SHEET3 OF 3 I 



PR0JEC-i’: 561- &~Iu~Jo~JR%~- ti&“rJG ‘Cm 23% 
5.0. NO.: bLmo- t3I,-ouoo- otboo BORING NO.: ‘SWZB - A 
COORDINATES: EAST: 2465957.9%~ NORTH: 363206. 6839 
ELEVATION: SURFACE: II.50 TOP OF STEEL CASING: / 

RIG: 
-u-E. 5< TRUCL ,VWU~~T 

WATER 
SPLIT CORE PROGRESS DEPTH 

SPOON CASING AUGERS BARREL DATE (FT) WEATHER (FT) TIME 

SIZE (DIAM.) kf3 z&t 3bb +zyj~ ci - +a m 7& ctasqm~ ‘b ohPa> 

LENGTH 2t=T Se 
? 

NPE 55 - k5 

HAMMER WT. ho b. 

FALL 3oh. -.I. , 

STICK UP I -. 

iMARKS: 
I I I I 

SAMPLE TYPE 

s = Split Spoon A = Auger I 

WELL 
INFORMATION DIAM TYPE 

TOP 
DEPTH 

WI I 

BOnOM 
DEPTH ! 

(W 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

Vcll casing \ 
Il. PVC Threaded 

Hell Screen PVC Slotted 

Visual description 
Well 

, Ins$k$on 

I 
Elevation 

- 

1 
i 

Match to Sheet 

DRILLING CO.: pA~%RclT tiOW+ BAKER REP.: 

ORILLER: tl4 1 Q P’lRlNG NO.: .-*.) L % - (7c SHEET 1 OF{ 



SPT = Standard Pe (ASTM D-1586) (6bwslO.S’) 
RQD = Rock Quality Designation (SC) 
lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Visual Description 

DRILLING CO.: i-+&&W-a C6= BAKER REP.: __ 
DRILLER: cl+q BORING NO.: “J 20- 6 SHEET 2 OF& 



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 
Sample 
Type 

(Ft.) and 
No. 

3- 

4 3.0, 

S- 

6 k- 

‘7- 

.8 *a 

.9- 

80 %a 

:1 - 

:2- 

;3- 

,4- 

:5- 

!6- 

l7- 

!a- 

Q9- 

50, 

-b 

j-l? 

i-20 

*. . 

- 

Imp 
tee. 
[Ft. 
& 

%I 
- 

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 

\ 

Visual Description 
Well IrgaJil~tion 

Elevation 



TEST BORING AND WELL CONSTRUCTION RECORD 
PROJECT: ‘j&r- 5c.(Z156wti& - Gm 23t 

5.0. NO.: b-~‘+lo - Zl’l moo -03600 BORING NO.:-bJM’-8 
COORDINATES: EAST: 2466046.8526 NORTH: 360563. l&e 

ELEVATION: SURFACE: 13.20 TOP OF STEEL CASING: - 

RIG: 
r?O~lCd5 55 -muuc mouur 

WATER 
SPLIT CORE 

pR%iESS 
DEPTH 

SPOON CASING AUGERS BARREL DATE WEATHER (F-0 TIME 

SIZE (DIAM.) 

LENGTH 

TYPE 

HAMMERWT. ‘IYo/~, 

FALL . 
STICK UP 

I 

30tr. _ . . , 
- -_ 

m 
RE 

1 
[MARKS: 

1 
SAMPLE IYPE 

s = Split Spoon A = Auger 
1 = ShelbyTube W = Wash 
R = Air Rotary C = Core 
0 = Denison P = Piston 

N = No Sample 

De$h 
(Ft.1 

TYPO 
ar.d 
No. 

,r 

I- 
s,\ 

z 2.0 

3- 
5-3 

4 +a 

5- 53 

6 LB 

7- 

B- 
HJ 

9- 

0 

- 

Ret 
Ft 
& 
35 

’ lo 
* 
1% 

‘8 

‘b 

- 

ab. LL, 
lass. *. 
or Moist 
‘PC. 
late 1 
- 

I 

‘I 
- 

L( 

WELL 
INFORMATION 

‘Jell Ca3ing 

Yell Screen 

lYqE 

PVC Threaded y; -. . 

pvc S,d 

TOP 
DEPTH 

(FTI 

0 

Visual Dfsxiption 
Y. 

. 

Eleva:ior 

-4 
4 

Match to Sheet 2 



SAMPLE TYPE DERNITIONS 
5 = Split Spoon A = Auger SPT = Standard PenetrationTest (ASTM D-1586) (810~10.S) 
T = Shelby Tube W = Wash RQD = Rock Quality Designation (%) 
R = Air Rotary C = Core Lab. sass. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
D = Denison l P = Piston lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

N = No Sample 

ample 
iamp. lab. ,” 

Depth 
Rec. ClaSS. 

wpe 
PT 

(Ft.) 
(R or Visual Description 

Well h&all3tion 
Elevation 

4% Pen. 
No. 

bo % I 
%I Rate r-; 

5 
‘6 oritinued from Sheet 1 w&~~~~bT 1, A 

1 ,- Y 1 
tea 

1 

l- 

2 
12.0 

3- 

4- 

s IG.0 

6- 

7 IT4 

8-I 

9- 

‘0 -= 

!l - 

!2-=! 

!3 - 

!4- 

25 -3 

26- 

27 -3 

28- 

29- 

30 
30-t- 

s -7 2-c 

to 
(1 

ZL 
3 

i -Match to Sheet i 



SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
0 = Denison - P = Piston 

N = No Sample 

Depth 
Sample ~ 

(Ft.) 
Type 
and 
No. 

l- 
s-b 

* 32-o 

3- 

&d 
:4- 

5-.%:P 

;9 

1 I 

4- 
-I 

10 -~ Lc0.d 

;I - 

:2 42.0 

“3- 

:4- 

+5- 

46- 

47- 

48- 

4% 

$0 

Samp. 
Rec. SIT 
(FL or 
& RQD 

%I 

b 
10 

2.D i?a 
2’1 

t 
I 
2.3 
- 

- 

i 

21 

‘t-l - 

1 

DRILLING CO.: -VcWU,, -uobf=f BAKER REP.: f%f+d 6 Qfhl” 

DRILLER: WRa‘) BORING NO.: V’p -% SHEET & OF & 

DEFINITIONS 
SPT = Standard Penetration lest (ASTM D-1586) (Blows/O.S’) 
RQD = Rock Quality Designation i%) - . ’ 
lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

0 Visual Description 
Well Iga$ation . 

Elevation 



TEST BORJNG AND WELL CONSTRUCTION RECORD 

PROJECT: Sk 35 tdm\e~a.~taL &a-T T-Q-SC wdciwn 

CT0 NO.: 232 BORING NO.: z 5STLi)SOd 
COORDINATES: EAST: 2465953 .-I973 NORTH: 364054.1l-lO 
ELEVATION: SURFACE: ~4.02 TOP OF PVC CASING: 

REMARKS: &AS+VCA t= Q ~%s’<bys) CA+A,.T Q-‘uMQQCCL-+ w=LL SC-k 8-3-96 
\+a& \3adqp3wd is -49p- 

SAMPLE TYPE Well Diam. Type Top Bottom 
s = split spoon A = Auger IuformtioIl DePh Depth 
T = Shelby Tube W=Wash @) 0-v 
R-AirRotay C = Core Schedule 40 
D = Denison P = piston Riser 2.0” PVC f 2.5 -s.o 

N = No Sample 
Screen 2.0” 

Schedule 40 
0.01 Slot -9.0 - \q.o 

Depth Samp. Samp. SPT Lab PID 
(f&) Type Rec. or m @pm) 

Well 
Vii Description Iustallation Elevation 

and (ft& RQD No. Detail @ MSL) 
No. %) 

l- / 
I 
I I 

2- 
j 

3- 

6- 
i 

7, I 

I 
8- 

9- 

10 _ 

DRILLING CO.: -i%v~+&- a&c 

DRILLER: G LaL-r\‘\na . 4 

y Match to Sheet 2 - 

BAKER REP.: r E. 2 \\A.- b-.--.0 F.\hfLcL\h 

BORING NO.: 3STU.53ClY3 SHEET 1 OF 2 



.,’ m. TEST BORING AND WELL CONSTRUCTION RECORD 

SAM-E TYPE DEFINITIONS 
S = Split Spoon 
T = Shelby Tube 
R=AirRotiuy - 
D = DenisXm 

11 _ 

12 _ 

13 _ 

14 _ 

IS _ 

16 _ 

17 _ 

18. _ 

19 _ 
19.5 

20 _ 

21 _ 

22- 

23 _ 

24 _ 

25 _ 

26 _ 

27 _ 

28 _ 

29 _ 

30 

1 
Eiiiig 
2 
No. 

Y =NoS 
samp. 

(E 
%) 

A = Auger 
W=Wash 
c=core 
P = Piston 

lple 
SPT 

RID 

Lab 
ID 

No. 

;PT = Standard Penetration Test (ASTM D-1586)(Blows/O.S’) 
LQD = Rock QualityDesignation( 
‘ID = Photoionization Detector 
bpm = park per million 

Vkual Description 

Continued &:prn Sheet 1 

I 

. 

DRILLING CO.: ~~vr a’& - hat cc BAKER REP.: -5 c. ZIVU+~A at-w+ Q- 

DRILLER: G . dzl .A? &*q BORING NO.: 35nd 3aR SHEET 2 OF 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJFCT: SAQ 3s SLApp\@-omta\ G ~~w&hwahZT ‘r~\o)o-St;W+-+ ’ \Qv\ 
CT.0 NO.: 232 BORING NO.: 3s7w~c,B 
COORDINATES: EAST: 2465953.7913 NORTH: 364054.1170 
ELEVATION: SURFACE: \4.62 TOP OF PVC CASING: 

DRILLING CO.: ?&v&k - khb\ cc BAKERREP.: ‘5; &n ~~~-Q-w.MzuA 

DRILLER: BOEUNG NO.: 35TW3QR SHEET I OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 

WLE TYP& 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary ’ C=Care 
D=Deniin P = Piston 

I!!% 
SPT 

RllD 

3 

9 

PT = Standard Penetration Test (ASTM D- 1 S86)(BlowdO.S9 
,QD = Rock Quality Designation(%) 
ID = Photoionization Detector 
pm=p2stspermikn 

:NoSi 
& 

(E 
%) 

I$ 
Z*Q 

b5% 

r 
samp. 
2 
No. 

s-3 

Lab 
ID 
No. 

Fir 
iv0 

Depth 
(fu 

Well 
Installation 

Detail 

Elevation 
(ft. MSL) 

vii lJe%ription 

I” wc- 
; \‘SQr 

- - 5.16 

ll _ 

12 \2d 

13 _ 

14 _ 

15 I!% 

16 _ 

17 17s 

18. _ 

19 _ 

20 26 

21 _ 

22 22. 

23 _ 

24 _ 

25 25 

26 _ 

3 
27 ,z 

28 _ 

29 _ 

30 J&? 

6 
S 
1 
8 

3 
2-O 

Paa% 

*+ 
/ -4- s-4 

.4 
4 d-d 

4 
4 
& 

s-s 

d-d 

5-d 

d-d 

I 
2 
4 
3 

DRILLER: BOFUNG NO.: 3srb31QR SHEET 2 OF 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger 
T =: Shelby Tube W=Wash 

SPT = Standard Penetration Test (ASTM D-1586)(Blows/O.5’) 
RQD = Rock Quality Designation (%) 

R =: Air Rotary c=core PID = Photoionization Detector 
D =: Denison P = Piston ppm = parts per million 

N = No Sample 
Depth Samp. Samp. SPT Lab PlD 
(W Tme Rec. 

and (ft. & R;D :. 
@Pm> 

Well 
Visual Description Installation Elevation 

No. %) Detail (ft. MSL) 

DRILLING CO.: =r c-3 &- K3 b \c c BAKER REP.: 1E. cL,-HhevLMaLn 

DRILLER: G  Qa\nSlv?Q l BORING NO.: 3 5Tti 3aR > SHEET 3OF3 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJBCT: : S&z 35 Sup,o\wev\ta t G~ub~&wak~r TAucrsc\~ Ots*bv\ 
CT0 NO.: 232 BORING NO.: 3srW,?M 
COORDINATES: EAST: 24&623 6.0625 NORTH: 363-8.9 \ 6 I 
ELEVATION: SURFACE: 9.50 TOP OF PVC CASING: 

C 
F 

t 

s 
I 
‘I 
F 
F 
s 
F 

DATE PROGRESS WATER 
WEATHER DEPTH TIME (FT.1 (FT.1 

S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotaty C = Core 
D = Denison P = Piston 

N = No Sample 

Depth 
m 

l- 

2- 

3, 

4- 

7- 

8- 

9, 

10 _ 

samp. 
2 
No. 

WP- SPT Lab 

(k.Ti R;D 
ID 

No. 
%) 

SAMPLE TYPE 

A 

Depth Depth 

Visual Description 

I 
l- 
, 

y Match to Sheet 21 

Well 
Installation 

Detail 

Elevation 
(f&. MSL) 

DRILLINGCO.: I-hrratt-Uo\FC 

DRILLER: G . La L-2 cu-63 4 

BAKER REP.: 3% E* z,\Mwm Q.CwAain 

BORING NO.: 3srw31b-4 SHEET 1 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

t 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube w=wash 
R-AirRotary * C=COl-l? 
D = Denisim P = Piston 

Depth 
m 

11 _ 

12 _ 

13 _ 

14 _ 

15 _ 

16 _ 

17 _ 

18, _ 

19 _ 
19.5 

20 _ 

21 _ 

22 _ 

23 _ 

24 _ 

25 _ 

26 _ 

27 _ 

28 _ 

29 _ 

30 _ 

1 
samp. 
Trpe 
and 
No. 

:NoSi 
;amp. 

E 
%) 

Lab 
ID 

No. 

ONS 
;PT = Standard Penetration Test (ASTM D-1586)(Blows/O.5’) 
LQD = Rock Quality Designation (%) 
‘ID = Photoionization Detector 
‘pm = pats per million 

i , 

vii Description 
Well 

Installation 
Detail 

Elevation 
w- mu 

Continued f$m Sheet 1 

- -9.50 

- -\o.oo 

u3acc 
?Yl 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECTz 5% 35 supC,\Q,~~evrkL~ G~auv%dbiX~k~ rnueT~tqo-kiav\ 
CT0 NO.: 13q BORING NO.: 3zFTld3/6 
COORDINATES: EAST: z&%Z36.0625 NORTH: 363508.9 ks \ 
ELEVATION: SURFACE: 9.50 TOP OF PVC CASING: 

‘i RIG: 

-8 

;EN CASING 

‘ 

; 
. 

SAMPLETYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R-AirRotary C=CO= 
D = Denison P = Piston 

N = No Sample 
t 

Depth 
@I 

samp. 
Type 
and 
No. 

TX 
ID 

No. 

. . 
Weti Diam. Type Top Bottom 

Infolmation Depth Depth 
w-) m-) 

Riser 2.0” Schedule 40 
PVC +2.5 -34.5 

Screen 2.0” Schedule 40 
0.01 Slot -34.5 -39t5 

I Well 
Installation 

Detail 

Elevation 
(ft.MSL) 

2- 

3, 

4- 

5 5.C 

6- 

7 7.c 

8- 

9 ?.C 

10 _ 

DRILLING CO.: pw r att- k&c BAKER REP.: 31 E. ‘L t VbA b7LB.T i*a CLM 

DRILLER: BORING NO.: 35xLks 3r !a SHEET 1 OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tub;: 
R=AiiRotary - 
D = Denisan 

I 
samp. 
2 
No. 

5-3 

=NoS 
samp. 

(E 
%) 

$O”/c 

. 

11 1t.c IO 

12 _ 

13 _ 

14 _ 

15 -5 
3 

16 _ 
j-4 

3 
7 

17 ,s 2 

18. _ 

19 _ WJ 

20 ,a 
5 

21 _ 5-s ‘: 
22 -23 I 

23- 

24 _ 

25 -3 

26 _ 
5-L 

27 ,a 

28 _ 

29 _ I+)\] 
30 2 

DRILLING CO.: =vtatt - Ua\ c c 

DRILLER: 

1 

I 

. 

BAKER REP.: J;EY 2,n4mQmAaL-l 

BORING NO.: 3E;TW=i\R SHEET 2 0: 

A = Auger 
W=Wash 
c=core 
P = Piston 

Lab 
ID 

No. 

;PT = Standard Penetration Test (ASTM D- 1586)(Blows/O.5’) 
tQD = Rock Quality k&nation~%) 
‘ID = Photoionization Detector 
‘pm = parts per million 

Vii Description 
Well 

InstaMion 
Detail 

Elevatioa 
(ft. MSLI 



I 

PROJECT: 
CT0 NO.: 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)@lows/05’) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R=AirRotary C=COIZ PID = Photoionization Detector 
D = Denison P = Piston ppm = parts per million 

N = No Sample 
Depth Samp. Samp. SPT Lab PID 
(ft.) Type Rec. or ID @pm) 

Well 
Visual Description Installation Elevation 

and (ft.& RQD No. (ft. MSL) 
No. %) 

Detail 

DmLLMG CO.: ??wS,i+L- b&3! cc BAKER REP.: J. E. -2 \vmln.‘tcLtKhb\h 

DRILLER: G. Ca\hS;LTQ BORING NO.: 35Tba3Ita SHEET3OF3 



m 
TEST BO&G AND WELL CONSTRUCTION RECORD 

PROJECT 
CT0 NO.: 62&O *l-23? 
COORDINATES: EAST: &4273 .-I 636 
ELEVATION SURFACE: [ 9 - ’ 

BORl58 NO.: 3s rwJ390 
NORTH: 362303.3434 
TOP OF PVC CASING: H3.03 

WdARKS: \ 
SAMPLE TYPE Well Diam. 

A =‘Auger 
me TOP Botto 

S = Split Spoon Information Depth Dept 
T = Shelby Tube W=Wash (ft.> @-I 
R=AirRotary C = Core 
D = Denison P = Piston 2%~ 2k.h 40 WC is56 - 4O.d 

N = No Sample 

Depth Samp. Samp. SPT Lab PID 
(ft.) Type Rec. or Class. (ppm) 

and (ft. & RQD or 
No. %) Pen. 

Rate 

Visual Description 
Well 

Installation 
Detail 

Elevatic 
(il. MS1 

l- 

2- 

3, - /’ / 

4- 

6- 

7, 

8- 

9- 

10 _ 

DRILLING CO.: %mxk- vJolff BAKER REP.: etck 3eSohn 

DRILLER: mp L&M- BORING NO.: 35-Mvd39B SHEET .t OF3 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROTECT: hQ&Me&s\ G@d&& ~~&&ibil & Lib 35 - MC%La 
3 

CT0 NO.: e.430- 232 BORING NO.: 35-M+J39R 
wlv- 

TYPE ITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D- 1586)(BIows/O.5’) 
T = Shelby Tube W-Wash RQD = Rock Quality Designation (%) 
R=AirRotary C = Core Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
D = De&on P = Piston Lab. Moist. = Moisture Content (ASTM D-22 16) Dry Weight Basis 

N = No Sample 
Depth samp. samp. SPT Lab PID 
(ft.) Type Rec. or Class. @pm) Well 

and (ft. & RQD or Visual Description Installation Elevation 

No. %) Pen. Detail (ft. MSL) 

Rate 

I1 _ 

Ii _ / 

13 : 

14 _ 

15 _ 

16 _ 

17 _ I 

18 _ 

I9 _ 

20 _ 

21 _ 

? - 

23 _ 

24 _ 

z5- 

‘j6 _ 

27 _ 

?S _ 

29 _ 

30 _ 

DRILLING CO.: ?~rm-& - ww BAKER REP.: Ma-k &S&n 

DRILLER: ch:p L f 4 e+zt \ BORING NO.: 35-\“\+4’398 SHEETZOF3 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.S) 
RQD = Rock Quality Designation (%) 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 

Visual Description 

DRILLING CO.: ?hdZbYJOW BAKER REP.: Mm-k &T&n 

DRILLER: ch:p L f ct e4et BORING NO.: 35-MV0%3 SHEET 30F 3 \ 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: S&QM~&~ &mndw&r ~we&wkt’~n &I SB%=s 35 - !‘/\C%LE~ 

CT0 NO.: 62&6 - 232 BORI& NO.: 35-\‘rJJqoo 
COORDINATES: EAST: 24&+977.6\25 NORTH: 362399- 8093 

ELEVATION: SURFACE: I7 -9 TOP OF PVC CASING: Il.59 

m4AREc3: 
SAMYPJ SE TYPE Well Diam. Type Top Bottom 

S = Split Spoon A = Auger Information Depth Depth 
T = Shelby Tube W=Wash (fi-1 w 
R=AirRotary C = Core 
D = Denison P = Piston Z’hl5ch 40 lye l&$-r - 40.0 

N = No Sample 
[+c4’5Lw 2”o h 5Jl 4-0 Q\jL *- 40.0 45 0 

Depth Samp. Samp. SPT Lab PID 

(ft.) Type Rec. or Class. (ppm) Well 
and (fi. & RQD or Visual Description Installation 

Elevation 

No. %) Pen. Detail 
(ft. MSL) 

Rate 

l- 

2- 

3- 

5- 
#+pl - - - 

6, 

7- 

9- 

10 _ 

DRILLING CO.: %=&- \rJO’ff BAKER REP.: *ck Jle..hn 

DRILLER: ai p L&m BORING NO.: 35-MW40!3 SHEET 1 OF 3 



m 
TEST BORING AND WELL CONSTFtUCTION RECORD 

- 
TYPE PEFIN~K!I?B 

s = Split spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R=AirRotary c=core Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282: 
D = Denison P = Piston L;ab. Moist. = Moisture Content (ASTM D-22 16) Dry Weight Basis 

N = No Sample 
Depth Samp. Samp. SPT Lab PID 
(ft.) Type Rec. or Class. @pm) Well 

and (ft.& RQD or Visual Description Installation 
Elevation 

No. %) Pen. Detail 
(ft. MSL) 

Rate 

11 _ 

12 __ 

13 1 

14 _ 

I5 - 

16 _ 

17 _ 

18 _ 

t9 _ 

H)- A+ - - - - 

1 _ 

2, 

13 _ 

3, 

Y, 
I 
:6 _ 

L7 _ 

,8 _ 

‘9 _ 

0 i 

DRILLING CO.: ?~r&t-Y~o~ BAKER REP.: Msrk k.X&n 

DRILLER: Ch:2 Lcr t+zr f I BORING NO.: 35-whJ*6 SHEET2 OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 

or AASHTO (ASTM D-3282) 

Visual Description 

DRILLING CO.: 3SWk’YJO~ BAKER REP.: Ma-k Qe3ahn 

DRILLER: a+;, L f 4 B+zT BORING NO.: 35 MM-a SHEET3 OF3 \ 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 5ooDkm~L~ Gromh+fter srr\re~t;q~t:on am& &-lx% 35 - \q&LEJ 

CT0 NO.: 62476 - 232 
24 659 I I - 8954 

BORIki NO.: js-Pw54\(3 

COORDINATES: EAST: NORTH: 36239l.6702 
ELEVATION: SURFACE: 16-7 TOP OF PVC CASING: \6.43 

S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = Denison 

N = No Sample 

Visual Description 

l- 

2, 

3- 

4- 

6, 

8- 

DRILLING CO.: k*- vJO’ff BAKER REP.; i”\sck l)ezsam 

DRILLER: a: (J L&w BORING NO.: 35-M’@%\ B SHEET 1 OF3 



m TEST BORING AND WELL CONSTRUCTION RECORD 

J.E TYa 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)(Blows/O.S) 
T = Shelby Tube W=Wash RQD = Rock QuaIity Designation (%) 
R=AirRotary C = Core Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
D = Denison P = Piston Lab. Moist. = Moisture Content (ASTM D-22 16) Dry Weight Basis 

N = No Sample 
Depth Samp. Samp. SPT Lab PID 
(ft.) Type Rec. or Class. @pm) Well 

and (ft. & RQD or Visual Description Installation Elevation 

No. %) Pen. Detail (ft. MSL) 

Rate 

11 _ 

12 - 

I3 : 

14 - 

15 _ 

16 _ 

17 _ 

I8 - 

19 _ 

20 - 
4-d - - c - 

21 _ 

22 _ 

23 _ 

t4 _ 

25 _ 

26 _ 

27 _ 

28- 

29 _ 

30 _ 

DRILLING CO.: ?sr&t-YJoW 

DRILLER: Chlg & f 4 e+zt \ 

w 

BAKER REP.: Ma+ &T&I 

BORING NO.: 35- MN4 I 8 SHEET2 OF3 



m TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: SoppkMents\ GToad~&r Inq&;c\st;on a+ Site 35 - Mc%LIS 3 
CT0 NO.: 62470- 232 BORING NO.: ?s- Pw4l n 

R=AirRotary Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Visual Description 

DRILLMG CO.: SlKWtt - VJdW BAKER REP.: Mm+. k3bn 

DRILLER: -J:? L&w BORING NO.: 35-wd4\s SHEETS OF2 



. 

. - .  .  - . - /  . -e  . -  *L-u- 

--m4W 
-  .  .  

TEST BORING AND WELL CONSTRUCTION RECORD 

G: 
\y\ol3\& a' -muc(c MbuM- 

1 SPLIT CORE 
PR%ESS 

%--i 
’ SPOON CASING AUGERS BARREL ,DATE WEATHER VT) TIME 

SAMPLE TYPE 
5 = Split Spoon A = Auger 
1 = ShelbyTube W = Wash 
R = Air Rotary C = Core 
D = Denisotr P = Piston 

N = NoSa de 

I- 

2- 

3- 

4- 

S- 

6- 

7- 

8- 

9- 

IO - 

rid 
IO. 

ORILLING CO.:: _ 

amp. 

Ft 
& 
34 

?T 

b0 

ab. 
Ilass. 
Or 

?er.. 
Iate 

.ab. 
loisl 
Y% 

WELL 
INFORMATION DIAM TYPE 

TOP 
DEPTH 

WI 

‘u’ellCa3ink 

Veil Screen 
PVC Threaded 0’ 

35 t f 

PVC Slotted I 5 .3 ’ qo’ 
I I 

Visual Description I Well 



TESTBORINGANDWELLCONSTRUCTIONRECORD 

SAMPLE P(PE OEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586) (EloM~0.5’) 
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) 
0 = Denison . P = Piston Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

N = No Sample 

Samp. lab. 

Depth 
Sample Ret SK Class. Lab. 

(Ft.1 
We 
and 

(Ft. or or Moist Visual Description 
Well Im&aJation 

Elevation 
& RQD Pen. % 

No- %I Rate 

Continued from Sheet 1 

DRILLING CO.: ? rs+.aui* -vJott=e BAKER REP.: &q,*e3 I2 L ORJ 0 

DRILLER: CA@ BORING NO.: 3s -tv\tic(2-6 SHEET 2 OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: tkrr- SCe&.,,\ab - cfo 23-i- 
5.0. NO.: bW?o -2% z-0000-0340b BORING NO.: 3r0f-A 92-g 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison - P =. Piston 

N =. No Sample 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM O-1586) (B~owslO.5’) 
RQO = Rock Quality Oesignation (%I 
Lab. Class. = USCS (ASTM D-2487) or AASHTO (ASTM O-3282) 
Lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Samp. 

Depth 
Smle Rec. SIT 

Lab. p,,d 

Type 
Class. u. 

(Ft.) and 
(Ft. or Moist 

RQ() P::. 9~ 
Visual Description 

Well Irgt$ilz3tion 
Elevation 

No. ;) 
Rate (9~1 

i 

Continued from Sheet L 
1 

2 

3 
33.0x qb.0 ti 

:4 

i4- 

;5- 

46- 

47- 

W- 

49- 
- 

50, L 

DRILLING CO.: %tUer - d6Lw BAKERREP.: &In+J & %I\5 

ORLLLER: Ctt\P BORING NO.: ?sf -(*\(LJYZ-6 SHEET 3 OF d 
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RE 

t 

. 
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-..C*..p ,j y: 
I- ..I 

.- ., &.&fg 
.1 i. 

,i.-n”-- .“j 

TEST BORING AND WELL CONSTRUCTION RECQR$j 
PROJECT: %I- %f&f%wk c &O 2’3% 

5.0. NO.: t,,~~~o-23t-~000- 03cob BORING NO.: 3S-- T*\U~Y~-J’~ 
246S3\7.&37 36 ~8-6. IL94 I COORDINATES: EAST: NORTH: 

ELEVATION: SURFACE: 15.30 TOP OF STEEL CASING: IS.01 

G: nb6\* S.$ -I-&UC\L nw- ‘d 

SPLIT CORE PROGRESS 
WATER :, 
DEPTH 

SPOON CASING AUGERS BARREL DATE (FT) WEATHER (FT) TIME 

:E (DIAM.) \q3 \r3 3&7 51-46 0 - 92 -10’s 504JrJ-, Eo m-lGLs 

NGTH ZCT- rtrj- 

‘PE 55 W 

4MMER WT. I Jobs. 

,LC 3am. 

ICK UP 

[MARKS: 

SAMPLETYPE 
s = Split Spoon A = Auger 
T = ShelbyTube W = Wash 
R = Air Rotary C = Core 
0 = Den&n P = Piston 

l- 

!- 

5- 

6- 

7- 

8- 

9- 

o- 

ample 
he 
and 
No. 

A-4 

5amp. 
Ret 
Ft. 
& 

% 

!Ie 

Lab. 
T Class. 

L 

Of 

20 PC. 
Rate 

I 

Lab. 
Moist 

% 

WELL 
INFORMATION 

I .I 
DIAM TYPE I I TOP 

DEPTH 
VT) (FO 

Veil Ca3ing I zi” PVC Threaded a 3s 

Yell Screen PVC Slotted I 35 YO 

I I 

Visual Dssxiption 
Well 

Installation 
Detail 

Elevation 



- 
SAMPLE TYPE DEflNlllONS 

S = Split Spoon A = Auger SPT = Standard PenetrationTest (ASTM D-1586) (8l0~10.S') 
T = Shelby Tube W = Wash RQD = Rock Quality Designation (%) 
R = Air Rotary C = Core tib. Class . = USCS (AsrM O-2487) or AASHTO (AgM O-3262) 
D = Denison l P = Piston lab. Moist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

N = No Sample 

amp ab. 

Depth 
Rec. P-r lass. ab. 

(Ft.1 
U-t. 

ho 
or 

and 
Ioisr 

a 
Visual Description 

Well h;Za$l;tion 
Elevation 

Pen. 
No: 

% 
%I Pate I I 

lontinued from Sheet 1 
1’ l- 

1; 2- 

1: 3- 

. -. 
l< 4- 

. .A . -  “9 ,  

1 5- 

1 6- 

1 7- 

1 8- 

1 9- 

2 o- 

2 l- 

;. i_ 
2 .2 - 

2 .3 - 

2 14 - 

2 15 - 

2 !6 - 

2 !7 - 

2 !8 - 

i !9- 
I L 

: IO- - 

I 

l 
DRILLING CO.: VW UOLCC BAKER REP.: %L\ncJ E iawl 

DRILLER: CA-+ \e BORING NO.: 3$- -93 -6 SHEET 2 OF 

. 

. 



TESTBORINGANDWELLCONSTRUCTIONRECORD'~ . 1. ._.- ..- i 
5.0. NO.: ~V1~0-232-au~ - 07beO BORING NO.: ?a$# -4Y3-6 ” 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 
D = Denison - P = Piston 

N =NoSa 

Depth 
Sample 
TYW 7-L (Ft.) ad 

No. 

- 

Imp 
tee. 
(Ft. 
& 

%I 
- 

ml: de 

51 ‘T 
01 

‘1 hD RI 

3- 

‘4- 

$5- 

i6- 

37- 

;B- 

59- 

:o ‘h 

Sl 1 

:2 *a 

-3- 

:4- 

is- 

16- 

47- 

+a- 

99- 

so- 

+-b-J 

;- 1 

SPT = Standard Penetration Test (ASTM D-1586) (BlowslO.5’) 
RQD = Rock Quality Designation (%) 
lab. Class. = USC’S (ASTM D-2487) or AASHTO (A&A D-3282) 
Lab. Maist. = Moisture Content (ASTM D-2216) Dry Weight Basis 

Lab. 
:lass. 
or 

Pen. 
Tate 

Visual Description 

jontinued from Sheet 

- 
I 
IO 

1 

7 
- 

DRILLING CO.: . @wu+c- baot* BAKER REP.: IhA*, G  l ThJl~ 

DRILLER: Ck\ P BORING NO.: &r1W93-6 SHEET & OF & 

DEFfNlTfONS 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROIECT: Sk 3s -su~n\~~cv\t;ol. GUAwoltar LvacsC~s&QM 
CT0 NO.: 233 BORING NO.: 3SMti4-4n 
COORDINATES: EAST: 2466156.2755 NORTH: 363616-3309 
ELEVATION: SURF-ACE: 7.60 TOP OF PVC CASING: iO.00 

SAMPLE TYPE Well Diam. lLpe Top Bottom 
s = split spoon A = Auger Information Depth Depth 
T = Shelby Tube W=Wash (ft.) vu 
R =: Air Rotary C=Core 
D =: De&on P = Piston Riser 2.0” Schedule 40 

PVC t2,S -9sl 
N = No Sample 

Screen 2.0” ~~l*s~~ 4o -qcJ . -\9.0 
Depth Samp. Samp. SPT Lab PID 
(ft.) Type Rec. or 

and (f-L& RQD Iti. 
@pm) 

Well 
Visual Description Installation Elevation 

(ft.‘MSL) 
No. %) Detail 

BAKER REP.: ILZZ r~wAczu-t44(*~ 

BORING NO.: 35MLa44A SHEET 1 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

. . 

t 

SAMPLE ‘WS 
S = Split Spoon 
T = Shelby Tube 
R=AirRotary - 
D = Denian 

A = Auger 
W=Wash 
C=CQe 
P = Piston 

Depth 
@J 

11 _ 

12 _ 

13 _ 

14 _ 

15 _ 

16 _ 

17 __ 

1s. _ 

19 _ 

20 _ 

21 _ 

22 _ 

23 _ 

24 _ 

25 _ 

26 _ 

27 _ 

28 _ 

29 _ 

30 - 

P 
Gig 
Type 
and 
No. 

4-h 

,NoSi 
izig 

gi 
%) 

Lab 
ID 
No. 

.7 
/ 
.-I 

ITIONS 
PT = Standard Penetration Test (ASTM II-1586)(Blows/O.5’) 
:QD = Rock Quality Designation (%) 
ID = Photoionization Detector 
pm-partspermillion 

i I 

Visual Description 
Well 

InstalMon 
Detail 

Elevation 
m- =w 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 5i4c7 35 hchgnlcumomCa 1 G-$-CT Guc7~#iSciCiov, 
CT0 NO.: 233 BORING NO.: 3SPlW4.bR 
COORDINATES: EAST: 24661&i -9 262 NORTH: 363675.9649 
ELEVATION: SURFACE: 7.10 TOP OF PVC CASING: 9.93 

~MARKS: S\\qt= Sg\;+ spa- savy~pc~ cdtuctad %Q \abwatavy CM~.\Y~;~ 7-9 l cbps). tiuq~md 
‘co Q 35.5’ cbqs) .A~ptk, T;Ipc‘n: WCLI( sat 7-3 1-9~~. Hluu hac~.grow.,d cc: .4 pP,+, 

SAMPLETYPE Well Diam. Type Top Bottom 
S = Split Spoon A = Auger hlf-omlatioIl Depth Depth 
T = Shelby Tube W=Wash (f-G 0-v 
R=AirRotary c=core 
D = De&on P = Piston Riser 2.0” 

Schedule 40 
PVC +2.5 -30,o 

N = No Sample 
Screen 2.0” 

Schedule 40 
0.01 Slot 

Depth Samp. Samp. SPT Lab PID 
(rt) Type Rec. or 

and (ft.& RQD :. 
@Pm) 

Well 
Viial Description Installation Elevation 

Detail (ft. MSL) 
No. %) 

DRILLING CO.: -i&r&k - ~UCJ\ c t” BAKER REP.: r E. z\‘*-‘.~:-~_r.\::...~.‘,r, 

DRILLER: G. tab?r:.,ft4 BORING NO.: 3S M KJ 44- 6 SHEET 1 OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 

:. 

PROJECT: 
CT0 NO.: 

E TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W-Wash 
R-AirRotary ’ C-Core 
D = Dentin P = Piston 

11 _ 

12 _ 

13 _ 

14 _ 

15 _ 

16 _ 

17 - 

18 _ 

19 _ 

20 _ 

21 _ 

22 - 

23 _ 

24 - 

25 - 

26 _ 

21 _ 

28 _ 

29 - 

30 - 

kIlp. 
rYl= 
and 
No. 

R-hl 

NoS 
Lab 
ID 
No. 

FE- 
Pm) 

.4 
4 

SNITIONS 
PT = Standard Penetration Test (ASl7vf D-1586)(Blows/O.5’) 
QD = Rock Quality Designation(%) 
CD = Photoionixation Detector 
pm=parkpermillion 

Vii Description 
Well 

InstaUion 
Deteir 

Continued from Sheet 1 /I 

/ 
/ /\;I 
/ / 
/ / 
I I 
I I 
/ / 

/ -4 



TEST BORING AND WELL CONSTRUCTION RECORD 

S = Split Spoon 
T = Shelby Tube 
R=.AirRotaq 
D = Denison 

SPT = Standard Penetration Test (ASTM D-1586)@10ws/0.5’) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
ppm = parts per million 

Vial Description 

DRILLMG CO.: --ibuakt- bLs&~ BAKER REP.: JI E, ;zww nAQrt.Moti 

DRILLER: G. Lckt?,‘-ift P BORING NO.: 35MbA4-4-8 SHEET 30F3 



-_ 

m 
TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 62470 - 232 

24649 72.2 662 cooRDINATEs: EAST: 
ELEVATION: SURFACE: 17.8 

B0Rl-d NO.: 35-&JDD6 
NORTH: 362400.~l35 
TOP OF PVC CASING: \7.57 

N = No Sample 

Visual Description 

DRILLING CO.: 

DRILLER: 

BAKER REP.; 

BORING NO.: 



TEST BORING AND WELL CQNSTRUCTION RECORD 

TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R = I$@ Rota+4 ) c=core 
D = Denison 

=No Si 
samp. 

(Ezi 
%) 

lple 
SPT 

KTD 

P = Piston 
r 

samp. 
Type 
and 
No. 

I I Depth Lab 
(fi.) Class. Well Elevation 

Of Visual Description Installation 
Pen. Detail 

(ft. MSL) 

Rate 

11 _ 

12 _ 

113 z 

i4 _ 

I5 _ 

16 _ 

(7 _ 

ill _ 

19 _ 

20, 

2l, 

22, 

23 _ 

a- 

25 _ 

26 _ 

27 _ 

28 _ 

W- 

70 -a 

DRILLING CO.: Fk&t-Y40IcF BAKER REP.: Ma% &C&i7 

DRILLER: Ch:? L f 4 t4eT BORING NO.: 35-G+lD06 SHEETZOF4 

s 
I 

1 

1 
1 

iPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
XQD = Rock Quality Designation (%) 
hb. Class. = USCS (ASTM D-2487) or AASHTO (ASTM D-3282) 
hb. Moist. = Moisture Content (ASTM D-22 16) Dry Weight Basis 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

3 

3 

s 

3 

3 

3 

3 

1 

3 

4 

4 

4 

4 

4 

L 

4 

1 

. 

, 

4 . 

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) 

Visual Description 

DRILLTNCi CO.: Em&t-VdoW BAKER REP.: Msrk &Dbn 

DRILLER: ch:p L f -=l e+zr BORING NO.: 3S-&Wp6 SHEET3 OF+ \ 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT 
CT0 NO.: 

Lab. Moist. = Moisture Content (ASTM D-22 16) Dry Weight Basis 

Visual Description 

DRILLING CO.: %m&t-YJow BAKER REP.: Msrk De3bn 

DRILLER: a+;, L f 4 tl+E~ , BORING NO.: 3s --Gv\lfx% SHEET4OF4 



TEST BORING AND WELL CONSTRUCTION RECORD 

stct 3s Sup?bmA~ GvQ~~hwakac Lw?RnC 
, 

PROJECT: \Q6- \P\M k’ _ 
CT0 NO.: 232 BORING NO.: 35Cwnc2 

COORDINATES: EAST: 2466150.%95 NORTH: 3636 61.6343 
ELEVATION: SURFACE: ‘7.30 TOP OF PVC CASING: 9.41 



m . TEST BORING AND WELL CONSTRUCTION RECORD 

S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary . c=cme 
D=Deniin P = Piion 

Depth 
m 

11 -I 1f.C 

12 _ 

13 i3.C 

14 _ 

15 Eke 

16 _ 

17 ns 

18. _ 

19 Fix 

20 _ 

21 a.< 

22 _ 

23 23. 

24 _ 

25 ,g& 

26 _ 

27 ,z 

28 _ 

29 -2 

30 _ 

P 
samp. 

z-z 
No. 

s-s 

5-6 

s-f‘ 

X-8 

s-9 

S-b 

5-u 

T&4 

S-IS 

.NoSi 
samp. 

(E 
%I 

Lab 
ID 
No. 

PT = Standard Penetration Test (ASTM D-1586)(BlowdO.59 
IQD = Rock Quality Designation (%) 
ID = Photoionization Detector 
pm = parts pa million 

I I 

visual Description 
Well 

IllStdhtiO~ 

Detail 

Elevation 
(ft. MSL) 

V 
- - 3.50 

-3.10 

CUMh/Lt 
o- 

b” 

=i&q 

- - 14.30 

- -14.70 
z:‘w- 

(1 t\sOE- 



TEST BORJNG AND WELL CONSTRUCTION RECORD 

S = Split Spoon 
T = Shelby Tube 
R=AirRotary 

SPT = Standard Penetratio 

PID = Photoionization Detector 
ppm = parts per million 

Visual Description 

DRILLING CO.: -?&T-C .A+ t. - b&S.:? BAKER REP.: J’;E; zbn-RVlMbV\ 

DRILLER: c,. 1&4llc; ;vm BORING NO.: 35Gwbcs7 _I SHEETj’OF4 



I 

PROJECT: 
CT0 NO.: 

SF’T = Standard Penetratio 

PID = Photoionization Detector 
ppm = parts per million 

Visual Description 



APPENDIX E 
SGI SAMPLE SUMMARY 



SEDIMENT SAMPLING SUMMARY 

SITE 35, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION 

MCB, CAMP LEIEUNE, NORTH CAROLINA 

Sample Location 

35-SDO1-06-02 

35-SDOl-612-02 

35-SDO2-06-02 

35-SD02-612-02 

35-SDO3-06-02 

35-SDO3-612-02 

35-SDO446-02 

35-SDO4-612-02 

35-SD054642 

35-SDO5-612-02 

35-SD06-0642 

35-SDO6-612-02 

35-SDO7-06-02 

35-SDO7-612-02 

36-SD05-06-02 

36-SD05-612-02 

36-SD0646-02 

36-SDO6-612-02 

36-SDO7-0642 

36-SD07-6 12-02 8107195 

Date 

Sampled 

8/08/95 

8108195 

8108195 

8/08/95 

8107195 

8107195 

8107195 

8107195 

8107195 

8107195 

8/07/95 

8107195 

8108195 

8108195 

8108195 

8108195 

8107195 

8107195 

8107195 



SOIL SAMPLE SUMMARY 
SOIL SCREENING INVESTIGATION 
SITE 35, CAMP GEIGER FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION 
CONTRACT TASK ORDER 0232 

* These samples were also analyzed for vinyl chloride, chloroform, 
1.1, I-TCA, teaachloride and PCE. 

** ft bgs = feet below ground surface 
*** BTEX = Benzene, toluene, ethylbenzene, and xylenes. 

DCE/TCE = cis-1,2 dichcloroethylene, trans-1,2 dichloroethylene, 
and trichloroethylene. 
MTBE = methyl tertiary butylether 



GROUNDWATER SAMPLE SUMMARY 

NAOC.GROUNDWAlER SCREENING INVESTIGATION 

SITE 35. CAMP GEIGER FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVES’TTGATION 

CONTRACT TASK ORDER 0232 

* BTEX = Benzene. t0hm-e ahylbenztne. and xylcncs. 

DCVrCE = k-1.2 dichclomubylenc. ~ans-l,2 dichloroctbylcne. and 

uichloroabylcnc. 

l *  

MTBE = m&y1 wdary butylabcr 

Mobile laborarory anlysis iKhxkd cis-1.2 DCE,trans-1.2 DC& TCE. 

vinyl chloride. chloroform. carbon rctrachloridc. l.I.l-TCA. and PCE 



GROUNDWATER SAMPLE SUMMARY 

SAOC, GROUNDWATER SCREENING INVESTIGATION 

SITE 35, CAMP GEIGER FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION 

CONTRACT TASK ORDER 0232 

35-TWllA 4112196 X X X 

35TWllB 4112196 X X X 

35TW12B 4126196 X X 

35TW13B 4126196 X X 

35-TW14B 4129196 X X 

35-TW15B 4130196 X X 

35TW29B 4130196 X X 

35-MW30A 4108f96 X X X 

* BTEX = Benzene, toluene, ethylbenzene, and xylenes. 

DCE/TCE = cis-1,2 dichcloroethylene, trawl ,2 dichloroethylene, and 

trichloroethylene. 

MTBE = methyl tertiary butylether 



GROUNDWATER SAMPLE SUMMARY 

ROUND 3 GROUNDWATER INVESTIGATION 

SITE 35, CAMP GEIGER FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION 

CONTRACT TASK ORDER 0232 

35MW09D-02 1 8112195 

35-MWlOS-02 1 8109195 

35-MWlOD-02 1 8109195 

35-MW14S-02 8110195 

35-MW14D-02 8/10/95 

35-MW19D-02 1 8/l l/95 

35-MW22S-02 8113195 

35-MW22Da2 8113195 

Parameters 

TAL Duplicates MS/MSD 

Metals TSS/TDS 

X X 

X X 

X X 

x I x I 
X X 

X X 

X X X 

X X 

xlxl x lx 
X X 

X X 

X X 

X X 

X X 

35-MW33A-02 8112195 X X 

35-MW33B-02 8112195 X X 

~ 35-EMW03-02 8110195 X X 

35-EMWO5-02 8/l l/95 X X 

35-EMWO7-02 8/10/95 X X 

35-GWDO5-02 8/l l/95 X X 



GROUNDWATER SAMPLE SUMMARY 

ROUND 4, GROUNDWATER INVESTIGATION 

SITE 35, CAMP GEIGER FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION 

CONTRACT TASK ORDER 0232 

MS/MSD 



APPENDIX F 
SOIL AND GROUNDWATER SCREENING RESULTS 

MOBILE LABORATORY DATA 



University of Pittsburgh Applied Research Center 
220 William Pitt Way, Pittsburgh, PA 15238 
(412) 826-5245 
FAX (412) 826-3433 

April 19; 1996 

Mr. Mike Smith 
Baker Environmental, Inc. 
Airport Office Park, Bldg. 3 
420 Rouser Road 
Coraopolis, PA 15108 

Dear Mr. Smith: 

Attached are copies of the data listings and a copy of the 
analysis logs for your project at Camp LeJeune. 

Please give me a call if you have questions or I can be of 
further assistance. Thank you for using MICROSEEPS. 

Sincerely, 

David J. Masdea 

DJM/lsp 

Attachment: 961023 

C*:::+-- :a1 and Environmental Surveying for Government and Industry 



MICROSEEPS 

961023 

:lANYl.H 

I 8 AM I‘ 

----- BAKRR ENVIRONMENTAL __--- 

----- PROJECT: SOI/CANP LRJBUNE ----- 

----- PROJECT LOCATION: SOUTH ARBA ----- 

----- HZ0 CONCENTRATIONS IN (ug/l) ----- 

ETHYL M&P- O- trane- cie- 

TIMP BENZBNH TOLUENB BENZIINE XY LBNB XYIJINR 1,2-DCB 1,2-DCB TCB MTBB FILE DATE DATE 

COI.LU(.“I’IID (q/l) (uyll) (uy/l) (ry/l) (ug/l) (UY/l) (w/l) (q/l) tug/l) NAN6 COLLECTBD ANALYZED 
.-..m...m..... 

J5.Mw-3oA 1920 Cl 

35.MWl6D-04 1710 a 

35-MW16S-04 1658 557 

35-MW17D-04 1119 <l 

35-MW17S-04 1125 <1 

35-MWlBD-04 1256 <l 

35-MWlBS-04 1303 99 

35-MW19D-04 1212 <I 

35-MWlSS-04 1233 <l 

35-TNTBl-04 

35-PBOl-041 

1905 <l 
---- <l 

<l <l 

Cl <l 

51 275 

<l cl 

1 cl 

cl <l 

Cl 2 

cl <l 

<l <l 

+l <1 

Cl <l 

t1 

<l 

Cl <I 

cl <l 

26 <l 

cl <l 

<l <l 

cl <l 

<l 41 

<l 6s 

cl 2 

<l <l 

<l <l 

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

tl <.l 

15 0.3 

<l <.l 

<l <.l 

<1 C.1 

10 0.7 

4 0.5 

266 379.2 

13 12.0 

cl <.l 

<l <.l 

-__- 

<S 

c5 

16 

<5 

<5 

<S 

63 

<5 

<5 

C5 

<5 

Ml0 78 04/08/96 04/09/96 

Ml0 168 04/14/96 04/14/96 

Ml0 169 04/14/96 04/14/96 

Ml0 149 04/13/96 04/X3/96 

Ml0 150 04/13/96 04/13/s 

Ml0 151 04/13/96 04/13/96 

Ml0 152 04/13/96 04/13/96 

Ml0 164 04/14/96 04/14/96 

Ml0 163 04/14/96 04/14/96 

Ml0 67 04/09/96 04/10/96 

Ml0 124 04/12/96 04/12/96 



MICROSKKPS 

961023 ----- BAKKR KNVIRONMKNTAL _--_- 

----- PROJKCT: SOI/CANP LKJKUNK ----- 

----- PROJKCT LOCATIONI NORTH ARBA ----- 

----- H20 CONCKNTRATIONS IN fug/l) ----  ̂

KTtlYL MLP- O- trana- CiO- 

TXMK BKNZKNII TOLUKNK BKNZRNK XYLKNK XYLKNK 1,2-DCK 1,2-DCE TCB MTBB FILE DATB DATK 

COLLKCTKD (us/l) tug/1 1 (ug/l) lug/l) lug/l1 (ug/l) (q/l) (ug/l) (us/l) NANK~COLLKCTKD ANALYZKD 
. .._..__.__._........_-... . . . . ..-.......-.....------------~----------------- 

<I 

<l 

<l 

cl 

<l 

cl 

tl 

<l 

<l 

<l 

cl 

41 

r.1 

Cl 

cl 

cl 

<l 

Cl 

cl 

<l 

cl 

<l 

<l 

tl 

<1 

4 

<l 

<1 

cl 

<l 

41 

*l 

Cl 

<l 

<l 

<l 

cl 

<l 

<l 

<l 

<l 

<l 

<l 

<l 

<l 

2 

<l 

18 

<l 

5 

<l 

2 

<l 

Cl 

<l 

<l 

<l 

<l 

<l 

<l 

cl 

1 

cl 

Cl 

<l 

<l 

<l 

46 

cl 

211 

<l 

125 

<l 

46 

<l 

13 

<l 

<l 

cl 

<l 

<1 

7 

<l 

36 

<l 

11 

cl 

6 

<.l 

1.1 

<.l 

7.6 

<.l 

13.5 

<.I 

24.6 

<.l 

1.7 

<.l 

c.1 

c.1 

<.l 

<.l 

1.3 

<.l 

9.6 

<.l 

C.1 

<.l 

0.5 

-_ 

If .'l'NfJIA-041 1 lAO9 

Ii..TWOlB-041 1716 

35-TWOZA-04 1100 

35-TWO?B-041 1020 

35-TW03A-041 1505 

35-TW03K-041 2121 

35-TWOIA-041 1734 

35-TW04K-041 1900 

35-TWOSA- 1915 

35-TW058-041 1923 

35-TW06A-041 1425 

35-TW06B-041 1414 

35-TW07A-041 1758 

35-TW07B-041 1733 

35-TWOBA-041 1910 

35-TWOKB-041 1913 

35-TWOSA- 1130 

35.TWOSB-041 1250 

35-TWlOA-041 1644 

35-TWlOB-041 1651 

35-TWllA-041 1900 

35-TWllB-041 1904 

Ml0 85 04/09/96 04/10/96 

Ml0 86 04/09/96 04/10/96 

Ml0 95 04/10/96 04/10/96 

Ml0 96 04/10/96 04/10/96 

Ml0 97 04/10/96 04/10/96 

Ml0 88 04/09/96 04/10/96 

Ml0 100 04/10/96 04/10/96 

Ml0 104 04/10/96 04/10/96 

Ml0 105 04/10/96 04/10/96 

Ml0 106 04/10/96 04/10/96 

Ml0 116 04/11/96 04/11/96 

Ml0 115 04/11/96 04/11/96 

Ml0 119 04/11/96 04/11/96 

Ml0 120 04/11/96 04/11/96 

Ml0 121 04/11/96 04/11/96 

Ml0 123 04/11/96 04/11/96 

Ml0 136 04/12/96 04/12/96 

Ml0 131 04/12/96 04/12/96 

Ml0 137 04/12/96 04/12/96 

Ml0 138 04/12/96 04/12/96 

Ml0 141 04/12/96 04/12/96 

Ml0 142 04/12/96 04/12/H 

17.Apr-96 



MICROSBEP3 

961013 ----- BAKER ENVIRONMENTAL ---__ 

----- PROJECT: BOI/CAMP LBJBUNB -em-- 

----- PROJECT LOCATION: NORTH AREA --a-. 

----- BOIL CONCENTRATIONS IN (rig/g) ----- 

ETHYL MLP- O- trms- cl*- 

DAMPLB TZME BBNZBNB TOLUBNB BflNZRNll XYLENB XYL8NB 1,2-DCil 1,2-DCB TCB 

IIAMII 
. . . . . . . . . . ..""""""""...Inljjgl..-.(rg!g.....Ing!gl...-Ilg!rl~--.-(fglg)----~~g!g~--.-~~~!~~----I"g'g' --me-m 

,5 ‘I’WO I ll. 00 a>0 <2 <2 <2 <2 <2 *2 <2 <l 

15-TWOlB-03 853 <2 <2 <2 <2 t2 <2 <2 <I 

IS-TW02B-00 1313 <2 <2 <2 <2 <2 <2 <2 <l 

35-TWOZB-03 134s <2 <2 <2 <2 <2 <2 <2 cl 

35-TW03B-00 1659 <2 t2 <a <2 <2 <2 t2 <l 

35-TW03B-03 1715 <2 22 <2 <2 <2 c2 <2 Cl 

35-TWOIB-00 917 <2 <2 <2 <2 <2 <a <2 <l 

35-TWOIB-03 935 <2 <2 CZ <2 <2 <2 <2 cl 

3S-TWOSB-00 125e <I <2 <2 <2 <2 <2 <2 cl 

35-TWOSB-03 1314 <2 <2 <2 cl <2 <2 <2 cl 

35-TW06B-00 734 42 <2 <2 <2 <2 <2 <2 <l 

35-TW06B-03 755 <2 <2 <2 c2 <2 <2 <2 <l 

35-TW07B-00 1059 <2 <2 <2 <2 <2 <2 <2 .Zl 

35-TW07B-03 1115 <2 r2 <2 c2 <2 <2 <2 <l 

35-TWOBB-OO 1428 <2 <2 t2 <2 <2 <2 <a <l 

35-TWOaB-03 1440 <2 <2 <2 <2 <2 <2 <2 <l 

3S-TW09B.00 810 c2 <2 <2 <2 <2 <2 <2 <l 

35-TWOOB-03 822 cl <2 <2 <2 <2 <2 s2 <l 

35-TWlOB-00 1224 <2 <2 <2 <2 c2 <2 <2 <l 

35-TWlOB-03 1236 <2 c2 <2 <2 <2 c2 <2 <l 

35-TWllE-00 1520 <l <2 <a *2 <2 <a <2 <l 

35-TWllB-03 1540 <2 <2 <2 <a <2 c2 <2 Cl 

MTBE PILE 

(n9lg) NAMB 
___-___- --------. 

cl0 Ml0 19 

<lO Ml0 80 

<lO Ml0 61 

<lO Ml0 82 

cl0 Ml0 83 

40 Ml0 84 

cl0 Ml0 93 

<lO Ml0 94 

<lO Ml0 98 

<lO Ml0 99 

<lO Ml0 109 

410 Ml0 110 

<lO Ml0 113 

SlO Ml0 114 

cl0 Ml0 117 

cl0 Ml0 118 

cl0 Ml0 127 

cl0 Ml0 126 

cl0 Ml0 132 

<lO Ml0 133 

x10 Ml0 134 

<lO Ml0 135 

COLLECPXD 

DATB 

ANALY ZBD 

04/09/96 04/09/96 

04/09/96 04/09/96 

04/09/96 04/10/96 

04/09/96 04/10/96 

04/09/96 04/10/9b 

04/09/96 04/10/96 

04/10/96 Or/lo/96 

04/10/96 04/10/96 

04/10/96 04/10/96 

04/10/96 04/10/96 

04/11/96 04/11/96 

04/11/96 04/11/96 

04/11/96 04/11/96 

04/11/96 04/11/96 

04/11/96 04/11/96 

04/11/96 04/11/96 

04/12/96 04/12/96 

04/12/96 04/12/96 

04/12/96 04/12/96 

04/12/96 04/12/96 

04/12/96 04/12/96 

04/12/96 04/12/96 

,-L-Y, 

..1, 

i 
l'l-Apr.96 



MICROSEEPS 

961023 ----- BAKER BNVIRONMENTAL ---mm 

----- PROJBCTi SQI/CAMP LBJBUNB ----- 

----- PROJBCT LOCATION: SOUTH AREA ----- 

----- HZ0 CONCENTRATIONS IN (ug/l) ----- 

PTHYL MLP- o- trana- da- 

JJAMHp1.P TIHK BENZttNB TOLUSNS BBNZENE XYLENR XYLENB 1,2-DCS 1,2-DCtt TCE MTBE PILB DATE DATE 

IJAMB COLLPCTED tug/1 1 (lag/l) (ug/l) lug/l) lug/l) (ug/l) fug/l 1 fug/l) tug/l) NAME COLLBCTBD ANALYZED 
_......__....-.................-.---......-----.---..--..----.------...-.------------------.---.---------.----------.------------------------- 

I’ ~‘l’WI6h-041 , 

16.‘L’W16B.041 

35-TWlSC-041 

35-TW17A-041 

35-TW17B-041 

35-TW17C-041 

35-TWlBA-041 

35.TWlBB-041 

35-TW18C-041 

35-TW19A-041 

35-TWl9B-041 

35-TW19C-041 

35-TWZOA-041 

35-TW20B-041 

35-TW20C-041 

35-TW22A-041 

35-TW22B-041 

3S-TW22C-04i 

35-TW23A-041 

35-TW23B-041 

35-TW23C-041 

35-TW24A-041 

35-TW24B-041 

35-TW24C-041 

35-TW25A-041 

35-TW25B-041 

3S-TW25C-041 

35-TW26A-041 

3S-TW268-041 

35-TW26C-041 

1200 .I 

1225 tl 

1216 <l 

1050 <l 

919 <l 

1012 <I 

1616 <I 

1619 Cl 

1622 <l 

1204 2 

1208 <l 

1213 <I 

1747 215 

1750 <l 

1753 37 

1536 1654 

1500 11 

1506 33 

1242 3296 

125s 4 

1247 224 

1508 566 

1521 <l 

1515 5 

953 312 

1000 <l 

947 3 

1555 5 

1711 cl 

1622 3 

<1 

<1 

<l 

<l 

<l 

cl 

Sl 

<l 

<l 

cl 

<l 

<l 

883 

2 

174 

3636 

14 

SC 

7392 

6 

315 

3 

cl 

Cl 

2 

cl 

Cl 

<l 

<l 

<l 

<l 

<l 

<l 

<l 

cl 

4 

Cl 

Cl 

<l 

<l 

<1 

<l 

353 

<l 

26 

629 

4 

12 

708 

2 

37 

37 

<l 

cl 

11 

Cl 

<I 

3 

Cl 

cl 

<1 

Cl 

<l 

<l 

<l 

<l 

<l 

<l 

<l 

2 

<l 

Cl 

445 

cl 

61 

1293 

6 

23 

1795 

3 

79 

7 

<l 

cl 

Cl 

<l 

<l 

<l 

<l 

<l 

<l 

<l 

<l 

<l 

Cl 

<l 

4 

Zl 

4 

<l 

<l 

cl 

158 

<l 

30 

720 

3 

14 

969 

2 

44 

<l 

tl 

<l 

<l 

<l 

<l 

<l 

<lL 
cl 

cl 

33n 

6 

Cl 

422 

54 

4 

118 

32 

Cl 

141 

7 

2 

63 

e 

cl 

5 

9 

Cl 

3 

3 

<l 

<l 

<l 

cl 

<l 

<l 

<l 

<l 

Cl 

2 0.4 

1317 1540.4 

91 17.0 

6 2.0 

1417 2054.2 

159 153.7 

32 24.6 

410 719.5 

165 167.0 

<l 0.3 

611 834.1 

107 21.0 

42 8.8 

318 246.3 

124 34.4 

16 4.5 

77 10.5 

137 37.9 

9 2.2 

70 11.6 

47 10.9 

<l 0.2 

17 0.5 

15 0.8 

<l <.l 

<l <.l 

3 <.l 

<l c.1 

<l <.l 

Cl c.1 

<s Ml0 201 04/16/96 04/16/96 

<5 Ml0 202 04/16/96 04/16/96 

<5 Ml0 203 04/16/96 04/16/96 

<5 Ml0 200 04/16/96 04/16/96 

<5 Ml0 198 04/16/96 04/16/96 

<5 Ml0 199 04/16/96 04/16/96 

<5 Ml0 191 04/16/96 04/16/96 

<5 Ml0 192 04/16/96 04/16/96 

<5 Ml0 193 04/16/96 04/16/96 

<5 Ml0 166 04/16/96 04/16/96 

<5 Ml0 189 04/16/96 04/16/96 

<S Ml0 190 04/16/96 04/16/96 

<5 Ml0 180 04/15/96 04/15/96 

<5 Ml0 161 04/15/96 04/15/96 

<5 Ml0 162 04/15/96 04/15/96 

<5 Ml0 179 04/15/96 04/15/96 

<5 Ml0 177 04/15/96 04/15/96 

<5 Ml0 178 04/15/96 04/15/96 

se Ml0 174 04/15/96 04/15/96 

<5 Ml0 175 04/15/96 04/15/96 

e Ml0 176 04/15/96 04/15/96 

85 Ml0 165 04/14/96 04/14/96 

<5 Ml0 166 04/14/96 04/14/96 

<5 Ml0 167 04/14/96 04/14/96 

19 Ml0 160 04/14/96 04/14/96 

<5 Ml0 161 04/14/96 04/14/96 

<5 Ml0 162 04/14/96 04/14/96 

<5 Ml0 154 04/13/96 04/13/96 

<s Ml0 155 04/13/96 04/13/96 

<5 Ml0 153 04/13/96 04/13/96 

17-Apr-96 



ANALYSIS 

DATE SAMPLE IO CYCLE C tiss # 
=I==== POPPPPIPIQPPIIPLP PPPPPPPPPPPL 

/ 
MET/CAL 

PPPPIP- 

I 4 

I 

I 
I 

I I I 

COMMENTS 



MIC~OSEEPS, INC. ***** ONSITE ANALYSIS ***** PAGE 



B 6 
MICROSEEPS, INC. ***ah ONSITE ANALYSIS ***** PAGE OF 

L Af3OHATORY LOCATION:&+“’ p ‘l%j Wtl& PROJECT: s%/-3 - $&Jr 
-----_1 ANALYSIS:$ztV; &A&/‘” 

PATI I:-I-‘\cpJ m 1 o BASE FILE N AME:/M/U&&u 4 9 

.-3. 

- - 

- . 

- 

- 

L 
, 

..! 

-- 

. !  

. - 

I 
I 

COMMENTS 
EPPPrCP=PPPPDPPPPPIPPPCPPPPPPPPPP 



MICt1OSEEPS, INC. ***l* ONSITE ANALYSIS ***** PAGE f b OF -- 

I’ATI I: . . . . I.::..LtP1 \ M ‘O ,--- -es.” -.... ..-.-a BASE FII E NAME:,?. ‘.:r!? 

COMMENTS 
I 

. 



4 

MICROSEEPS, INC. 

I AUOHATORY l.OCATION:~‘+ Lci<c’c?- 

I’/j‘llj. c:\tp \ M-to ‘.._” -- . . . . - -.-m.--- -I----- 

ANALYSIS 

OATE 
=aip==cs 

‘fl’t (9 6 

**&‘* ONSITE ANALYSIS ‘**” 

PI0 

MET/CAL 
*LSPPE= 

PAGE s- OF G; 

EC0 1 FID 1 

MET/CAL 1 MET/CAL 1 COMMENTS 



MICROSEEPS. INC. ***** ONSITE ANALYSIS ‘**” 



MICROSBEPS 

961048 

VER. 5 

----- BAKBR BNVIRONMBNTAL ----- 

----- PROJECT: CAMP LEJEUNE ----- 

----- SOIL CONCBNTRATIONS IN (rig/g) .*-em 

CARBON 

ETHYL MPP- O- VINYL trans- Gill- CHLORO l,l,l- TBTRA 

:lhMI’I.II RRNZRNR TOLUUNR BUNZRNR XYLBNU XYLENE CHLORIDE 1,2-DC8 1,2-OCR FORM TCA CHLCRIDB TCE PCE PILE DATB TIME 
ll/,111! fvl/g) (Kl/gl (Y&J) (w/g) (El/g) (ndg) (w/g) (w/g) (w/g) (rig/g) (rig/g) (rig/g) (w/g) NAMB COLLECTED COLLECTED 

. . . . . ..*..__________.__.....-~..-"---.-----------------------.--------.-.---------------------------------------------------------------------------..- 

15sMW44B-04 <2 <2 <2 <2 <2 cl00 <2 *2 <l Cl <l <l <l Ml0 366 07/31/96 1225 

35-MW31B-05 c2 <2 <2 <2 <a <lOO <2 c2 <1 <l Sl <l <l Ml0 389 08/02/96 1030 

35-TW30B-01 <a <2 <2 <2 <2 cl00 t2 <2 <1 cl <l <1 <l Ml0 400 08/03/96 813 

----- H20 CONCBNTRATIONS IN tug/l) ----- 

SANPLB 

CARBON 

ETHYL M&P- o- VINYIJ trans- cir- CHLORO l,l,l- TBTRA 

BBNZBNB TOLUBNR BBNZRNB XYLBNB XYLRNB CHLORIDE 1,2-DCB 1,2-DCB FORM TCA CHLDRIDB TCB PCB PILB DATB TIME 

NAME COLLECTED COLLECTED 
__--____------------------ 

35-TW31A <l Cl <l 

35-TW31B 21 <l Cl 

35-TW30B <1 cl <l 

35-TM cl <l <l 

35-TW9MZWjb cl <l <1 

35-TW31B <l 41 cl 

35-MWM+. bob cl <l cl 

3s-uwne6oS ~1 cl <1 

<l 1.9 <.l <.l <.l <.l Ml0 393 

<l 0.6 C.1 <.l <.l <.I Ml0 394 

41 1.0 c-1 <.l c.1 <.I Ml0 422 

cl 1.5 <.l c.1 c-1 c.1 Ml0 423 

cl 3.7 <.l <.l <.l <.l Ml0 424 

<l 0.3 c.1 <.l <.l <.l Ml0 425 

cl 1.5 <.l <.l c.1 <.l Ml0 426 

<l 0.2 <.l <.l <.l s.1 Ml0 427 

O&/02/96 ---- 

oa/o2/96 ---- 

oa/o4/96 ---- 

00/04/96 1310 

08/04/96 1527 

06/04/96 1322 

08/04/96 1146 

00/04/96 ---- 

OS-Aug-96 



APPENDIX G 
SGI CHAIN-OF-CUSTODY RECORDS 

= 



WESTON Analytics Use Only 

Sample; were: 
1) Shlpped _ or 
Hand Delhrered _ 
AIrbill d 

COCTape was: 
1) Present on Outer 
Package Y-, or., N 

‘i) Amblent or bhll!ed 
: 2) Unbroken on Outer 

Packa~r Y or N 

6) ReOdVOd kl OOOd ‘]:;,i;‘3)‘pr@mM & &pl@ ; 

‘Condltlon Y or N ,,- . : . . . y or N ,: ,... :-;.‘,i:o,.l~~~~.:~“;,;~~~,.~~,: . ...,; 
4) ldbels Indicate ‘.!;F.~%. 4) unbroken on3 
Properly Preserved ” _. ..:. Sample Y or, N 



FIELD PERSONNEL: COMPLETE ONLY SHADED AREAS DATUREVISIONS: 

Received 

WESTON AnalytIci l&e Only Iii Uie Only 

Saniplee were::+::. .f;, C&Z T&e was: -. 
1) Shipped :or 
Hand DelIvered _ 

:,;. .-c-l) Present on Outer 
Package Y or N 

F$“’ # 
2)‘Amblent or Chllled 

2) Unbroken on Outer 
Paokagr Y or N 

i)‘Rtilved In Qooi ,$‘j) I;;m,et d;; *&& 
COndltlOn Y or N 



CustodysTransfer 

% e; 1 
I .? 
E ‘,. :r? 

REQUESTED - 

Cllenl IDIDescrlptlon 

Special Instructlone: - 1. - ,’ 

Samples were: COC Tape was: 
1) Shipped A or 1) Present on Outer 

_. Hand Delivered _ Package Y or N 
Alrblll # 2) Unbroken on Outer 

- 4. 2) Amblent or Chllled Package Y or N 

- 5. 
3) Rscslved In Good 
Condltlon Y or N 

3) Present on Sample 
Y or N 

- 6. 4) Labsls lndloats 
Property Preserved 

4) Unbroken on 

Rel~nqulshed Received Date Time Rellnqulrhed Received 

PY by by 
Date Time Discrepan&s Between Y or N 

Sample Y or N 

Samples Labels and 
COC Record Present 

COC Record? Y or N 
5) Recslved With!? Upon Sample Rec’t 1 NOTES: “+ 
Holding Times Y or N 

Y or N 

RFW 21-21-001/A-7/91 
-_. --_ 

- L372 k L373 - L375 - L377 - L378 Ref# coolm ,;T; ,.381-5968 

7” ’ *. ), 



FIELD PERSONNEL: COMPLETE ONLY SHAiiED AREAS DATE/REVISIONS: : : 
!.. 

‘;‘..y.: _., . ..‘. ‘; :, 
: .‘:I;,” . . . . ;l*. i.l::,; : ::..- 

- 1. 
. ., ._ ,:. y.y.>,. - ‘.I: WESTON Analytlcr Use Only 

Samples were: COC Tape was: 
1) Shlpped _ or 
Hand DelIvered _ 

1) Present on Outer 
Package Y or N 

AirbIll W 2) Unbroken on Outer 
.2) Amblent or Chllledj, ,,, Pnck8gs Y or N 

~3)R@CSlVdIn QOOd ‘. .~~$prese~on Sample 
Coqdltlon Y or N ” ., ~._ __ y or N 

h) Labels k’dhte 
..’ “A.; ,;> ‘.,% z ._ 

..-: 
I.___--.-> 

4) ,,;;br;ke,, 6; . . 

91 ., : , .- - L372 -I f.373 . - _ L377 _ L370.,; R9f#. COOlef# ’ 
,‘,, 1.. ::.; . ‘;..;“o,jk; --. .,. ,,’ .’ 

I?. / ‘: 
,& .* 

9%. :: .’ ;::..., . “,, j ; 
! 

, ,;.s,, 

‘I J 
;;, 1’: . 

,.I‘.. 2 . . . : :, ‘ ,,I$ .-‘ ..;;.; 7 “‘,a i ; ;. \ “,. .,’ i . 3,‘ r.,.,.. .;., .,: ‘... . . . . ’ CL ,)‘.’ 
.., ‘,.. :‘. ,.; .*. 

‘:‘ ; . . .>;, ‘.: 
, , :..\ ;. / .; ,, I :. ‘. 



RFW 21-21-001/A-7/01 

I I I I I. 

__ L372 ( L373 - L375 - L377 __ L378 Ref# Cooler# 381.508a .- 

WESTON Analytics Use Only 

, 
RelInquished 

by 
Received 

by 

Samples were: 
1) Shipped _ or 
Hand Dellvered _ 
Airbill # 

2) Amblent or Chllled 

3) Received In Good 
Condltlon Y or N 

4) Labels lndlcate 
Properly Preserved 

Y or N 

COC Tape was: 
1) Present on Outer 
Package Y or N 

2) Unbroken on Outer 
Package Y or N 

3) Present on Sample 
Y or N 

4) Unbroken on 
Sample Y or N 



&&q$z $+e-zvB L 

n :. 

7 
% 

WESTON Analytics Use Only 

Custody Transfer Record/Lab Work Request 
5 .i . 

Page /of& 

WESTON Analytics Use Only 

Samples were: 
1) Shipped _ or 

COC Tape was: 
1) Present on Outer 

Hand Dellvered _ Package Y or N 
Airbill #, 2) Unbroken on Outer 
2) Amblent or Chilled Package Y or N 

3) Received In Good 
Condltlon Y or N 

3) Present on Sample 
Y or N 

4) Label6 lndlcate 
Property Preserved 

4) Unbroken on 

Y or N 
Sample Y or N 

COC Record Present 
5) Received Wlthln 
Holding Times 

Upon Sample Rec’t 
Y or N 

Y or N I I I I . . 
- L372 2 L373 _ L376 - L377 - L378 Ref# Cooler# 361696a 

c 



‘izI4zqF JjY#Ipi?Q~6 

Custodv Transfer R@cord/Lab Work Reauest 

Client lD/Dsrcrlptlon 

Speclat Instructions: 
. WESTON Analytlos Use Only 

Samples were:. COC Tape was: 
1) Shipped or 
Hand Dellvez _ 

1) Present on Outer 
iackage Y or N 

AIrbill # 
P)*lJnbroken on Outer 

2) Amblent or Chilled Package Y or N 

3) Received In Good 
Condltlon Y or N 

3) Present on Sample 
Y or’N 

4) Labels In&ate 
Properly Preserved 

4) Unbroken on 

V nr ‘N 
Sample Y of N 

.  “ .  I .  

A) Recelried Wlthln 
COC Record Present 
Upon Sample Rectt 

Holding Times Y or N 
YorN , 

RFW 21-21-001/A-7/91 - L372 1 L373 - L375 - L377 - L378 Ref# Cooler# 331.596a 



Custody Transfer Record/Lab Work Request 

Speck11 Instructlona: 

- 2. 

- 3. 

4. -... 

- 5. 

WESTON Analytics Use Only 

Samples were: COC Tape was: 
1) Shipped _ or 1) Present on Outer 
Hand Dellvered _ Package Y or N 
Alrblll II 2) Unbroken on Outer 
2) Amblent or Chllled Package Y or N 

3) Received In Good 
Condition Y or N 

3) Present on Sample 
Y or N 

4) Labels lndkate 
Properly Preserved 

4) Unbroken on 

Y or N 
Sample Y or N 

l 741 - L372 w L373 - L375 _ L377 - L370 Flew cooler# 381~3yua 



” WEsT”” Analnw bx( ’ 

Custodv Transfer Record/Lab Work Reauest 

1 DATE/REVISIONS: FIELD PERSONNEL: COMPLETE ONLY SHADED AREAS 

Special Instructions: 
WESTON Analytics Use Only 

Samples were: 
1) Shlpped _ or 

’ Hand Delivered _ 
Airbill # 

COC Tape was: 
1) Present on Outei 
Package Y or N 

2) Amblent or Chilled 

3) Received In Good 
Condition Y or N 

2) Unbroken on Outer 
Package Y or N 

3) Preeent on Sample 
Y or N 

Relinquished 
L.. 

Received 
L.. Date Time RelinquIshed 

L.. 
Received 

L.. 
“I 

Date Time Discrepancies Between 

4) Labels Indicate 
Properly Preserved 

Y or N 

4) Unbroken on 
Sample Y or N 

COG Record Present 
Samples Labels and 
COC Record? Y or N 

5) Received Wlthln 
Holding Times 

Upon Sample Rec’t 

NOTES: 
Y or N 

Y or N 

RFW 21.21-001/A-7/91 - L372 2 L373 - L375 i L377 - L378 Ref# Cooler# 381-596a 



,. CJHUANIG 
ANALYSES 
REQUESTED - $ 

I 
- --- - 

I I 
Date Rec’d Date Due 
Account # I”“1 z ~~~~ > iii 1 

i 

I( 

;/ Client IDlDercrlptlon 

; 

i 
? 
I 
c 

!  

‘2 

?: 

+: 

FIELD PERSONNEL: COMPLETE ONLY SHADED AREAS 1 DATE/REVISIONS: WESTON Analytics Use Only 

Samples were: COC Tape was: 
1) Shlpped _ or 1) Present on Outer 
Hand Delivered _ Package Y or N 
Alrblll # 2) Unbroken on Outer 
2) Amblent or Chllled Package Y or N 

3) Received In Good 
Condltlon Y or N 

3) Present on Sample 
Y or N 

4) Labels lndlcate 
Properly Preserved 

4) Unbroken on 

Y or N 
Sample Y or N 

COC Record Preseot 
5) Received Withln Upon Sample Rec’t 

I Holding Times Y or N’ 
Y or N 

&x ?g- ;/axv~ 
Custody Transfer Record/Lab Work. ‘Request 

I I I II I I I II 

RFW 21-21-00 

t 

71 - L372 1 L373 - L375 

I 

_ L377 _ L378 Ref# Cooler# 361596a 

( 



F. . i-&y. ‘r,.*:!l, t-m .,.- r;::r F . . ,_.. ,., .; . ,” . 1: ) ‘..< ” *. G p ‘;I ,. ~ ~, ~ ~ / ) ~ (‘. “. . .)i~~ ,I, !, ., .r!, ‘i I . :..‘,. -,.i ) ,’ ( r, C 

’ ’ ’ Inchcape Tt hg Services Dallas 1089 East Collins Blvd., nrdson, TX 75081 (214) 238-5501 CHAIN OF WSTODY REbi 
\ 

Report to: Invoice to Lab use only 

Company: /?I& Efid Cornpa*: Due Date: 

;empler’s Name .’ ‘Y, 47 J-.,7* 

hel k&fii~ 

ProJ. No. Project Name 

SarnTgp 

No./Type of Conlalner~ 

Tl= I 
n 6+rlly 1 or Standard 0 Priority 2 or 50% 0 Priorily 3 or 100% 0 PrkMy 4 ERS l -. - . BTEX (602/8020). TPH 1416.1 or 6015), VOLATILES (624/8240), IGNITABILITY, TOTAL LEAD (6010) 

~W.~’ Date: Time: Received by: (Signature) Date: Time: Ren larks 

LL CL-. ewr ) /ytw 

Relinquished by: (Signature) Date: Tlme: Received by: (Signature) Date: Time: 

I 
I 

I I 

Relinquished by: (Signature) Date: Time: Received by: (Signature) Date: Time: 

I I 

Clle1 nt’s dellvery of samples constitutes acceptance of Inchcape/lTS-Dallas terms 
---. and conditions contalned In the Price Schedile. 

I 

’ Matrix WW - Wastewater W - Water S - Soil SD - Solid L - Liquid A - Alr Sag C - Charcoal tube SL - Sludge 0 - 011 ITS - Dallas cannot accept verbal changes. 
1 Container VOA - 40 ml vial AK3 - Amber I Or,Qlass 1 Liter 250 ml - Glass wide mouth P/O - Plastlc or other Please Fax written changes to 

214-238-5592 

‘OFFICE USE ONLY 

, 

- 



uI.j,, , ., .I I’ .7* 

1080 &IS; &lins Ulvd., Richardson, TX 75081 (214) 238-k; 

, 
Inchcape Testing Services DdlUS CHAIN OF CUSTODY’kEtdRD 

Report to: Invoice to 

Company: [36ker EM 

Address: Yto RfU>Pe. Ad, RM, 3 

Phone: ~/~-J~Y-P;Gw 
Fax: ’ PO/SO #: 

i, .” I’ I 
Sampler’s Name sahwdHz 

/ 

l/a& pee 44414 
Pro]. No, 322, Project Name NoJType 01 Container: 

w7l9- 23 
C G 

alrix’ Dale Time i ’ 
i 

Identifying Marks of Sample(s) 
P 

VOA fv’, ;p PI0 
Lab Sample ID (Lab Use Only) 

w 8X9fSl~3S $ 3s’t!?EAo/* 02 2 1 % I( % )yc/i~ : 

w 8&45- x 35--kw7r -0L 2 1 J J % /-la n 
. 

5 8-Wf i/w r( 33- !2M7*06-OZ ‘b? 2 i+ k ‘3 

5 8-74w~ ‘f 3’- r&v-o~b-oz @ 2 Ic%I( 
! 

+ 3)r- 5 i9-74i l/V;2 
L 

t rc%% 

5 8-74g 1tqt 6 3P: sbo6-#d~ot r’ t IQ- 

5 W~ll(10 J 35- ~0u6.&2-02 rr’ t F$d 

5 8-W tz.tL r< SF- 90966-Ot ,/ 2 7-x 

5 mv I2l6 A 4s - 5 our -&/pv7L J 2 $0 

s w?j 11x ri 3P sDdf’-ab-o~ / z A%% .: 
Turn around lime 0 Prlorily 1 or Standard 0 Priority 2 or 50% 0 Prlorlly 3 or 100% 0 Prlorlty 4 EAS l t BTEX (602k-I020), TPH (416.1 or 6015), VOLATILES (624k3240). IGNITABILITY, TOTAL LEAD (6010) 

Date: Time: 

w-q /7@ 
Received by: (Signature) Date: Time: Remarks 

Relinquished by: (Signature) 

Relinquished by: (Signature) 

Date: 

Date: 

Time: Received by: (Slgnature) Date: Time: / 

/ 
Time: Received by: (Signature) Date: Time: Client’s dellvery ot samples constitutes acceptance of Inchcape/lTS-Dallas tefms 

and conditions contained In the Price Schedule. / 
.-- - . . . . . 

’ Matrix WW - Wastewater 
* Container VOA - 40 ml vial 

W - Waler S - Soil SD - Solid L - Liquid A - Air Bag 
A/G - Amber I Or Glass 1 Liter 250 ml - Glass wlde mouth 

/ 

C - Charcoal tube SL - Sludge 0 - Oil 
P/O - Plasllc or other 

ITS - Dallas cannot accept verbal changes. 
( Please Fax written changes to 

214-238-5592 

OFFICE USE ONLY J 2. 
I t .// 

\ I 
. : 

I 



L, MJc,la ,... ,;,.‘.-. . 

InchcaDe T ng Services Dallas 
3L*-aou@ L 

1089 East Collins Blvd. prdson, TX 75081 (h4) 838-5591 CHAIN OF CUs”r8DY REM 7 

Proj. No. Project Name No./Type of Container: 

0 W-3 23 0 W-3 23 
I I c n c G 

laIri: Date Time i ’ 
6 

Identifying Marks of Sample(s) -.. .- 
P P b Lab Sample ID (Lab Use Only) Lab Sample ID (Lab Use Only) 

5 8741 /w 5 8741 /w { 36-whm -dZ j 36-whm -dZ J J z z ?c A J ?c A J 

WWJ r WWJ r 35~7,802 35~7,802 K K 
. . 

I 

Company: Company: 

Lab use only 
Due Date: 

Temp. of coolers 
when received (Co): 

I 2 3 4 5 

Custody Seal N / Y 

Intact N/Y 

Screened 
For Radioactivity cl 

,,.a 

‘. 

Turn around lime Cl Priority 1 or Standard 0 Priority 2 or 50% 0 Prlorlty 3 or 100% 0 Priority 4 ERS l * BTEX (602/8020), TPH (418.1 or sOl5), VOLATILES (624/8240), IGNITABILITY, TOTAL LEAD (6010) 

R3mnature) ;;.;J ,T$ Received by: (Signature) Date: Time: Remarks 

Relinquished by: (Signature) Date: Time: Received by: (Signature) Date: Time: 

Relinquished by: (Signature) Date: Time: Received by: (Signature) Date: Time: Client’s delivery of aamptes consfltufes acceptance 01 Inchcape/lTS-Dallas terms 
and conditions contained In the Price Schedule. 

.-- - . . 
f Matrix 
1 Container 

WW - Wastewater 
VOA - 40 ml vial 

W - Water S - Soil SD - Solid L - Liqutd A - Air Bag C - Charcoal tube SL - SluUge 0 * Oil ITS - Dallas cannot accept verbal changes. 
A/Q ; Amber I Or Glass 1 Liter 250 ml - Glass wlde mouth P/O - Plastic or other Please Fax wrltten changes to 

214-238-5592 

OFFICE USE ONLY 



.  .  .  .  :  , I  .  . I  

Inchcape Testing Services Dallas 
?L-p’~rJuC/ +) 8 ,!, 8 ,* L 

1089 East Collins Blvd., Richardson. TX 75081 ‘I9141 238-5591 CHAIN OF CUSTODY RECORD 

Contact: /)by A. 

Phone: I//t-tip6uci 
Custody Seal N I Y 

irc/iru-3 2) 

c 0 
latri: Dale Time z ’ 

P k 
Identifying Marks of Sample(s) 

Lab Sample ID (Lab Use Only) 

5 WYOlyy $ 35-SW-06-01 .d 2 f%% 

5 B-b-9),071/< %i- S&P/- C/r -dz * c 0 4 

G &4r O?@ 
r’ 

3s-:#!292-66- 02 v’ 2 r-k f 

L WY o&f SF’- iDd2- G/Z-62 v: 2 04 

c mJ- /4(/r 36- i&7+6 -62 ti”L*,d& 4 c rcJ 

3 IW 38 - 5 &I -O&SD -a 2 AC- z E u 

1: 
144r 36- 5447. d/z l .g.z ,I , t i b-1 

s 
I 142.8 ~6-f&9&-6%-d2 / 2 E H 

c ’ 
1 ML6 3C-r&76-&~4~ /’ L A $J 

J c 14/r +’ 3b-5&y-td- 62 L/ 2. br’ 
Turn around time 0 Priority 1 or Standard 0 Priority 2 or 50% 0 Prlorily 3 or 100% 0 Priority 4 ERS l l ETEX (602/8020), TPH (418.1 or 6015), VOLATILES (624/8240), IGNITABILITY, TOTAL LEAD (6010) 

Relinquis d by: (Sigr@ture) 

2m 

Date: Time: Received by: (Signature) Date: Time: Remarks 
*, &-WI 1709 

Relinquished by: (Signature) Date: Time: Received by: (Slgnature) Date: Tlme: 

Relinquished by: (Signature) Date: Tlme: Received by: (Signature) Date: Time: Client’s delivery of samples conslltules acceptance of InchcapellTS-Dallas lerms 
and condltlons contained In the Price Schedule. 

’ Matrix 
t Conlainer 

WW - Wastewatcr 
VOA - 40 ml vial 

W -Waler S - Sol1 SD - Solid L - Liquid A - Alr Bag C - Charcoal tube SL - Sludge 0 - Oil ITS - Dallas cannot accept verbal changes. 
A/o - Amber I Or Glass 1 Liter 250 ml - Glass wide mouth P/O - Plastic or other Please Fax written changes to 

214-238-5592 

i 

OFFICE USE.oNLY 
\ 

c 

.‘ 



Inchcape Tt If z Services Dallas 1089 East Collins Blvd., xdson. TX 75081 (214) 238kiOl CHAIN OF CUSTODY RECC 

Report to: Invoice to 

Company: & ti Ir EGUIRON)YI c en. Gompany: SAHfg 1 

Address: 

Contact: g c L&A/~ , r! E I 

Phone: Y/z- 264 - ~06 3 

Fax: Y/t i- Z&9 - ZQpt 

I: 

Contact: SAME 

Phone: 

PO/SO #: 

Temp. of coolers Temp. of coolers 
when received (CO): when received (CO): 

12 3 4 5 12 3 4 5 

Custody Seal Custody Seal N / Y N / Y 

Intact Intact N/Y N/Y 

Screened Screened 
For Radioactivity For Radioactivity 0 0 

Turn around lime &Prlorl~v 1 or Standard 0 Prlorltv 2 or 50% 0 Prlorltv 3 or 100% 0 Prlorltv 4 EAS l l ETEX (602/8020). TPH (415.1 or 80151. VOLATILES (624/82401. IGNITABILITY. TOTAL LEAD (60101 

Received by: (Signature) Date: 

. 

Tlme: Remarks 

Received by: (Signature) Date: Time: 

Relinquished by: (Signature) Date: Time: Date: Time: 
I 

Received by: (Signature) 

I 
Client’s delivery of samples constllutes acceptance of Inchcape/lTS-Dallas terms 
and condllions contalned In the Price Schedule. 

’ Matrix 
a Container 

WW - Wastewater 
VOA - 40 ml vial 

W-Waler S - Soil SD - Solld L . Llquld A - Alr Bag 
A/G - Amber I Or Glass 1 Liter 250 ml - Glass wide mouth 

C - Charcoal tube SL - Sludge 0 - 011 
P/O - Plastlc or other 

ITS - Dallas cannot accept verbal changes. 
Please Fax written changes to 

214-239-5592 

OFFICE USE ONLV 



-r**l.Y . -# , , * r . . lU . . * :  - - .  y . . . : *  1 “ f , .  I  . , .  I  , I  . , . ,  I . .  ‘>l .“-;f~~,~pl‘v 12’., . ,  * :  ‘1. , )  ,  , A, .:,,:” .) .  

Inchcape Testing Services Dallas 1089 East Collins Blvd., Richardson, TX 75081 (914) 938-3591 CHAIN OF CUSTODY RECORD 

Repori to: Invoice to 

N I Y Custody Seal 

Tum around lime 

Relinquished by: (Signature) 

Relinquished by: (Signature) 

Date: 

Date: 

0 Priority 3 or 100% Cl Priority 4 ERS l l ETEX (602/6020), TPH (416.1 or 6015), VOLATILES (624/6240), IGNITASIM-Y, TOTAC LEAD (6010) 

Received by: (Signature) Date: Time: O& f 35-&zw--0% 

Time: Received by: (Slgnature) Date: Time: 
. RGpLALE 7BSE SC/V~‘O/V B/8,44-- 

7y#ose se4 ofl e%/+s RhP- 

Time: 
7vie SAv+r@ 2wfl/-e ia 

Received by: (Signature) Date: Time: Client’s delivery of samples constitutes acceptance of Inchcape/lTS-Dallas terms 
and conditions contalned In the Price Schedule. 

’ Matrix 
a Container 

WW . Wastewater 
VOA - 40 ml vial 

W-Water S - Soil SD - Solid L - Liquid A - Air Bag 
NG - Amber I Or Glass 1 Liter 250 ml - Glass wide mouth 

C - Charcoal tube SL - Sludge 0 - 011 
P/O - Plastic or other 

ITS - D8lf88 Cannot 8CC8pt Verbal Changes. 
Plea88 Fax written change8 to 

214-235-5592 - 

OFFICE USE ONLY 

c 



Inchcape Tc Ig !kViCC?S Environmental Laboratories 1089 East Collins Blvc I *, 

Sampler’s Namo Sam 1’8 SI 

MO. 5&+,7H 
-M 

Proj. No. Project Name 

323 s,7k 35, Cdh++52/ge~ A/A/- 
Noffype of Container: 

C G 
k latrix’ Date Time k ’ td&ifying Marks of Sample(s) 

0 g 
VOA f; 22 P/O 

!l 

Invoice to 

Company: ?&/r;~ e 

Address: 

Contact: 

Phone: 
PO/SO #: 

r/ 
/7&D 

Turn around lime 0 PriorityA or Standard 0 Priority 2 or 50% 0 Priority 3 or 100% 0 Priority 4 ERS l l BTEX (602/6020), TPH (416.1 or 6015), VOLATILES (624/6240), IGNITABILITY, TOTAL LEAD (6010) 
a 

Time: Received by: (Signature) Date: Time: Remarks ’ 
L 

/BUD 
2 PPC&S , 7.xQS~~~S ‘/t 
.* .I . 

Relinquished by: (Signature) Time: Received by: (Signature) Date: Time: 
*a** a, 

I 
I 

I 
I 

Relinquished by: (Signature) Date: Time: ‘Received by: (Slgnature) Date: Time: 

I I 

Client’s delivery of samples constitutes acceptance of InchcapellTS-Dallas terms 
and conditions contained In the Price Schedule. 

Richardson, TX 75081 (214) 238-5591 CHAIN OF CUSTODY RE LD 
1 

Lab use only 
Due Date: 

Temp. of coolers 
when received (Co): 

I 2 3 4 5 

Custody Seal N I Y 

Intact * N/Y 

Sckened 
For Radioactivity 0 

ID (Lab Use Only) 

’ Matrix 
z Conlainer 

WW - Wastewater 
VOA - 40 ml vial 

W - Water S - Soil SD - Solid L - Llquld A - Alr Bag C - Charcoal tube SL - Sludge 0 - Oil 
A/G - Amber/Or Glass 1 Liter 250 ml - Glass wlde mouth P/O - Plastic or other 

lnchcape cannot accept verbal changes. 
Please Fax written changes to 

214-239-5592 

OFFICE USE ONLY 



Inclwm~~ Tctstirw Serviaws Envlronmmlnl I,nhoralnries 1080 East Collins Blvd.. Xl00 Richardson. TX 75081 l2141238-5591 CHAIN OF CUSTODY RECORD - - - - - - -  - , -  -  - - -_^- -  b -  - -  .  - - - -  -_ . ._------____ _-_ - - -  _.-_ -  ____ - - - -  - .  - .  -  ~~~~~ 

Report to: Invoice to ’ 

Company: nPn X / Company: 59” L 

Address: 420 

C O/E *J%7/ls PA 
/ 

* &!5&AQ?~ 

Phone: L/lr-- 26 7 - 206 3 
N I Y 

Fax: 9/Z H 269 -2Pg 7_ 
Custody Seal 

Sampler’s Name 

MI7 5-7. ‘44 

Sampler’s Signature 

yi!’ 
I. 

, / .’ l@ 
” ” ‘0 

Turn around lime 0 Prioti 1 or Standard 0 Prlorlly 2 or 50% 0 Prlorily 3 or 100% 0 Priority 4 EpS l v l BTEX (602/8020), TPH (418.1 or 8015 , V.OlATlLES (624/8240), IGNITABILITY, TOTAL LEAD (6010) 

/& 
8D : 

Time: Received by: (Signature) j t/’ Date: Time: 

4270 

Remarks 2 p~c ES, YTH/S /s Z/z 

Relinquished by: (Signature) Date: Time: Received by: (Signature) Date: Time: 3~-7l30/?7C> &es 

4 p&y-@J by A?&. 

Relinquished by: (Signature) Date: Time: Received by: (Signature) v Date: Time: Client’s delivery of samples constitutes acceplance of Inchcape/lTS-Dallas terms 
and conditions contained in the Price Schedule. 

I Matrix WW - Wastewater 
* Container VOA - 40 ml vial 

W - Water s - Soil SD . Solid L - Liquid A - Alr Bag 
A/G - Amber I Or Glass 1 Lller 250 ml - Glass wide mouth 

C - Charcoal tube SL - Sludge 0 - Oil 
P/O - Plastic or other 

mcncape cannot accept verrm cnanges. 
Please Fax w&ten changes to 

214-238-5592 

IOFFICE USE ONLY 



APPENDIX H 
SGI WELL DEVELOPMENT RECORDS 



GEOLOGIST/ENGINEER: /4 /v&vPAY 

CUMULATIVE 
COLOR ANDTURBID~ 

BOREHOLE DIAMETER (INCHES) 
/dts / 5-i 7.63 dZ’? #6?5 gJ,J’ ?5zg Amf 

- /630 /65- 
BOREHOLE VOLUME 

?,g-W23 &e J3,f Zb* / /VT& 

pz /S5- X64 dti / #f$ J3.9 3b*3 ma 

AMOUNT OF WATER ADDED 
DURING DRILLING /!a 2/a ?A- d&? 4t?f3 Jw /~z/vnq 

- 

DEVELOPMENT METHOD 

YL(MP//C/& 

PUMP TYPE &L??*! 

izJ&.x %+-AL 

TOTALTIME (A) 

/! g+., 5&m 

AVERAGE FLOW (GPM)(B) 

/- 4/ 9pm , OBSERVATIONS/NOTES 
TOTAL ESTIMATED 
WITHDRAWAL AxB = ~b4?z-o~@~~ 

am q&L- 
” 

HNUlOVA READING 



FIELD WELL DEVELOPMENT RECORD 

TIME START 

dm? 

TIME FINISH 

/433 
INITIAL WATER LEVEL (Fl-j 

6.04 
TOTAL WELL DEPTH UD) 

HZ 

WELL DIAMETER (INCHES) 

2.0 

CALCULATED WELL VOLUME 

6.~42.~ 

BOREHOLE DIAMETER (INCHES) 

BOREHOLE VOLUME 

- 

AMOUNT OF WATER ADDED 
DURING DRlLLlNG 

DEVELOPMENT METHOD 

P LG#qH/k?p 

PUMP WE &y&t%%+> 

342 

TOTALTIME (A) 

z&s. k5-k~ 

AVERAGE FLOW (CPM)(B) 

/.3 aflm 
TOTAL EmMATiD 
WITHDRAWAL AxB = 

4NUIOVA READING 

CT0 NO.: &2?9 WELL NO.: 39 Mbv’#& 8 

DATE: 4/24 hd 
/ n 

GEOLOGIST/ENGINEER: /? /%/,Uy 

DEVELOPMENT DATA 

TlME 
CUMULATIVE 

VOLUME 
(gallons) 

PH 
TEMP 

SPEC 

COND. 
TEMP 

WI (pmhoslcm) (O” 
COLOR ANDTURBIDllY 

OBSERVATIONS/NOTES 

~~dtz?/UpM~~~ 



GEOLOGIST/ENGINEER: /? /4&J,&+ 

TIME START DEVELOPMENT DATA 

/32 2 

TIME FINISH CUMULATIVE 
TlME VOLUME PH 

TEMP 
SPEC 

(“c) 
COND. 

TEMP 

/523 (gallons) $mhos/cm) Cc) 
COLOR AND TURBIDITY 

WELL DlAMETER (INCHES) 

CT. D 
. /SW 3.5 ?*5? 26.5 /d/3 23 f $w. ? /VT& 

- &2? CALCULATED WELL VOLUME fs- ?J-&+%-3 /dW dig &A 4 /t/m 

a&- //d X? 23. / cm .5?3. ----- 
BOREHOLE DIAMETER (INCHES) 

,hv /36 ?A-+ 23.4 /mJz g73.6 3x / /loa 

/4. /is ?#53 2579 23.4 942 352 &%f 
BOREHOLE VOLUME 

/m /a- z55as;3 997 23,:. 3Zd qA/rz/ 
AMOUNT OF WATER ADDED 
DURING DRILLING /Sa? /8..r 7eg3 c.2.f 9a 24/ qt/ Ahf 

LV? d/d 7.s3 2576 2$b Y94 276 ? N7zf 

DEVELOPMENT METHOD c?dd 
P 

/sz3 7 58 CT?.? hb 23. p /S#B ti7w 
uurrp/~l 

PUMP TYPE && fle; ’ 
/ / / I 7 

/ / 

z2&5z?n~ 
/ 

TOTAL TIME (A) 
/ 

/ 
/ / 

/ 
/ / 

/he. 2?/&7. ’ 

/ ’ /’ 

/ / 

AVERAGE FLOW (CPM)(B) 

A 5q/m7 OBSERVATIONS/NOTES 
TOTAL ESTIMATED 
WITHDRAWAL AxB= 245zEzDP~~- 

2~ 9d 
HNUlOVA READING 

r 



FIELD WELL DEVELOPMENT RECORD 

m ::::; ;;:cA -c*z 
WELL NO.: 3.5- /t;‘W#zB w 

DATE: 5k,&6 
/ ’ 

GEOLOGIST/ENGINEER: /v 5&l/% 

TIME START 

/d q&5- 
TIME FINISH 

INlTlAL WATER LEVEL (FlJ 

SB 
TOTAL WELL DEPTH (TO) 

39.3’ 
WELL DIAMETER (INCHES) 

CALCULATED WELL VOLUME 

5x-4&-L 
BOREHOLE DIAMETER (INCHES) 

BOREHOLE VOLUME 
- 

AMOUNTOF WATER ADDED 
DURING DRILLING 

DEVELOPMENT METHOD . 1. 

1 * neha( 
TOTAL TIME (A) 

AVERAGE FLOW (GPM)(B) 

I-OTAL ESTIMATED 
rNlTHDRAWAL AxB = 

-tNU/OVA READING - 

TIME 
CUMULATIVE 

VOLUME 
(gallons) 

DEVELOPMENT DATA 

OBSERVATIONS/NOTES 
~9kcL4y!!~~7- 

SPEC 
COND. 

TEMP 

(pmhoskm) (” 
I 

COLOR ANDTURBIDrrY 



GEOLOGIST/ENGINEER: k?. &v/s 

rlM E START DEVELOPMENT DATA 

/+/o \ 

rlME FINISH CUMULATIVE SPEC 

TIME VOLUME PH 
TEMP 

COND. 
TEMP 

cc) (pmhoskm) rQ 

COLOR ANDTURBIDllY 

/F/D 
(gallons) 

INlTlAL WATER LEVEL (Fl-) 
> 2ooAH.. 

+ ?-6 
0 - - - - 

rOTAL WELL DEPTH m) /a0 - - - - =- 200 /VT. 

38.9 /Sd - - - - YJad rv7-zt 
WELL DIAMETER (INCHES) 

2.0 
doa ?a// - 360 a4 ST3 N7zz 

CALCUlATED WELL VOLUME 
220 6.33 - 740 22 3?# B Aha 

5 5-gaQ 230 6.523 - ?oo 22 &Jz. A/77? 

BOREHOLE DIAMETER (INCHES) 256 b.cIp - ?Od 11 42d.q AIn? 
- 

BOREHOLE VOLUME 
- 

AMOUNTOFWATERADDED 
DURING DRlLLlNG 

- 

DEVELOPMENT METHOD 

P fMlp/fl(?I 

PUMP TYPE ( oh%%.> 

zwt/iL 

TOTALTIME (A) 

Sk 4UL.s 

AVERAGE FLOW (GPM)(B) 

L394m7 OBSERVATIONS/NOTES 
TOTAL EmMATED 
WITHDRAWAL AxB = >LdOf FWLLLf- 

o-?si9 

HNUlOVA READING 

.-. .-..... “._ __.._. 



FIELD WELL DEVELOPMENT RECORD 

WELL NO.: 35- &%&OA Lw 

DATE: 6/4/c16 

GEOLOGIST/ENGINEER: &‘. Jm/ J& 

TIME START 

TlME FINISH 

/4J53- 
INlTlAL WATER LEVEL (Fl-) 

6.00’ 

TOTAL WELL DEPTH (TD) 

/s-q+ ’ 

WELL DIAMETER (INCHES) 

07.4 

CALCULATED WELL VOLUME 

DEVE 

TIME 
CLJMULATNE 

VOLUME 
(gallons) 

TEMP 

pH (“c) 

BOREHOLE DIAMETER (INCHES) 

- 

BOREHOLE VOLUME 
/ 

/ 
/ 

/ 
/ / / / /’ 

/ 

AMOUNT OF WATER ADDED 
DURING DRILLING 

DEVELOPMENTMETHOD 

fl 

TOTALTIME (A) 

3d.o J?M/#. 

AVERAGE FLOW (CPM)(B) 
I I I I I I 

I 

4.57 y/m7 OBSERVATIONS/NOTES 
TOTAL EgIMATED 
WITHDRAWAL AxB= 

//o&b q&c-e 
I 

HNU/OVA READING 



FIELD WELL DEVELOPMENT RECORD 

GEOLOGIST/ENGINEER: /ci. .i&/ & 

CUMULATIVE 
COLOR ANDTURBIDilT 

DURING DRILLING 

DEVELOPMENT’MEliiOD 
5-82 Z5b 554 2m- rd Ah-.-. 

/ / 

/ 

/ / / / 
TOTAL TIME (A) / / / 

fh /&z&. 
/ 

/ / / / 

AVERAGE FLOW (GPM)(B) 

/o$m7 OBSERVATIONS/NOTES 
TOTAL ESTlMATfZD 
WITHDRAWAL AxB = 

75yd 

HNUlOVA READING 



FIELD WELL DEVELOPMENT RECORD 
PROJECT: S/se .35, S6Z 

CT0 NO.: Q@,3 7 WELL NO.: 35-&u&.& 

DATE: +gA/4c: 
I I 

GEOLOGIST/ENGINEER: P&MbAf 

TIME START 

e&7 

TIME FINISH 

/s/3 

INITIAL WATER LEVEL (m 

23.3e 
TOTAL WELL DEPTH m) 

6;zd 0 

WELL DIAMETER (INCHES) 

2 

CALCULATED WELL VOLUME 

5% 

BOREHOLE DIAMEI-ER (INCHES) 

- 

BOREHOLE VOLUME 
- 

AMOUNTOF WATER ADDED 
DURING DRILLING 

- 

DEVELOPMEti METHOD 

P ump/n9 
PUMPMPE &/!&ii) 

-z%sv~Rc 

TOTALTIME (A) 

2 he. 5//M/M. 
AVERAGE FLOW (CPM)(B) 

/. 64 

TOTAL ESTIMATED 
WITHDRAWAL AxB = 

Lad 

HNUlOVA READING 

DEVELOPMENT DATA 

COLOR ANDTtJRBlDllY 

OBSERVATIONS/NOTES 
bEd&-Lop M&&7- 



FIELD WELL DEVELOPMENT RECORD 
P ROJ ECT: 5776 35, S&r 

CT0 NO.: &232 

DATE: a-3- % 
. - 

WELL NO.: 35 LWD 7 

GEOLOGIST/ENGINEER: 

rlME START DEVELOPMENT DATA 

/wz 
rlME FINISH CUMULATlVE 

TIME VOLUME PH 
TEMP 

SPEC 

COND. 
TEMP 

/B/s 
(gallons) WI (pmhoskm) Cc) 

COLORANDTURBIDITY 

NITIAL WATER LEVEL (FI-) 

3.4 
/6D? r 

rOTAL WELL DEPTH (TO) /&3 /t9 - - - - - 
57 d4 /5 -’ - - 

NELL DIAMETER (INCHES) 

2. b 
L47 do 6. S’ 25 r2g 24, i 9bez. 

-L&sY 25 CALCULATED WELL VOLUME d&3/ m 491 /9& F &wm 

g/z 9a& /?w- 40 5x/ /!w 490 /aJ 5? a-i-i 
, 

BOREHOLE DlAMETER (INCHES) 
/?Z8 53 5x6 /g9 4g9 /cc d 23 Ah 

- 

/?a 6d ---- - 
BOREHOLE VOLUME 

mg Ba - --52Jo/xo /dMm 

AMOUNT OF WATER ADDED * / 
LURING DRILLING . / / / 

- 

TOTALTIME (A) 

AVERAGE FLOW (CPM)(B) 

0 5p~ OBSERVATIONS/NOTES 
TOTAL ESTIMATED 
WlTHDRAWALAxB= tsd- 

@q&L 

HNUlOVA READING 



APPENDIX I 
SGI IDW MANAGEMENT AND DISPOSAL INFORMATION 



bee: . . c’- ‘PajaWCF; JWMenWPRGM File; DLBoc ‘RI File; 
~S~&h/PRJ File; MDBartman; RPWattras(ck);‘Daily File 
S.O.# 62470-323-SRN 
Subfile #\ 8 Baker Environmental, Inc. 
Initials psi-3 

Airport Office Park, Building 3 
420 Rouser Road 
COraOpOliS, Pennsylvania 15108 . 

(412) 269-6000 
FAX (412) 269-2002 

November 7, 1995 

Commander 
Atlantic Division 
Naval Facilities Engineering Command 
I5 10 Gilbert Street (Building N-26) 
Norfolk, Virginia 235 1 l-2699 

Attn: Ms. Katherine Landman 
Navy Technical Representative 
Code 18232 

Re: Contract N62470-89-D-48 14 
Navy CLEAN, District III 
Contract Task Order (CTO) 0323 
August 1995, Groundwater and Sediment Sampling 
Operable Unit No. 10 (Site 35) 
MCB, Camp Lejeune, North Carolina 

Dear Ms. Landman: 

This letter report presents the results of groundwater and sediment sampling conducted under CTO-0323, 
RAC Design Package For Surficial Groundwater Remediation Operable Unit 10, Site 35 - Camp Geiger Area 
Fuel Farm. A field investigation was performed during July and August that included well development, 
groundwater and sediment sample collection and measurement of static water levels. Concurrent with the 
field investigation, a site survey was petiormed. Laboratory analytical and validation activities began with 
the submission of the first sample and were completed during September and October of 1995. preliminary 
results indicate that Total Petroleum Hydrocarbon (TPH) contamination is present in the sediment of Brinson 
Creek and the levels of total inorganic contamination in surficial groundwater were substantialiy reduced 
through the use of low flow sampling procedures. 

The data collected will be used in the design of a surficial groundwater remediation system to be completed 
under this CTO. ‘Ihe data wiil also be included in the site-wide Remedial Investigation (RI) Report to be 
completed in 1996 under CTO-0232. 

FIELD INVESTIGATION 

The goal of the groundwater investigation was to more accurately quantify total metals contamination in the 
surficial aquifer by reducing sediment disturbance during sampling. To meet this goal the following tasks 
were performed in the fieid: well development, low flow groundwater sampling, and measurement of static 
water levels. Groundwater samples were collected from 20 wells identified in the Final RI as having total 
inorganic contamination that exceeded federal Maximum Contaminant Levels (MCLs), Secondary Maximum 



Ms. Katherine Landman 
November 7, 1995 
Page 2 

Contaminant Levels (SMCLs), and North Carolina Water Quality Standards (NCWQS). Initially, 24 wells 
were identified as exceeding these standards. However, four wells were abandoned as part of the soil 
remediation at Site 35 and, therefore, only 20 wells were sampled. 

. 

Well Development 

Each of the 20 wells sampled were developed to remove fine-gmined sediment from the screen and establish 
hydraulic communication between tlib well and the aquifer. Prior to development, the groundwater within 
each well and sand pack was agitated with a surge block for approximately 20 minutes to stir up sediments. 
Two pumping systems were used during redevelopment. Shallow and intermediate wells were redeveloped 
with a centritigal pumping system, and the deep wells were developed with an inertial pumping system 
(Wattera system). Hoses used for surging and deveIopment were dedicated to each well to minimize the 
potential for cross contamination and discarded upon completion. During redevelopment eight to 127 well 
volumes were removed from wells until the pH, conductivity and temperature had stabilized and 
groundwater was essentially sediment free. Turbidity levels were monitored as a measurement of sediment 
content. Groundwater was considered sediment free when turbidity measurements of less than 10 
nephelometer turbidity units (NT&) were achieved. Wells were redeveloped for no more than three hours. 
Groundwater collected during the redevelopment- process was temporarily stored in a 200-gallon 
polyethylene tank or 55 gallon drums, then transferred to a 9,000-gallon tank tick. 

Redevelopment activities occurred between July 24 1995 and August 8,199s. Average flows at each well 
ranged from one gallon per minute (gpm) to five gpm. In general, most wells reached turbidity levels of 
10 NTUs or Iess within three hours. However, turbidity in we11 MW-16s remained greater than 200 NTUs 
for the duration of redevelopment, approximately three hours. Groundwater collected from this well 
maintained a slight orange color during redevelopment. Well redevelopment records will be included in the 
site-wide RI report. 

Groundwater Sampling 

Groundwater samples were collected from 20 wells to determine the levels of total inorganic contamination 
in the upper and lower portion of the surficial aquifer. To purge and sample, polyethylene tubing was 
inserted into each monitoring well approximately two to four feet below the static water level and a steady 
flow of approximately 025 gpm or less was established using a peristaltic pump. Tubing used for purging 
and sampling was dedicated to each well to minimize the potential for cross contamination and discarded 
upon completion. Prior to sampling, wells were purged of three to five well volumes until the pH, 
conductivity and temperature had stabilized, and groundwater was essentially sediment free. Turbidity levels 
were monitored as a measurement of sediment content. Groundwater was considered sediment free when 
turbidity measurements of less than 10 N7Vs using a peristaltic pump. 

Samples were introduced directly into laboratory prepared sample containers from the discharge side of the 
peristaltic pump and stored on ice. Groundwater samples were prepared and handled in accordance with 
procedures outlined in accordance with the Remedial Investigation/Feasibility Study Field Sampling and 

rlr*i 
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Analysis Plan for Operable Unit No. 10 (Site 35) (FSAP, Baker, 1993) and USEPA Region IV Standard 
Operating Procedures (SOPS). 

Groundwater was sampled between August 8, 1995 and August 16, 1995. It should be noted that 
groundwater sampling was performed immediately after contaminated soils were excavated from the above 
ground storage tank (ASTs) area at Site 35. 

Static Water Levels 

A round of static water levels was coIlected on August 12,1995 in order to assess groundwater flow patterns 
in the surficial aquifer during the sampling event. The measurements were recorded using an electronic 
measuring tape to the nearest 0.01-f& from the top of the casing. Data were collected from deep, 
intermediate and shallow wells during a four hour period 

Sediment Investieation 

Sediment samples were obtained from 10 sampling stations along Brinson Creek established during the 
previous RI field effort These stations include three locations (35SD0 1 through 35-SD03) upstream of Site 
35 and seven locations (35-SD04 through 35-SD07 and 36-SD-05 through 35-SD07) adjacent and 
downstream of Site 35. The purpose of this effort was to provide data regarding the extent of organic 
contamination that was “masked” by tentatively identified compounds (TICS) in previous results and to 
replace mercury and zinc data that was rejected during validation performed for the previous RI. 

At each sediment samphng station samples were collected at a depth of zero to six inches and six to 12 
inches. Because the sediment samples were collected from near the bank where the water was shallow, it 
was not necessary to use a coring device. A plastic liner with an eggshell was pushed into the sediment a 
minimum depth of I5 inches, or until retial, whichever was encountered frrst. If Iess than 12 inches of 
sediment were obtained the first six inches were placed in the zero to six inch container, and the remaining 
sediment was placed into the six to 12 inch container. An extruding device was not needed to extract 
sediment from the liner. Samples were introduced directly into laboratory prepared sample bottles and stored 
on ice. Sediment samples were prepared and handled in accordance with procedures outlined in accordance 
with the FSAP (Baker, 1993) and USEPA Region IV SOPS. 

SITE SURVEY 

A topographic smey was performed at the site in the area of the proposed site access roads. This data will 
be used to produce a topographic base map with one-foot contour intervals. The area covered by this survey 
generally included the ground surface between the eastern edge of the proposed row for a six-lane highway 
and the western edge of Brinson Creek. The northern boundary is approximately an extension of Second 
Street from First Street and the southern boundary is approximately the west face of the Camp Geiger 
Sewage Treatment Facility. The survey was performed during August and September 1995. Flooding in 
the wetlands area delayed work in this area for several weeks. 
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SAMPLE ANALYSIS ANTl VALIDATION 

Groundwater and sediment samples were packed and shipped to Inchcape Testing Services NRDC 
Laboratories in Richardson, Texas between August 7 and 14, 1995. Groundwater samples were analyzed 
for Target Analyte List (TAL) metals and sediments were analyzed by for TPH (EPA Methods 5030/8015 
and 3550/801 S), mercury (EPA Method E2453) and zinc (EPA Method E 200.7). A copy of the Chain-of- 
Custody (COCs) will be included in the state-wide RI. 

Sample Design Groups (SDGs) with analytical results were submitted by Inchcape to Baker for review and 
Heartland Environmental for validation between September 13 and 21, 1995. Validation was performed 
based on EPA CLP SOW. The validated data were received from Heartland Environmental between 
October 5 and 12, 1995. 

INVESTIGATION RESULTS 

A preliminary review of the groundwater and sediment data was performed as part of this report Data from 
both media will be further evaluated as part of an addendum to the Final RI, Positive detection summaries 
for sediment and groundwater are included in Tables 1,2, and 3. The analytical results of this field effort can 
be summarized as follows: 

0 No sedimen& groundwater, QA/QC or lDW sample was rejected by the validator. 

0 Total metals concentrations in groundwater samples appeared to be substantially lower than 
detected during the previous sampling round where 23 of 24 samples submitted for TAL 
inorganics exceeded either federal MCLs or NCWQS for drinking water. Specific 
inorganics that exceeded these standards included arsenic, barium, beryllium, cadmium, 
chromium, lead, manganese, mercury, and nickel. In the current investigation nine of 22 
samples submitted for TAL inorganics exceeded either federal MCLs or NCWQS for 
drinking water. Specific inorganics that exceeded these standards included antimony, lead 
and manganese. 

0 Both diesel and gasoline fractions were detected by the TPH analysis in Brinson Creek 
sediments- Gasoline fractions were detected in 17 of 22 samples submitted for TPH. Levels 
ranged between 0.1 mgkg and 29.7 mg/kg. Diesel fractions were detected in 16 of 22 
samples that were submitted with levels ranging between 54.9.mg/kg and 7,420 mg/kg. 
During the previous RI only toluene was detected in one of 20 samples that were submitted 
for TCL volatile analysis. 
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l Mercury was detected in three of 22 samples, and zinc was detected in 21 of 22 samples. 
Three of the 22 samples submitted for mercury exceeded the USEPA Region IV sediment 
screening value for mercury of 0.15 mg/kg. None of the 22 samples submitted for zinc 
exceeded the USEPA Region IV sediment screening value of 120 mg/kg. 

The mercury and zinc data generated from the results of this sampling effort along with the low flow 
groundwater sampling for metals should enable Baker to determine whether or not Site 35 is the source of 
elevated zinc and/or mercury concentrations in Brinson Creek water and fish. In addition, groundwater data 
gathered at Site 35 will be used to further evaluate the human health and environmental risks associated with 
Site 35. The TPH data will be used to evaluate where Brinson Creek sediments are most profoundly 
impacted by petroleum contamination, and will aid in the placement of the groundwater remediation system. 

Baker appreciates the opportunity to serve LANTDIV on this project If you have any questions, please do 
not hesitate to contact me at (412) 269-2063. 

Sincerely, 

BAKBRENVIRONMENTAL, INC. 

vz-J$y 
Daniel L. Bonk, P.E. 
Project Manager 

Attachments 
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Locallon 
Lab Id. 
Dale Sampled 

ANALYTES (ugfl) 
Aluminum 
Antimony 
Arsenic 
Barium 
Calcium 
Cobait 
iron 
Lead 
Magnesium 
Manganese 
Potassium 
Selenium 
Silver 
Sodlum 
Thaiilum 
Vanadium 
Zinc 

TABLE 1 
POSITIVE DETECTION SUMMARY 

GROUNDWATER 
INOROANICS 

SITE 36 CAMP GEIQER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

NC 
6 
50 

2000 
NC 
NC 
NC 

‘15 
NC 
NC 
NC 
50 
NC 
NC 
2 

NC 
NC 

: NOTES: 

NA 
NA 
50 

2000 
NA 
NA 
300 
15 
NA 
50 
NA 
50 
16 
NA 
NA 
NA 

2100 

96.5 
20 u 

2u 
24 u 

69900 

35.EMW05-62 
095-7597-6 

0811 l/95 

93.2 J 
20 u 
8.7 J 

21.7 J 
45100 

22405 

9J 

22.9 

I 

734 J 

33501 

2.5 UJ 
2u 

6120 
0.7 u 

1 UJ 

2u 
10.5 J 

3610 J 

I 

3.8 J 

51.71 
1160 J 

I 20200] 
12.1 J 

2.5 UJ 
2u 

QOQO 
9.9 u 

2u 
5u 

35.EMW07-02 
095-7537-2 

06/l O/95 

20 u 
20 u 

2u 
20 u 

105000 
2.8 J 
106 

1 UJ 
3480 J 
26.2 

2150 J 
2.5 U 

2u 
7940 

0.7 u 
2u 

10.6 J 

IgS;GW05-02mj 
D95-75378 

08/l 1195 

25.9 
20 u 

2u 
20U 

56900 
2u 

c 3371 
1u 

2280 
22.1 
4400 

2.5 U 
2u 

31QOO 
1 
2u 

6.7 

(NO CODE) = Confirmed Identiflcatlon. 
U = Not detected. The associated number lndlcatct approximate sample concentration necessary to be detected. 
UJ = Not detected. Quantitatlon limit may be Inaccurate or Imprecise. 
J = Anatyte present. Reported value may not be accurate or precise. 
NC = No crlterta. 

35-hlWO9D-02 
095-7597-2 

08/l 2195 

26.2 J 
20 u -? 

1.4 u 
20.9 J 

104060 
2u 

I 16591 
1 UJ 

2260 J 
19.7 
844 J 
2.5 UJ 

2u 
8746 

9.9 u 
2u 

10.9 u 

1 l/02/95 GWM-L.WK4 



Location 
Lab Id. 
Date Sampled 

ANALYTES (ugk) 
Aluminum 
Antimony 
Arsenic 
Barium 
Calcium 
coben 
Iron 
Lead 
Magnesium 
Manganese 
Potassium 
Selenium 
Silver 
Sodlum 
Thallium 
Vanadlum 
tlnc 

TABLE 1 
POSITIVE DETECTION SUMMARY 

GROUNDWATER 
INOROANICS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

08/09/95 

I , ., 
35-MWIOS-02 

95-7537-l 4 
08fOW95 

NA 
6 
50 

2ooo 
NA 

2 
15 
NA 
NA 
NA 
50 
NA 
NA 
2 

NA 
NA 

NOTES: 

NA 
NA 
50 

2ooo 
NA 
NA 
300 
15 
NA 
50 
NA 
50 
16 
NA 
NA 
NA 

2100 

198 J 
zou 
3.2 J 

57.7 J 
98600 

2u 
162 

1 UJ 
4110 J 
38.6 
3350 J 

3.4 J 
2u 

9.9 u 
5.5 J 

18.5 U 

20 u 
2OU 

2u 
20 u 

122ooo 
2u 

I 1490) 
1 

2420 
19 

811 
2.5 U 

2u 
8390 

0.7 u 
2u 

13.8 

303 
20 u 

3.5 J 
20 u 

75000 
2u 

152 
1u 

1800 J 
7.5 J 

860 J 
2.5 U 

2u 
9970 

0.7 u 
9.1 J 
6.5 J 

35.MWl40-02 35-Mwl4S-02 
957537.17 95-7537-I 6 

08/l Ot95 08110195 

28.8 J 
2OU 
2u 

33.7 J 
119000 

2450 J 
23.4 
1270 J 

2.5 U 
2u 

9560 
0.7 u 

2u 
29.5 

(NO CODE) = Conflrrned Identiflcatlon. 
U = Not detected. The associated number lndlcates spproxlmate sample concentration necessary IO be detected. 
UJ = Not detected. Quantltatlon llmlt may be Inaccurate or Imprecise. 
J = Analyte present. Reported value may not be accurate or precise. 
NC * No crlterla. 

20 u 
20 u 

+y 

4.2 J 
27.1 J 

142000 
2.9 J 

I 4490) 
IU 

4520 J 
44.6 
1460 J 

2.5 UJ 
2u 

104.X 
0.7 UJ 

2u 
22.5 

,-$ 
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Looallon 
Cab Id. 
Date Sampled 

ANALYTES (ug/L) 
Aluminum 
Antimony 
Arsenic 
Barturn 
Calcium 
Cobalt 
Iron 
Lead 
Magnesium 
Manganese 
Potassium 
Selenium 
Sher 
Sodium 
Thallium 
Vanadium 
tlnc 

TABLE 1 
POSITIVE DETECTION SUMMARY 

GROUNDWATER 
INORQANICS 

SITE 36 CAMP QEIQER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

NA 
6 

50 
2ooo 

NA 
NA 
NA 
15 
NA 
NA 
NA 
50 
NA 
NA 
2 

NA 
NA 

NOTES: 

NA 
NA 
50 

2oiX 
NA 
NA 
300 
15 
NA 
50 
NA 
50 
18 
NA 
NA 
NA 

2100 

20 u 
2u 

20 u 
96900 

,, ,. 
35.Mvkt!s-an 

95-7537-l 1 
06/l 0195 

20 u 
20 u 

10.3 
32.2 J 

124ooC 

35-MW16S020 35MvVl QD-02 
95-7537-12 0957537.5 

08/l o/95 08/l 1 I95 

20 u 
20 u 

11.1 
31.3 J 

121ooo 
6.1 J 16 J 16.9 J 

I 2580) I 404001 I 422001 
IU 8.9 2.9 J 

344OJ 450OJ 

I 275) I 141) 
970 J 793 J 
2.5 U 

2u 
8380 

0.7 UJ 
2u 

12.9 J 

2.5 UJ 
10.9 

433505 
0.Q J 

2u 
11.5 J 

454CJ 
1 1391 

728 J 
2.5 U 

2u 
4520 J 

1.1 J 
2u 
5u 

47.0 J 
20 u 

2u 
20 u 

109000 
2.2 J 
113 

1 UJ 
499OJ 
36.7 

336OJ 
2.5 U 

2u 
IO500 

O.? J 
2u 

10.4 J 

(NO CODE) = Contkmed tdentlflcaflon. 
U = Not detected, The associated number Indlcatea approximate sample concentration necessary lo be detected. 
UJ = Not detected. Quantttatlon llmtt may be lnaccurats or Imprecise. 
J = Anatyte present. Reported value may not be accurate or precise. 
NC = No crtterta. 

35&lw1wo2 
095-7537-6 

oa/l I 195 

282 
20 u ,“)! 

2u 
20 u 

35600 
4.4 J 

266 
1u 

1860 J 
I 1021 

2659 J 
2.5 U 

2u 
11300 

0.7 u 
2u 

9.9 J 

1 l/o2195 GWM-L.WK4 3 



Location 
Lab Id. 
Date Sampled 

ANALYTES (ug/L) 
Aluminum 
Antlmony 
Arsenic 
Barium 
Calcium 
Cobalt 
Iron 
Lead 
Magnesium 
Manganese 
Potassium 
Selenium 
Sher 
Sodium 
Thallium 
Vanadium 
Zinc 

TABLE 1 
POSITIVE DETECTION SUMMARY 

GROUNDWATER 
INORGANICS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MC6 CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

NA 
6 

50 
2000 

NA 
NA 
NA 
15 
NA 
NA 
NA 
50 
NA 
NA 
2 
NA 
NA 

. NOTES: 

NA 
NA 
50 

2000 
NA 
NA 

300 
15 
NA 

ii 
50 
16 
NA 
NA 
NA 

2100 

06/l 1195 

205 
20 u 

2u 
20 u 

34500 
4.1 J 
215 

1u 
1770 J 

I 96.11 
2669 J 

2.5 u 
2u 

11200 
1.3 J 

2u 
11.7 J 

35-MW220-02 
D95-7597-6 

06113/95 

22.6 J 
20 u 
1.4 u 

24.7 J 
104600 

D95.7597-9 
06H3195 

32.5 U 
133000 

35-MW29A;di 35-Mw290-02 
D95-7597-4 D95-7597.5 

06H2i95 06/l 2l95 

357 20 u 
20 u 20 u 

13.3 1.4 u 
61.7 J 20 u 

7460 93500 
2u 5.6 J 3.3 J 2u 

I 1llOJ I 15700) I 93601 r 9331 
2.5 J 1 UJ 1 UJ 1.4 J 

3020 J 
41.2 
1129 J 

2.5 UJ 
PU 

7050 
9.9 u 

2u 
5.9 u 

3230 J 

I 63.51 
2320 J 

2.5 UJ 
2u 

’ 5060 
9.9 u 

2u 
su 

1550 J* 1896 J 
29.2 17.1 

2170 J 1110 J 
2.5 UJ 2.5 UJ 

2u 2u 
14600 6460 

9.9 u 9.9 u 
2u 2u 

17.4 u 11.6 U 

(NO CODE) = Confirmed Idenlcatlon. 
U = Not detected. The associated number lndlcater approxlmate sample concentration necessary to be detected. 
UJ = Not detected. Quantltatlon tImit may he Inaccurate or Impreclae. 
J * Anatyte present. Reported value may not be accurate or pm&e. 
NC = No criterta. 

11/02/95G WK4 



TABLE 1 
POSITIVE DETECTION SUMMARY 

GROUNDWATER 
INOROANICS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

Locatlon 
Lab Id. 
Date Sampled 

ANALYTES (ugA.) 
Aluminum 
Antimony 
Arsenic 
Barium 
Calcium 
Cobalt 
iron 

Lead 
Magnesium 
Manganese 
Potasslum 
Selenlum 
Sltver 
Sodium 
Thalltum 
Vanadlum 
Zinc 

NA 
6 

50 
2000 

NA 
NA 
NA 
15 
NA 
NA 
NA 
50 
NA 
NA 
2 
NA 
NA 

NOTES: 

NA 
NA 
50 

2000 
NA 
NA 

300 
15 
NA 
50 
NA 
50 
16 
NA 
NA 
NA 

2106 

06/l 2l95 

520 
20 u 
1.4 u 

96.4 J 
6360 

2u 
58.4 J 

6J 
3620 J 

6.6 J 
1640 J 

2.6 J 
2u 

5370 
9.9 u 

2u 
7.6 U 

35.Mw330-62 
09575974 

06lt 2i95 

20 u 
20 u 
1.4 u 
20 u 

102000 
2u 

I 6461 
1.5 J 

2170 J 
20.1 
929 J 
2.5 UJ 

2u 
7340 

9.9 u 
2u 

24.3 U 

(NO CODE) = Confirmed identlkatlon. 
U = Not detected. The associated number lndlcates approxlmate sample concentratlo 
UJ * Not detected. Quantltatlon llmlt may be inaccurate or Imprecise. 
J = Anatyte present. Reported value may not be accurate or precise. 
NC = No criteria. 

1 l/02/95 GWM-L.WK4 5 



Location 
Lab Id. 
Date Sampled 

ANALYTES @g/L) 
Aluminum 
Antimony 
Arsenic 
Bartum 
Calcium 
CobaH 
Iron 
Lead 
Magnesium 
Manganese 
Potasslum 
Selenium 
Sitver 
Sodium 
Thallium 
Vanadium 
Zinc 

Groundwater Groundwater 

NC 
1122 
Oi22 
o/22 
NC 
NC 
NC 
II22 
NC 
NC 
NC 
0122 
NC 
NC 
0122 
NC 
NC 

NC 
NC 
0122 
0122 
NC 
NC 

15122 
1122 
NC 
?I22 
NC 
on2 
0122 
NC 
NC 
NC 
Ol22 

TABLE 1 
POSITIVE DETECTION SUMMARY 

GROUNDWATER 
INORQANICS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MC8 CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

MAXIMUM 
DETECTED 

520 
20 J 

13.3 
90.4 J 

142600 
16.9 J 

42200 
15.4 

499oJ 
275 

4400 
3.4 J 

10.9 
31930 

1.3 J 
9.1 J 

29.5 

LOCATION OF FREQUENCY 
MAXIMUM OF 

OETECTEO DETECTION 

35-MW33A-02 
35-MW22S-02 
35MW29A-02 
35.MW33A-02 
35MWI 4502 

35-MWI 6S-020 
35-MWI 6S-020 
35.MWl4D-02 
35.Mwl9D-02 
35MWI 60-02 
35.GW05-02m 
35-MW09S02 
35MWl6S-02 
35GW05-02m 

35-MWl9SO2D 
35MWI OS-02 
35-MW 14D-02 

13i22 
1122 
at22 
10122 
22i22 
12i22 
22l22 
9l22 
2222 
22l22 
22i22 
2122 
1122 

2202 
5122 
2122 
12l22 

NOTES: (NO CODE) = Contlrmed Identlflcatlon. 
necessary to be de U = Not detected. The assoolated number lndlcates approximate sample concentration ne 

UJ * Not detected, Quantltatlon llmtt may be inaccurate or Imprecise. 
J = Anatyte present, Reported value may not be accurate or precise. 
NC = No crtterla. 

1 l/02/95 ..WK4 



Locallon 
Lab Id. 
Dale Sampled 

TPH mglkg 
Gasoline 5030/8015M 
Diesel3550/8015M 

TABLE 2 
POSITIVE DETECTION SUMMARY 

SEDIMENTS 
TOTAL PETROLEUM HYDROCARBONS 

SITE 36 CAMP GEIQER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

35-SDOl-06-02 35SDOI-612.02 35SD02-06.02 35-SDO2-612-02 
095-7350-l 095-7350-2 D95-7350-3 095-7350-4 

08108195 08/08/95 08/08/95 08108/95 

NOTES: 

0.069 u 0.061 u 0.062 u ' 0.164 
69 U 36.7 U 37.4 u 104 

35SDO3-06-02 
95-7354-l 0 

08107195 

0.759 0.07 u 
54.9 84.5 

(NO CODE) = Conflrmed Identlflcatfon. 
U = Not detected. The associated number lndlcates approximate sample concentration necessary to be detected. 
mg/kg * mllllgrams per kilogram. 
ug/kg = mlcrograms per kilogram. 

35SD03612-02 
95-7354-l 1 

08107195 

1 l/02/95 SDTPH-L.WK4 



Locallon 35.SD0406-02 35-SD04612-02 35.SD0566-02 35.SD05612.02 35.SD- 35.SDO6-612-02 
Lab Id. 095-7354-6 095-7354-9 095-7354-6 095-7354-7 095-7354-4 095-7354-5 
Dale Sampled 06107lQ5 00107195 06107l95 061071Q5 00/07l95 06lO7l95 

TPH mglkg 
Gasoline 5030/8015M 
Diesel 3550/6015M 

11iOZ ‘t-i-L.WK4 

TABLE 2 
POSITIVE DETECTION SUMMARY 

SEDIMENTS 
TOTAL PETROLEUM HYDROCARBONS, 

SITE 36 CAMP GEIOER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

2.39 29.7 5.6 3.65 14.2 1.07 J 
735 459 550 1100 7420 234 

NOTES: (NO CODE) = Confirmed Identlffcatlon. 
U = Not detected. The assoolated number lndlcates approxlmate sample concentration necessary to be detected. 
mgikg t mllltgrams per kllogrem. 
ug/kg = micrograms per kllogrem. 



Lo&Ion 35.SD07-00-02 35.SDO7-060-02 35.SDO7-612-02 36-SDOS-06-02 36-SDO5-612-02 36SDO6-06-02 
Lab Id. 095-7354-1 095-7354-2 095-7354-3 95-7350-l 0 95-7350-l 1 095-7350-8 
Dale Sampled 00/00/95 08/08/95 08/07/95 Ot3/07/95 08/08/95 08lO7195 

TPH mglkg 
Gasoline 50301801 SM 
Diesel 3550/8015M 

0.180 J 0.364 1.42 0.102 0.143 0.099 
239 180 U 292 41.8 U 64.5 92.2 

TABLE 2 
POStTlVE DETECTION SUMMARY 

SeDIMENTS 
TOTALPETROLEUMHYDROCARBONS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

NOTES: (NO CODE) = Confirmed Identlflcatlon. 
U 8 Not detected. The associated number indicates approxlmate sample concentration necessary to be detected. 
mg/kg 8 mllllgrams per kilogram. 
ug/kg = mlcrograms per kllogram. 

1 l/02/95 SDTPH-L.WK4 



Locatlon 
Lab Id. 
Date Sampled 

TPH mglkg 
Gasoline 5030/8015M 
Diesel 355OBO1 SM 

11lO2lQ5s .L.WK4 

36-SDO6-612-02 
095-7350-9 

OtVO7/95 

0.892 2.28 2.24 0.115 u 
444 708 1140 68.8 u 

NOTES: 

TABLE 2 
POSITIVE DETECTION SUMMARY 

SEDIMENTS 
TOTAL PETROLEUM HYDROCARBONS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MC6 CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

36.SDO7.06-02 36.SOO7-060-02 36-5007-612-02 
095-7350.5 095-7350-6 095-7350-7 

08lO7195 08107/95 08107/95 

(NO CODE) = Confirmed Idenllflcatlon. 
U = Nol detected. The associated number lndlcates approximate sample concentration necessary to be detected. 
mg/kg * mllllgrams per kilogram. 
ugnCg = mlcrograms per kilogram. 



Locallan 
Lab Id. 
Date Sampled 

TPH mglkg 
Gasoline 5030/8015M 
Diesel 35501801 !%l 

1 l/02/95 SDTPH-L.WK4 

TABLE 2 
POSITIVE DETECTION SUMMARY 

SEDIMENTS 
TOTAL PETROLEUM HYDROCARBONS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

LOCATION OF FREQUENCY 
MAXIMUM MAXIMUM OF 

DETECTED DETECTED DETECTION 

29.7 3%SDO4-612-02 17122 
7420 35SDO6-06-02 16122 

.5 



Location 35.8001-06-02 35.SDOt -612-02 %SD02-06-02 35SD02-612-02 35SDO3-06-02 35.SD03-61262 
Lab Id. 095-7350-l 095-7350-2 D95-7350.3 095-7350-4 95-7354-l 0 95-7x54-1 1 
Dale Sampled 00/06/Q5 06/06/95 00/06/95 00106195 00lO7l9S 00107/95 

ANALYTES (mglkg) 
Mercury 
zinc 

11/02/96 .WK4 

TABLE 3 
POSITIVE DETECTION SUMMARY 

SEDIMENTS 
INORGANICS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

0.13 u 0.12 u 0.12 u 0.26 U 0.15 u 0.13 u 
12.6 4.1 27.1 62.1 26.6 11.4 

NOTES: (NO CODE) = Confkmed Idenlcatlon. 
U = Not detected. The associated number Indicates approxlmate sample concentration necessary to be detected. 
uglkg = mlcrograms per kilogram. 



Locallon 35.SD04-06-02 35SD06612-02 35.SDO5-06-02 35SDO5-612-02 35.SDO6-08-02 35-SDO6-612-02 
Lab Id. 095-7354-6 095-7354-Q 095.73566 D95-7354-7 095-7354-4 D9573545 
Date Sampled 08/07/05 08/07/95 08/07/95 08/07/95 08107195 08/07/95 

ANALYTES (mglkg) 
Mercury 
Zinc 

TABLE 3 
POSITIVE DETECTION SUMMARY 

SEDIMENTS 
INORGANICS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MCI3 CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

0.14 u 0.14 u 0.25 U 0.23 U 0.28 U 0.38 
34.2 42.2 106 104 92.9 9.9 

NOTES: (NO CODE) = Confirmed identlflcatlon. 
U = Not detected. The associated number lndlcates approximate sample concentration necessary to be detected. 
uglkg = mlcrograms per kllogram. 

1 l/02/95 SDM-L.WK4 2 



TABLE 3 

Location 35.SDO7-06-02 35.SD07-060-02 35.SD07.612.02 36:SDOS-06-02 36-s005-612-02 36~SDO6-06-02 
Lab Id. 095.7354-l D9!%7354-2 095-7354-3 95-7350-I 0 95-7350-I I 095-7350-8 
Date Sampled 06/08/95 08/08195 08/07/95 08/07/95 08/08/95 08/07/95 

ANALYTES (mglkg) 
Mercury 
Zinc 

POSITIVE DETECTION SUMMARY 
SEDIMENTS 
INORGANICS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MCI3 CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

0.19 u 0.17 tJ 0.13 u 0.13 u 0.13 u 0.16 
72.6 61.7 45.6 28.4 18.2 22.6 

-3 

NOTES: (NO CODE) = Conflrmed identiflcatlon. 
U = Not detected. The associated number Indicates approximate sample concentration necessary to be detected. 
ug/kg * mlcrograms per kilogram. 

c 



Locsllon 36-SDo6-612-02 36-9007-06-02 36-SD07-060-02 36.SDO7.612.02 
Lab Id. 095-7350-9 095-7X0-5 D95-7350-6 095-7350-7 
Dale Sampled 08/07/95 08m7/95 06107/95 06/07/95 

ANALYTES (mglkg) 
Mercury 
Zinc 

TABLE 3 
POSITIVE DETECTION SUMMARY 

SEDIMENTS 
INOROANICS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

0.1% 0.34 u 0.34 u 0.31 u 
10.1 65.8 94.5 ?.2 u 

NOTES: (NO CODE) = Conflrmed Idenllflcatlon. 
U = Not detected. The associated number Indicates approxlmate sample concentrallon necessary to be detected. 
ug/kg = mlcrograms per kilogram. 

ll/OZ95 SDM-L.WK4 4 



Localion 
Lab Id. 
Date Sampled 

ANALYTES @-@kg) 
Mercury 
Zinc 

TABLE 3 
POSITIVE DETECTION SUMMARY 

SEDIMENTS 
INORGANICS 

SITE 36 CAMP GEIGER AREA FUEL FARM 
MCB CAMP LEJEUNE, NORTH CAROLINA 

CONTRACT TASK ORDER 0323 

LOCATION OF FREQUENCY 
MAXIMUM MAXIMUM OF 

DETECTED DETECTED DETECTION 

0.36 ‘, 35-s006-612-02 3122 
106 35SD0506.02 21t22 



August 29,1996 

Baker Environmental, Inc. 
Airport Office Park, Building 3 
420 Rouser Road 
Coraopolis, Pennsylvania 15108 

(412) 269-6000 
FAX (412) 2642002 

Commander 
Atlantic Division 
Naval Facilities Engineering Command 
15 10 Gilbert Street (Building N-26) 
Norfolk, Virginia 235 1 l-2699 

At&X Ms. Katherine Landman 
Navy Technical Representative 
Code 18232 

Re: Contract N62470-89-D-48 14 
Navy CLEAN, District III 
Contract Task Order (CTO) 0232 
Operable Unit No. 10 (Site 35) 
MCB, Camp Lejeune, North Carolina 
IDW Handling and Disposal 

Dear Ms. L.andrnan: 

This letter report describes the sample collection activities, results, and recommendations for the disposal of solid 
and liquid investigative-derived waste (IDW) present on Onslow County property adjacent to Site 35, Camp 
Geiger Area Fuel Farm, Marine Corps Base, Camp Lejeune, North Carolina. Analytical results are provided in 
Attachment A. 

The IDW was generated via monitoring well installation, development, and sampling activities conducted in 
August., 1996 m Onslow County as part of the Supplemental Groundwater Investigation (SGI). The solid IDW 
consists of approximately 15 cubic ftet of drill cuttbgs that are containerized in a roll-off box. The liquid IDW 
consists of approximatefy 1,300 gallons of development and purge water that is containerized in two portable 
polyethylene tanks. Both the roll-off box and polyethylene tanks are presently located next to the Onslow 
County Animal Control Facility on Georgetown Road in Jacksonville, North Caiolina. 

SamDIe Collection and Analysis 

Liquid IDW 

One grab sample was collected fi-om each of the polyethylene storage tanks and composited in a one-gallon glass 
container, and given the sample identification 35-IDWL2-04. This sample was analyzed for full Target 
Compound List (TCL) organics, Target Analyte List (TAL) inorganics, Total Suspended Solids (TSS), Total 
Dissolved Solids (TDS), and Resource Conservation Recovery Act (RCRA) characteristics (corrosivity, 
ignitability, and reactivity). 

\ 
I 

A Total Quality Corporation 



C c 

Ms. Katherine Landman 
August 29, 1996 
Page 2 

Solid IDW 

Five solid grab samples were collected from random locations within the roll-off box. A representative sample 
was collected from each of these grab samples and given the sample identification 35IDWS2-04. This sample 
was analyzed for fkll Tosic Characteristic Leaching Procedure (TCLP) organics and metals, Target Compound 
List (TCL) PCBs, and Resource Conservation Recovery Act (RCRA) characteristics for defining a hazardous 
waste. 

Results 

Liquid IDW 

Sample 3%IDWL2-04 exhibited a single semivolatile organic contaminant [i.e., bis (2-Ethylheql)phthalate = 
62 ug/L]. No volatiles, pesticides, or PCBs were detected in this sample. The detection of bis (2-Ethylhexyl) 
phthalate is not considered to be site-related contamination, but rather contamination originating fkom the 
polyethylene storage tanks used to store the IDW. 

A variety of inorganics were detected in sample 3%IDWL02-04. The concentrations of these inorganics are all 
are well below the regulatory limits that would render the liquid IDW characteristically hazardous. However, the 
following contaminants were detected at concentrations which esceed groundwater or drinking water standards 
for the protection of public health. 

INORGANIC DETECTIONS 

Contaminant Actual (i&L) 

AhlITklLlm 34,600 

Antimony 24.8 

Beryllium 5.6 

chromium 138 

Iron 36,000 

Lead 22.8 

Manganese 305 

NSA = No Standard Available 

MCL (ug/L) N.C. REGS (q/L) 

50 NSA 

G NSA 

4 NSA 

100 50 

300 300 

1.5 15 

50 50 

The levels of TSS and TDS were 11,000 mg/L and 1,400 mg/L, respectively. Based on discussions with OHM 
Remediation Services Inc., these levels of TSS and TDS will not foul treatment equipment at the Lot 203 
Groundwater Treatment Facility. In addition, this sample is not characteristically hazardous due to reactivity, 
ignitability, or corrosivi~. 



Ms. Katherine Landman 
August 29,1996 
Page 3 

Solid IDW 

Sample 35-IDWS2-04 did not have any detections of organic or inorganic contaminants and was not found to 
be characteristically hazardous due to reactivity, ignitability, or corrosivity. 

Conclusions and Recommendations 

Liquid IDW 

The analytical results indicate that the liquid IDW is not a hazardous waste, but does contain levels of metals 
above groundwater standards. Consequently, disposing liquid IDW directly to the ground would, in effect, 
contaminate previously uncontaminated soils. Therefore, it is recommended that the liquid IDW be treated at 
a base groundwater treatment facility. Upon LANTDIV’s approval of these disposal recommendations, Baker 
will arrange for transport of liquid IDW to the Lot 203 Groundwater Treatment Facility. Baker will coordinate 
these disposal activities with base personnel. 

Solid IDW 

The analytical results indicate the solid IDW is not a hazardous waste and displays no evidence of contamination. 
At other remedial investigation sites at MCB Camp Lejeune, where solid IDW has been determined to be 
nonhazardous and inert, the contents of roll-off boxes have been dumped onto the ground and graded-off. 
However, this IDW is on On&w County property and on-site disposal of the solid IDW is not recommended 
by Baker for the following reasons: 

l Drilling mud is not aesthetically pleasing when dumped on the ground. Dumping at this site cannot be 
done in a secluded location due to site conditions. Such an eyesore could generate complaints from 
nearby City residents, and County employees that work at the Onslow County Animal Control Facility, 
or the nearby Onslow County Administrative Offices. 

. The disposal site would be adjacent to the access road that leads to the sewer easement adjacent to 
Brinson Creek. This area may be subject to an enforcement action according to the Army Corp of 
Engineers (COE). Disposing waste adjacent to an area under an enforcement action could generate 
complaints from public officials that are responsible for addressing COE concerns. 

. Onslow County granted permission to access the sewer easement and install wells. Specific permission 
to dispose IDW on County property was never granted. Approval to dispose the waste on-site would 
be required approval fi-om the Onslow County Board of Commissioners. This process could take months 
and substantial rental costs for the roll-off bos would be incurred. 

As an alternative to on-site disposal, Baker is proposing that the roll-off box be transported to Camp Geiger (Site 
35) and the contents deposited on the ground at the location where solid IDW from previous SGI field activities 
was deposited. After this material has dried it can be graded-off. 

Baker has proposed a letter of concurrence that presents this alternative to Mr. Neal Paul, Director of the 
Environmental Management Department (EMD) at MCB Camp Lejeune. Upon receiving concurrence from the 
EMD, Baker will coo&inate disposal activities with the necessary base personnel and implement the previously 
mentioned alternative. 



Ms. Katherine Landman 
August 29,1996 
Page 4 

Baker appreciates the opportunity to serve LANTDIV on this project. If you have any questions, please do not 
hesitate to contact me iit (4 12) 269-2063 or Mr. Matt Bartman at (4 12) 269-2053. 

Sincerely, 

BAKER ENVIRONMENTAL, INC. 

m!2? -up DLLB~K 

Daniel L. Bank, P.E. 
Project Manager 

DLB/MDS/lq 

Attachments 

CC: Mr. Neal Paul, MCB, Camp Lejeune (w/attachments) 
Mr. John Riggs, MCB, Camp Lejeune (w/attachments) 



Attachment A 



IIeston Envbonmental Metrics, Xnc, (Gulf Cpast) 
’ ’ 

t* 
VOLATILE? BY GC;MS, HSL LIST Report Date:p;8/19/96 19:28 

g a 

Cust ID: 354pnl244 VfjLKGD VBLKGD EjS 

Sample RFh'#: 001 
Information 

Makr:x: 
WATER 

%GV;;E2;kMB~ 96GV;;EX;I;MBl 

unit;i 
1 1 

ug/L ug/l Ug/ll 
1 Z-Olchloroethane-d4 

Surrogate * 
99 x 106 x 109 % m 

98 41 99 %. 
Recovery 

Toluene-d8 . 3; : 
4-Bromofluorobentene 

f,9ly~.wzia*;j 
io5 .% 

ICtll*--PI1-tlll-l.--.--.--.~~-~-.*. IIn1PIsu¶c=lffl ppLPII-P3-rfl=~:==--IILtllf]MLI~-P~tffl 
Chl oromethane 
Brconmethane- ~ 

Chlbroethane - 
Methylene ChE 
Acetbne 
Carbon Dlsulfld 
1,1-O! chloroeth&e 
1 ,l-Dichloroethane 
1,2-DichloroetheneTubalI AC*1 \ 

Chloroform 
1,2-Dk!!l( methane 
2-Butanone --- 
l,l.l-Tr1cm 
Carbon Tetrachloride 
Bromodichloromethane 
2.2-Oichloroorooane 
cis-1.3-Dlch\orborooene 
Trkhiorkethene 

r- -r-~-- 

Dibrcmochlorome%hane 
1,1,2-Trlchloroethane 

Rz 3 . -D1 chloropropene _ 
Bromofobm 
4-Methyl-%pentanone 
Mexanone 
TetrachlorZ th 
1,1.ZT2-ietrac~;~roethane, 
Toluene . -.-._- 

1 

. , *; Dutsfde of WA CLP QC ldmits, . . . 

10 
10 
10 

:i 
10 
10 
ItI 
*lo 
10 

*. ,# 

. 



, Pm EWLt&ber. 9608G675 Clie)lc: Baker-Leleune #232 Work-: OOOO-OO*O Pase: 1I.j 
Cust 11: 35~ICML2-04 ABLKGO VBLKGD BS 

001 96GVE269aMBl 96GVE269-MB1 

lfl II -in I, Inn x, . . 
ii ii 
10 u 
10 lJ 

IV u 
10 u 

40 u 
10 u 

AU7 
:Do i 
10 u 

Ethylbenzene 
St rene 

T Xy ene ?totiW 
*- Outslde of m CLP QC Iimlts. 

c 

. . . . . 



-e-‘-k 

/ 
_’ 

Weston Environmental Metrlcs, Inc. (GUI f Coast) 
OLATILES BY GC/MS, HSL LIST Report Date: 08/15/96 12:40 

RFW Batch Ntier. 96OBG675 * . Leieune #232 ork Order: 0000~00-0 Page: 13 

Cust ID: 3!XDblL2*04 35=IDWL2*04 35~IOtR2-04 SBLKOV SBLKOV BS SBLKOV BSD 

Sample RFw#: 001 001 MS 
Information 

MaiP 
WATER WATER 

O;iTgD 96GB;;;;RMBl 96GB;;t%&MBl 96GB;;;;iMBl 

unitl i 
1 1 1 1 1 1 

us/L ugll ug/L ug/L uglL ugJL 

Nltrobentene-dS 42 % 61 x 44 x 53 % 63, % /2 x 
pm& Z-Fluorobiphenyl 

;; *' : 
58 X 

p-Terphenyl -d14 
Phenol-d5 ii ii 

Z-Fluorophenol 
2,4, &Tri bromophenol 

if.: 
54. % % : 

2-Chlorophenol-d4 
ti : 

57 % 
1,2-Dlchlorobenzene-d4 * . 54 x 

s-0 --II-o-m-- ssam-If~P-21-0~~ 

lid 

g 
i 

: 
56 % 63 II',' 64 I 

2 : ;36 : 2 T 
40 II 49 % 52 M 66 % 
62 f "53 x 68 % ?2 x 
40 % 51 % % ! 66 x 

51. % 53 x 63 % 
mPP~If1 ~P31-PP-8f~ P-PpPPPPP-fl 

:x i 55 x 64 X 
10 u 10 u 

10 u 52 % 10 u 10 u Yo : 

‘ii !I 
50 % 62 % 
IO u 10 u 

:; uv iti i 
10 u 
10 u 

ii !.I 67 10 % u 73 10 u % 
10 u 10 u 10 u 
10 u 10 u 
10 u iii i 

ii ; 
ii i 

;; 1 
:oo i 
10 u ii i 
10 u 10 u 

10 u 
10 u % i 7il : 
:i uu 10 10 u u 10 10 u u 

10 u 62 % 70 % 

iii i i8 L1 ;; ! 

l&Dichlorobei 
1,4-Dichlorobenter~e~ 
I, 2-Olchlorobentene-pm- 
;+$thoy1 ~e$ 
I - d . ?ih loropropane) _ 

-prop~lamln~ _ 
4-Methylphenol . ' 
N-NItroso-di-ti -._ 
Hexachloroethane 
Nltrobenzene -- - 
Isophorone _ ~~~ _ 
2-N) trophei' 
2.4-Dimethvll 
bis(Z-Chloivethox 1 
2.4~Dlchlorotiheno r 

101 
sheno\ 

Imethane _ 

iI2.4-Trlchi~robenzene . 
Naphthaleno 
4-Ch7oroanlr;lne . 

mn Hexachlorobutafi 51 IC 
4-Chloro-3-met lph 

T 
beno I 

2-Meth lnaphtha ene - 
Hexach orocvclooent T -.-- --.-. dl 
'*- GutsIde of EPA c!P gem 

62 

52$' 
20 u 

52 % 

;i' i 
20 
20 

66 
20 
20. 

5: 
20 
20 

u 

U 

5 

i 
l . I l . 

. 



RFW Batch Number: 96086675 une S2 2 
L2-04 3 35dDHL2-0! 

or er. OOOOdlO~O 
%%Y' 

Oaae. 1 
SBLKOV BS SBLKOYbi3SD 

RMa:' 001 001 MS 001 MSD 96GB039FMBl 96GB0397=MBl 96GBO397-MBl' 

2 4 6-Trichlorophenol 2:4kTrichloro henol 
2-Chlorona htha 

! 
f ene 

2-Nitroanf Ine 
Dlmeth 1 

ix 
hthalate 

Acenap t ylene 
2.6.Dfnltrotoluene 
3:Nltroanfllne 
Acenaphthene 
2,4-OInftrophenol 
4-Nltrophenol 
Oibenzofuran 
2,4=O~nitrotoluene 
Olethylphthalate 
4-Chlorophenyl-p 
Fluorene' - 

. bheny let her 

4-Nltroanillne 
4,6-Dln~tro-2-methylphenol 
N-NjtrosodIphen lamlne (1) 
4@omophenyl-p enylether i 
Hexachlorobenrene 
Pentachlorophenol 
Phenanthrene 
Mthracene 
Carbazole 
01-n-butylphthalate 
Flucranthene 
Pyrene 
Butylben lphthalate. 
3,3'-Dlch orobentldfne 4 
Bento(d)anthracene 
Chrysene 
b~s(2-Ethv)hewl)DhthaJate 
Dl-&octyjphth>l&e 
Benzo(b)fluoranthene 
BenzoWfluoranthene 
Benzo(akwrene 

. 

25 u 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U -% 

69 X 
25 U 

%I I? 
68 % , 
10 u 

ii /Ii 
25U 
;;I 

. 
, 

'1: 11 
79 5: 
10 u 
IOU - 
10 u 
10 u 
10 u 

85 X 
10 u 
‘1; Ill 

“lo u 

from Diphenyl 
20 u. 20 u 

amine; *= Outslde c 
( CLP QC lIm5ts 

. ’ 

25 u 
10 u 

:so ii 
10 u 
10 u 
25 u 

66 x 
25 u 

58 X 
10 u 

?o : 
10 u 

“--‘10” u 

7; i 
---10 u 

10 u 
-- 10 u 
.--73.-- 8 
-‘"lo u 
..-- 10 u 
---1 o- u 

10 u 
4";" -a 

--"lo-- tl 
‘-- 10’ u 
:+gjL.^. 
,,scc. u 

g 1 ‘,’ 

10 u 
10 u 

:i ii 
10 u 



Weston invironmental Metrics, Inc. (Gulf Coast) 

RN Batch Number: 9608G675 
PESTICI~E/PCBs B; GC, CLP L,IST 

Cli&:' l&ker=Le&!&e #23 
Report Date: l ;/26/96 11: 00 + 

ork Order: 00000~000-000-0000 l OOO . 

Cust ID: 35=IDM&04 , 35=LDWL2-04 35-106112-04 350IDwL2*04 35-IDNL2=04 35-IDWL2~04 

Sample RFW#: 001 001 001 MS 001 MS 
InformMon 

MatDr:x: 
WATER WATER WATER WATER O&ED o!iT~~D 

uniti i LOO 1.00 1.00 1,oo 1.00 1.00 
ug/L ug/L us/L ug/l ugll 

01 2 co1 2 

Surrogate: Tetrachloro~m- "x lene 75 16 75 % .65 X Surrogate: Decachloroblp enyl 3 20 * x :oo xx * 25 * X 25 * x 3 **; ii 4 m 
--1---1-1--1.1111--1----.--.-*- fl PP.IppIIR.wIfl lOCflPPPllPIfllllrll"~==fl MEWbMWkfl ¶EEl-*PZPr=fl 

0.10 u 
0’10 u 

*. y ; 

72 x’ 
Aldr In 
Heotachlor epoxide 
Endosulfan I' - 
Dieldrln 
4.4'-DD- 
Eridh. 
Endosulfan II . 
4,4'-ODD 
Endosulfan sulfate 
4.4'0DDT 
Methowc 
Endr1 n- ~&e 
EndfIn aldehyae 
alpha-Chlordane 
gaba-Chlordane 
Toxaohene ~_ 

7b’ x 
OJO u 

OikO xu 

!E 21 
c.20 u 
0.20 u 

Go ! 
1.0 u 

0.26 u 

67 X 
1.0 ll - 

0.23 u 
0.20 u 

8*~~ /II 
'10 u 
2,o u 
4,o u 

;*; i 
2:o u 
2.0 u 
2.0 u 

u- Analyzed, not detected', J= Present belw detect1on'llmlt, B= Present in blank. NR- Not requested, NS- Not spiked, 
I(- Percent recovery. D= Diluted out. I= Interference. NA- Hot Applicable, *= Outside of Advisory limfts. 



Weston Envfronmental Met&s, Inc. (Gulf Coast) 
PESTlCIDE/PCBs BY GC, CLP LIST * * 

fIRi Batch-Umber. * 96086675 Client._Baker Le& t . e&!2 
Report Oate:.;8/26/96 11:OO 

2 Work Order. 00000 000 000 0000 0 000 P 8 . . . . aae: 

Cust ID: PBLKDK PBLKDK PBLKDK BS PBLKDK BS PBLKOK BSO PBLKDK BSD 

Sample 
Information 

RF#: 96GP0867aMBl’ 96GP0867.MB1 96GP0867mMBl 96GP0867-MB1 96GP0867=MBl 96GP0867=MB1 
Matrix: WATER WATER 

1.00 
WATER 

LOO 
Units: ug/L uglL 

co1 2 
Surrogate: Tetrachloro-m-xylene 90 % a5 x 
Surrogate: Decachloroblphenyl 80 % a0 x, 

alpha-EN 
beta-BHC 
delta-Br 
gama-BHCTZTi 
Heptachlor 
Aldrln 
Heptschlor epoxide 
fndosulfan I- ~_~ _ 
Oieldrln 
A A’ 4Il-G 
Endrln 
Endosulfan II 
4,4'-ODD 
Endosulfan sulfate 
4,4'-DDT 
Mithoxychlor 
Endrin '<etone 
Endrin aldehvr 

gaima-Chlordane 
Toxa hene 
Aroc or-lm6 f 
Aroclor-1221- 
Aroclor-1232 
Aroctor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260=---- 

w/L 

a5 2 a0 f6 
a5 x. 

-38 r 
100 x 
114 x 

0,050 u 

‘ii?’ t 

go* ‘j 
OS0 u 
0.10 u 

i5’3O ; 
030 u 

!xi i 
0,bso II 
0,050 u 

5.0 u 
1.0 u 

:*I 1 
1:o u 
1.0 u 

:*Fi ii . 

;= $;lyzed, not detected, J- Present belait detection. limit. B= Present in blank: NR- Nat requested. NS- Not splkei 
I 

"c 
recovery. O= Diluted out. I- Interfecende, NAm Not AppllcaPle. *- Outside of Advisory limits, 

c . f 



ABSENT BY:WESTON EhiI ( 
; 8-23-96 ; 11~19 ; 412 263 2tJuz;~ 2/ Z 

IC 
ROY 

INORGANf CS 

CLIFNT: Baker-Lejeune #232 
WORK ORDER: 00000-000-000-0000-00-000 

SAMPLE SITE ID 

F. WESTON INC. 

DATA SUMMARY REPORT 08723196 

WESTON BATCH #: 96086675 

.Silver. Total 
~.Aluminum. Total 
arsenic.. rota1 

4Qrjj+:Tot#l~ 
Beryllium. Total - : 
Calcium. Total 
Cadmium.-ZTotal- 
Cobalt. Total . 

.Xhromiu&~ToMl 
Copper. Total 
Iron. Total 

.rMercury.. .Total" 
Potassium. Iota1 
Magnesium, Total . 

. Manganese. Totat 
Sodium. Total 
Nickel. Total 

;iLead+.Iotal 9 
Antimony. Tot&l 

'Selenium. Tota'l- -- 
Thallium. Total 
Vanadium, Total" 
75~ -Total -...-, 

-003 3$IDNS2-04 Silver, TCCP 
Arsn,";TT$P . 

Cadmi&.JCLP 
Chromium, TCLP 
Mercury. TCLP 
Lead. TCLP 
Selenium, TCLP 

RESULT UNITS 

3-l ..u 
: 34600 

15~8 .- 
*$34 - 

5.6 
-_ 743000 

2% 6 .:. u t. 
* 10.2 

*Z:3@p- 
-46.1 

'-36000 
..-0'. 10 uw 

'19000 
.I 13000 . . 

305 
111000 

31.5 

z: --' 
9Io*..Lpc 
1.5 IJ 

83;8 
312 

SO.0 
100 * 
500 

50.0 
SO.0 
10-O 
50.0 

100 

u l&/L 
u Is/L 
u ucx 

:: iii:: 
u WI. 
u l&/L 
u UG/L 

SO.0 
100 
500 

50.0 
50.0 
10.0 
SO.0 

100 



. SJZNT BY:WESTON EMJ C’ ; 8-13-96 ; 13~53 ; “-3N Ehtl- 
. T 

ROY F. WESTON INC. 

INORGANICS DATA SUMMARY REPORT 08/19/96 

CLIENT: Baker-LeJeune #232 
W@lK ORDCR: 00000-000-000-0000-00-000 

SAM?LE SITE ID ' ANALMF, 
p----e-- 

-002 35-IOWSZ-04 
I 

Cyanide. Reactive 
Corrosivity by pH 
Flash Point. Closed Cup 
Sulfide Reactive 
Total Dissolved Solids 
Total' Suspended Solids 

112 269 2002;s 21 2 

WEalON t3AKH #: 96086675 

REPORTING 
RESULT UNITS LIMIT 

-- 
0T;so I; r&L- 

-e- 
0.050 

12.5 
-158.81 DEG pH F 

I..0 " 1400 E:: 
11000 MG/L t 

a: Solids‘ 
Cyani de.. Reactive' 
Corrosivity by pH . 
Flash Point. Closed Cup 
Sulfide Reactive 

77.1 
0.31 u ;G/KG xs! 

10.7 H 
coo ii EG F 

p.. 

30.3 u HGKG 30:3 



Weston Environmental Metrlcs, inc. (Gulf Coast) 

RN Batch Number: 9608G675 
"LATf$Se;Y GWI;, TCLP XA;iATE 

Clfent: Baker .I ne #2 rk Order: 
Report Date: 08/19;:6 ?O::f 

00000-000~000~0 ae. 

Cust III: 35IWS2*04 35IDw$Z-04 VSLKIE VBLKGH VBLKGH BS 

Sample Rm#: 004 004 MS 
InformatIon 

Ma2: 
WATER GIATER 

9Mjv;~w&9l4 96GW;;MBl 96GW;;;MBl 

. 
Uniti: 

20 20 20 1 .I 
ug/L. ug/L ug/L ug/L ug/L 

1 ' 2-D1chloroethane-d4 99 % 100 x lcJ5 % 
Surrogate foluene-d8 98 % 98 X 100 x 
R,ecovery 4-Bromofluorobentene . 101 % 96 % 101 % 
---PI.- rllr+armrrrarrrurrrelrrrrrarf~I~PIPIPClt-flL~~.,~r~rrllf~P~~PI~~1~“If~P~etPW~t~ef1Il~l~t====fl 
Vjnyl chloride. 
l,l-Dlchloroethene 
Z-Btianone 
Chloroform : _..._.- -.-. 
;;;z;eTetrachlorlde 

1,2-Dlchloroethane 
Trlchloroethene 
Tetrachloroethl ene 
Chlorobentene 
*= Outsfde of 

64 

%i 

iii 
92 
94 
82 

t% 

h 

i 
. 
2 ’ . . 



tieston Envfronmental Metrics, Inc, (Gulf Coast) 
SEMIVOLATILES BY WMS, TCLP LFCHATE Report Date: OW6/96ep9:tf 

RF7rl Batch Number: 96086675 Clienj: Baker=Le.ieune kE232 ork Order: OOOOO~OOO=OOO~O aa 

Cust IC: 35-TOWS2~04 35~IDwS2=04 SBLKPC SBLKPC BS SBLKPD SBLKPE 

Sample 
Information 

RF'r#: 003 003 MS 

Mabr:x: 
WATER WATER 

'"~B;~W&lB~ 96@W&MBl 96GB;;;;r;TCl 96GBi;;r;TC2 

. Uniti: 1 
ug/L uglLI 

1 1 1 1 
ug/L ug/L ug/L ug/L 

;$;w-$ c f 
Z-bluorophenol 84 % /8 % l4 % 80 % 59 x 111 x 

Njtrobentene-d5 Phenol-d5 04 77 % % 88’ 75 R x 66 x 86 73 % % 56 X- 88 78% % - 

2-Fluorobiphenyl 94 % 1;; ; ii! x 96 % fi: x 94 % 
2,4,6-Trlbromophenol 

p-Terphenyl-dl4 2; iJ 43 x 'El : * % i % ii 'i! i 
t=IDl--lP-IPP(PPB-~~-~--------- fl fsiPP=tCPaILIIfJ -rPaaPPIPfl =~PSI;*IP.Plfl P--ccRIC=f]====-PPPtPf] 
Pyridlne 
1,4-Oichlorobenzene 
o-Cresol 
meta h para-Cresol 
Hexachloroethane 
NiWbenzW 
Hexachlorobul Xdi ene 

0' - 

c . * 



. . 

ch Number: 9608G675 

l&ton Envf ronmental Metff cs, Inc. (Gul f Coast) 
. . PESTICIDES BY G;, TCLP LE 

Cl lent. Baker lm # 2 
Report Date: 08/21/96 14:03 , . oo~ooo=oQo-o Pase: 1 

Sample 
Information 

Cust ID: 35=IDwS2-04 35alDWS2-04 PBLKEB PBLKEB BS PBLKEC PBLKED 

RRj#:‘ 003 063 MS 

Mar:x: 
WATER WATER 

96GP;;IXKV;;MB1 96GP/;IXW&#l 96GP;;W&TCl 96GP;;CW&TCZ 

uniti i 
10 10 10 10 10 10 

ug/L ug/L ug/L ug/L ug/L Ug/L 

Wrogate: TetrachJoro-m-xylene 85 % 95 Y 85 x 70 % 80 % 90 x 
Decachlorobiphenyl 70 x 75 id 55 x 40”% ‘70 % 70 % 

rrr~r-~-natataaa~a~a~ama~~a~~I~ fl PIIm-z-lf~ 8raamaabmlIDPIIIIPfl Pama -damf1 --tmrafl PPP-aaa=af~ 
ganma-BHC (Lfndane) 
Heptachlor 
He 
Ch ordane 7 

tachlor epoxlde 

Endrfn 
Methoxychlor_- 
Toxaphene 

n 

U* Analyzed, not detected. J= Present below detection llmlt, B= Pfesent i&blank, NR= Not re uested. 
%= Percent recovery, D- Diluted out, I= Interference. NA= Not A’pplicable. *= Outslde’of I! PA CLP QC 

NS= Not spiked. 



Weston Environmental Metrics, Inc. (Gulf Coast) 

* 
HERBICIDES BY G;, TCLP LEACt$TE 

RFW 8atch mer: 96086675 C'lietlf. Baker a Le.ieune #2 2 ark Order: 00Ob0~000~000~0 
Report Date: 08/20/96 !9:;4 

aae, 

Cust ID: 35IDwS2=04 350!DWS2-04 PBLKEF PBLKEF BS ' PBLKEG PBLKEH 

SampJ e 
Infoymation 

RFW#: 

MalYFx: ""its i 

003 003 MS 
WATER MATER 

96GP;;;;r;MB1 96GP;;;ERm1 96GP;;N&TCl 96GP;i(X3EiTC2 

10 10 10 10 10 10 
ug/L ug/L ug/L uglL ug/L ug/L , 

,. ” 

U= Analyzed, not detected, 3= Present below detection limit. 85 Present In blank, NR= Not re uested. NS- Not spiked. 
%= Percent recovery. 0% Diluted oyt, ‘.I- Interferen<e, NA= Not Appl Icable, *= Outside of 2 PA CLP QC . 



,-SE&T BY:WESTOPl EM1 

ROY F. WESTON INC. 

INORGANICS JIATA SUMMARY REPORT 08/23/96 

CL I ENT: Baker -1.e jeune #232 
WMu( OfUHk 00000-000-000-0000-00-000 

WESTdN BATCH #: 96086675 

SAMPLE SITE TD AiALYTE RfZSUI-T UNITS 
w-w . --I r --. . 1 -=iaa 
-001 35-mu-04 Silver. Total 

~~Aluminum. Total 
Arsenic. rota1 

.-8arS'un.. Tota? 
8eryl7ium. Total 
Calcium. Total 
Cadmium. Total* 
Cobalt. Total . . .*arog$i u+?3T()jyl 
Copper. Total 
bon. Total 

+Mercury...TotdF 
Potassium. lotal -. 
Magnesium. Total 
Manganese. Total 
Sodium. Total 
Nickel . Total 

dead&otal 3 
. Antimony. Tot&l 
' Selenium. Tot& 

Thallium. Total 
Vanadium, Total' 
7i?r -?otal -.. -. 

. 

‘34600 3-1 u %t 
15.8 ‘.UGIL ’ 

384i -UG/LQ 
5.6 WL 

743000 UG/L 
Z6 u -fGJG~ 

10.2 
~1-38~. UG/L 

46.1 
.36000 iii:: 

.O.lO u-- UG/L 
‘19000 UG/L 
13000 UG/L 

305 UGIL 
111000 UGIL 

31.5 UG/L 
g.; .. - K/L- 

9:o -lPEk 

ls5 u ii2 83; 8 
312 UG/L 

-003 pii%iEq Silver, TUP 
f$giTTgy 

Cadmilpa..TCLP 
Chromium; TCLP 
rf3-$ut-{&;cLP 

Selerhum. TCLP 

50-o u 
100 u 
500 

50.0 :: 
50.0 u 
10.0 u 
50.0 u 

100 u 

50.0 
100 
500 

E 
1o:o 
50.0 

100 

. 



. . 

RFW Batch Number. 96086675 . 

Weston Envl ronmental Metrics, Inc. (GUI f Coast 1 
l ’ 

PCBs by GC 
Client: Baker-L@une #232 

Repfr; Da;e: 08!27{96 11:42 
Work Order: OOO()O.OOO 0 0.0 00.00 00 Pase: 1 

Sample 
Information 

Cust IO: 35IDWSP-O+ 35-IDWS2*04 35IDWS2~04 PBLKEJ 4 PBLKEJ BS 

RFM#: 002 

* Makr:x: 
SOIL oKT o"kl~D 

96GPOWit431 96GPOt;;iMB1 

UnitS i 
1.00 1.00 1.00 LOO 1.00 

w/Kg wm uglKg w/Kg w/M 

Surrogate: 
Surrogate: 

Tetrachloro-m-xylene 90 x 75 x 75 % 
Decachloroblphenyl 85 X a0 x a5 % 

P*I.P.PPlllt-lalle-----~.-~ -auEftnLI~--~fl~---~f~ 

Aroclor-1016 
Aroclor-1221 
Am1 or - 2232 
Aroclor-121 
Aroclor-12' 
Aroclor-12' 
Aroclor-1260'-- 

a0 .x 
h 

h 

U= Analyzed. not deteCe<. 3i Present below detection limit. B= Present inblank. NR- Not requested. NS- Not spiked, 
X= Percent recovery, D= Dlluted out, I- ,fntepferehce. NA= Not Applicable, *- Outslde of Advlsory limits. 



. SENT BY:RESTON Ebi[ ( ; 8-19-96 ; 13:53 * < ‘oil &Ml- .112 269 2002i# 2/ 2 

ROY F. WESTON INC. 1 

INORGANICS DATA SUMMARY REPORT 08/19/96 

CLIENT: Baker-Lejeune #232 
WORK ORDCR: 00000-000-000-0000-00-000 

SAMPLE SITE ID ANALYTE - 

=LiF- 
W-__SC 
35.lDWL2.04 Cyanide. Reactive 

Corrosivity by pH 
Flash Point. Closed Cup 
Sulfide Reactive 
Total Dissolved Solrids 
Total Suspended sol ids 

.-002 35-lDWS2-04 !X Solids 
Cyanide.. Reactive 
Corrosivity by pH : .' 

: Flash PoSnt. Closed Cup 
Sulfide Reactive 

WkSION tlAICH 8: 960&675 

REPORTING 
RESULT UNITS LlMIT 
u-"xE= ---..v r--Ic-55== 

0.050 u MG/L 0.050 
12.5 pti 

158.81 DEG F 
1.0 u MG/L 

1400 MG/L 
11000 MG/L 

77.1 
0.31 u 

;G/KG ; l .g 
10.7 H 

I! 
0:20 

>200 EG F 0.00 
30.3 u WKG 30.3 

.~ -..-- . ..__ -. 





c ‘-. . C 

Mr. Neal Paul 
August 29, 1996 
Page 2 

. The disposal site would be adjacent to the access road that leads to the sewer main easement. This area 
may be subject to an enforcement action according to the Army Carp of Engineers (COE). Disposing 
waste adjacent to an area under an enforcement action could generate complaints from public offkials 
that are responsible for addressing COE concerns. 

. Onslow County granted permission to access the sewer easement and install wells. Specific permission 
to dispose IDW on County property was never granted. Approval to dispose the waste on-site would 
be required approval from the Onslow County Board of Commissioners. This process could take months 
and substantial rental costs for the roll-off box would be incurred. 

As an alternative, Baker is proposing that the roll-off box be transported to Camp Geiger (Site 35) and the 
contents deposited on the ground at the location where solid IDW from previous SGI field activities was 
deposited. After this material has dried it can be graded-off. Your concurrence with this recommendation can 
be indicated by signing in space provided below. 

Neal Paul, Director EMD, MCB Lejeune Date 

Baker appreciates the opportunity to serve LANTDIV on this project. If you have any questions, please do not 
hesitate to contact me at (412) 269-2063 or Matt Bartman at (412) 269-2053. 

Sincerely, 

BAKBRENVIRO 

Daniel L. Bouk, P.E. 
Project Manager 

DLB/MDS/lq 

CC: Ms. Katherine Landman, Code 18232, Navy Technical Representative 
Mr. John Riggs, Environmental Control Specialist, MCB Camp Lejeune 



APPENDIX J 
SGI HYDRAULIC CONDUCTIVITY DATA 



client: LANTDIV Company: Baker Environmental, Inc. 

Location: MCB Camp Lejeune Project: CTO-232 

35MW39B FALLING HEAD TEST 
OATA SET: 
35MW39BF,DAT 

07/15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

. . * . . . . . . . . PROJECT DATA: 
test date: May 2, 1996 

TEST DATA: 
HO - 2.727 ft 

PC = 0.083 ft 

PW - 0.5 ft 

L - 5. ft 
b = 40. ft 

H = 3B..ft 

PARAMETER ESTIMATES: 
K - 75.55 ft/day 

y0 - 2.747 ft 

0 - 

0.001 - I I I I I I I I I I I 

0. 1. 2. 
Time (min) 

AOTESOLV 



Client: LANTDIV 1 Company: Baker Environmental, Inc. 
I 

Location: MCB Camp Lejeune I Project: CTO-232 

35MW39B RISING HEAD TEST 

lo+, 1 1 1 1 1 1 1 1 1 1 I I I I I 

1. 

0.1 

o,& . . . . 

0.00 1 I 1 I I I I I I I I I I I I’ 

0. 1. 2. 3. 
Time (min) 

DATA SET: 
35MW39BR.OAT 
Q7/ 15196 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bower-Rice 

PROJECT DATA: 
test date: May 2, 1996 

TEST DATA: 
HO - 3.589 ft 
f-C * 0.083 ft 
PW - 0.5 ft 
L - 5. ft 
b * 40. ft 
H - 38. ft 

PARAMETER ESTIMATES: 
K - 71.65 ft/day 
YO - 3.528 ft 

AOTESOLV 



Client: LANTDIV Company: Baker Environmental, Inc. 

Location: MCB Camp Lejeune Pro j ec t: CT0432 

35MW4OB FALLING HEAD TEST 
DATA SET: 
35MW408F.OAT 

07/15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

. . . . . PROJECT DATA: 
test date: May 2. 1996 

TEST DATA: 
HO - 2.069 ft 

I-C - 0.063 ft 

I-W - 0.5 ft 

L - 5. ft 
b - 40. ft 

H = 38. ft 

PARAMETER ESTIMATES: 
K - 122.7 ft/day 
YO - 2.09 ft 

0. 1. 2. 
Time (min) 

AOTESOLV 



~1 ient: LANTDIV Company: Baker Environmental, Inc. 

Location: MCB Camp Lejeune Project: CTO-232 

35MW4OB RISING HEAD TEST 

10. k I I I I I I I I I I I =l 

1. 

0.1 

0.01 

0.001 I I I I I I I I I I I I 

0. 1. 2. 
Time (min) 

DATA SET: 
35MW406R.DAT 

07/15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
test date: May 2, 1996 

TEST DATA: 
HO * 3.343 ft 

rc - 0.063 tt 

PW - 0.5 ft 

L - 5. ft 

II - 40. ft 

Ii * 36. ft 

PARAMETER ESTIMATES: 
K - 63.6 ft/day 

YO = 2.94 ft 

AQTESOLV 



~1 ient: LANTDIV Company: Baker Environmental, Inc. 

Locat ion: MCB Camp ‘Lejeune Project: CTO-232 

35MW41B FALLING HEAD TEST 
DATA SET: 
35MW41BF.DAT 

OY/ 15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
test date: May 2, 1996 

TEST DATA: 
HO - 3.023 ft 

rc - 0.083 ft 

I-W = 0.5 ft 

L = 5. ft 

b - 40. ft 

H = 37. ft 

PARAMETER ESTIMATES: 
K - 70.29 ft/day 

YO - 2.819 ft 

0, 1. 2. 
Time (min) 

AQTESOLV 



Client: LANTDIV I Company: Baker Environmental, Inc. 

I Project: CT00232 Location: MCB Camp Lejeune 

35MW41B RISING HEAD TEST 

1. 

0.1 

0.01 

0.00 1 I I I I I I I I I I I I I I I I I 

0, 1. 2. 3, 
Time (min) 

DATA SET: 
35MW416R.DAT 
07/15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Eiouwer-Rice 

PROJECT DATA: 
test date: May 2, 1996 

TEST DATA: 
HO - 3.646 ft 
rc - 0.063 ft 
PW = 0.5 ft 
L * 5. ft 
b - 40. ft 
H - 37. ft 

PARAMETER ESTIMATES: 
K - 57.5 ft/day 
yo * 3.144 ft 

AQTESOLV 



client: LANTDIV Company: Baker Environmental, Inc. 

Location: MCB Camp Lejeune Project: CTO-232 

35MW42B FALLING HEAD TEST 

z w 
2 
i! 
3 
3 
l r( 

R 

10. 

1. 

0.1 

0.01 

. I I I I I . I 
I I I I I 

1. 
Time (min) 

DATA SET: 
35MW42BF.DAT 
07/ 15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
test date: May 3, 1996 

TEST DATA: 
HO = 2.636 ft 
I-C - 0.083 ft 
t-W - 0.5 ft. 
L - 5. ft 
b = 35. ft 
H k 35. ft 

PARAMETER ESTIMATES: 
K - 89.44 ft/day 

YO - 2.819 ft 

AQTESOLV 



client: LANTDIV I Company: Baker Environmental, Inc. 

Locat ion: MCB Camp Lejeune 1 Project: CTO-232 

35MW42B RISING HEAD TEST 

0.1 

0.001 

6 

. . . . 

k i 

0 

0 
. ,. . . . 

oomoo00 

0. 0.5 1. 
Time (min) 

(‘ 

DATA SET: 
35MW428R.DAT 
07/ 15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
test date: May 3, 1996 

TEST DATA: 
HO = 2.836 ft 
PC - 0,083 ft 
f-W - 0.5 ft 
L - 5. ft 
b - 35. ft 
H - 35. ft 

PARAMETER ESTIMATES: 
K = 153.6 ft/day 
y0 - 0.265 ft 

AQTESOLCl 



client: LANTDIV Company: Baker Environmental, Inc. 

Locat ion: MCB Camp Lejeune Pro j ec t: CTO-232 

35MW43B FALLING HEAD TEST 
DATA SET: 
35MW436F.OAT 

07/ 15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
test date: May 3, 1996 

h 

3 
TEST DATA: 
HO - 0.341 ft 

2 
rc * 0.0633 ft 

PW 

ii 

- 0.5 ft 

L * 5. ft 

b - 35. ft 

0 H - 35. ft 

5 PARAMETER ESTIMATES: 
l - 

Q 
K - 256.1 ft/day 

YO = 0,3575 ft 

0. 0.5 1. 
Time (min) 

AQTESOLV 



client: LANTDIV I Company: Baker Environmental, Inc. 

I Project: CT00232 Location: MCB Camp Lejeune 

35MW43B RISING HEAD TEST 

10. I I 
I 

I I 

1. L.. . 
A 

L 4 

Time (min) 

DATA SET: 
35MW43BR.DAT 
07/15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOO: 
Bouwer-Rice 

PROJECT DATA: 
test date: May 3, 1996 

TEST DATA: 
HO - 1.750 ft 
rc - 0.0833 ft 
I-W - 0.5 ft 
L = 5. ft 
b = 35. ft 
H - 35. ft 

PARAMETER ESTIMATES: 
K - 184.2 ft/day 
yo - 0.4924 ft 

AQTESOLV 



Client: LANTDIV Company: Baker Environmental, Inc. 

Locat ion: MCB Camp Lejeune Pro j ec t: CTO-232 

35GWDO6 FALLING,HEAD TESTS 
DATA SET: 
35GWDOGF.DAT 
W/15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Aice 

. . . . . . . . . . . . . . . . PROJECT DATA: 
test date: May 2, 1996 

TEST DATA: 
HO * 2;676 ft 
rc '= 0.063 ft 
I-W - 0.5 ft 
L - 5. ft 
b - 200. ft 
H - 60. ft 

PARAMETER ESTIMATES: 
K - 7.006 ft/day 
YO - 2.399 ft 

0. 5. 10. 15. 20. 25. 
Time (min) 

AQTESOLV 



~1 ient: LANTDIV I Company: Baker Environmental, Inc. 

I Project: CT00232 Locat ion: MCB Camp Lejeune 

35GWDO6 RISING HEAD TEST 

I I I I I I I I I I I I--1 

0.1 

*‘. 

0 

0 

0.01' I I I I ' I I I I ' I I IL ' I I I I ' 

0. 5. 10. 15. 20. 
Time (min) 

-L 

DATA SET: 
35GW006R.OAT 
07/ 15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
test date: May 2, 1996 

TEST DATA: 
HO - 3.752 ft 
rC - 0.063 ft 
f-W - 0.5 ft 
L - 5. ft 
b = 200. ft 
H - 60. ft 

PARAMETER ESTIMATES: 
K = 6.469 

YO = 3.666 
f t/day 
ft 

c AQTESOL\ 



Client: LANTDIV Company: Baker Environmental, Inc. 

Locat ion: MCB Camp Lejeune Pro j ec t: CT+232 

35GWDO6 RISING HEAD TEST 
DATA SET: 
35GWDOGR.DAT 

07/ 15/96 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
test date: May 2. 1996 

s 
., . . . . . 

22 
TEST DATA: 
HO * 3.752 ft 

2 
PC = 0.063 tt 

t-W 

B 

- 0.5 ft 

L - 5. ft 

ti 
b - 200. ft 

(d 
H - 60. ft 

2 PARAMETER ESTIMATES: 
l r( 

n 
K - 6.666 ft/day 

YO - 2.589 ft 

0. 5. 10. 15. 20. 
Time (min) 

AQTESOLV 



Discussion of Slug Test Analyses at Site 35 

A review of the test data indicates that not all the solutions appear representative of 
aquifer conditions, The hydraulic conductivity values obtained for wells 35MW42B and 
35-MW43B appear to be an order of magnitude higher than expected for the surficial 
aquifer. Previous slug testing performed at Camp Lejeune by Baker, as well as literature 
values suggest a hydraulic conductivity value range of 1 to 50 feet/day. An examination 
of the slug test conditions revealed two discrepancies from normal slug test procedures. 

First, a falling or rising head test can considered complete when the water level is at least 
95% of the initial (static) water level. This did not occur during the falling head tests at 
wells 35XW42B and 35-MW43B. The recovery at 35-MW42B was approximately 85% 
of the static level, and was approximately 90% at 35-MW43B. If the next test (the rising 
head test) does not begin at static conditions, then the results will be inaccurate. Second, 
an initial displacement of at least 2 feet is desirable. A small initial displacement in of 0.3 
feet was observed in the falling head test and 1.8 feet in the rising head test at well 35- 
MW43B. The resultant curve will be more shallow and the test will be shorter than 
desired to provide an representative solution. 

Given the relatively high hydraulic conductivity values seen at these two wells, there is 
also the potential that drilling disturbed the surrounding formation to the extent that voids 
were created. These voids could represent zones of high groundwater conductivity. 
While this situation would not impact the ability to collect representative groundwater 
samples, it would effect the ability to obtain representative hydraulic conductivity values. 
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APPENDIX K 
FSAP AND WORK PLAN AMENDMENTS 



Baker Environmental, Inc. 
Airport Office Park, Building 3 
420 Rouser Road 
Coraopolis, Pennsylvania 15108 

(412) 269-6000 
FAX (412) 269-2002 April 5, 1996 

- Commander 
Atlantic Division 
Naval Facilities Engineering Command 
15 10 Gilbert Street (Building N-26) 
Norfolk, Virginia 235 I l-2699 

Attn: Ms. Katherine Landman 
Navy Technical Representative 
Code 18232 

Re: Contract N62470-89-D-48 14 
Navy CLEAN, District III 
Contract Task Order (CTO) 0232 
Final Project Plan Amendments 
Supplemental Groundwater Investigation/Feasibility Study (SGI/FS) 
Operable Unit (OU) No. 10, Site 35 
MCB, Camp Lejeune, North Carolina 

Dear Ms. Landman: 

This letter presents final amendments to the Remedial Investigation/Feasibility Study (RI/FS) Work Plan 
and Sampling and Analysis Plan (SAP) for Operable Unit (OU) No. 10 (Site 35) Camp Geiger Area Fuel 
Farm. These amendments were necessary to support the additional work to be conducted under the 
Supplemental Groundwater Investigation (SGI) at OU No. 10. The majority of information provided in the 
original Final Work Plan and SAP (Baker, 1993) is still applicable to the work scheduled to occur under the 
SGI. Specific sections of the original Work Plan and SAP have been modified to accommodate changes to 
the project’s tasks, schedule, and project team. The health and safety concerns addressed in the Final RI/FS 
Health and Safety Plan (HASP) (Baker, 1993) are applicable to the SGI. As such, no modifications to this 
document were necessary for it to be folIowed during SGI field investigation activities. Modifications to 
the Work Plan and SAP are as follows: 

WORK PJAN AMFMMENTS . . 

Included in the foIlowing subsections are the modifications and additions to the Final RI/FS Work Plan 
submitted to LANXDIV in December 1993. Sections 4.0 (Remedial Investigation/Feasibility Study 
Objectives) and Section 5.3 (Task 3 - Field Investigations) have been substantially modified to accommodate 
the additional work Section 5.15 (Additional SGI tasks) presents two additional tasks, Data Management 
and Photo Album, that will be performed under the SGI. These tasks were also performed previously as part 
of the RI, however, they were not identified separately in the Final RI/F S Work Plan. Rather, these tasks 
were combined with other tasks. Two tasks presented in Sections 5.6 (Task 7 - Tieatability Study/Pilot 
Testing) and 5.7 (Task 6 - Risk Assessment) of the Final RI/FS Work Plan will not be performed under the 
SGI. A treatability study-pilo test of in-situ air sparging (IAS technolo te 35 is the subject of work 
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being performed under a different task order (CTO-0323). Based on the results of the RI, LANTDIV, Camp 
Lejeune, EPA Region IV, and the NC DEHNR concurred that no additional risk assessment is required under 
the SGI. 

2.2 Qite 35 - CamD Geiger Area Fuel Farm 

This section discusses the locations of proposed SGI Activities. 

2.2.1 Site Location and Setting 

The SGI will be conducted in the two areas of concern (AOC) shown in Figure 1. The northern AOC is 
bisected by and extends approximately 900 feet along Brinson Creek between existing monitoring wells 
35MW-23 and 35-MW-36. The southern AOC is roughly bounded to the north by Fifth Street; to the east 
by buildings TC569, TC611, TC609, and TC608; to the south by Seventh Street and to the west by “C” 
Street. 

4.0 REMEDIAL INVESTIGATION/FEASIBILITY STUDY OBJECTIVES 

The objectives of this work are based on the recommendations of the previous RI and the data needs of the 
proposed pilot-scale evaluation of IAS technology. The overall objectives of the SGI are as follows: 

0 Delineate the horizontal and vertical extent and locate sources of solvent-related 
groundwater contamination in the surficial aquifer south of Fifth Street. 

0 Determine if Brinson Creek is acting as a hydraulic barrier, preventing solvent-related 
groundwater contamination from migrating off-site onto Onslow County property. 

0 Provide a detailed vertical profile of solvent-related and BTEX groundwater contamination 
and subsurface geology in the immediate vicinity of the proposed IAS pilot study. 

5.3 3 - Field Investieations 

The specific activities of the SGI are presented in the following sections and include: Site Survey, Soil and 
Groundwater Sample Screening, Soil Investigation, and Groundwater Investigation. 

53.1 Site Survey 

Survey data will be provided for all roads, building foundations, storm sewer inlets, sanitary sewer manholes, 
tree lines and monitoring well locations (temporary and permanent) in the AOCs not surveyed under the 
previous RI or Preparation of RAC Design Package for Surficial Groundwater Remediation (CTO-0323). 
Survey points will include a latitude coordinate, longitude coordinate and an elevation expressed in feet of 
mean sea level. The vertical accuracy will be within 0.0 1 feet and horizontal accuracy within 0.1 feet. In 
addition all points will be referenced to the North Carolina State Plain Coordinate System (NCSPCS). A 
sufficient number of points will be established to tie new survey data with previous surveys conducted at 
Site 35. 
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5.3.2 Soil and Groundwater Sample Screening 

Sample screening activities will be conducted in both the northern and southern AOCs. These activities will 
include the installation of temporary monitoring well clusters and on-site analysis of soil and groundwater 
samples. 

In the northern AOC, temporary wells will be installed on the both the Onslow County (northeast) side and 
Activity (southwest) side of Brinson Creek. On the Onslow County (northeast) side of Brinson Creek, two, 
two-wells clusters will be installed. A cluster of this side of Brinson Creek will consist of a shallow and 
an intermediate well. The locations of these clusters are shown in Figure 1. On the Activity (southwest) side 
of Brinson Creek, 10, three well clusters will be installed. A cluster on this side of Brinson Creek will 
consist of a shallow, semi-shallow and intermediate well. The locations of these clusters are shown in 
Figure 2. Groundwater and soil samples collected from wells installed on both sides of Brinson Creek will 
be analyzed for solvent and fuel-related contaminants. 

In the southern AOC, 10, five-well clusters will be installed. A cluster in this area will consist of a shallow 
and/an intermediate well. The locations of the first five well clusters to be installed in the southern AOC are 
shown in Figure 1. The locations of the remaining well clusters will be based on the levels of contamination 
detected in the initial five-well installation and are not shown in Figure 1. 

5.3.2.1 Groundwater Sample Screenh 

Temporary monitoring wells were selected as the screening method for both AOCs to~limit the installation 
of a large number of permanent wells. A large number of permanent wells in the northern AOC could 
potentially impact the performance of the IAS pilot test and are more costly than temporary wells. In the 
southern AOC, the temporary wells will be used to establish the location of a limited number of permanent 
wells. 

The objectives of the groundwater screening activities are as follows: 

0 Provide a detailed vertical profile of solvent-related and BTEX groundwater contamination 
and subsurface geology in the immediate vicinity of the in-situ air sparging pilot study 
(northern AOC). 

0 Determine if Brinson Creek is acting as a barrier to fuel and solvent-related groundwater 
contamination migrating off-site onto Onslow County property (northern AOC). 

0 Define the horizontal extent of solvent-related groundwater contamination in the upper 
portion of the surficial aquifer in the vicinity of Buildings TC470 and TC572 (southern 
AOC). 

0 Define the horizontal extent of solvent-related groundwater contamination in the lower 
portion of the surficial aquifer between Fifth and Seventh Street (southern AOC). 

0 Provide sufficient data to effectively locate permanent monitoring wells (southern AOC). 
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Northern AOC 

To accomplish the objectives for the northern AOC, a total of 34 temporary wells will be installed, On the 
Activity (southwest) side of Brinson Creek three well clusters will be installed at 10 locations (30 wells, 
35TW-16A,B,C through 35TW-25A,B,C) in the vicinity of existing monitoring well clusters 35MW-17, 
35MW-18 ans 35MW- 19 (see Figure 2). Well clusters in this area will consist of a shallow well screened 
across the water table (total depth approximately 5- 10 feet below ground surface (bgs), a semi-shallow well 
screened midway between the confining layer and the water table (total depth approximately 20-25 feet bgs), 
and an intermediate well screened on top of the confining layer in the lower portion of the surficial aquifer 
(total depth approximately 35-40 feet bgs). 

On the Onslow County (northeast) side of Brinson Creek, two-well clusters will be installed at two locations 
( four wells, 35TW-26A,B and 35TW-27A,B). These wells will be located opposite of existing well clusters 
35MW-23 and 35MW-36, respectively, that are located on the Activity (southwest) side of Brinson Creek 
(see Figure 1). Well clusters in this area will consist of a shallow and an intermediate well as described in 
the previous paragraph. 

Shallow wells will be designated with an “A” (e.g., 35TW- 16A); semi-shallow wells will be designated with 
a “C” (e.g., 35TW-16C); and intermediate wells will be designated with a “B” (e.g.,35TW-16B). The 
proposed temporary shallow wells include 35TW- 16A through -27A. The proposed temporary semi-shallow 
wells include 35TW-16C through -25C. The proposed temporary intermediate wells include 35TW-16B 
through -27B. Split-spoon soil samples will be collected continuously to depth from all intermediate borings 
for the purpose of geological identification and description. Temporary well installation and abandonment 
procedures are included in Section 5.2.1 of the SAP. 

Groundwater samples collected from the northern AOC temporary wells will be analyzed using an on-site 
mobile laboratory for benzene, toluene, trichloroethene, cis- l,Zdichloroethene, trans- 1 ,Zdichloroethene, 
ethylbenzene, methyl tertiary butyl ether (MTBE) and total xylenes using modified EPA methods 
801 OA/8020A. Designations for these samples are presented in Table 1. 

If groundwater sample screening activities conducted on the Onslow County (northeast) side of Brinson 
Creek indicate the presence of significant levels of VOC contamination, additional temporary well clusters 
will be installed to define the limits of contamination and to locate permanent monitoring wells. In addition, 
Baker will perform a field reconnaissance of this area to provide additional information regarding the 
presence of potential sources of contamination. A review of the available historical aerial photographs and 
U.S. G. S. maps conducted prior to the preparation of the project Plan Amendments did not identify any 
potential source of VGC contamination on the Onslow County (northeast) side of Brinson Creek. 

Southern AOC 

To accomplish the objectives of the SGI, a total of 30 temporary monitoring wells will be installed. These 
wells will be installed as well clusters at 15 locations (35TW-OlA, B through 35TW-15A, B) within the 
limits of the well field (southern AOC) shown in Figure 1. Each cluster will consist of a shallow well 
screened in the upper portion of the surficial aquifer (total depth approximately 15- 20 feet bgs) and an 
intermediate well screened in the lower portion of the surficial aquifer (total depth approximately 35- 40 feet 
bgs). Proposed shallow wells have an “A” in the designation (e.g., 35TW-Ol A) and the intermediate wells 
have a “B” in the designation (e.g., 35TW-OlB) so as to be consistent with the designations applied to the 
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temporary wells installed in the northern AOC. The proposed temporary shallow wells will include 
35TW-OIA through -15A. The proposed intermediate temporary wells will include 35TW-OlB through - 
15B. Split-spoon soil samples will be collected continuously to the water table and then at five-foot intervals 
to depth, from all intermediate borings for the purpose of geologic identification and description. 

Initially, a line of five temporary well clusters (TW-01 A, B through TW-OSA, B) will be installed along the 
northside of Sixth Street between “C” Street and “D” Street to establish an east to west baseline of 
groundwater data that will be used as a reference for the installation of the remaining temporary well 
clusters. Sixth Street was selected as the location of the baseline because it is halfway between the southem- 
most solvent-related groundwater contamination detected under the RI and Seventh Street. The location of 
these well clusters are shown on Figure 1. Sample designations for this AOC are included in Table 2. 

The remaining 10 temporary well clusters (35TW-06A, B through 35TW- 15A,B) will be located based on 
the field screening results of groundwater samples obtained from the initial five temporary well clusters. 
If the on-site analytical results indicated solvent- related contamination is widespread, more than 15 wells 
may be required. Conversely, if the results indicate the horizontal extent of solvent- related contamination 
is relatively contained , less than 15 wells may be installed. Contaminated wells will be defined with levels 
of chlorinated solvents (i.e., trichloroethene, cis- 1,2-dichchloroethene, and trans- 1,2-dichloroethene) that 
exceed Federal Maximum Contaminant Levels (MCLs) or North Carolina Groundwater Quality Standards 
(NCGQS). These halogenated indicator compounds were selected based on the recommendations of the 
Phase I RI (Baker, 1995) which indicated the need to extend the RI south of Fifth Street to define the extent 
of solvent-related groundwater contamination in the surficial aquifer. 

5.3.2.2 Soil Sample Screeninp 

Soil sample screening will be conducted at the southern AOC only. The objective of this effort is to identify 
potential sources of solvent-related groundwater contamination. To achieve this, a total of 15 subsurface 
soil samples will be collected from intermediate temporary well borings (35TW-OlB through 35TW-15B) 
each sample will be obtained from the soil interval located immediately above the groundwater table. 

Samples will be analyzed via the on-site mobile laboratory for trichloroethene and cis-and trans-I, 2- 
dichloroethene. Soil screening sample designations are presented in Table 3. 

5.3.3 Soil Investigation 

5.3.3.2 Subsurface Soil Sampi& 

Subsurface soil sampling will be conducted in both the northern and southern AOC. The objectives of the 
subsurface soil sampling are as follows: 

0 Provide subsurface lithologic data in both the northern and southern AOCs. 

0 Confirm potential sources of solvent-related groundwater contamination in the southern 
AOC. 

0 Identie potential sources of solvent-related groundwater co::tamination on the northeast 
side of Brinson Creek. 
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To accomplish these objectives, subsurface soil samples will be collected from a total of six permanent 
intermediate well borings. Five of these environmental soil samples will be collected from intermediate 
monitoring we11 borings in the southern AOC (35MW-39B -4OB, -4lB, -42B, and-43B) and one from the 
intermediate monitoring well boring in the northern AOC (35MW-44B). The locations of the well borings 
in the southern AOC will be based on the results of temporary well soil and groundwater sample screening 
activities. The proposed location of 35MW-44B in the northern AOC is shown in Figure 1. 

5.3.33 Soil Analvsis 

At each intermediate we11 boring, one soil sample will be collected from directly above the soil/groundwater 
interface or from an interval exhibiting Photo Ionization Detector (PID) readings above background levels. 
These samples will be packed and shipped to Weston Environmental Metrics in University Park, Illinois and 
analyzed for Target Compound List (TCL) volatile organic compounds (VOCs). 

Sample designations for these soil samples are included in Table 4. 

53.4 Groundwater Investigation 

This phase of the SGI will include the installation and sampling of 14 new permanent monitoring wells and 
resampling 12 existing monitoring wells. The new wells will be installed as six two-well clusters (clusters 
consist of shallow (15-20 bgs), and intermediate (35-40 bgs) wells) and two deep wells (approximate depth 
65 feet bgs). Five of the two-well clusters will be installed in the southern AOC and one cluster will be 
installed in the northern AOC on the northeast side of Brinson Creek. A single deep well will be installed 
in both the northern and southern AOCs. The two-well clusters will consist of a shallow well screened across 
the water table and an intermediate well screened in the lower portion of the surficial aquifer immediately 
above the confining layer. The deep wells will be installed through the confining iayer and into the upper 
portion of the Castle Hayne aquifer. The 12 existing monitoring wells that are to be resampled.consist of 
seven intermediate and five shallow wells located near or within the limits of the existing solvent-related 
groundwater contamination plume. 

5.3.4.1 mow Groundwater Wells 

The objectives of the groundwater investigation are as follows: 

Northern AOC 
0 Determine if Brinson Creek is acting as a barrier to groundwater contamination migration. 

Southern AOC 
0 Confirm the horizontal limits of the existing solvent-related groundwater contamination in 

the upper and lower portion of the surficial aquifer between Fifth Street and Seventh Street 
that were determined during SGI groundwater screening activities. 

Previous Study Area and Northern AOC 
0 Determine if the levels of BTEX, MTBE, and solvent-related groundwater contamination 

have substantially changed since the previous RI was conducted in the spring of 1994. 
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To achieve the first objective, one or more permanent well cluster will be installed in the northern AOC on 
the northeastern side of Brinson Creek. The first permanent well cluster will be installed opposite existing 
well cluster 35MW-19A, B where solvent-related groundwater contamination exceeded 1,OOO~g.L in the 

- lower portion of the surficial aquifier (see Figure 1). These wells will be designated as 35MW-44A, B. 
Determining ifmore than one permanent well cluster is needed will be based on the results of field screening 
of groundwater obtained from two temporary two-well clusters to be installed on the northeast side of 
Brinson Creek (see Figure 1). Additional permanent well clusters will be installed if significant 
contamination is encountered in the temporary wells. Their locations will be determined in the field based 
on these results. . 

To achieve the second objective, five permanent well clusters will be installed in the southern AOC. The 
exact locations of these well clusters will be based on the results of the groundwater screening effort. These 
clusters will be designated as 35MW-39 A, B through 35MW-43 A, B (shallow wells in a cluster are 
designated with an “A” and intermediate wells with a “B”. The proposed permanent shallow wells include 
35MW-39A through -43A. Proposed permanent intermediate wells include 35MW-39B through -43B. 
Permanent well clusters installed in the southern AOC, will be positioned to confirm either the presence or 
absence of solvent-related groundwater contamination. Three clusters will be located in areas where 
solvent-related contaminatants are detected during screening activities and two will be positioned just 
beyond the edge of the plume where no solvent-related groundwater contamination was detected. 

At each permanent well cluster location, two, two-inch diameter, schedule 40 PVC wells will be installed. 
Each cluster will consist of a shallow well screened in the upper portion of the surficial aquifer (total depth 
approximately 15 - 20 feet bgs) and an intermediate well screened in the lower portion of the surficial aquifer 
(total depth approximately 40-45 feet bgs). Previous results indicate the water table will be encountered at 
approximately six to eight feet below the ground surface. The confining layer has been described as a 
greenish gray silt with some sand, little shells, and trace clay. 

Both intermediate and shallow welIs will be constructed with schedule 40 PVC casings and No. 10 slot, two- 
inch diameter screens. The shallow wells will have lo-foot screens and the intermediate wells will have 
five-foot screens. All permanent monitoring wells constructed in the southern AOC will be flush mounted. 
The permanent wells constructed in the northern AOC will be installed with stick-up (two to three feet) steel 
casings, locking cap, and protective bollards. 

To achieve the third objective, twelve existing monitoring wells (five shallow and seven intermediate) 
located in the previous study area adjacent to the southern AOC will be resampled to determine if the 
horizontal limits of the solvent-related contaminant plumes have changed substantially since the previous 
RI was conducted. To confirm known limits of solvent-related contaminant plumes, eight wells were 
selected from areas where moderate (50- 100 ugL) to high (1,000 pg/L) contaminant concentrations were 
previously detected. In addition, four wells were selected from areas where low to non-detectable levels 
of contamination were previously identified. 

The five shallow existing wells that were selected for VOC resampling are located in the following areas: 

0 Moderate concentration area (50 ug/L) on the east side of F Street in the vicinity of the 
former ponded water area (35EMW-03). 
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0 Moderate concentration area (50 ug/L) north of building TC474 and east of the former 
above ground storage tank farm (35MW- 19A). 

0 Moderate concentration area (50 -100 pg/L) in the vicinity of buildings TC473 and TC470 
(35MW-32A and 35MW-35A). 

0 Low concentration area (1 ug/L) east of buildings TC473 and TC470 (35MW-36A). 

The seven intermediate wells that were selected for VOC resampling are located in the following areas. 

0 High concentration area (1,000 ugL) in the vicinity of buildings TC474, TC473 and TC470 
and east of the former above ground storage tank farm (35MW- 19B). 

0 High concentration (1,000 @L) area near the intersection of E and Fourth Streets the east 
side of F Street (35MW- 1 OB). 

0 Moderate concentration (100 pg.&) in the central area of the halogenated hydrocarbon 
plume (35MW- 14B and 35MW-30B). 

0 Low concentration (1 ug/L) area that extends southwest from 35MW-25 along the edge of 
buildings TC341 to Fourth Street and south between buildings G53 1 and G534 to Fifth 
Street (MW-09B and MW-37B). 

~, 

0 Low concentration area east of building TC473 (35MW-36B). 

Detailed well construction and installation information is included in the final RI/FS Work Plan and SAP 
(Baker, 1993). 

5.3.4.2 Deep Groundwater Wells 

A single deep groundwater monitoring well will be installed through the confining layer in the northern 
AOC. One (or more) deep wells will be installed in the southern AOC if significant contamination is 
detected in the intermediate zone during groundwater screening activities. The objective of this activity is 
as follows: 

0 Determine if solvent-related contamination, has migrated through the confining layer into 
the Castle Hayne Aquifer. 

Deep well 35GWD-07 will be installed in the northern AOC on the northeast side of Brinson Creek adjacent 
to an area of high solvent-related groundwater contamination located in the vicinity of existing wells 
35EMW-07 and 35MWl9A, B (see Figure 1). 
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One or more deep wells will be installed in the southern AOC if contamination is detected in the intermediate 
zone temporary monitoring wells. For planning purposes one deep well (35GWD-06) was proposed in the 
southern AOC based on the results of the Phase 1 Rl conducted by Baker in 1994. During this investigation 
five deep groundwater monitoring wells were installed. Four of these were installed directly through areas 
where significant levels of VOC contamination were detected in the intermediate and shallow zones. No 
VOC contaminants were detected in any of the five monitoring wells at levels above regulatory standards. 

Detailed well construction information and well installation procedures are provided in the Final RI/F!3 and 
SAP (Baker, 1993). 

5.3.4.3 Groundwater SamplinP and Analvsis 

Samples collected from ail 14 proposed permanent monitoring wells (35MW-39A, B through 35 MW-43A, 
B, 35GWD-06 and 35GWD-07) and the twelve existing monitoring wells (35EMW-03,35MW-19A, -32A, 
-35A, -36A, -19B, -lOB, -14B, -3OB, -09B, -37B, and -36B) will be analyzed for TCL VOCs and MTBE. 

Groundwater sample designations for existing permanent monitoring wells and new monitoring wells are 
included in Tables 5 and 6, respectively. 

All samples will be packed and shipped to Weston Environmental Metrics for analysis. Raw data should 
be provided by the laboratory within 28 days. 

5.15 Additional SGI Tasks 

5.15.1 Data Management 

Data Management involves the construction of data summary tables that combine validated data from the 
SGI with validated data acquired from the previous RI. 

5.15.2 Photo Album 

This task includes the preparation of an album of photographs to document SGI field activities. The photo 
album will include photo description and slides of each photo. Single copies of the photo album, with 
original photos and slides will be submitted to LANTDIV and MCB Camp Lejeune Environmental 
Coordinator. 

6.0 PROJECT MANAGEMENT AND STAFFING 

The proposed management and staffrng of the SGI is presented below. The primary participants include: 

Mr Matthew D. Bartman, Activity Coordinator 
Mr. Daniel Bonk, P-E., Project Manager 
Mr. Michael D. Smith, Site Manager/Project Engineer 
Mr. Brian Davis, Site Geologist 
Mr Thomas C. Fuller, QA/QC 
Mr. Ronald Krivan, Health and Safety Officer 
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All field activities will be directed by Mr. Michael D. Smith, who will act as Site Manager. 

Mr. Daniel L. Bonk will have overall responsibility for completing all deliverables. He will report directly 
to the Activity Coordinator, Mr. Matthew D. Bartman. Mr. Smith will be responsible for overseeing the 
SGI Report and FS Report/PRAP/ROD. He will report to Mr. Bonk and will be supported by geologist, 
engineers, biologists, chemists, environmental scientists, data technicians, drafters and clerical personnel, 
as needed. 

Overall field and reporting QMQC will be the responsibility of Mr. Thomas C. Fuller. Mr. John W. Mentz 
will provide Program Level technical and administrative support. 

7.0 SCHEDULE 

Figure 3 depicts the proposed schedule for SGI field work and Figure 4 is a revised schedule for al! proposed 
RUFS and SGI activities at Site 35. It is anticipated that field activities will commence the week of April 8, 
1996 and to proceed through May 15, 1996. A summary of project deliverables is provided in Table 7. 

Included in the following subsections are modifications to the RI/FS SAP submitted to LANTDIV in 
December 1993. 

3.1 . Soil and Groundwater Screenug 

Sample screening activities will be conducted in both the northern and southern AOCs. These activities will 
include the installation of temporary monitoring well clusters and on-site analysis of soil and groundwater 
samples. 

In the northern AOC, temporary wells will be installed on the both the Onslow County (northeast) side and 
Activity (southwest) side of Brinson Creek. On the Onslow County (northeast) side of Brinson Creek, two, 
two-wells clusters will be installed. A cluster of this side of Brinson Creek will consist of a shallow and 
an intermediate we!!. The locations of these clusters are shown in Figure 1. On the Activity (southwest) side 
of Brinson Creek, 10, three we!! clusters will be installed. A cluster on this side of Brinson Creek will 
consist of a shallow, semi-shallow and intermediate we!!. The locations of these clusters are shown in 
Figure 2. Groundwater and soil samples collected from wells installed on both sides of Brinson Creek will 
be analyzed for solvent and fuel-related contaminants- 

In the southern AOC, 10, two-we!! clusters will be installed. A cluster in this area will consist of a shallow 
and/an intermediate well. The locations of the first five we!! clusters to be installed in the southern AOC are 
shown in Figure 1. The locations of the remaining well clusters will be based on the levels of contamination 
detected in the initial five-well installation and are not shown in Figure 1. 
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3.1.1 Groundwater Sample Screening 

Temporary monitoring wells were selected as the screening method for both AOCs to limit the installation 
of a large number of permanent wells. A large number of permanent wells in the northern AOC could 
potentially impact the performance of the IAS pilot test and are more costly than temporary wells. In the 
southern AOC, the temporary wells will be used to establish the location of a limited number of permanent 
wells. 

The objectives of the groundwater, screening activities are as follows: 

0 Provide a detailed vertical profile of solvent-related and BTEX groundwater contamination 
and subsurface geology in the immediate vicinity of the in-situ air sparging pilot study 
(northern AOC). 

l Determine if Brinson Creek is acting as a barrier to fuel and solvent-related groundwater 
contamination migrating off-site onto Onslow County property (northern AOC). 

0 Define the horizontal extent of solvent-related groundwater contamination in the upper 
portion of the sutficial aquifer in the vicinity of Buildings TC470 and TC572 (southern 
AOC). 

0 Define the horizontal extent of solvent-related groundwater contamination in the lower 
portion of the surficial aquifer between Fifth and Seventh Street (southern AOC). 

0 Provide sufficient data to effectively locate permanent monitoring wells (southern AOC). 

Northern AOC 

To accomplish the objectives for the northern AOC, a total of 34 temporary wells will be installed. On the 
Activity (southwest) side of Brinson Creek three well clusters will be installed at 10 locations (30 wells, 
35TW-16&B,C through 35TW-25A,B,C) in the vicinity of existing monitoring well clusters 35MW-17, 
35MW-18 ans 35MW-19 (see Figure 2). Well clusters in this area will consist of a shallow well screened 
across the water table (total depth approximately S-10 feet below ground surface (bgs), a semi-shallow well 
screened midway between the confining layer and the water table (total depth approximately 20-25 feet bgs), 
and an intermediate well screened on top of the confining layer in the lower portion of the surficial aquifer 
(total depth approximately 35-40 feet bgs). 

On the Onslow County (northeast) side of Brinson Creek, two-well clusters will be installed at two locations 
( four wells, 35TW-260 and 35TW-27A,B). These wells will be located opposite of existing well clusters 
35MW-23 and 35MW-36, respectively, that are located on the Activity (southwest) side of Brinson Creek 
(see Figure 1). Well clusters in this area will consist of a shallow and an intermediate well as described in 
the previous paragraph. 

Shallow wells will be desigated with an “A” (e.g., 35TW-16A); semi-shallow wells will be designated with 
a “C” (e.g., 35TW-1 SC); and intermediate wells will be designated with a “B” (e.g.,3SlW-l6B). The 
proposed temporary shallow wells include 35TW-16A through -27A. The proposed temporary semi-shallow 
wells include 35lW-16C through -25C. The proposed temporary intermediate wells include 35TW-16B 
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through -27B. Split-spoon soil samples will be collected continuously to depth from all intermediate borings 
for the purpose of geological identification and description. Temporary well installation and abandonment 
procedures are included in Section 5.2.1 of the SAP. 

Groundwater samples collected from the northern AOC temporary wells will be analyzed using an on-site 
mobile laboratory for benzene, toluene, trichloroethene, cis- 1 ,Zdichloroethene, trans- l,Zdichloroethene, 
ethylbenzene, methyl tertiary butyl ether (MTBE) and total xylenes using modified EPA methods 
8010A/8020A. Designations for these samples are presented in Table 1. 

If groundwater sample screening activities conducted on the Onslow County (northeast) side of Brinson 
Creek indicate the presence of significant levels of VOC contamination, additional temporary well clusters 
will be installed to define the limits of contamination and to locate permanent monitoring wells. In addition, 
Baker will perform a field reconnaissance of this area to provide additional information regarding the 
presence of potential sources of contamination. A review of the available historical aerial photographs and 
U.S. G. S. maps conducted prior to the preparation of the project Plan Amendments did not identify any 
potential source of VQC contamination on the Onslow County (northeast) side of Brinson Creek. 

Southern AOC 

To accomplish the objectives of the SGI, a total of 30 temporary monitoring wells will be installed. These 
wells will be installed as well clusters at 15 locations (35TW-OlA, B through 35TW-15A, B) within the 
limits of the well field (southern AOC) shown in Figure 1. Each cluster will consist of a shallow well 
screened in the upper portion of the surficial aquifer (total depth approximately l5- 20 feet bgs) and an 
intermediate well screened in the lower portion of the surficial aquifer (total depth approximately 35- 40 feet 
bgs). Proposed shallow wells have an “A” in the designation (e.g., 35TW-Ol A) and the intermediate wells 
have a “B” in the designation (e.g., 35TW-OlB) so as to be consistent with the designations applied to the 
temporary wells installed in the northern AOC. The proposed temporary shallow wells will include 
35TW-01 A through -15A. The proposed intermediate temporary wells will include 35TW-01 B through - 
15B. Split-spoon soil samples will be collected continuously to the water table and then at five-foot intervals 
to depth, from all intermediate borings for the purpose of geologic identification and description. 

Initially, a line of five temporary well clusters (TW-OlA, B through TW-OSA, B) will be installed along the 
northside of Sixth Street between “C” Street and “D” Street to establish an east to west baseline of 
groundwater data that will be used as a reference for the installation of the remaining temporary well 
clusters. Sixth Street was selected as the location of the baseline because it is halfway between the southem- 
most solvent-related groundwater contamination detected under the RI and Seventh Street. The location of 
these well clusters are shown on Figure 1. Sample designations for this AOC are included in Table 2. 

The remaining 10 temporary well clusters (35TW-06A, B through 3 5TW- 15A,B) will be located based on 
the field screening results of groundwater samples obtained from the initial five temporary well clusters. 
If the on-site analytical results indicated solvent- related contamination is widespread, more than 15 wells 
may be required. Conversely, if the results indicate the horizontal extent of solvent- related contamination 
is relatively contained , less than 15 wells may be installed. Contaminated wells will be defined with levels 
of chlorinated solvents (i.e., trichloroethene, cis- I ,2-dichchloroethene, and trans- 1 ,Zdichloroethene) that 
exceed Federal Maximum Contaminant Levels (MCLs) or North Carolina Groundwater Quality Standards 
(NCGQS). These halogenated indicator compounds were selected based on the recommendations of the 
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Phase I RI (Baker, 1995) which indicated the need to extend the RI south of Fifth Street to define the extent 
of solvent-related groundwater contamination in the surficial aquifer. 

- 3.1.2 Soil Sample Screening 

Soil sample screening wili be conducted at the southern AOC only. The objective of this effort is to identify 
potential sources of solvent-related groundwater contamination. To achieve this, a total of 15 subsurface 
soil samples will be collected from intermediate temporary well borings (35TW-0 1 B through 35TW- 15B) 
each sample will be obtained from the soil interval located immediately above the groundwater table. 

Samples will be analyzed via the on-site mobile laboratory for trichloroethene and cis-and trans-1, 2- 
dichloroethene. Soil screening sample designations are presented in Table 3. 

3.2 Soil Investigation 

3.2.2 Subsurface Soil Sampling 

Subsurface soil sampling will be conducted in both the northern and southern AOC. The objectives of the 
subsurface soif sampling are as follows: 

l Provide subsurface lithologic data in both the northern and southern AOCs. 

0 Confirm potential sources of solvent-related groundwater contamination in the southern 
AOC. 

0 Identify potential sources of solvent-related groundwater contamination on the northeast 
side of Brinson Creek. 

To accomplish these objectives, subsurface soil samples will be collected from a total of six permanent 
intermediate well borings. Five of these environmental soil samples will be collected from intermediate 
monitoring well borings in the southern AOC (35MW-39B -4OB, -4lB, -42B, and-43B) and one from the 
intermediate monitoring well boring in the northern AOC (35MW-44B). The locations of the well borings 
in the southern AOC will be based on the results of temporary well soil and groundwater sample screening 
activities. The proposed location of 35MW-44B in the northern AOC is shown in Figure 1. 

3.23 Soil Analysis 

At each intermediate well boring, one soil sample will be collected from directly above the soil/groundwater 
interface or from an interval exhibiting Photo Ionization Detector (PID) readings above background levels. 
These samples will be packed and shipped to Weston Environmental Metrics in University Park, Illinois and 
analyzed for Target Compound List (TCL) volatile organic compounds (VOCs). 

Sample designations for these soil samples are included in Table 4. 
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3.3 Groundwater XnvestiTation 

This phase of the SGI will include the installation and sampling of 14 new permanent monitoring wells and 
resampling 12 existing monitoring wells. The new wells will be installed as six two-well clusters (clusters 
consist of shallow (15-20 bgs), and intermediate (35-40 bgs) wells) and two deep wells (approximate depth 
65 feet bgs). Five of the two-well clusters will be installed in the southern AOC and one cluster will be 
installed in the northern AOC on the northeast side of Brinson Creek. A single deep well will be installed 
in both the northern and southern AOCs. The two-well clusters will consist of a shallow well screened across 
the water table and an intermediate well screened in the lower portion of the surficial aquifer immediately 
above the confining layer. The deep wells will be installed through the confining layer and into the upper 
portion of the Castle Hayne aquifer. The 12 existing monitoring wells that are to be resampled consist of 
seven intermediate and five shallow wells located near or within the limits of the existing solvent-related 
groundwater contamination plume. 

33.1 Shallow Groundwater Wells 

The objectives of the groundwater investigation are as follows: 

Northern AOC 
0 Determine if Brinson Creek is acting as a barrier to groundwater contamination migration. 

Southern AOC 
0 Confirm the horizonta1 limits of the existing solvent-related groundwater contamination in 

the upper and lower portion of the surfcial aquifer between Fifth Street and Seventh Street 
that were determined during SGI groundwater screening activities. 

Previous Study Area and Northern AOC 
0 Determine if the levels of BTEX, MTBE, and solvent-related groundwater contamination 

have substantially changed since the previous RI was conducted in the spring of 1994. 

To achieve the ftrst objective, one or more permanent well cluster will be installed in the northern AOC on 
the northeastern side of Brinson Creek. The first permanent well cluster will be installed opposite existing 
well cluster 35MW- 19A, B where solvent-related groundwater contamination exceeded 1,000&L in the 
lower portion of the suficial aquifer (see Figure 1). These wells will be designated as 35MW-44A, B. 
Determining if more than one permanent well cluster is needed will be based on the results of field screening 
of groundwater obtained from two temporary two-well clusters to be installed on the northeast side of 
Brinson Creek (see Figure 1). Additional permanent well clusters will be installed if significant 
contamination is encountered in the temporary wells. Their locations will be determined in the field based 
on these results. 

To achieve the second objective, five permanent well clusters will be installed in the southern AOC. The 
exact locations of these well clusters will be based on the results of the groundwater screening effort. These 
clusters will be designated as 35MW-39 A, B through 35MW-43 A, B (shallow wells in a cluster are 
designated with an “A” and intermediate wells with a “B”. The proposed permanent shallow wells include 
35MW-39A through -43A. Proposed permanent intermediate wells include 35MW-39B through -43B. 
Permanent well clusters installed in the southern AOC, will be positioned to confirm either the presence or 
absence of solvent-related groundwater contamination. Three clusters will be located in areas where 
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solvent-related contaminants are detected during screening activities and two will be positioned just beyond 
the edge of the plume where no solvent-related groundwater contamination was detected. 

At each permanent well cluster location, two, two-inch diameter, schedule 40 PVC wells will be installed. 
Each cluster will consist of a shallow well screened in the upper portion of the surficial aquifer (total depth 
approximately 15 - 20 feet bgs) and an intermediate well screened in the lower portion of the surficial aquifer 
(total depth approximately 40-45 feet bgs). Previous results indicate the water table will be encountered at 
approximately six to eight feet below the ground surface. The confining layer has been described as a 
greenish gray silt with some sand, little shells, and trace clay. 

Both intermediate and shallow wells will be constructed with schedule 40 PVC kings and No. 10 slot, two- 
inch diameter screens. The shallow wells will have IO-foot screens and the intermediate wells will have 
five-foot screens. AI1 permanent monitoring wells constructed in the southern AOC will be flush mounted. 
The permanent wells constructed in the northern AOC will be installed with stick-up (two to three feet) steel 
casings, locking cap, and protective bollards. 

To achieve the third objective, twelve existing monitoring wells (five shallow and seven intermediate) 
located in the previous study area adjacent to the southern AOC will be resampled to determine if the 
horizontal limits of the solvent-related contaminant plumes have changed substantially since the previous 
RI was conducted. To confirm known limits of solvent-related contaminant plumes, eight wells were 
selected from areas where moderate (50-l 00 pg/L) to high (1,000 pg/L) contaminant concentrations were 
previously detected. In addition, four wells were selected from areas where low to non-detectable levels 
of contamination were previously identified. 

The five shallow existing wells that were selected for VOC resampling are located in the following areas: 

0 Moderate concentration area (50 @L) on the east side of F Street in the vicinity of the 
former ponded water area (35EMW-03). 

0 Moderate concentration area (50 pg/L) north of building TC474 and east of the former 
above ground storage tank farm (35MW-19A). 

0 Moderate concentration area (50 - 100 pg/L) . m th e vicinity of buildings TC473 arid TC470 
(35MW-32A and 35MW-35A). 

l Low concentration area (1 pg/L) east of buildings TC473 and TC470 (35MW-36A). 

The seven intermediate wells that were selected for VOC resampling are located in the following areas. 

0 High concentration area (1,000 pg/L) in the vicinity of buildings TC474, TC473 and TC470 
and east of the former above ground storage tank farm (35MW-19B). 

0 High concentration (1,000 pg&) area near the intersection of E and Fourth Streets the east 
side of F Street (35MW- 1 OB). 

0 Moderate concentration (100 pgL) in the central area of the halogenated hydrocarbon 
plume (35MW-14B and 35MW-30B). 
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a LQW concentration (1 pg/L) area that extends southwest from 35MW-25 along the edge of 
buildings TC341 to Fourth Street and south between buildings G531 and G534 to Fifth 
Street (MW-09B and MW-37B). 

0 Low concentration area east of building TC473 (35MW-36B). 

Detailed well construction and installation information is included in the final RI/FS Work Plan and SAP 
(Baker, 1993). 

3.3.2 Deep Groundwater Wells 

A single deep groundwater monitoring well will be installed through the confining layer in the northern 
AOC. One (or more) deep wells will be installed in the southern AOC if significant contamination is 
detected in the intermediate zone during groundwater screening activities. The objective of this activity is 
as follows: 

0 Determine if solvent-related contamination, has migrated through the confining layer into 
the Castle Hayne Aquifer. 

Deep well 35GWD-07 will be installed in the northern AOC on the northeast side of Brinson Creek adjacent 
to an area of high soIvent-reIated groundwater contamination located in the vicinity of existing wells 
35EMW-07 and 35MWl9A, B (see Figure 1). 

One or more deep wells will be installed in the southern AOC if contamination is detected in the intermediate 
zone temporary monitoring wells. For planning purposes one deep well (35GWD-06) was proposed in the 
southern AOC based on the results of the Phase I RI conducted by Baker in 1994. During this investigation 
five deep groundwater monitoring wells were installed. Three of these were installed directly through areas 
where significant levels of VOC contamination were detected in the intermediate and shallow zones. No 
VOC contaminants were detected in any of the five monitoring wells at levels above regulatory standards. 

Detailed well construction information and well installation procedures are provided in the Final RI/FS and 
SAP (Baker, 1993). 

3.3.3 Groundwater Sampling and Analysis 

Samples collected from all 14 proposed permanent monitoring wells (35MW-39A, B through 35 MW-43A, 
B, 35GWD-06 and 35GWD-07) and the twelve existing monitoring wells (35EMW-03,35MW-19A, -32A, 
-35A, -36A, -19B, -lOB, -14B, -3OB, -09B, -37B, and -36B) will be analyzed for TCL VOCs and MTBE. 

Groundwater sample designations for existing permanent monitoring wells and new monitoring wells are 
included in Tables 5 and 6, respectively. 

All samples will be packed and shipped to Weston Environmental Metrics for analysis. Raw data should 
be provided by the laboratory within 28 days. 
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3.3.4 Water Level Measurements 

During the SGI a minimum of two rounds of static water levels will be collected from all existing and newly 
installed permanent monitoring wells. 

5.2 Monitoring Well Installation and Well Development 

Permanent shallow and deep wells and temporary shallow wells will be installed under this SGI. Temporary 
monitoring well installation and well development procedures not discussed in the original Baker FSAP will 
be presented in this section. 

5.2.1 Temporary Well Installation 

Temporary well construction should follow the procedures outlined for the installation of permanent wells 
outlined in Section 5.2 Well Installation and Development of the Baker FSAP with the following exceptions: 

Temporary well clusters will be installed in the northern and southern AOCs. The construction of these 
clusters is somewhat unique and is based on the goals of the sampling activity. The objective of the sampling 
effort in the northern AOC was to provide a detailed profile of solvent-related and BTEX groundwater 
contamination in a well defined area. As such, clusters installed in the north will consist of a shallow well 
(5- 10 feet bgs) screened across the water table, an intermediate well (35-40 feet bgs) seated in the confining 
layer and screened across the lower portion of the surficial aquifer, and a semi-shallow well (I 5-20 feet bgs) 
screened between the shallow and the intermediate wells. All of these wells will be constructed with five 
feet of screen. Splits spoons will be continuously collected to depth during the advancement of the 
intermediate well boring. 

In the Southern AOC the objective was to define the horizontal extent of solvent-related contamination in 
the upper and lower portion of the sticial aquifer over a broad area and duplicate existing permanent well 
cluster construction. As such clusters will consist of a shallow well (15-20 bgs) screened across the water 
table with a 10 foot screen and an intermediate well (40-45 feet bgs) seated in the confining layer with a five 
foot screen. Ifthe confining layer is at a depth of less than 15 feet bgs and the aquifer thickness is less than 
10 feet thick, only one intermediate well will be installed. Splits spoons will be collected continuously to the 
water table and at 5 foot intervals thereafter to depth during the advancement of the intermediate well boring. 

All temporary wells will be constructed with l-inch diameter (ID) schedule 40 PVC casing and No. 10 slot 
(0.0 1 -inch) screens. 

0 Temporary wells will be installed in borehole advanced by a 3 l/4-inch I.D. auger or 
equivalent The well will be installed through the auger with a 2 inch-diameter well sock. 
As the augers are removed the borehole will be allowed to collapse around the well. If 
collapse is not complete No. 1 silica and will be placed in the borehole to approximately two 
feet above the screen. No grout seal or grout will be used tinless a well is not sampled on 
the day it is installed. 

0 Development of the temporary wells is not required. However, the same volume of water 
introduced into the borehole during construction to prevent heaving sands must be removed 
prior to purging and sampling. 
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0 Temporary wells will be removed manually and any remaining open boreholes will be 
backfilled with bentonite. 

5.2.2 Well Development 

All permanent shallow and intermediate groundwater monitoring wells will be developed using a centrifugal 
pump and check valve or inertial pumping system (Wattera). All deep wells will be developed with the 
Wattera system. As the well is opened HNU readings will be taken. In addition well depths and water levels 
will be measured and well volumes calculated. The check valve is secured to the end of a length of flex 
hose that is inserted into the well and is secured to a pump to the bottom of the well. All flex hose will be 
decontaminated with a damp paper towel prior to any insertion into the well. The flex hose may be secured 
with radiator damps. If used radiator clamps should be wrapped with wells sock to limit any scoring of the 
inside of the well. The pump may then be manually primed by thrusting the flex hose up and down in the 
well. The discharge nozzle should be equipped with a valve to control flow. The valve and accelerator 
should be adjusted to establish constant flow. Once started the pump should run for 10 to 15 minutes to pump 
out any stagnant water. The flex hose should then be removed and a surge block secured to the flex hose. 
To flush accumulated sediment out of the sand pack the well should be surged along the entire length of the 
screen in approximately two foot intervals. Surging should be performed for approximately 20 minutes. 
After surging is completed the check valve should be reinserted into the well and the pump restarted. 
Pumping should continue until PH, temperature, and conductivity readings have stabilized (three successive 
readings varying no more than 10 percent) and turbidity is less than 10 NT&. Total pumping time should 
not exceed 3 hours. 

53 Gronndwater Samr>le Collection 

To reduce or ebminate sediments in groundwater samples and greatly reduce the possibihty of cross 
contamination between sampling points, a peristaltic pump will be used to collect ground water samples from 
all permanent groundwater monitoring wells. A peristaltic pump can provide a maximum lift of 
approximately 25 feet Although there are deep and intermediate wells that will be sampled the static water 
level is only six to eight feet below ground surface. Typically, Baker peristaltic pumps do not have power 
sources and must be run off of a vehicle battery. 

Prior to collecting a sampIe, a minimum of three to five we11 volumes should be removed. A conductivity, 
pH, temperature, and turbidity readings will be taken from each well volume. Purging may be concluded 
and a sample collected when three to five well volumes have been removed, and three successive readings 
of conductivity, pH, and temperature vary no more than 10 percent. 

Survey data will be provided for roads, major building foundations, tree lines and monitoring well locations 
(temporary and permanent) in the AOCs not surveyed under the previous RI or FUC Design for Site 35 
Groundwater (CTG-0323). Survey points will include a latitude coordinate, longitude coordinate and an 
elevation expressed in feet of mean sea level. The vertical accuracy will be within .1 feet and horizontal 
accuracy within .l fee& and horizontal will be within -1 feet. In addition all points will be referenced to the 
North Carolina State Plain Coordinate System (NCSPCS). A sufficient number of points will be established 
to tie new sumey data with previous surveys conducted at Site 35. 
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5.9 Bandliw of Site Investigation Generated Waste 

5.9.3 Designation of Potentially Hazardous and Nonhazardous IDW 

5.9.3.1 Drill Cuu 

All drill cuttings will be containerized in a roll-off box pending analytical results that determine whether or 
not the materia1 is hazardous or non-hazardous. Only non-hazardous cuttings will be spread out on the 
ground. 

5.9.3.2 Monitorine Well Development and Purge Water 

All development or purge water generated by the SGI will be containerized in a 5,000-gallon tanker or l,OOO- 
galIon polyethylene storage tanks. 

5.9.3.3 Decontamination Fluids 

All equipment and personal decontamination fluids generated by the SGI will be containerized in a 55 gallon 
drum. 

5.9.8 Disposal of Contaminated Materials 

A single composite of drill cuttings will be collected from the roll-off box and analyzed in accordance with 
TCLP and RCIU Hazardous Waste Characteristics, in order to assess disposal options. 

A single sample will be collected from the 5,000-gallon tanker or l,OOO-gallon polyethylene tanks used to 
store liquid IDW during the SGI. The sample will be analyzed for TCL volatiles, semivolatiles, pesticides 
and PCBs, and inorganics. Based on the analytical results and the prior approval of LANTDIV and MCB 
Camp Lejeune, liquid IDW will be transported to an off-base facility for treatment and disposal, transported 
to the Hadnot Point Industrial Area Groundwater Treatment Plants for treatment and disposal, or discharged 
on site. 
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Sample designations for IDW samples are presented on Table 8. 

Baker appreciates the continued opportunity to serve the Navy. if you have any question please do not 
hesitate to contact Mr. Matthew Bartman at (412) 269-2053 or me at (4 12) 269-2063. 

Sincerely, 

BAKER ENVIRONMENTAL, INC. 

Daniel L. Bonk, P.E. ’ 
Project Manager 

DLB/lq 

cc: Mr. Neal Paul, MCB Camp Lejeune 
Ms. Gena Townsend, USEPA 
Mr. Patrick Watters, NC DEHNR 
Mr. Jim Dunn, OHM 
Ms. Lee Anne Rapp, P.E., Code 183 12 (w/o attachments) 
Ms. Beth Collier, Code 02115 (w/o attachments) 



TABLE 1 

SU’PPLElkf.ENTAL GROUNDWATER INVESTIGATION FOR OU NO. 10 (SITE 35) 
CAMP GEIGER AREA FUEL FARM 

GROUNDWATER SAMPLING IDENTIFICATION NUMBERS FOR TEMPORARY WELLS 
IN NORTHERN AREA OF CONCERN 

CONTRACT TASK ORDER 0232 

ANALYSIS REQUESTED COMMENTS 
NORTHERN”’ 

AOC 
TYPE/LOCATION 

EM-PORA&Y WELLS 
(PROPOSED)” 

NORTHERN AOC 

rOTAL ANALYSES 

SAMPLE ID CONTAMINANTS. AROUND Labo) 
35-TW16A-04 X 24 hour Microseeps 
35TW16B-04 X 
35TW16G04 X 
35-TW17A-04 X 
35-TW17B-04 X 

24 hour 
24 hour 
24 hour 
24 hour 

Microseeps 
Microseeps 
Microseeps 
Microseeps 

35-TW17C-04 
35-TWl8A-04 

24 hour 
24 hour 

Microseeps 
Microseeps 

Notes: 

(I) Tempo? well sampling is a screening tool. No duplicates or MS/MSD will be collected 
and no mp blanks will be sent. 

C) The following analyses will be performed on groundwater samples collected f?.om the 
nodem A&: benzerie, toluene, trichloroethene, cis-1,2-dichloroethene, trans-1,2,- 
dichloroethene. ethylbenzene, methyltertiary butyl ether and xylenes. These analyses will 
be performed using modified EPA methods 80 1 OAl8020A. 

c3) Microseeps Inc. from Pittsburgh, PA is providing on-site lab services. 

-- 



TABLE 2 

SUPPLEMENTAL GROUNDWATER INVESTIGATION FOR OU NO. 10 (SITE 35) 
CAMP GEIGER AREA FUEL FARM 

GROUNDWATER SAMPLING IDENTIFICATION NUMBERS FOR TEMPORARY WELLS 
IN SOUTHERN AREA OF CONCERN 

CONTRACT TASK ORDER 0232 

ANALYSIS REQUESTED COMMENTS 

souTI-IERN’2’ 
AOC TURN 

TYPEYLOCATION SAMPLEID ~CONTAMINANTS 1 AROUND 1 Lab@) I 
tTMPT)RARY ’ .-_.-- --- ---- 

(PROPOSED\(‘) 35-TWOIB-04 
\- -_-- ----I 

SOUTHERN AOC 

35-TWOSA- 

ur 
!4 hour 
!4 hour 
!4 hour 
!4 hour 
!4 hour 
!4 hour 
!4 hour 
!4 hour 
14 hour 
!4 hour 
!4 hour 

Microseeps 
Microseeps 
Microseeps 
Microseeps 
Microseeps 
Microseeps 
Microseeps 
Microseeps 
Microseeps 
Microseeps 
Microseeps 
Microseeps X r A 

X I 24 hour I Microseeps 
35-TW07A-04 
3 5-TW07B-04 

35-TW09B-04 . 1 
35-TWlOA-04 2 I 
35-TWlOB-04 X i 
35-TWl lA-04 X 
35-TWl lB-04 X 

X 24 hour Microseeps 
X 24 hour Microseeps 
X 24 hour Microseeps 

24 hour FE Microseeps 
!4 hour Microseeps 
!4 hour Microseeps 

24 hour Microseeps 
24 hour Microseeps 

X 24 hour Microseeps 
24 hour Microseeps 
!4 hour Microseeps 
!4 hour Microseeps 

35-TW12B-04 1 X 
35-TW13A-04 1 X c ‘ I 
t35-TW13B-04 1 X r 1 

35-TW12A-04 

35-TW 14A-04 X 
35-TW14B-04 X 

24 hour I Microseeps 
F - 
!4 hour 1 1 MicroseeDs 1 

t35-TW15A-04 1 X . A 
35-TW15B-04 X I 4 

-0TAL ANALYSES 30 I I I 

(‘1 Temporaq well sampling is a screening tool. No duplicates or MS/MSDs will be 
collected and no trip blanks will be sent. 

c2) The following analyses will be performed on groundwater samples collected from the 
southern AOC: rrichloroethene, cis-l,Zdichloroethene, and trans-1,2,-dichloroethene. 
These analyses will be performed using modified EPA methods 80 1 OA. 

(3) Microseeps Inc. from Pittsburgh, PA is providing on-site lab services. 



TABLE 3 

SUPPLEMENTAL GROUNDWATER INVESTIGATION FOR OU NO. 10 (SITE 35) 
CAMP GEIGER AREA FUEL FARM 

SOIL SAMPLING IDENTIFICATION NUMBERS FOR TEMPORARY WELL BORINGS 
IN SOUTHERN AREA OF CONCERN 

CONTRACT TASK ORDER 0232 

I I ANALYSIS REQUESTED I COMMENTS I 

SOIL BORINGS 

SOUTHERN AOC 

Notes: 

The XX in the sample ID indicates the interval where the soil sample was collected. The interval will 
be based on site conditions. 
The following analyses will be performed on soil samples collected from the southern AOC: 
trichloroethene, cis-1,2,-dichloroethene, trans- 1,2,-dichloroethene. These analyses will be performed 
using modified EPA’methods 8010A. 



TABLE 4 

SUPPLEMENTAL GROUNDWATER INVESTIGATION FOR OU NO. 10 (SITE 35) 
CAMP GEIGER AREA FUEL FARM 

SOIL SAMPLING IDENTIFlCATION NUMBERS FOR PERMANENT WELL BORINGS 
CONTRACT TASK ORDER 0232 

TYPE/LOCATION 

PERMANENT WELL 

BORINGS 

SOUTHERN AOC 

1 ‘OTAL ANALYSES 7 1 1 

Notes: 

PERMANENT WELL 
BORING NORTHERN 

AOC 

ANALYSIS REQUESTED QAfQc COMMENTS 

TURN 
SAMPLE ID(‘) TCL VOA’2’ DUPLTCATE c3) MSIMSD AROUND LA 8”) 

35-MW39B-XX X 28 day Weston 

35-M W40B-XX X 28 day Weston 

35-MW41B-XX X 28 day Weston 

35-MW42B-XX X 28 day Weston 

35-MW43B-XX X 28 day Weston 

35-h$W43B-XXD X 28 day Weston 

35-MW44B-XX X X X 28 day Weston 

(1) The XX in the sample ID indicates the interval where the soil sample will be collected. This interval will be based on site conditions. 
(2) Level IV data quality will be provided by the lab. However, a Level III data package will be delivered. 
(3) Duplicates have been arbitrarily assigned and can be changed. 
(4) Weston Environmental Metrics. 



. 

TABLE 5 

SUPPLEMENTAL GROUNDWATER INVESTIGATION FOR OU NO. 10 (SITE 35) 
CAMP GEIGER AREA FUEL FARM 

GROUNDWATER SAMPLING IDENTIFICATION NUMBERS FOR RESAMPLING OF EXISTING PERMANENT WELLS 
CONTRACT TASK ORDER 0232 

ANALYSIS REQUBSTED QAIQC COMMENTS 

TCL TURN 
TYPE/LOCATION SAMPLE ID VOAt’) MTBE’*’ DUPLICATE(‘) MS/MSD AROUND LA Bt” 

PERMANENT WELLS 35-EMW03-04 X X 28 day Weston 
(EXISTING) 

35-MW09B-04 X X 28 day Weston 

35-MWIOB-04 X X 28 day Weston 

Notes: 

(1) Level 1-V data quality will be provided by the Laboratory. However, a Level III data package will be delivered. 
(2) MTBE = Methyl Tertiary Butyl Ether 
(3) Duplicates have been arbitrarily assigned and can be changed. 
(4) Weston Environmental Metrics. 



TABLE 6 

SUPPLEMENTAL GROUNDWATER INVESTIGATION FOR OU NO. 10 (SITE 35) 
CAMP GEIGER AREA FUEL FARM 

GROUNDWATER SAMPLING IDENTIFICATION NUMBERS FOR SGI PERMANENT WELLS 
CONTRACT TASK ORDER 0232 

ANALYSIS REQUESTED QA/QC COMk 

TCL TURN 
TYPE/LOCATION SAMPLE ID VOA”’ MTBEt2’ DUPLICATE(‘) MS/MSD AROUND 

SOUTHERN STUDY 35-MW39A-04 X X 28 day 
AOC 35-MW39B-04 X X 28 day 

35-MW39B-04D X X 

35-MW40A-04 X X 

X X 28 day 

28 day 

35-MW40B-04 X X 28 day 

35-MW41A-04 X X 28 day 

35-MW41B-04 X X 28 day 

35-MW42A-04 X X 28 day 

35-MW42B-04 X x . 28 day 

1 35-MW43A-04 1 X 1 X 1 I 1 28 day 
I I 

35-MW43B-04 X X 28 day 

35-MW43B-04D X X X 28 day 

35-CiWD06-04 X X 28 day 

NORTHERN STUDY 35-MW44A-04 X X 28 day 
AREA 35-MW44B-04 X X 28 day 

I 

35-GWD07-04 1 X I X I I 1 28 day 

TOTAL ANALYSES 1 I 16 I 16 I 2 I 1 I 

Notes: 

Weston 

Weston 3 Weston 

Weston 

Weston 

Weston -I Weston 

Weston --I Weston 

Weston I 

Weston 

+ Weston 

Weston 

-i Weston 

Weston1 
1 Weston I 

I 

(1) Level IV data quality will be provided by the lab. However, a Level III data package will be delivered. 
(2) MTBE - Methyl Tertiary Butyl Ether 
0) Duplicates have been arbitrarily assigned and can be changed. 
(4) Weston Environmental Metrics. 



TABLE 7 

SUPPLEMENTAL GROUNDWATER INVESTIGATION FOR OU NO. 10 (SITE 351 I 
CAMP GEIGER AREA FUEL FARM 
BAKER PROJECT DELIVERABLES 

CONTFtACT TASK ORDER 0232 

I Project Deliverable Due Date 

I SGI Meeting I August 8,1996 

1 Draft SGI Report I September 12, 1996 

1 Draft Final SGI Report I November 11, 1996 

1 Final SGI Report 1 January 3,1997 

Draft FSIPRAP 

Draft Final FWRAP 

November 11, 1996 

January 8,1997 

I Final FWRAP 1 February 28,1997 

I Draft ROD 1 January 8,1997 

I Draft Final ROD 1 February 28,1997 

Final ROD April 20,1997 

. _.- -. -..- 



TABLE 8 

. 

‘# . 

+ 

SUPPLEMENTAL GROUNDWATER INVESTIGATlON FOR OU NO. 10 (SITE 35) 
CAMP GEIGER AREA FUEL FARM 

IDW SAMPLE IDENTIFICATION NUMBERS 
CONTRACT TASK ORDER 0232 

SOILS 

ANALYSIS REQUESTED COMMENTS 

TCLP 
RCRA TCLP TCLP Pest/Hebicide TCLP T’URN 

7-Y PEILOCATION SAMPLE ID Characteristics VOA SVOAs S Metals (‘1 AROUND LAB 

3%IDW-ROB X X X X X 14 day Weston 

TOTAL ANALYSES I 1 I 1 1 

LIQUID 

ANALYSIS &QUESTED COMMENTS 

TCL TAL TURN 
TYPE/LOCATION SAMPLE ID TSS/TDS TCLVOA TCL SVOAs Pest/PCBs Metals AROUND LAB 

35-IDW-TNK X X X X X 14 day Weston 

TOTAL ANALYSES 1 1 1 1 1 

Notes: 

(11 RCRA Hazard Characteristics 
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APPENDIX L 
QA/QC SAMPLE SUMMARIES 



APPENDIX L.1 
ROUND THREE. GROUNDWATER SAMPLING 



LOCATION 
LAB ID 
DATE SAMPLED 

VOLATILES (ug/L) 
Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methyiene Chloride 
Acetone 
Carbon Disulfide 
1 ,l -Dichloroethene 
1 ,l-Dichloroethane 
1,2-Dichloroethene (total) 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1 ,I ,l-Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1 ,ZDichloropropane 
cis-1,SDichloropropene 
Trichloroethene 
Dibromochloromethane 
1 ,l ,ZTrichloroethane 
Benzene 
bans-1 $Dichloropropene 
Bromoform 
4-Methyl-2.Pentanone 
ZHexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xyiene (total) 

35-TBOI -02 
95-7597-l 3 

07121 I95 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
IOU . 
10 u 
10 u 
10 u 

2J 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

2J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

QA/QC SUMMARY 
TRIP BLANK (SUMMER 1995) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

1 O/l 8196 323TBV.WK4 



LOCATION 
LAB ID 
DATE SAMPLED 

METALS @g/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobait 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

35EROl-02 
095-7537-3 

ail 0195 

27.1 
20 LJ 
2u 

20 u 
IU 
2u 

500 u 
2u 
2u 
5u 

20 u 
IU 

50.6 U 
2u 

0.2 u 
10 u 

200 u 
2.5 UJ 

2u 
791 
0.7 u 

2u 
7.8 

GAIQC SUMMARY 
EQUIPMENT RINSATES (SUMMER 1995) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

35-EROI -02m 
095-7537-3 

oa~l1195 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.2 u 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
7.8 

35-ER03-02m 
095-7537-Q 

08/09/95 

35.5 
20 u 

2u 
20 u 

IU 
2u 

500 u 
2u 
2u 
5u 

20 u 
IU 

50 u 
2u 

0.2 u 
10 u 

200 u 
2.5 U 

2u 
1000 

0.7 
2u 

6.1 

35-ER05-02 
095-7537-4 

a/l 0195 

36.3 
20 u 

2u 
20 u 

IU 
2u 

500 u 
2u 
2u 
SU 

20 u 
IU 

50 u 
2u 

0.2 u 
10 u 
10 u 

2.5 u 
2u 

705 
0.7 

2u 
6.8 

35ER05-02m 
D95-7537-4 

0811 1 I95 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.2 u 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
6.8 

35-ER07-02m 
95-7597-I 0 

08/l 3195 

42.9 J 
20 u 
1.4 u 
20 u 

IU 
2u 

500 u 
2u 
2u 
5u 

20 u 
‘I UJ 

50 u 
2u 

0.2 u 
10 u 

200 u 
2.5 UJ 

2u 
a54 J 
9.9 U 

2u 
15.1 u 

lOlla/Q6 323ERM.WK4 



LOCATION 
LAB ID 
DATE SAMPLED 

METALS (ug/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

QAIQC SUMMARY 
EQUIPMENT RINSATES (SUMMER 1995) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

MINIMUM MAXIMUM 
NONDETECTED NONDETECTED 

NA 
20 u 
1.4 u 
20 u 

1 u 
2u 

500 u 
2u 
2u 
5U 

20 u 
IU 

50 u 
2u 

0.2 u 
10 u 
10 u 

2.5 UJ 
2u 

NA 
0.7 u 

2u 
15.1 u 

NA 
20 u 

2u 
20 u 

IU 
2u 

500 u 
2u 
2u 
5U 

20 u 
1u 

50.6 U 
2u 

0.2 u 
10 u 

200 u 
2.5 UJ 

2u 
NA 
9.9 u 

2u 
15.1 u 

MINIMUM 
DETECTED 

27.1 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

705 
0.7 
ND 
6.1 

MAXIMUM 
DETECTED 

42.9 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1000 
0.7 
ND 
7.8 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

35ER07-02m 4l4 
014 
014 
014 
014 
o/4 
014 
014 
014 
o/4 
o/4 
014 
o/4 
014 
O/6 
o/4 
014 
o/4 
014 

35ER03-02m 414 
35-EROS-02 2l4 

014 
35EROI -02m 516 

lOll8/96 323ERM.WK4 



LOCATION 
LAB ID 
DATE SAMPLED 

Total Petroleum Hydrocarbon 6030/8015M ug/L 
Gasoline 
Total Petroleum Hydrocarbon 8015M mg/L 
Diesel 

QAIQC SUMMARY 
EQUIPMENT RINSATE - TPH (SUMMER 1995) 
SITE 35, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

35EROl-02m 
D95-7537-3 

08/l 1195 

50 u 

0.6 U 

10/18/96 323ERTPH.WK4 



LOCATION 
LAB ID 
DATE SAMPLED 

METALS (us/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

35FBOl-02m 
95-7597-l 2 

08/I 4l95 

20.3 J 
20 u 
1.4 u 
20 u 

IU 
2u 

500 u 
2u 
2u 
5U 

20 u 
1 UJ 

50 u 
2u 

0.2 u 
10 u 

200 u 
2.5 UJ 

2u 
509 J 
9.9 u 

2u 
SU 

QAIQC SUM MARY 
FIELD BLANK (SUMMER 1995) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

10/18/96 323FBM.WK4 



LOCATION 
LAB ID 
DATE SAMPLED 

ANALYTES (ug/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

35MWI 6%02 
95-7537-l 1 

08/10/95 

20 u 
20 u 

10.3 
32.2 J 

IU 
2u 

124000 
2u 

16 J 
5U 

40400 
8.9 

4580 J 
141 
0.2 u 
10 u 

793 J 
2.5 UJ 

10.9 
4350 J 

0.9 J 
2u 

11.5 J 

GROUNDWATER - DUPLICATE SUMMARY 
INORGANICS (SUMMER 1995) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

35-MWI 6S-02D 
95-7537-I 2 

08/I 0195 

20 u 
20 u 

11.1 
31.3 J 

1 u 
2u 

121000 
2u 

16.9 J 
5u 

42200 
2.9 J 

454OJ 
139 
0.2 u 
10 u 

728 J 
2.5 U 

2u 
4520 J 

1.1 J 
2u 
5u 

35-MWI 9S-02 
D95-7537-6 

08/I 1195 

282 
20 u 

2u 
20 u 

IU 
2u 

35600 
2u 

4.4 J 
5u 

266 
IU 

188OJ 
102 
0.2 u 
10 u 

2650 J 
2.5 U 

2u 
11300 

0.7 u 
2u 

9.9 J 

35-MWI 9S-02D 
D95-7537-7 

0811 II95 

205 
20 u 

2u 
20 u 

IU 
2u 

34500 
2u 

4.1 J 
5u 

215 
1 u 

1770 J 
98.1 

0.2 u 
10 u 

2600 J 
2.5 U 

2u 
11200 

1.3 J 
2u 

11.7 J 

10/18/96 323GWMDP.WK4 



LOCATION 
IA8 ID 
DATE SAMPLED 

METALS (mglkg) 
Mercury 
Zinc 

SEDIMENTS - DUPLICATE SUMMARY 
INORGANICS (SUMMER 1995) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

35SD07-06-02 35SD07-06D-02 36-SD07-06-02 36-SD07-06D-02 
095-7354-l D95-7354-2 095-7350-5 D95-7350-6 

08/08/95 08/08/95 08/07/95 08/07/95 

0.19 u 0.17 u 0.34 u 0.34 u 
72.6 61.7 65.8 94.5 

10/18/96 323SDMDP.WK4 



APPENDIX L.2 
ROUND FOUR, GROUNDWATER SAMPLING 



SAMPLE ID 35-TBOI -04 
METHOD VOAl .a 
DATE SAMPLED 04l25196 

VOLATILES (ug/L) 
TRICHLOROETHENE 

QAIQC SUMMARY 
TRIP BLANKS (SPRING 1996) 

SITE 36, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

35-TB02-35 
VOAI .a 

04l26/96 

35-TB03-04 
VOAl .a 

04127196 

35-TB04-04 
VOAl .a 

04129196 

10 u 10 u 10 u 10 u 

35-TB06-04 
VOAI .a 

05lOll96 

10 u 

35TB07-04 
VOAI .a 

05103196 

3J 

1 O/l al96 TB.WK4 



SAMPLE ID 
METHOD 
DATE SAMPLED 

VOLATILES (ug/L) 
TRICHLOROETHENE 

35TB08-04 
VOAl.8 

08104196 

10 u 

QAIQC SUMMARY 
TRIP BLANKS (SPRING 1996) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

35TB05-04 
VOAl.8 

04l21196 

10 u 

1 O/l 8196 TB.WK4 



SAMPLE ID LOCATION OF FREQUENCY AVERAGE MEDIAN 
METHOD MINIMUM MAXIMUM MINIMUM MAXIMUM MAXIMUM OF OF POSITIVE OF POSITIVE 
DATE SAMPLED NONDETECTED NONDETECTED DETECTED DETECTED DETECTED DETECTION DETECTIONS DETECTIONS 

VOLATILES (ug/L) 
TRICHLOROETHENE 

QAIQC SUMMARY 
TRIP BLANKS (SPRING 1996) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

10 u 10 u 3J 3J 35TB07-04 ua 3.00 3.00 

10/16/96 TB.WK4 3 



SAMPLE ID 
METHOD 
DATE SAMPLED 

VOLATILES @g/L) 
CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,I-DICHLOROETHENE 

I 1 ,l -DICHLOROETHANE 

/ 

1,2-DICHLOROETHENE (TOTAL) 
CHLOROFORM 
1 ,ZDICHLOROETHANE 

I 2-BUTANONE 
1 ,l ,l-TRICHLOROETHANE 

I CARBON TETRACHLORIDE 
1 BROMODICHLOROMETHANE 

1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,l ,ZTRICHLOROETHANE 
BENZENE 
TRANS-1 ,bDICHLOROPROPENE 
BROMOFORM 
4-METHYL-BPENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,1,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE (TOTAL) 
METHYL-TERT-BUTYL ETHER 

35ERWOI -04 
VOAl.8 

04125196 

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 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
SU 

QAIQC SUMMARY 
EQUIPMENT RINSATES (SPRING 1996) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB. CAMP LEJEUNE, NORTH CAROLINA 

35ERW03-04 
VOAI .8 

0427196 

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 
18 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
5U 

35ERW05-04 
VOAI .8 

04/29/96 

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 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
5u 

35.ERW07-04 
VOAI .8 

05/01/96 

10 u 
10 u 
10 u 
IO 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 
10 u 
10 u 
10 u 
10 u 
10 u 
5U 

35-ERW09-04 
VOAl.8 

05/03/96 

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 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
5u 

35-ERWl O-04 
VOAl.8 

08/05196 

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 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
NA 

10/18/96 ER.WK4 



SAMPLE ID 
METHOD 
DATE SAMPLED 

VOLATILES (us/L) 
CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,I-DICHLOROETHENE 

I 
1 ,I-DICHLOROETHANE 

I 1 ,ZDICHLOROETHENE (TOTAL) 
CHLOROFORM 

/ 
1 ,ZDICHLOROETHANE 

j ZBUTANONE 

j 
1 ,I ,I-TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLOROMETHANE 
1 ,P-DICHLOROPROPANE 
CIS-l J-DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,1,2-TRICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPENE 
BROMOFORM 
CMETHYL-ZPENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,I ,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE (TOTAL) 
METHYL-TERT-BUTYL ETHER 

QAIQC SUMMARY 
EQUIPMENT RINSATES (SPRING 1996) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

MINIMUM MAXIMUM 
NONDETECTED NONDETECTED 

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 
IO u 10 u 
10 u 10 u 
IO u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
IO 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 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
5U SU 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
18 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
18 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

O/6 
016 
016 
O/6 
O/6 
O/6 
O/6 
016 
O/6 
O/6 
O/6 
O/6 
O/6 
O/6 
O/6 
O/8 
O/6 
O/6 
O/6 
O/6 
O/6 

35ERW03-04 l/6 
016 
O/6 
O/6 
016 
O/6 
O/6 
O/6 
O/6 
O/6 
O/8 
O/6 
O/S 

AVERAGE 
OF POSITIVE 
DETECTIONS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

18.00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

MEDIAN 
OF POSITIVE 
DETECTIONS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

18.00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10/18/96 ER.WK4 2 



SAMPLE ID 
METHOD 
DATE SAMPLED 

VOLATILES @g/L) 
CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1,bDICHLOROETHENE 
1 ,l -DICHLOROETHANE 
1 ,ZDICHLOROETHENE (TOTAL) 
CHLOROFORM 
1 ,ZDICHLOROETHANE 
2-BUTANONE 
1 ,I ,I-TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLOROMETHANE 
1 ,ZDICHLOROPROPANE 
CIS-1 $DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,1,2-TRICHLOROETHANE 
BENZENE 
TRANS-1 &DICHLOROPROPENE 
BROMOFORM 
CMETHYL-ZPENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,1,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE (TOTAL) 

35FB-04 
VOAI .8 

08lO3196 

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 

5J 
10 u 
10 u 
10 u 

8J 
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 

QAIQC SUMMARY 
FIELD BLANK (SPRING 1996) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

10/18/96 FB.WK4 



SAMPLE ID 
METHOD 
DATE SAMPLED 

VOIATILES (ug/L) 
CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,I-DICHLOROETHENE 
I,l-DICHLOROETHANE 
1,2-DICHLOROETHENE (TOTAL) 
CHLOROFORM 
1,2-DICHLOROETHANE 
2-BUTANONE 
1 ,I ,I-TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1 $DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,I ,2-TRICHLOROETHANE 
BENZENE 
TRANS-1 $DICHLOROPROPENE 
BROMOFORM 
CMETHYL-ZPENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,I ,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE (TOTAL) 
METHYL-TERT-BUML ETHER 

35MWI OD-04D 
VOAl.8 

04127196 

IO u 
IO u 
IO u 
10 u 
10 u 
10 u 
IO u 

6J 
IO u 

960 
10 u 
IO u 
IO u 
10 u 
10 u 
10 u 
IO u 
10 u 

630 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 

2J 
10 u 
10 u 
IO u 
IO u 
5U 

GROUNDWATER - DUPLICATE SUMMARY 
ORGANICS (SPRING 1996) 

SITE 35, CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

35-MWI 9D-04D 
VOAI .8 

04127196 

IO u 
IO u 
IO u 
IO u 
10 u 
10 u 
IO u 
IO u 
10 u 

370 
IO u 
10 u 
10 u 
10 u 
IO u 
10 u 
IO u 
IO u 

320 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
IO u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
5U 

35-MW42B-04D 
VOAI .8 

05/03/96 

IO u 
10 u 
IO u 
10 u 
IO u 
10 u 
10 u 
10 u 
IO u 
62 
10 u 
IO u 
10 u 
10 u 
IO u 
IO u 
10 u 
10 u 

110 
10 u 
10 u 
10 u 
IO u 
IO u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
5lJ 

35MW60B-04D 
VOAI .8 

08104l96 

10 u 
10 u 
IO u 
IO u 
10 u 
IO u 
10 u 
10 u 
IO u 
IO u 
10 u 
IO u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
IO u 
IO u 
IO u 
10 u 
10 u 
IO u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
IO u 
10 u 
NA 

10118/96 DUPSWK4 
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1.0 INTRODUCTION 

Numerous groundwater investigations have been conducted at Marine Corps Base (MCB), 

Camp Lejeune under the Department of the Navy (DON’) Installation Restoration Program 

(IRP). These studies have identified elevated levels of total metals in shallow groundwater at 

almost every site. The degree of contamination, based on dissolved metals analysis of 

groundwater samples, is limited. It is believed that the presence of elevated metals are not 

always related to past disposal activities for several reasons, which is the basis of this study. 

Currently, Records of Decision (ROD) are being prepared for Operable Units No. 1 (Sites 21, 

24, and78) andNo. 6 (Site 2). RothRODs are proposing to not remediate &aIlow groundwater 

which contains elevated levels of total mekls above State groundwater standards lie., North 
.-. 

Carolina Water QualiQ Skudards) and/or Federal d&king water standards (ie., Maximum 

Contaminant Levels). SpecificalIy, rem&&ion of shallow &oundwater due to elevafed total 

metals is not cost effective, or practical, due to the following (1) the shallow aquifer is not 

used for potable supply; (2) the source ofmecals in gkmdwater cannot be correlated with soil 

&a or previous disposal practices; (3) the extent of shallow groundwater contamination 

(based on total metals analysis) is widespread and inmany cases undekable, since there are 

no apparent contaminant plumes or patterns associated with the metals; and (4) deep . 
groundwater, which is the source of potable water, is not significantly c&taminated’with ’ - 

metals above the star&&s. 

2.0 sTuDYoBJEcTrvEs ’ 

The DON/Marine Corps initiated a study on inorganics in groundwater throughout MCB 

. Camp Lejeune to assess whether total metals in groundwater are related to disposal practices 

or to other factors. The overall goal of this study is to provide information that would be’used 

in consideration of not remediating shallow groundwater at Operable Unit!s No. 1 and No. 5, 

and possibly other operable units where total metals are elevated without cause. The 

following study objectives were identifiedz 

(1) Determine whether the elevated total metals detected in the shallow aquifer are 
related to past disposal practices, well construction factors, sampling techniques, or 
suspended particulates in the samples; 

(2) Dekmlne whether total metals in shallow groundwater are elevated throughout the 
region or MCB Camp kjeune; . - 3. 

(3) Determine whether there is a correlation between elevated total metals in 
groundwater and metals in soil; and 

1 



(4) bdami.ne whether the concentrations of total metals (i.e., low versus high) is related c t 
to shallow and deep aquifer characteristics. 

3.0 SCOPE OF WORK 

Groundwater and soil data from a total of 21 sites were compiled as part of the overall study. 

Three of the 21 sites are Iocated oukide the boundary of the base These sites include the ABC 

Cleaners Superfund Site, loca&along Route 24 in Jacksonville, and two sites located aIong 

Highway 17 (Off-site Properties No. 1 and No. 2). The two sites along Route 17 were 

investigated by the DON/Marine Corps as part ofa real estate survey. The other I8 sites are 

k&d throughout various porlhs ofMCB Camp Lejeune (see Figure u. - ’ 

.-. 
Intormation~m~~~conductedbyBakerandother~~~~wereob~~toevaItlate 

metal concentrations in groundwater. The study focused on 14 metals of potential concern to 

human health and the environment. Some of the information was collected under the IR 

Program whereas other information was obtained during other investigations (e.g., ABC 

Cleaners RIPS). The following data tables were thenprepared to determine why total metals 

are gemrally elevated in shallow groundwater. 

T&hi- TotsI Metal Concentrations in Shallow Groundwater b3 Site . . . -=-%I@ 

Table2- Summary of Repeat Sampling of Shallow Wells (Sites 2 and 78) 

Table 3 - Dissolved Metal Concentrations in Shallow Groundwater by Site * 

Table 4 - Summary of Total Metal Concentrations in Upgradient Wells 

Table 5 - Comparison of Subsurface Metal Concentrations in Uncontaminated and . 
ContaminakdWells 

Table6- Total Metal Concentrations in Deep Groundwater by Site 

Table 7- Summary of Field Parameters in Shallow Monitoring Wells, Deep Monitoring 
We&, and Supply Wells 

The tables are presented at the end of this report. 

2 



. 
co . DATA ANALYSIS 

The following discus&on represents an analysis of the information contained in each of the 

previouslymentionedtables. 

Table 1 (Total Metal Concentrations in Shallow Groundwater~ 

All of the sites bad at least one (and in most cases several) metal which exceeded either State 

water quality standards or Federal drinking water standards. The most kquently detected 

metals included chromium, lead, and manganese, which were detected at almost every site 

above drhking water stzdads. Other frequently detected metals which exceeded drinking 
- . 

. 

water standards included arskc, bexyliiurq cadmium, and nickel, 

An analysis of the data from Table 1 indicates that elevated total metals are present in 

shallow groundwakr at every site, including the three sites which are located off base. The 

two sites which did not exhibit sign&ant contamination in&de the ABC Cleaners site (only 

chromium exceed&l the &ax&u&) and Site 48 (only manganese exceeded the standard& 

Total metals detected in shallow groundwater k Site 2 exceeded State z&d/or Federal 

standards in seven of the 1I shallow monitoring wells. Manganese was the most frequently 

detected metal (7/U). Lead (3/ll), chromium (2111). and cadmium (l&l) were also detected 

above the standards,, but less frequently (see Figure 2). 

With the-exception of Wells 78GWO3 and 78GW19, total metals were detected at Site 78 

(Hadnot Point Industrial Area) above Federal MCLs or NCWQS in every shallow ‘well (see 

Figure 3). The extent of elevated total metals in gmundwatkr is widespread, encompassing 

approximately one square mile (or approximately 660 acres) in total area The distribution 

and concentration of total met& in shallow groundwater makes it virtually impossible to 

:iden* or iilustrate eontamkant plumes (see Fii 3). _ 

An analysis of the total met& results indicates the following pattern. Samples exhibiting 

efevabd levels of lead, chromium, or other coat-a minants of concern, also exhibited elevated 

level; of other met& such as aluminum, antimony, iron, and zinc. Samples which’did+ot 

exhibit elevated levels of lead, chromium, or manganese also did not exhibit elevated levels of 

other metals. This pattern indicates that the elevated total metals are not limited to one or 



two contaminants, which would be the case if a lead or chromium plume in the groundwater . 
ttuly existed. In other words, if a sib is impacted by a particular metal due to disposal 

activities (say chromium for example), then other metals such as aluminum, lead, or zinc 

should not be consistently elevated as in the case of samples collected fkom the shallow aquifer 

at MCB Camp Lejeune. This point is depicted in the data summary tables provided in 

Appendix A for Sites 2 and 78. These tables were taken from the Remedial Lvestigation 

Reports for Operable Units No. 1 and No. 6. As an example, note that sample numbers 

'I&MWOS, 78-MWlO, 78-MWll, and 78XWl2 all had elevated levels of total metals when 

compared to samples 78-MWO9-2 and 78-MW09-3. It is clear that most of the metal 

concentrations in a particular sample follow a consistent pattern throughout 

Table 2 (Comparison of Repeat SampIiig of Shallow Wells . . 

Five wells fkom Sites 2 and 78 were randomly chosen to evaluate total metals coke&rations 

between sampling rounds. The comparison was limited to only chromium, lead, and 

manganese since these contaminants were frequently detected throughout MCB Camp 

Lejeune. In several cases, metal concentrations were significantly different bekeen the 

-sampling rounds. If the shallow aquifer was impacted due to former disposal activities, a 
I 

contaminan t plume would be present ad concentrations would not signEant3y deviate. The ..+ 

deviation in metal concentrations may indicate that sampling results are biased due to 

suspended par-tic&&s in the samples. 

Table 3 lDilved Metal Concentsation in Shallow Groundwater bv Site) 

* The data base for Table 3 was limited to 12 sites since many of the previous investigations tie., 

prior to Navy CLEAN) did not analyze for dissolved metals. Nevertheless, an analysis of the 

12 sites revealed that elevated levels ofdissolved metals in groundwater is limited. 

Manganese was the most frequently detected metal above dripking water standards (10 of 12 

sites exhibited elevated levels). Lead was detected at only one site (Site 21) above drinking 

water standakds, Chromium was also detected at only one site (Site 78) above drinking water . 

standards. ‘No other metal was detected above the standan&. 

, 
Literature searches have indicated that manganese is a naturally occurring metal in North 

Carolina. Thekore, the presence of manganese may not he attributable to site-relak 

;d 

. . : 1 

activities (Greenhome & O’Mara, 1992). 
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An analysis of the data from Table 3 clearly shows a significant reduction in metal 

concentrations when compared to Table 1 (total metals in shallow groundwater). One possible 

reason for this reduction is that suspended solids or particles are not being intd~ced into t& 

analysis of the sample due to fiRering. A second possibility is that the metals are not 

significantly present in a dissolved state in shallow groundwater due to the species of metals 

under site conditions. It should be noted that calcium and sodium did not exhibit such a 

pattern since the salts of the& metals are more soluble in water. For example, the 

concentrations of total calcium and total sodium versus dissolved calcium and dissolved 

sodium are similar and are not affected by the removal of the particulates during filtering. 

The fact that these salts do not exhibit the pattern that the other metals show supports the 

possiiity that total metal concentratious are influenced by p&iculates in the sample. 

. 

Table 4 (Total Metals in Umrradient Shallow Wells1 

The data base for Table 4 consists of groundwater results from 14 upgradient shallow 

monitoring wells (i.e., one well per site). These wells were installed to determine baseline 

groundwa,ter quality to which on-site groundwater conditions could be compared. In some 

. cases, the upgradient wells were located in areas where other base activities may have 

infiuencedgroundwaterquality. * 
. . 

The anal&is of &is datashows that manganese was the most frequeutlydetected metal above, 

‘Fedd or Stats standa& inupgradieut shallow wells. Manganese was detected in 7 of the 14 

upgradient wells above drinking water standards. Chromium and lead were also frequentlp 

detected above drinking water standards in upgradient (background) wells. These 
.. 

contaminants were detected in 6 of the 14 upg&ent wells. At Site 2, samples c&e&d from 

axi upgradient well (2GW9) exhibited elevated levels of chromium (83p/l), lead (27.211/1) and 

manganese (747@l). At Site 78, samples collected from upgradient wells 96W4 and 78GW26 

did not exhibit elevated levels of total metals. The concentration range for metals detected 

above NC WQS and/of Federal MC% in upgradient wells is provided below: 

0 ‘beryllium wD-46.s pa 
l cadmium (ND-10 p/l) 

l ' c?mmi~(ND-l98zJ1) 

a lead @II-78.8@0 

. txumgane.(ND-747flI 

0 mercury @ID-l&J fl) 

-- 

*. 



Based on the above range representing upgradient wells, none of the on-site wells at Site 2 ’ w 

exhibited total metals above the hum &&ground concentrations. However, at Site 78, 

lead and chromium were detected above the max&munbackground in several on-site wells. 

An analysis of the data from Table 4 indicates that shallow groundwater upgradient of some 

sites contains total metals above d&&ing water standards. A comparison of Table 4 data 

against Table 1 data indicates that shallow groundwater samples from upgradient wells are 

lk conkuninated than samples coUectedf?om onaitc monitoring wells. However, it shouldbe 

noted that the data base for Table 4 consists of only 14 wells whereas the data base for Table 1 

consisk of over 1SO wells. Therefom, to assumethatqgrad%ntgroundwaterqualitytibetter 

than on-site groundwater quality may not be just&d due to the different data b@se~. 

Table 5 (Comparison of Subsurface Metal Concentrations in Uncontaminated and 

Contaminated Wells) 

The purpose of this table is to determine whet&r metal concentrations in soils correlate with 

the elevatedlevels of metals in shallow grotmdwater. 
. . -G&d” 

To evaluate this, metals in subsurface soils, representing an area of groundwater 

contamination, were compared to metals in subsurface soil in areas which did not exhibit 

groundwater contamination. If the elevated total metals in shallow groundwater are p&t 

due to former disposal activities, subsurface metals in soil representing an area of 

groundwater contamination would be expected to be elevated or higher than metals in 

substi soil representing a nonumtaminated area This evaluation assumes-that the well 

exhibiting elevated total metals is withii a source area and that the soil sample is 

representative of s&l impacted by metal contamination 

As shown on Table 5, there is no clear pattern or correlation which indicates that elevated 

total metals are due to soil contamination. Note that in many cases, the concentration of 

metals which represent “non-contaminated” areas are greater than the metals which 

represent “contaminated” areas. Also note that the metals in subsurface soil are within or 

close to background subsurkce metal concentrations. Therefore, this supports the possipity ‘.. +.L: _ ,.; 

that in many cases at MCB Camp Lejeune, the elevated total metals in shallow groundwate& % . . : . i 

cannatbea#ributabletoasourceortopastdibposatptactices. 



Table 6 Scrotal Metals in Deep Monitoring WeIis+ 

Table 6 presents total metal concentrations in deep groundwater for each site. The data base 

is limited to only 8 sites. Metal concentrations in supply wells were also included for 

comparisonpurposes. 

As shown on Table 6, total metals in deep grouudwater are below d&kiug water standards 

with a few exceptions. Arsenic and cadmium were detected above the standards in one deep 

monitoring well at Site 78 (see Figure 4). Manganese was detected in deep groundwater at 

three sites and a few of the supply wells. Lead was detected inone supply well at 16 p/l, which 

isslightlyabovetbedri&ingwaterstz&ardof1SpIl. 

. 

Ele+ated totat metals are not widespread in deep wundwater for two possible reasons. First, 

most metals are not very mobile in the environment Second, deep groundwater kamples may 

not have significant amounts of suspended particulates due to different geologic conditions. 

Soils in the deeper aquifer are more compacted and consist primarily of calcareous ssnds, 

clays, and limestone fragments. Soils ia the shallow aquifer are loosely compacted +d consist 

primariIyoffk-gminedssnds,silts,andclays. Thisclak5&knmaysupportthepossibiity 

that suspended solids are’ collected during sampling, thereby influencing the anal&s for total . . 
me*. . . 

Table 7 (Summary of Field Parameters in Shallow. Deep. and Supply Wells1 

Table 7 provides a range of pH and specific conductivity values representative of shallow and 

deep groundwater. In general, lower pH values were noted more often in shallow*wells than in 

deep wells cmcludiug the supply wells). This condition may influence the leachability and 

speciation of metalsin groundwater. . . 

Deep groundwater usually exhibited higher specific conductivity values. High specific 

conductivity values are representative of high dissolved conditions. The fact that deep 
.c- 

groundwater generally exhibited higher specific conductivity values iudiktes that most of the 

metals, if present, are in a dissolved state. The high specific conductivity values could also 

indicate less suspended particulates due to the &logic conditions of the deep aquifer. The 

’ lower specific conductivity values obserkd iu shallow wells indicates that the metals in t.b& 

shallow aquifer are not in a dissoIved state. This also supports the poss~$ty that suspended 

particulates in the shallow aquifer are influencing the analysis of total metals. ’ 

7 



5.0 ANALYSIS OF THE STUDY OBJECTIVES 

Each of the objectives identified for this study are analyzed below based on the information 

collected. 

Objective No. 1 (Determine whether the elevated total metals in the shallow aquifer are . 

related to past dk0sa.l practices. well construction ktors. 6ampkW fiechh~es. or suspended 

pa.rticulates in the SEUXIDkS) 

Based on the analysis of information provided in Tables 1 through 7 and Appendix A, it 

appears that suspended partitulates in groundwater samples could iufluence the 

co&e&ration of total metals in groundwater. Well construction factors and sampling 

techniques are probably not a significant factor since the data base is representitive of data 

obtained by Baker, ESE (Site 28 and 301, Roy F. Weston (ABC Cleaners), and Hallibtin 

NUS (Site 7). No particular pattern was noted between sites which Baker obtained-the 

samples versus sites in which other consultants obtained the data. Sampling methods were 

also considered. For Sites 63 and 65 for example, sampIes were collected with a bailer. At 

Sites 2 and 78, samples w&e collected with a low flow pump. All four sites.exhibited elevated 

levels of total metals in groundwater samples. In addition, due to the fact that deep 

groundwater quality is not significantly impacted with metals indicates that well construction 

or sampling tec.hniques are probably not factors related to eIevated total metals in 

groundwater. 

With respect to past disposa! practices, Table 5 clearly shows that soil concentr&ions do not 

correlate with elevated total metals in groundwater. Based on this analysis, and on many of 

the sites previously investigated, the source of total metals in groundwater cannot be 

attributable to soil contamination ok disposal practices in many cases. This is based on both 

the history of the site as well as the analytical soil exults. XII some cases, total metals were 

detected at elevated levels even when the site &tory did not correIate with the mntaminnnts 

found. For example, Sites 2 and 21 have a history of pesti@e storage and handling, and there 

are no known disposal areas (i.e., buried debris) within the site boundary. Nevertheless, both 

of these sites exhibited several metals above drinking water shndards that would no! be 

expected to be present at high concentrations based on the historical use of the site. These’ 

metals included lead, chromium, beryllium, cadmium, and manganese.. 

- 
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Obiective No. 2 (Determine whether total-metals in shallow Proundwater are elevated 

throughout the tenion or MCB Camr, Leieune~ 

Based on groundwater data obtained from both upgradient wells and off base wills, total 

metals were detected above drinking water standards in shallow groundwater in areas that 

would not be influenced by former disposal activities at the sites. Given that’some of the 

upgradient wells are contaminated, it is apparent that total metals in ddow groundwater 

are elevated in certain areas of the base outside of the influence of site-related disposal 

activities. However, it is unknown whether the shallow aquifer upgradient of the sites is 

contaminated due to other base-related activities or whether the levels in groundwater 

samples are also elevated due to the influence of sus@nded fines in the samples. 

. 

Objective No. 3 (Determine whether there is a correlation between elevated total metals in 

groundwater and metals in soil1 

An evaluation of the data presented in Table 5 shows that metals in soil samples collected in 

areas of groundwater contamination are not elevated when eompared to metals in soil samples 

collected in areas that did pot exhibit groundwater contamination. This supports the 

possibility that in many cases, elevated levels of total metals in shalkw groqndwater are not 

related to the disposal history aithe site. As previously mentioned, sites which did not exhibit 

soil co&mination (when compared to background soil lev&) or did not have a history of 

disposal indicative of metals contamiriation still exhibited elevated levels of total metals in 

groundwater. Since there is no apparent correlation between metals in soil and t&a3 metals in 

groundwater, then the possibility exists that the elevated total metals in groundwater are 
. 

biased high due to suspended mates. 

Obiective No. 4 (Determine whether the concentrations of total metals inRroundwater is 

related to shallow and deep autier characteristics) 

There is some evidence that the geolbgic conditions of the shallow and deep aquifers influence 

the amount of total metals detected in groundwater samples. The fact that the deep aquifer 

generally exhibited higher specific conductivity values indicates that there is more dissolved 

constituents in the deep aquifer when compated to the shallow aquifer. This was evident when 

comparing Table 1 (total metals in shallow groundwater) to Table 6 (total metals in dee’i, 

groundwater). Table 6 did not indicate significant 1eveIs of total metals in deep groundwater 

throughout MCB Camp Lejeune. 

9 . 
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The geologic conditions of the shallow aquifer would tend to result in samples that may 

contain suspended particulates. The suspended particulates could influence the total metals 

concentrations in the samptes. 

w 

CO CONCLUSIONS 

1. Elevated levels of total metals in the shallow aquifer are probably influenced to some 

degree by the geologic conditions of the site. 

2. There is no correlation between metal levels in soil and total metals in groundwater. 

Therefore, elevated total metals in groundwater cannot be attributable to soil 

contamination ofpast disposal practices. 

3. Elevated levels of totzii’metals in the shallow aquifer may be biased high due to suspended 

pattidates in the samples. 

4. Dissolved metals in groundwater were generally below Federal MCLs and NC WQS and I 
. 

- therefore, do not present a si@kant problem at MCB Camp Leje&e. . * . ..>d& 

5. 

6. 

Total and dissolved metal concentrations in the Castle Hayne aquifer were generally 

below drinking water standards and therefore, do not present a significant problem at 

MCB Camp Lejeune. 

The presence of manganese in shallow and deep groundwater may be due-to naturally 

occudng geologic conditions. 

10 



7.0 RECOMMENDATIONS 

1. Remediation of total metals in the shallow aquifer at Operable Units 1 and 5 is not 

recommended based on the following: 

l Elevated metals in groundwater at both operable units does not appear to be related to 
soil contamination or past disposal practices; 

l The distribution of total metals in groundwater is not characteristic of a plume that 
would be present due to a source of contamination; 

l Remediation of total metals would not be practical from an engineering or cost 
standpoint; and 

l Currently, there is no human or environmental exposure ta shallow groimdw&z. 

2. Additional background wells should be installed at all sites in order to provide a baseline 
for comparing on-site groundwater quality. 

11 
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TABLE 1 
TOTAL METALS I)Y SITE 

SHALLOW MONITONNC WELLS 
MCI), CAMP LEJEUNE, NORTH CAROLINA 

t I I I 

.uw6c I 30 SO 7.1 . s7.4 1.1 *l&b ND. 11.3 ND. 43.41 ND ND. 101 ND. 1lbJ 1.4.13J b.4. IIJ 2.4 -lb.) ND. Jl.4 ND. 510 

hium lwo 2ooo I J39.111 I 4b.1420 ND.1010 1 417.641 ND- lob0 ND.b47 ND.1110 1 7t.1.971 w.1 .396 1 553.999 110.74~ 1 ** lI~.lltO 

E NE 

7 

NA 

4 

7 

E)A 

1.7 I. 43.4 

ND. II.9 

11~0.71b000 

I.3 

t- 

7 

s710.41OwO 

ND.l.9 1 ND.IO.2) 1 NB 1 ND.: 1 ND.19 1 ND.I.21 1 ND.l.4 1 OSO.41.1 1 I.S.4.1 1 I.4.16.6 

ND 1 ND 1 ND I ND 1 ND.11 1 3.2J*l7.JJ 1 ND.lO.71 1 2.2.IIO 1 ND.6.9 1 HD.JJ 

100 171. (17 

lJW 44.b.117 

13 40.8J. 17bJ 

11.117 ND. 

J-21 ND.171 1 17.7. 

2.7.44.1 ND* 

I 3!L 1 11s*1710 1 lI.IW -I 

9410. (4900 1 90J0.11300 

201 I 47.9.210 

2b.4 

loo 1 13.37.3 

ND*Jbl 1 5b.9.110 >.)I.2 99 - 17bJ 19.211 12.1 .I04 7t.s.57: Sb.6.1110 71.6.197 11. Ill0 

DJb ND- I.4 ND. 1.41 ND. 3.2 ND. I.41 OJO.O.9J O.IJ.O.91 ND. 0.14 ND. I.1 

II.9 I ND ND ND* I12 ND. 140 ND. 99.1 17.1). 12.41 31.1- I J7 10.5. I4J 31.9.416 

l1l0.bt7oo I7040.wwo 13w.4170 7990~woo 1230 l 19200 9410.74700 MO. llW 2010.402W 9I~0.11l00 406O.ll6W 

IblOO-90100 4130J.130001 

ND.314 ND.3491 

ND l 39.7 ND-14 

ND. 127 ND - loo01 

Nl 

blifculy I.1 2 ND* 1.21 ND 1 ND..46 I 0.2-t 

NIL4 100 100 ll.I.4lb ND 1 ND* 

S&Mtt NA WA 9WO.WWO ND. It 

NC 
1100 k m 

=Gr f 
ll4d40 

ND.lJlO 

Avltk ND ND. 22.4 ND*t0: 2.9 l 29.0 

owium II.$lJ Jb.I - $410 101.b31 46.1.W 

ck@m ND ND. I.1 ND 1.3. 104 

Cdinivm , 

CllCiVm 

Ctmmlrm 

Cm 

2.1. xl ND I ND I 2.4.11.4 

3owo. 11~ooo 1130 - 141 

5 . :  l 17.9 4.4.134 30.1. Jb4 

3.1.13.) 10.1. IIb 

ND- 1~1000 aoaw * MoooO 173O.ll9w 1710. tlwoo 10100.91900 I 2~10.191000 

19.2lb 9.01. I40 41.:. 1061 103.244 161.149 1 116.195 

ND.12 ItSI. 79.4 IS.l.42.9 lb.2.1010 64.1.104 1 lt.6.3ll 

1.1 . I9 20.7). 1141 7.7J.lllJ 43.9340 16.). II.6 1 11.1. IO: 

J4D.)JO 1 )7.8.423 1 ND.I?J 1 ND.419 1 ND-IO: 1 &l.lU I 97.101 I 10.4.144 1 172.717 I la4*7J9 

ND.IQO 1 UA.I¶l 1 MD-118 1 27J*4lTJ 1 20.UO 1 ND 1 lfj.,Or 1 29.7.JllO 1 191.6611 1 17.J.ZtOOJ 

I. V&e II eetittte~4. 

18. Valw h mima~d btbw IJN CLDI. but ve”m thm Jw IDL 

NE s Ha mnblihd. 

NCWQt . Nmh Cadlam War Qurlity hu*rr( 

NCL. htedmum Qnumbvnlhl 

(I)*hwtduyucL 

. 



TiBLE 2 

COMPARISON OF REPEAT SAMPLING OF SHALLOW WELLS 
MCB, CAMP LEJEUNE, NORTH CAROLJi?A 

- 
WClll 7mwo5 I 71owo1 l I  

7aow15 'ItOWl I 7aow19 

411994 

D&I 

111991 

l/j991 1 4/1994 1 l/199' 1 1 ulPP4 1 'l'pp' 1 u'994 VlPPl 411994 I -*. 1 I 11.4 I 215 J 209 353 f 13.1 I ND 
53 loo 224 31.7 I t3 
11s 983 150 I 79 I 26 

am&m 1 ND 171 1 91.8 1 4kbJ . 

In4 1 
13.6 13.1 I I 54.1 I l?l f I 16.6 I 

. MMgan- 1 162 16lJ 1 46.5 1 2131 1 18.3 I 

” .I~’ 

-. k ‘:‘,‘. 

. 



i 
. 

i 

. 

TADLEJ 
DXSSOLVJSDMETA;LSBYSITE 

SlfALLOWMONITORXNGWELLS 
MCD,CAMPLILJEUN%NORTtrCAROLINA 

so NA I ND I ND=IOA 

?mprgll r-rrtrn 
*on. l JL 

ND*l8.8 NIB 
ND ND 

ND ND 

ND No 

m-7710 ND 
ND-30.0 ND 

ND-w.7 ND 

ND. IS.1 ND 

ND=673 ND*II.¶ 

No ND : 

ND ND 

ND.1140 ND*c1so 
ND ND 

ND.US HD.llI 



TN3LE4 
SUMMARYOFTOTALMETAL!JZN UPCRADENT WELLS 

SUALLOWMONITORINCWELLS 
MCU,CAMPLEYEUNE,NORTlXCAROLINA 
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TABLES 
,COMPANSONOPINORGMfCSUBSURPACESOILCONCPNTRATfONS~-"CLEAN"AND"CONTAMINATED"WEL~ 

MCB,CAMP LEJEUNE,NORTBCAKOLTNA 



i 

TABLE 5 
COMF'ARISON OF XNORCANIC SUDSURFACE SOIL CONCENTRATIONS M "CLEAN“ AND "CONTAMMATED" WELLS 

MCD, CAMP LEJEUNE, NORT'D CAROLINA 

. 



TABLE5 
COMPARlSON OFfNORCANlCSUBSURPACESO~CONCENTRA~ONSM"CLEAN"AND"CONTMIMATED"WELLS 

MCB,CAMPLEJEUNE, NORTRCAROLINA 



TABLES 
COMPARtSONOF~ORCAHICSUDSURFACESO~CON~ENntATIONSIN"CL;EAN"AND"CONTAMMATED"WELtS 

MCB,CAMP LEJEUNE,NORTEiCAROLINA 



TABLE6 
TOTALMETAUBYSITE 

DEEPMONITORJNGWELLS 
MCB, CAMPLEJEUNE,NORTIICA.ROLMA 

‘3. 

i 
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TABLE7 
SUMMARYOFPiELDPARAMETERSIN 
SHALLOW,DEEP,ANDSUPPLYWELLS 

MCB,CAMPLEJEUNE,NORTHCAROLINA 

Shnflaw U’tUs Deep \VcIlr 

Avtrngc ,\vcmgc 

Rrngc (1) h~llXhUll Rwc Q) hlnxbum’ 

Supply WL * 

Avtngt 

Rangt (3) MlXhlJll 

pll (rtnndrrd unlu) 

Spccilic 
ConducMy 

(microfnhdcrn) 

* 43.7.21 6.0g 7.si.1 I.34 8.88 6.91 - 7.45 7.32 

40 * sao 267 149 - 525 350 212.311 353 

( I )  l Bued on dr~r from I I sib. 
(2) - Eutd on drlr lawn 6 ah. 

(3) l Butd on drlr Ram 9 supply wtllt. 



APPENDIX N 
. INTERIM RECORD OF DECISION FOR SirRFICIAL 

GROUNDWATER 
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FREQUENCY AND DETECTION SI~APIIES - 



APPENDIX 0.1 
ROUND THREE, GROUNDWATER SAMPLING 



LOCATION 
LAB ID 
DATE SAMPLED 

METALS (ug/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

35EMW03-02 
D95-7537-l 

08/I 0195 

96.5 
20 u 

2u 
20 u 

IU 
2u 

89900 
2u 
9J 

9.6 U 
3350 

1 UJ 
2240 J 
22.9 

0.2 u 
10 u 

734 J 
2.5 UJ 

2u 
8120 

0.7 u 
2u 

10.5 J 

FREQUENCY OF DETECTION SUMMARY 
GROUNDWATER 

INORGANICS (SUMMER 1995) 
SITE 35, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

35EMW05-02 
D95-7597-6 

08/l 1 I95 

93.2 J 
20 u 
8.7 J 

21.7 J 
IU 
2u 

45100 
2u 

3.8 J 
5u 

20200 
12.1 J 

3610 J 
51.7 

0.2 u 
10 u 

1160 J 
2.5 UJ 

2u 
9090 

9.9 u 
2u 
5u 

35EMW07-02 
D95-7537-2 

08/10/95 

20 u 
20 u 

2u 
20 u 

IU 
2u 

IO5000 
2u 

2.8 J 
5u 

106 
1 UJ 

346OJ 
26.2 

0.2 u 
10 u 

2150 J 
2.5 u 

2u 
7940 

0.7 u 
2u 

10.6 J 

35GW06-02m 
D95-7537-B 

08/l 1 I95 

35-MW09D-02 
D95-7597-2 

08/l 2l95 

25.9 26.2 J 
20 u 20 u 

2u 1.4 u 
20 u 20.9 J 

IU IU 
2u 2u 

58900 104006 
2u 2u 
2u 2u 
5u 5U 

337 1650 
IU 1 UJ 

2280 2260 J 
22.1 19.7 

0.2 u 0.2 u 
10 u IO u 

4loo 844 J 
2.5 U 2.5 UJ 

2u 2u 
31900. 8740 

1 9.9 u 
2u 2u 

6.7 10.9 u 

35-MW09S-02 
D95-7597-7 

08/l 2l95 

198 J 
20 u 

3.2 J 
57.7 J 

IU 
3.9 u 

98600 
2u 
2u 
5u 

162 
1 UJ 

4110 J 
36.6 

0.2 u 
10 u 

3350 J 
3.4 J 

2u 
29000 

9.9 u 
5.5 J 

18.5 U 

1 O/l 8196 323GWM.WK4 1 



LOCATION 
LA8 ID 
DATE SAMPLED 

METALS (ug/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

10/18/96 323GWM.WK4 

( 

35MWI 00-02 35-MWI OS-02 35-MWI 40-02 35-MWI 4S-02 35-MWl6D-02 35MWl6S-02 
95-7537-l 5 95-7537-14 95-7537-17 95-7537-16 95-7537-l 3 95-7537-l 1 

08/09/95 08109195 08/l 0195 08/I 0195 08/09/95 08/l 0195 

20 u 
20 u 

2u 
20 u 

IU 
2u 

122000 
2u 
2u 
5U 

1490 

2420 
19 

0.2 u 
10 u 

811 
2.5 U 

2u 
8390 

0.7 u 
2u 

13.8 

FREQUENCY OF DETECTION SUMMARY 
GROUNDWATER 

INORGANICS (SUMMER 1995) 
SITE 35, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 
MCB, CAMP LEJEUNE. NORTH CAROLINA 

303 28.6 J 20 u 
20 u 20 u 20 u 
3.5 J 2u 4.2 J 
20 u 33.7 J 27.1 J 

1u 1u IU 
2u 2u 2u 

75000 119000 142000 
2u 2u 2u 
2u 2u 2.9 J 

6.6 u 5u 5u 
152 1070 4490 

IU 15.4 IU 
1800 J 2450 J 4520 J 

7.5 J 23.4 44.6 
0.2 u 2u 0.2 u 
10 u 10 u 10 u 

860 J 1270 J 1460 J 
2.5 u 2.5 U 2.5 UJ 

2u 2u 2u 
9970 9560 10400 

0.7 u 0.7 u 0.7 UJ 
9.1 J 2u 2u 
6.5 J 29.5 22.5 

20 u 20 u 
20 u 20 u 

2u 10.3 
20 u 32.2 J 

IU 1u 
2u 2u 

96900 124600 
2u 2u 

6.1 J 16 J 
5u 5U 

2580 404.00 
IU 8.9 

344OJ 458OJ 
275 141 
0.2 u 0.2 u 
10 u 10 u 

970 J 793 J 
2.5 u 2.5 UJ 

2u 10.9 
8380 4350 J 

0.7 UJ 0.9 J 
2u 2u 

12.9 J 11.5 J 

( 



LOCATION 
LAB ID 
DATE SAMPLED 

METALS (ug/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

35MW19D-02 
095-7537-5 

08111 I95 

47.8 J 
20 u 

2u 
20 u 

1u 
2u 

109ooo 
2u 

2.2 J 
5u 

113 
1 UJ 

4990 J 
36.7 

0.2 u 
10 u 

3360 J 
2.5 u 

2u 
10500 

0.7 J 
2u 

10.4 J 

FREQUENCY OF DETECTION SUMMARY 
GROUNDWATER 

INORGANICS (SUMMER 1995) 
SITE 36, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

35-MW19S-02 
D95-7537-6 

08/l 1195 

282 
20 u 

2u 
20 u 

1u 
2u 

35600 
2u 

4.4 J 
5u 

266 
1u 

1880 J 
102 
0.2 u 
10 u 

2650 J 
2.5 U 

2u 
11300 

0.7 u 
2u 

9.9 J 

35MW22D-02 
D95-7597-8 

08113195 

22.6 J 
20 u 
1.4 u 

24.7 J 
1u 
2u 

104000 
2u 
2u 
5U 

1110 
2.5 J 

3020 J 
41.2 

0.2 u 
10 u 

1120 J 
2.5 UJ 

2u 
7050 

9.9 u 
2u 

5.9 u 

35MW22S-02 
D95-7597-9 

08/l 3195 

123 u 
20 J 
7.1 J 

32.5 U 
1u 
2u 

133000 
2u 

5.6 J 
5u 

15700 
1 UJ 

3230 J 
63.5 

0.2 u 
10 u 

2320 J 
2.5 UJ 

2u 
5080 

9.9 u 
2u 
SU 

35-MW29A-02 
D95-7597-4 

08112l95 

357 
20 u 

13.3 
81.7 J 

1u 
2u 

7460 
2u 

3.3 J 
5u 

9360 
1 UJ 

1550 J 
29.2 

0.2 u 
10 u 

2170 J 
2.5 UJ 

2u 
14800 

9.9 u 
2u 

17.4 u 

35MW29B-02 
095-7597-5 

08l12l95 

20 u 
20 u 
1.4 u 
20 u 

1u 
2u 

93500 
2u 
2u 
5u 

933 
1.4 J 

1890 J 
17.1 
0.2 u 
10 u 

1110 J 
2.5 UJ 

2u 
6460 

9.9 u 
2u 

11.6 U 

10118196 323GWM.WK4 3 



LOCATION 
LAB ID 
DATE SAMPLED 

METALS (uglL) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

10118/96 323GWM.WK4 

3%MW33A-02 
095-7597-l 

08/l z95 

520 
20 u 
1.4 u 

98.4 J 
IU 
2u 

6380 
2u 
2u 
5U 

58.4 J 
6J 

3620 J 
8.8 J 
0.2 u 
10 u 

1840 J 
2.6 J 

2u 
5370 

9.9 u 
2u 

7.6 U 

FREQUENCY OF DETECTION SUMMARY 
GROUNDWATER 

INORGANICS (SUMMER 1995) 
SITE 35, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

35-MW33D-02 
095-7597-3 

08/I 2l95 

20 u 
20 u 
1.4 u 
20 u 

1u 
2u 

102000 
2u 
2u 
5U 

648 
1.5 J 

2170 J 
20.1 

0.2 u 
10 u 

929 J 
2.5 UJ 

2u 
7340 

9.9 u 
2u 

24.3 U 

4 

( 



LOCATION 
LAB ID 
DATE SAMPLED 

METALS (ug/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

GROUNDWATER 
INORGANICS (SUMMER 1995) 

SITE 35. CAMP GEIGER AREA FUEL FARM 
SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

20 u 123 U 22.6 J 520 
20 u 20 u 20 J 20 J 
1.4 u 2u 3.2 J 13.3 
20 u 32.5 U 20.9 J 98.4 J 

1 u IU ND ND 
2u 3.9 u ND ND 

NA NA 6380 142000 
2u 2u ND ND 
2u 2u 2.2 J 16 J 
5U 9.6 U ND ND 

NA NA 58.4 J 40400 
1 UJ 1 UJ 1 15.4 

NA NA 1550 J 4990 J 
NA NA 7.5 J 275 
0.2 u 2u ND ND 
10 u 10 u ND ND 
NA NA 734 J 4400 
2.5 UJ 2.5 UJ 2.6 J 3.4 J 

2u 2u 10.9 10.9 
NA NA 4350 J 31900 
0.7 u 9.9 u 0.7 J 1 

2u 2u 5.5 J 9.1 J 
5U 24.3 U 6.5 J 29.5 

LOCATION OF FREQUENCY AVERAGE MEDIAN 
MAXIMUM OF OF POSITIVE OF POSITIVE 

DETECTED DETECTION DETECTIONS DETECTIONS 

35MW33A-02 
35MW22S-02 
35-MW29A-02 
35-MW33A-02 

35MWl4.S02 

35MW16S-02 

35MWl65-02 
35MWI 40-02 
35MWl9D-02 
35MWl6D-02 

31GW05-02m 
36-Mwogs-02 
35MWl6S-02 
35GW05-02m 
35GW05-02m 
35-MWl OS-02 
35-MW14D-02 

12l20 166.73 94.85 
1 I20 20.00 20.00 
7120 7.19 7.10 
9120 44.23 32.20 
0120 NA NA 
o/20 NA NA 
20120 86467.00 100300.06 
O/20 NA NA 
1 O/20 5.61 4.10 
O/20 NA NA 
20120 5208.77 1090.00 
ano 6.10 4.25 
20120 2977.00 2735.00 
20120 50.52 27.70 
0120 NA NA 
0120 NA NA 
20/20 1715.05 1215.00 
2l20 3.00 3.00 
1 I20 10.90 10.90 

20120 10677.00 8565.00 
3120 0.87 0.90 
z20 7.30 7.30 
Ill20 13.16 10.60 

10/16/96 323GWM.WK4 



APPENDIX 0.2 
ROUND FOUR, GROUNDWATER SAMPLING 



SAMPLE ID 
METHOD 
DATE SAMPLED 

VOLATILES (ug/L) 
CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,I-DICHLOROETHENE 
1 ,l -DICHLOROETHANE 
1 ,ZDICHLOROETHENE (TOTAL) 
CHLOROFORM 
1 ,ZDICHLOROETHANE 
2-BUTANONE 
1 ,l ,l-TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLOROMETHANE 
1 ,ZDICHLOROPROPANE 
CIS-1 $DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,1,2-TRICHLOROETHANE 
BENZENE 
TRANS-1 &DICHLOROPROPENE 
BROMOFORM 
CMETHYL-ZPENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,1,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE (TOTAL) 
METHYL-TERT-BUTYL ETHER 

35-EMW03-04 
,VOA1.8 
04128196 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

3J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

35 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

5U 

FREQUENCY OF DETECTION SUMMARY 
GROUNDWATER, SHALLOW & INTERMEDIATE WELLS 

ORGANICS (SPRING 1996) 
SITE 36, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 
MCB, CAMP LEJEUNE. NORTH CAROLINA 

35-MWI 9S-04 
VOAI .8 

04127196 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
16 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
12 
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 

5u 

35-MW32A-04 
VOAI .8 

04l27196 

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 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

5U 

35-MW35A-04 
VOAl.8 

04l27196 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
5J 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
17 J 
10 u 
10 u 
10 u 
10 u 
10 u 

5u 

35MW36A-04 
VOAl.8 

04/27/96 

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 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
5u 

35-TW3OA-04 
VOAl.8 
08/04/96 

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 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
NA 

1 O/I 8196 232S-I.WK4 



SAMPLE ID 
METHOD 
DATE SAMPLED 

VOLATILES (ug/L) 
CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
l,l-DICHLOROETHENE 
1 ,l-DICHLOROETHANE 
1,2-DICHLOROETHENE (TOTAL) 
CHLOROFORM 
1 ,ZDICHLOROETHANE 
2-BUTANONE 
1 ,I ,I-TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1 &DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,1,2-TRICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPENE 
BROMOFORM 
4-METHYL-ZPENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,I ,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE (TOTAL) 
METHYL-TERT-BUTYL ETHER 

35TW3l A-04 
VOAl .a 
08l04/96 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
IO u 
IO u 
10 u 
10 u 
IO u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
IO u 
10 u 
IO u 
IO u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
NA 

FREQUENCY OF DETECTION SUMMARY 
GROUNDWATER, SHALLOW & INTERMEDIATE WELLS 

ORGANICS (SPRING 1996) 
SITE 35, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

35MWO9D-04 
VOAI .a 

04l27196 

IO u 
10 u 
10 u 
10 u 
IO u 
IO u 
IO u 
IO u 
10 u 
10 u 
10 u 
IO u 
IO u 
IO u 
IO u 
10 u 
IO u 
10 u 
10 u 
IO u 
10 u 
10 u 
IO u 
IO u 
10 u 
IO u 
IO u 
IO u 
10 u 
IO u 
10 u 
10 u 
10 u 
5u 

35MWI OD-04 
VOAI .a 

04127196 

IO u 
10 u 
13 
IO u 
10 u 
10 u 
IO u 

6J 
10 u 

1200 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
IO u 

740 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
IO u 
IO u 
2J 

10 u 
IO u 
10 u 
10 u 
5u 

35MWI 4D-04 
VOAI .a 

04l27196 

10 u 
10 u 
10 u 
IO u 
IO u 
IO u 
10 u 
10 u 
10 u 

160 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
71 
10 u 
10 u 
3J 

IO u 
10 u 
10 u 
10 u 
10 u 
IO u 
IO u 
10 u 
10 u 
IO u 
IO u 

5u 

35MWI 9D-04 
VOAI .a 

04127196 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

360 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
IO u 

320 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

5u 

35-MW30B-C4 
VOAI .a 

W27l96 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 

620 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

270 
IO u 
10 u 
2J 

10 u 
10 u 
10 UJ 
10 UJ 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 

5U 

1 O/l 8196 232S-I.WK4 
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SAMPLE ID 
METHOD 
DATE SAMPLED 

VOLATILES (ug/L) 
CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,I-DICHLOROETHENE 
1 ,l-DICHLOROETHANE 
1,2-DICHLOROETHENE (TOTAL) 
CHLOROFORM 
1 ,ZDICHLOROETHANE 
2-BUTANONE 
1 ,l ,I-TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1 &DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,l.ZTRICHLOROETHANE 
BENZENE 
TRANS-1 $DICHLOROPROPENE 
BROMOFORM 
CMETHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,I ,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE (TOTAL) 
METHYL-TERT-BUTYL ETHER 

35-MW36B-04 
VOAI .a 

04127196 

10 u 
IO u 
10 u 
IO u 
IO u 
10 u 
IO u 
4J 
4J 

IO u 
IO u 
IO u 
IO u 
IO u 
10 u 
IO u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
IO u 
10 u 
IO u 
IO u 
IO u 
10 u 
5u 

35MW37B-04 
VOAI .8 

04128196 

10 u 
10 u 
10 u 
10 u 
IO u 
IO u 
10 u 
10 u 
10 u 
IO u 
IO u 
IO u 
IO u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
IO u 
10 u 
IO u 
IO u 
IO u 
IO u 
10 u 
10 u 
10 u 
4J 

10 u 
10 u 
10 u 
IO u 
5u 

FREQUENCY OF DETECTION SUMMARY 
GROUNDWATER, SHALLOW 8 INTERMEDIATE WELLS 

ORGANICS (SPRING 1996) 
SITE 36, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

35-MW39B-04 
VOAI .8 

05102t96 

35.MW4OB-04 
VOAI .8 

05101 I96 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
12 
10 u 
10 u 
10 u 
10 u 
IO u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 

4J 
10 u 
10 u 
10 u 
10 u 
IO u 
IO u 
IO u 
IO u 
10 u 
IO u 
IO u 
5u 

IO u 
10 u 
IO u 
IO u 
IO u 
IO u 
IO u 
10 u 
10 u 

180 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
16 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
5u 

35-MW41 B-04 
VOAI .8 

05lOl I96 

10 u 
IO u 
IO u 
10 u 
IO u 
IO u 
10 u 
IO u 
10 u 
10 
10 u 
IO u 
IO u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
IO u 
10 u 
IO u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
5U 

35-MW42B-04 
VOAl.8 

05/03/96 

10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
IO u 
10 u 
10 u 
48 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
83 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
5u 

10/18/96 232S-I.WK4 3 



SAMPLE ID 
METHOD 
DATE SAMPLED 

VOLATILES (ug/L) 
CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,l-DICHLOROETHENE 
1 ,l-DICHLOROETHANE 
1 ,ZDICHLOROETHENE (TOTAL) 
CHLOROFORM 
1 ,ZDICHLOROETHANE 
2-BUTANONE 
1 ,l ,l-TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1 $DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,1,2-TRICHLOROETHANE 
BENZENE 
TRANS-1 ,3-DICHLOROPROPENE 
BROMOFORM 
CMETHYL-ZPENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,1,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE (TOTAL) 
METHYL-TERT-BUTYL ETHER 

35MW43B-04 
VOA1.8 

05/03/96 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
30 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
12 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 

5u 

FREQUENCY OF DETECTION SUMMARY 
GROUNDWATER, SHALLOW it INTERMEDIATE WELLS 

ORGANICS (SPRING 1996) 
SITE 35, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

35MW60A-04 
VOAl.8 

08/04/96 

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 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
NA 

35MW60B-04 
VOAl.8 

08/04/96 

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 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
NA 

35-TW12B-04 
VOAl.8 

04l26196 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
51 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
93 
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 

5u 

35TW13B-04 
VOAl.8 

04i26196 

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 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

5u 

35TW148-04 
VOAl.8 

04J29/96 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
14 
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 

5U 

1 O/l 8/96 232S-I.WK4 
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SAMPLE ID 35TWl5B-04 
METHOD VOAI .8 
DATE SAMPLED 043Ol96 

VOLATILES @g/L) 
CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,I-DICHLOROETHENE 
1 ,l-DICHLOROETHANE 
1 ,ZDICHLOROETHENE (TOTAL) 
CHLOROFORM 
1 ,ZDICHLOROETHANE 
2-BUTANONE 
1 ,l ,l-TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLOROMETHANE 
1 ,ZDICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,I ,ZTRICHLOROETHANE 
BENZENE 
TRANS-I ,3-DICHLOROPROPENE 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1,1,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
SNRENE 
XYLENE (TOTAL) 
METHYL-TERT-BUTYL ETHER 

10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
13 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

4J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
5U 

FREQUENCY OF DETECTION SUMMARY 
GROUNDWATER, SHALLOW 6, INTERMEDIATE WELLS 

ORGANICS (SPRING 1996) 
SITE 36, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 
MCB, CAMP LEJEUNE. NORTH CAROLINA 

35-TW27B-04 
VOAI .8 

04125196 

10 UJ 
10 UJ 
10 UJ 
IO UJ 
10 UJ 
66 J 
10 UJ 
10 UJ 
10 UJ 

260 J 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
41 J 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
10 UJ 
IO UJ 
5 UJ 

35-TW28B-04 
VOAl.8 

04129196 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
45 
3J 
2J 

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 
5U 

35-TW29B-04 
VOAI .8 

04l30196 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
28 
IO u 
IO u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 

220 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
2J 

23 
10 u 
10 u 
10 u 
10 u 
10 u 
5U 

35TW30B-04 
VOAI .8 

08104196 

10 u 
IO u 
IO 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 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
NA 

35TW31 B-04 
VOAl.8 

08104l96 

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 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
NA 

1 O/18/96 232S-I.WK4 5 



SAMPLE ID 
METHOD 
DATE SAMPLED 

VOLATILES (ug/L) 
CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
i,l-DICHLOROETHENE 
1 ,I-DICHLOROETHANE 
1,2-DICHLOROETHENE (TOTAL) 
CHLOROFORM 
1 ,ZDICHLOROETHANE 
2-BUTANONE 
l,l,l-TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLOROMETHANE 
1 ,ZDICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,I ,ZTRICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPENE 
BROMOFORM 
CMETHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,I ,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE (TOTAL) 
METHYL-TERT-BUTYL ETHER 

1 O/l 6J96 232S-l.WK4 

FREQUENCY OF DETECTION SUMMARY 
GROUNDWATER, SHALLOW 8 INTERMEDIATE WELLS 

ORGANICS (SPRING 1996) 
SITE 35, CAMP GEIGER AREA FUEL FARM 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 0232 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

MINIMUM MAXIMUM 
NONDETECTED NONDETECTED 

IO u 10 u 
IO u 10 u 
IO u IO u 
10 u IO u 
IO u IO u 
IO u 10 u 
10 u IO u 
IO u 10 u 
IO u 10 u 
10 u IO u 
10 u IO u 
IO u 10 u 
IO u 10 u 
10 u IO u 
10 u 10 u 
10 u 10 u 
IO u IO u 
IO u 10 u 
10 u 12 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
IO u IO u 
10 u 10 u 
IO u 10 u 
10 u 10 u 
10 u IO u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u IO u 
10 u 10 u 
IO u IO u 
5u 5u 

MINIMUM 
DETECTED 

ND 
ND 
13 
ND 
ND 
66 J 
ND 

4J 
35 
2J 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

4J 
ND 
ND 

2J 
ND 
ND 
ND 
ND 

2J 
17 J 
2J 

ND 
ND 
ND 
ND 
ND 

6 

MAXIMUM 
DETECTED 

ND 
ND 
13 
ND 
ND 
66 J 
ND 

6J 
4J 

1200 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

740 
ND 
ND 

4J 
ND 
ND 
ND 
ND 

2J 
23 
4J 

ND 
ND 
ND 
ND 
ND 

LOCATION OF 
MAXIMUM 

DETECTED 

35MWI OD-04 

35-TW27B-04 

35MWlOD-04 
35-MW36B-04 
35-MWl OD-04 

35MWI OD-04 

3%MW39B-04 

35-TW29B-04 
35-TW29B-04 
35MW37B-04 

FREQUENCY 
OF 

DETECTION 

o/30 
O/30 
l/30 
O/30 
o/30 
1130 
0130 
3l30 
X30 
1 a30 
0130 
o/30 
0130 
o/30 
o/30 
or30 
o/30 
O/30 
12l30 
o/30 
O/30 
4l30 
O/30 
0130 
o/30 
0130 
II30 
2i30 
2Bo 
o/30 
o/30 
0130 
o/30 
O/24 

AVERAGE 
OF POSITIVE 
DETECTIONS 

NA 
NA 

13.00 
NA 
NA 

66.00 
NA 

4.67 
3.50 

167.33 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

157.92 
NA 
NA 

3.00 
NA 
NA 
NA 
NA 

2.00 
2o.ocl 
3.00 
NA 
NA 
NA 
NA 
NA 

MEDIAN 
OF POSITIVE 
DETECTIONS 

NA 
NA 

13.00 
NA 
NA 

66.00 
NA 

4.00 
3.50 

29.00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

77.00 
NA 
NA 

3.00 
NA 
NA 
NA 
NA 

2.00 
20.00 
3.00 
NA 
NA 
NA 
NA 
NA 



APPENDIX 0.3 
ROUND THREE, PERCENT SOLIDS 



LOCATION 
LAB ID 
DATE SAMPLED 

Total Dissolved Solids (mg/L) 
Total Suspended Solids (mg/L) 

SITE 36, CAMP GEIGER AREA FUEL FARM 
TOTAL DISSOLVED SOLIDS/SUSPENDED SOLIDS RESULTS 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

35-EMW03-02 35-EMW05-02 35-EMW07-02 35-GW05-02m 31MW09D-02 35-MW09S-02 
D95-7537-1 D95-7597-6 D95-7537-2 D95-7537-8 D95-7597-2 D&7597-7 

0811 o/95 08/I l/95 08llOl95 08/11/95 08il2l95 08ll2i95 

288 173 335 290 290 432 
10 u 10 u 10 u 10 u 10 u 24 

1 l/04/96 323ENG.WK4 



LOCATION 
LAB ID 
DATE SAMPLED 

Total Dissolved Solids (mg/L) 
Total Suspended Solids (mg/L) 

11104l96 323ENG.WK4 

t 

SITE 35, CAMP GEIGER AREA FUEL FARM 
TOTAL DISSOLVED SOLIDS/SUSPENDED SOLIDS RESULTS 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 232 
MCB CAMP LEJEUNE, NORTH CAROLINA 

35MWIOD-02 35MWI OS-02 35MWI 4D-02 31MW14S-02 31MW16D-02 35-MWI 6-S-02 
95-7537-l 5 95-7537-14 95-7537-l 7 95-7537-l 6 95-7537-l 3 95-7537-l 1 

08/09/95 08/09/95 08/l 0195 08/l 0195 08109195 08/l 0195 

367 244 369 434 309 386 
10 u 10 u 10 u IO u 10 u 60 

2 

( 



LOCATION 
LAB ID 
DATE SAMPLED 

Total Dissolved Solids (mg/L) 
Total Suspended Solids (mg/L) 

1 l/04/96 323ENG.WK4 

SITE 36, CAMP GEIGER AREA FUEL FARM 
TOTAL DISSOLVED SOLIDS/SUSPENDED SOLIDS RESULTS 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 232 
MCB CAMP LEJEUNE. NORTH CAROLINA 

35MW16S-02D 35-MW19D-02 35MW19S-02 31MWi 9S-02D 35-MW22D-02 35-MW22S-02 
95-7537-l 2 D95-7537-5 D95-7537-6 D95-7537-7 D95-7597-8 D95-7597-9 

08/l 0195 08/l 1195 08111 I95 08111 I95 06/13/95 08/l 3195 

344 385 168 202 310 432 

63 10 u IO u 10 u 10 u 16 



LOCATION 
LAB ID 
DATE SAMPLED 

Total Dissolved Solids (mg/L) 
Total Suspended Solids (mg/L) 

SITE 35, CbjMP GEIGER AREA FUEL FARM 
TOTAL DISSOLVED SOLIDSISUSPENDLD SOLIDS RESULTS 

SUPPLEMENTAL GROUNDWATER INVESTIGATION - CT0 232 
MCB CAMP LSJEUNE, NORTH CAROLINA 

35-MW29A-02 35-MW29B-02 3s-Mw33A92 35-MW33D-02 
D95-75974 D95-7S97-5 D95-7597-l 095-7597-3 

06/l 2l95 OWU95 otv12l95 08512!95 

91 257 45 263 
10 u 10 u to u 10 u 

1 l/04/96 323ENG.WK4 
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