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ACRONYMS AND ABBREVIATIONS

1,2-DCE 1,2 Dichloroethene
Bechtel Bechtel Environmental, Inc.
EE/WP Engineering Evaluation and Interim Remedial Work Plan/Interim Measure Work Plan
EPA U.S. Environmental Protection Agency
FOTW federally owned treatment works
IRA interim removal action
MCRD Marine Corps Recruit Depot
PCE tetrachloroethene
PPs project procedures
QC quality control
RAC Response Action Contractor
RCRA Resource Conservation and Recovery Act
ROICC Resident Officer in Charge of Construction
SCDHEC South Carolina Department of Health and Environmental Control
SOUTHDIV Naval Facilities Engineering Command, Southern Division
TCE trichloroethene
VOC volatile organic compounds
UNITS OF MEASURE
cm/sec centimeter per second i
ft foot (feet)
gal gallon/gallons
in, inch (inches)
mg/L milligrams per liter
mil 1/1,000 of an inch
mm millimeters
MSL mean sea level
ppb parts per billion
psi pounds per square inch
scfm standard cubic feet per minute
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1.0 INTRODUCTION

Bechtel Environmental, Inc. (Bechtel) has been contracted by the Department of the Navy, Naval Facilities
Engineering Command, Southern Division (SOUTHDIV), to provide remedial services as the Navy’s
Environmental Response Action Contractor (RAC). Under Delivery Order 0048 of Prime Contract
N62467-93-D-0936, Bechtel has been contracted to prepare an Engineering Evaluation and Interim
Removal Work Plan/Interim Measures Work Plan (EE/WP) to implement an interim removal action (IRA)
at Site 45/SWMU 435, the Dry Cleaners Facility, Building 193, Marines Corps Recruit Depot (MCRD),
Parris Island, South Carolina. This is an active recruit basic training facility located in southeast South
Carolina (Fig. 1.1).

A spill of tetrachloroethlene (PCE) occurred at the dry cleaning facility on March 11, 1994. This spill
occurred due to inadvertent overfilling of the aboveground storage located adjacent to the north side of the
Dry Cleaners Facility. See Attachment 1 for a copy of the spill report. A contamination assessment was
performed in the summer of 1994 to evaluate the impact of the reported spill. This initial assessment
concluded that soil and groundwater in the vicinity of the dry cleaning facility had been adversely affected
due to the spill (Ref. 3).

During the summer of 1996, groundwater samples were collected to determine the extent of the
contamination at the site. This sampling effort was performed using direct push technology. Analytical
results of these samples indicated that a plume of groundwater contaminated with PCE; trichloroethene
(TCE); 1,2-Dichloroethene (1,2-DCE); and vinyl chloride exists at concentrations exceeding the regulatory
levels at the site (Attachment 2.). Based on this information, a decision was made to conduct an IRA to
remove the source of contamination to minimize further degradation of the groundwater.

This EE/WP identifies the proposed IRA alternative as part of the remediation at the dry cleaner facility. It
addresses the implementability, effectiveness, and cost of the IRA.

1.1 SITE CHARACTERIZATION

The MCRD is located within the Parris Island Quadrangle, S. C., USGS 7.5 min topographic map. The
subject dry cleaning facility is bounded between Panama Street to the north, Kyushu Street to the south,
and Samoa Street to the east. Immediately to the west of the existing facility is the new Dry Cleaners
Facility which also includes a laundry and tailor and cobbler shops.

1.1.1 Regional Hydrogeology

The area is characterized by flat terrain dissected by rivers and streams which flow into the Atlantic Ocean.
Drainage is provided by the Broad and Beaufort Rivers. The area averages 47 to 50 in. of rainfall per
year. Average well yields are reported to be from less than 50 to 1,500 gal per minute from wells in
Beaufort County. Soil types in this area are typically clayey and sandy. These are underlain by
unconsolidated to poorly consolidated interbedded clays and sands and marls which range in age from Late
Cretaceous to Holocene (Ref. 2).
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1.1.1.1 Floridan Aquifer

The principal source of groundwater in the Beaufort County area is the Floridan Aquifer. This aquifer
system has a total depth of approximately 900 ft and divided into the Upper Unit and the Lower Unit. The
Upper Floridan Aquifer is contained within the late Eocene Age Ocala Limestone. Most wells which tap
this aquifer system are from 50 to 250 ft deep (Ref. 5).

The lithology of the upper portion of the Ocala Limestone consists of bioclastic limestone and is highly
permeable. The lower portion of the Ocala Limestone consists of sandy to clayey limestone and marl and
hydraulically separates the Upper Floridan Aquifer from the Lower Floridan. In the Parris Island vicinity,
the top of the Ocala Limestone has a reported transmissivity of about 20,000 ft*/day (Ref. 5).

The Lower Floridan Aquifer is contained within the middle Eocene age Santee Limestone. In the study
area, the Santee is reported to be a massive, calcarenitic limestone. Permeability within the Santee
Limestone is reported to be low (Ref. 5).

1.1.1.2 Surficial Aquifer

The surficial or water table aquifer in the study area is restricted to the shallow Pliocene to Holocene age
sedimentary deposits of the Pamplico and Waccamaw Formations. The hydraulic characteristics of these
formations are not particularly well known. A few shallow monitoring wells in St. Helena and Ladies
Islands have been hydraulically tested. An estimated transmissivity of 1,300 ft*/day was reported for
coarse sands within the shallow deposits. A storage coefficient of 0.20 has also been reported for these
deposits (Ref. 5).

1.1.1.3 Confining Units

The shallow deposits are underlain by the Miocene Hawthom Formation. Some researchers have defined
another Miocene formation (Duplin Marl). These formations are significant because they hydraulically
separate the unconfined surficial aquifer from the underlying artesian Floridan aquifer. The elevation at the
top of the Hawthom is reported be approximately 30 ft below mean sea level (MSL) at Parris Island.
Thickness of the Hawthorn Formati " {g this area is reported to range from about 25 ft to as much as 40 ft
near the confluence of the Beaufort ana .. sad Rivers. Previous regional studies have indicated a wide
range of vertical hydraulic conductivity values for samples obtained from the Hawthorn Formation. Using
an average formation thickness of 30 ft and vertical hydraulic conductivity of 0.006 ft/day, it was
calculated that the leakance through the Hawthom Formation is 0.0002 ft*/day for every 1 ft of head
difference (Ref. 5).

The Hawthorn Formation is breached in numerous locations throughout Beaufort County. Immediately
adjacent to Parris Island, tidal scour and stream erosion (during lowered sea level stands) have probably
breached the Hawthorn Formation beneath the Beaufort and Broad Rivers. A small area of recharge to the
Upper Floridan is reported at the southeastern end of Parris Island. Sampling has confirmed that the
Hawthorn layer exists at the Dry Cleaner Facility Site (Ref. 1).

1.1.2 Site Hydrogeology
The upper 30 ft of sediment underlying MCRD Parris Island consists predominantly of very fine yellow-

brown sand containing traces of clay and silt. Occasional thin (approximately 6-in. thick) layers of
greenish-gray silty clay occur within the sands. These are the only distinct beds found in the superficial
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layers appear to have prevented the migration of the bulk of the contamination from reaching 22 ft below
grade. The IRA will only focus on the groundwater above the aquitard shown on Figures 1.2, 1.3, and 1 4.
Onsite borehole data collected during well installation in December of 1996 confirm these findings as seen
in Figures 1.2, 1.3, and 1.4. Water table elevations recorded during the same time range from a high of
5.02 ft (above MSL) at the northwest to a low of 4.04 ft (above MSL) in the southeast. Similar water table
levels have been reported at other sites at Parris Island (Ref. 2). The general groundwater flow is to the
southeast with a gradient of 0.003 ft/ft. (Attachment 3.)

The regional hydrogeology and the data collected during the direct push sampling in the summer of 1996
indicates that the bottom of the surfical aquifer at the site is the top of the Hawthorn Formation which is
approximately 30 ft below MSL.

1.2 SITE HISTORY

At one time, the Dry Cleaning Facility maintained four above ground storage tanks in a concrete
containment basin. These tanks have been in place since 1988 and stored PCE solvent used for dry-
cleaning. These above ground tanks were constructed to replace an underground storage tank system
containing petroleum-based solvent used prior to the use of PCE at the facility. On March 11, 1994, a
reportable spill of PCE occurred at the dry cleaners when one of the tanks was inadvertently overfilled,
spilling PCE into the concrete containment basin. It is also reported that the PCE was subsequently
released onto the ground when the containment basin was drained following heavy rains. See Figure 1.6
for the location of the spill. The spill was reported to South Carolina Department of Health and
Environmental Control (SCDHEC). The use of the tanks for storing PCE was discontinued in the 1994-
1996 time frame.

On March 14, 1994, Parris Island personnel collected soil and water samples along Panama Street. The
analytical results of these samples indicated elevated levels of PCE in the samples, requiring excavation of
the contaminated soils. Parris Island personnel excavated and disposed of PCE-contaminated-soils outside
the containment basin. These PCE contaminated soils were incinerated by a licensed facility. Following
this removal action, S&ME conducted a PCE-contamination assessment in June, 1994 to determine the
extent of contaminated groundwater and to develop a conceptual remediation plan. As part of this effort,
S&ME installed temporary piezometers to measure water levels and drilled boreholes to collect soil and
groundwater samples (Ref. 3).

In the summer of 1996, Bechtel conducted a site investigation of the groundwater to define the current
extent of contamination at the site. Groundwater samples were collected with direct push technology and
analyzed with a field gas chromatograph. Results of these tests indicated that a plume of PCE, TCE,

1,2 DCE, and vinyl chloride contaminated groundwater exists with concentrations exceeding the regulatory
limits. The results of this screening effort are presented in the report “Phase Two Sampling Effort”
(Attachment 2). '

Based on this information, monitoring wells were installed and an air sparging pilot test was conducted as
presented in the “Technical Memorandum For Well Installation and Air Sparging Pilot Test” (Ref. 1). The

objectives of this investigation conducted in December 1996 were as follows:

¢ Installing a well monitoring network
s  Soil sampling to determine lithology and geological stratigraphy
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e Sampling and analysis to establish baseline soil and groundwater contamination levels

¢ Conducting an air sparging pilot study

The well monitoring network was comprised of sixteen wells placed at eight locations around the Dry
Cleaners Facility. At each location, a shallow well was installed to a depth of 7 ft and a deep well was
installed to a depth of 14 ft. Figure 1.5 shows the locations of these monitoring wells. Details of this
investigation and the findings are presented in the “Technical Memorandum For Groundwater Evaluation
and Air Sparging Pilot Study, Building 193, Parris Island, SC” (Attachment 3).

1.3 NATURE AND EXTENT OF CONTAMINATION
1.3.1 Soil Sampling Results

Soil samples were collected from 1-3 ft and 5-7 ft intervals during drilling for monitoring wells 193-6MW-
D, 193-7MW-D, and 193-8MW-D and were analyzed for volatile organic compounds (VOCs). These
three wells were placed within the highest concentration of the contaminated groundwater based on the
direct-push technology results. The analytical results of the soil samples (except for one) indicate that no
significant concentrations of the contaminants of concern are present in the soil matrix. However, a soil
sample collected from 5-7 ft interval at monitoring well 193-8MW-D was found contaminated with PCE at
1,100 ppb. This location is to the north of the dry cleaner in the area of the reported spill.

1.3.2 Groundwater Sample Results

The direct push sampling indicated that low levels of groundwater contamination had spread down to the
Hawthorn, but the groundwater contamination levels at the 22-ft. level were several orders of magnitude
lower than those at 14-ft. level. See direct push sampling results in Attachment 2. The focus of the IRA is
the groundwater above the aquitard. Monitoring wells were not installed through the aquitard to avoid
creating a pathway for possible migration of contamination deeper into the surficial aquifer.

Groundwater samples were collected from each monitoring well and analyzed for VOCs, chloride, sulfate,
and nitrate. Figure 1.5 shows the sampling results and the extent of the solvent contamination at the site.
The results from this phase of the investigation correlated closely with the results from the direct push
sampling. Figure 1.6 combines the results from the direct push sampling and the monitoring wells. The
analytical results are presented in the technical memorandum (Attachment 3).

During the direct-push sampling, water samples were collected and analyzed for total iron at 2 South
Carolina-certified offsite laboratory . The total iron concentrations of these samples were high (at times as
high as 100 mg/L). It was thought that the samples exhibited elevated iron levels because the direct push
samples were very turbid. Ferric iron normally precipitates; therefore, representative groundwater samples
were collected from all the monitoring wells and analyzed onsite for ferrous iron using a Hach test kit. The
highest ferrous iron detected was only 2.2 mg/L and should not be a concern for iron fouling of the
remediation system.
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1.4 IDENTIFICATION OF INTERIM REMOVAL ACTION OBJECTIVES
1.4.1 Determination Of Scope

Chlorinated aliphatic compounds, including PCE; TCE; 1,2-DCE; and vinyl chloride pose a risk to human
and ecological receptors at their elevated concentrations in the groundwater in the vicinity of the dry
cleaning facility at the Parris Island MCRD. The scope of the IRA at the Dry Cleaners is to minimize
further degradation to the groundwater and treat the source of contamination at the center of the plume.
The proposed IRA will gain control over the groundwater contaminant source loading and reduce the
concentrations of contaminants in the groundwater.

1.4.2 Interim Removal Action Objectives
The objectives of the proposed interim removal action are to:

¢ Minimize further migration of groundwater containing solvents by providing hydraulic control of the
site.

e Reduce elevated concentrations of the contaminants in groundwater in the area of concern.

o Operate the remedial system until the equilibrium is reached. Equilibrium is defined as 3 month’s
recovery well groundwater samples without a significant (10%) decrease in groundwater
concentrations. The estimated operation time of the system is two years.

e Allow an orderly transition to any required final remedy at the site.
1.5 COMPARATIVE ANALYSIS OF INTERIM REMOVAL ACTION ALTERNATIVES

Based on the objectives of the proposed interim removal action presented in the previous section, several
alternatives were considered at the Dry Cleaners Facility as presented in Table 1.1. These alternatives are
described briefly in the table and are evaluated based on effectiveness, implementability, and qualitative
cost. To evaluate the effectiveness, consideration was given to the overall protection of human health and
environment and both long term and short term effectiveness of the alternative. Evaluation of the
implementability of each alternative included consideration of the technical feasibility, commercial
availability, administrative feasibility, and public acceptance. The cost comparison estimate 1s qualitative
in that costs are based on orders of magnitude estimates for capital costs, annual operation, and
maintenance costs.

1.6 EVALUATION OF SELECTED REMEDIAL ALTERNATIVES
Three different technologies were considered as viable alternatives for the IRA at the Dry Cleaner Facility:
e air sparging and soil vapor extraction

¢ in well vapor stripping
* pump and treat
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TABLE 1.1 COMPARATIVE ANALYSIS OF ALTERNATIVES

General Remedial Process Option | Description Effectiveness Implementability Cost Conclusion
Response Technology
Action

e - - - Pt e —— — 76 15 - S R RS or FERpRTTNeR) oA ? Not,retamedasa

institutional

Controls
Monitoring Groundwater Periodic sampling and analysis of groundwater Effectlve means to monitor contammant Readily implementable. Some Low capital and Retain as support
Sampling and to manitor contaminant extent and migration. movement, intrinsic bioremediation groundwater monitoring welis moderate O&M technology.
Analysis processes, and/or progress of remedial would be in place when costs.
action. Does not remove site-related remediation starts.
contamination or control contaminant
migration.
Natural None Oxic/ Anoxic Naturally-occurring attenuation mechanisms Contaminants ultimately transformed to Readily impfementable. Some Low capital and Retained as a
Attenuation Redox (biodegradation, adsorption, dispersion, innocuous byproducts; requires extended groundwater monitoring wells moderate O&M Interim Removal
Conditions volatilization, diffusion & dilution) reduce duration. would be in place when costs. Action Alternative
contaminant concentrations. remediation starts.

Readily implementable at the -
snte. glven tha( contamlnatuon

‘' Trench backf lted with'a sorl -bentonite:or: “Widely used and generally effective for:
G ntam_ing_g_mum_i ter: plumes, ite-
‘specific conditions:may not:-lend

: hemselves uitable for. constructlon of

Confainment:~- Vertical - :High:capital casts Notretained.as a
O “Barriers: O8&M... | Interim Removal.

|+ Action Alfematwe_.-

e Ehmmate from

- Ehmmate based an
-1 effectiveness,
: .limplementabahty

- implementabifity,
and costs.

“Notretainedas.a
“Interim-Removal:
-Action’ Alternative

Hydrauh Low capltal and

Controls

12



TABLE 1.1 COMPARATIVE ANALYSIS OF ALTERNATIVES

General
Response
Action

{n Situ

l lb‘dllllUlll

Remedial
Technology

Biological

Treatment

Process Option

Description

Effectiveness

Implementability

Cost

Conclusion

Anaerobic

Bioremediation

Delivering precultured dechlorinating anaerobic

[T S Y P LA N

Tone o dlan oy

graniuies o wie subsurface to ensiivery

remediate the chlorinated aliphatics. These
granules are self-immobilized microbial

consortium.

Given the permeabie nature of both

natiiratad amd uadaaa -, io
saturated and vadose zones, MCRD is

good candidate site for insitu
bioremediation.

Pilot Study needs to be

Annta, H i 1,
conducted to determine if th

technology is applicable at this
site. Implementability decreases

as the area of contamination
increases

Retain for urther

onngida
gonsigeration,

Aerobic
Bioremediation

A mixture of methane {substrate), air, and
nutrients injected into the subsurface through

new / existing wells placed beneath
contaminated zone and harnessing the

indigenous micrabes to remediate the plume.

Given the permeable nature of both

saturated and vadose zones, MCRD is a

good candidate site for insitu
bioremediation.

Remediation of chlorinated
aliphatic plumes using insitu
bioremediation are being
successfully implemented at
several sites. Pilot study
required

Moderate capital
and O&M costs

Retain for further
consideration

insitu microbiai
filter

Placing insitu microbiai fiiter consisting of

permeable wall of TCE degrading
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MICIo0Iganisims in e suosunace.

Y
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saturated and vadose zones and that the
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filters.
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associated with nutrient addition
is minimal. Flat water table at
the site may make passive
hydraulic control difficult.

i

IVIUUBIdlE Cdplldl
and O&M costs.

i F

Keldlll 1or IUIU er
consideration

Physical
Treatment

Air Sparging

Compressed air injected into lower portion of
contaminated aquifer percolates up through
saturated zone causing transfer of VOCs from
aqueous to vapor phases, which migra‘e

upwalu lU VdUUbG «uie dIIU dic bUlIC\—lCU Wlul

SVE system

Réﬁe air injection, contaminated vapor
stream extraction, the vapor stream might

need treatment. (Data to support the
technology need to be collected)

" Pilot Study needs to be
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technoiogy is applicable at this

site. Implementability decreases
ha aran ~F mmebarnatioatin

as the area of contamination

increases.

Moderate capital
and O&M costs.
interference with
existing utilities

Retain for further
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TEQUELS . SpeLiaizT
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flavumath f rantaminant nliima: traat
flowpath of contaminant plume; treatment

occurs as groundwater flows through wall under
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effective for removal of inorganics from
groundwater.
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successful in degrading greater than 80% of

TCE in groundwater. Limited data

concerning effectiveness in attaining final
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Removal/
Treatment/
Discharge

TABLE 1.1 COMPARATIVE ANALYSIS OF ALTERNATIVES

Remedial Process Option | Description Effectiveness implementability Cost Conclusion
Technology
Biological Biological
Treatment Processes
Physical Air Stripping / TCE and other VOCs are stripped from water Effectlve for removal of VOCs from water Well-proven, reliable Moderate capital Retain for further
Treatment Steam by coming in contact with air or stream usuaily off-gas would be cailected and require technology. SDHEC permit may | and O&M costs. consideration
Stripping in a packed column. Normally used ahead of further treatment. Removal efficiencies > be required for off-gas
activated carbon units 09.9% could be achieved for VOCs. treatment; tower height and
location may be restricted.
Carbon Contaminants transfer to the activated carbon Widely demonstrated effectiveness for Available and proven Low capital costs Retain for further
Adsorption adsorbent due to the imbalance of forces in the removal of low concentrations of VOCs. technology. Spent carbon must | and moderate consideration
(GAC) pore walls of the adsorbent. Normally used as a be regenerated or disposed. O&M costs.
secondary unit to air stripping Mobile units available.
Filtratfon Isolates solid particies by running a fluid stream: |- Effectively removes particulate-borrie - “Technically:féasible-and widely tow capital.and: | “.Eliminate based
BN through & porous medium. Driving force is _,‘ | -contaminants from water;. effectiveness - available through commercial ~O8M costs:: on:cost;:-VOCs can
either gravity-or.a pressure dcfferent«al across : dependent on'pore size and pamculate vendors.. Residuals may require .| e be removed more
the m[ranon me i ‘treatment or disposaj’ - cost-effectively by.
: i = S other means.
Chemical -Chemtcaf L High cap. Eliminate based on
Treatment O'_xdatlon “and O&M cost; VOCs can be
B ‘undestrable byproducts The high TDS and A : .Icost-effectwely by
] “TSS At this site makes this treatment . A1 other means.
iiEnn ) ProCesses.: technolggy not-applicable.: E L B et ey :
Groundwater | Surface Outfall | Treated groundwater dlscharged to near-by Effective means of disposal for treated Technically feasible;. Potential Low capital and Retaln for further
Discharge - surface water groundwater; discharge limits in NPDES administrative issues if permitto | O&M costs. consideration. as
Treated permit would dictate treatment goals. be prepared support technology
Pubiicly- Treated groundwater discharged to POTW or Effective means to dispose of treated Significant administrative Low capital costs | Retain for further
Owned subsequent treatment/discharge groundwater; discharge would have to meet | problems with POTW and O&M costs. consideration. as
Treatment POTW limits for industrial discharges. acceptance of treated (or support technology
Works (POTW) untreated) groundwater.
injection/ Treated groundwater discharged o the ground Effective means of disposal of treated Technically feasible; permit from | Low capital and Retain for further
Infiltration via an injection well or infiltration gallery groundwater; additional treatment may be SDHEC may be required moderate O&M consideration.

required to meet permit conditions for
injection. Can be used to enhance
hydrautic containment or contaminant
removal.

costs.

“RCRA TSD
Facmty :

‘1 Effective method for. dlsposal of
.chontammated water

“pff:site transport and::
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1.6.1 Air Sparging and Soil Vapor Extraction

Air Sparging was evaluated and the pilot study indicated that it might be a viable option. The design air
flow rate from the pilot study was 2 scfim. Higher flow rates were used during the pilot study, but they
caused water to bubble from one of the observation wells and groundwater mounding in the other
observation wells. If the higher flow rates were used for the remediation system, groundwater mounding
and breaching the ground surface could become a concern.

The second concern for the system is the uncertainty associated with the capture of the emissions from the
air sparging. A soil vapor extraction system (SVE) would need to be installed over the area of air sparging
to collect emissions from the air sparging. Because of the fine layered silts, high water table, and site
conditions, all of the generated emissions might not be captured. This could be a safety and health concern
to MCRD personnel, and the general public as well. The installation costs for this system are estimated to
be $420,000.

Air Flow Dynamics

Recent research has demonstrated that at several sites, air flow through saturated soil is in the form of
channels, not bubbles. Only sites with an average grain size of 2.0 mm or larger will form bubbles. The
channel flow will not create the convection currents and the groundwater will not likely recirculate around
the sparging wells thus limiting the effect of the sparging wells. The average grain size for soil sample
from the site at Parris Island was 0.125 mm. Thus the flow regime is most likely to be channels (Ref. 5).

Diffusion and Rate Limitations

Since channels are the most likely path for airflow, the groundwater and the contaminants are not all
equally exposed to the airflow. The channels are likely to be several inches to several feet apart. The
contaminants then must migrate this distance using molecular diffusion processes to reach the air channel
to volatilize. This would mean that the remediation time at Parris Island could be long and the system
effectiveness could be limited (Ref. 5).

Minimum Permeability

The minimum permeability of 1x10” cm/sec is generally necessary to achieve an effective rate of air
injection for air sparging. Slug tests have been conducted at several sites at Parris Island, but not in the
area of the Dry Cleaners Facility. The permeability values from these tests range from 1.57x10 cm/sec to
4.71x107 cm/sec. (Ref. 4). These values are very close to the minimum recommended values (Ref. 5).

Minimum Air Flow Recommendations

The Wisconsin Department of Natural Resources “Guidance for the Installation of Air Sparging Systems”
recommends the air flow for an air sparging well to be at least 5 scfm per well. This rate has been revised
from a recommended rate of 0.5 scfim in their 1993 guidance document. The selected design rate for an air
sparging system was 2 scfm per well based on the pilot study results. This rate is below the guideline’s
recommended minimum and could result in unsatisfactory results (Ref. 5).
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1.6.2 In-Well Vapor Stripping

In-well vapor stripping is a process that removes the volatiles by aerating the groundwater circulating
through a recovery well. The flow of air results in an airlift pump effect that creates a circulation cell. The
contaminated groundwater is treated as it passes through the well. This technology is currently being
demonstrated at a number of sites.

Some of the advantages that this technology has over air sparging at this site are:

e The radius of influence of this method is reportedly larger and more uniform than air sparging.

e The treatment zone is more predictable than air sparging.

e The treatment zone is lower in the aquifer

e The capture of emissions is from the well and a separate vapor extraction system is not required. This
technology has a higher likelihood that the vapors are captured and discharge is controlled.

Some of the disadvantages of this method include:

e The well can clog or scale from biological or mineral sources. This can be cleaned by high pressure
cleaning or chemical treatment.

e The depth of a recovery well at the dry cleaner facility would be shallow. This could affect the
system’s radius of influence and the ability to remove the contaminants in one cycle through the
circulation cell. More cycles of the groundwater may be necessary because of the limited depth of the
wells. :

o The recharge of the groundwater at this site could be a problem (especially during the rainy season),
because of the depth to groundwater across the site is only 2 to 3 fi. -
The installation costs for this system are estimated to be $300,000.

This system was not acceptable to SCDHEC, because the discharge water would not meet Maximum
Contaminant Levels (MCLs) until it had been cycled through the recovery wells several times. The
injection permit would require the treated water to meet MCLs prior discharge to the recharge gallery.
This technology will not be considered further.

1.6.3 Pump and Treat

For this site, pump and treat offers some advantages over some of the more innovative technologies. The
following lists some of the advantages of this technology:
o It will provide hydraulic control of the site and prevent further migration of the solvent plume.

o The recovery wells will be located slightly downgradient from the center of the most contaminated area
of the plume.

e The Depot’s federally-owned treatment works (FOTW) will accept the pumped water after it is treated
to reduce solvent concentrations to MCLs.
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»  Groundwater modeling for the three-well system indicates that complete hydraulic control can be
achieved with a modest total flow rate of only 6 gal per minute (see Attachment 4).

The main disadvantage that pump and treat has is it’s inability to reduce groundwater concentrations to
below MCLs. At this site, the objectives of the IRA are hydraulic control and source removal. The pump
and treat system will meet these goals. The installation costs for this system are estimated to be $300,000.

1.7 RECOMMENDED INTERIM REMOVAL ACTION ALTERNATIVE

Detailed analysis of the technical evaluation and comparison of the costs leads to pump and treat as the
selected alternative for the IRA at the dry cleaning facility

1.7.1 Pump and Treat
The treatment system will consist of the following:

o The groundwater extraction system will include three electric recovery pumps, groundwater discharge
piping, fittings, flow counters, limit switches and accessories.

e A low profile air stripper to remove the volatile contaminants from the groundwater.

e A pumping system to pump the treated groundwater to an adjacent sewer manhole for discharge to the
FOTW.

1.7.2 Off-Gas Discharge

Off-gases generated for the operation of the air stripper will be vented out the stack from the top of the
treatment building. Treatment of the off-gases will not be required. The maximum estimated emissions
from the system are approximately 90 pounds per month. SCDHEC Bureau of Air Quality has
determinated that an air permit will not be required for this level of emissions (Attachment 5). During
startup and optimization of the treatment system, operating data will be evaluated to ensure that the
estimated emissions are correct. If the actual emissions are higher, the Bureau of Air Quality will be
contacted for further guidance.

2.0 REMOVAL ACTION ACTIVITIES

This section of the document provides guidance and direction to the Bechtel construction crew during the
implementation of the EE/WP and serves to meet the contractual requirements between Bechtel and the
Navy. This section also provides a more detailed description of the physical processes to be employed at
the dry cleaning facility.

2.1 CONSTRUCTION DRAWINGS

After incorporating public comments into the EE/WP and SOUTHDIV approval, Bechtel will prepare the
final construction drawings. These drawings will serve as the basis for the Record Drawings and will be
used in the procurement of treatment system equipment and materials. The preliminary construction
drawings are included in Attachment 6. Additional details necessary for the field crew to implement the
design will be included on the final construction drawings. Final construction drawings will be maintained
at the site by the Bechtel Construction Site Superintendent. Red line construction drawings detailing the
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actual installation shall be provided to the Bechtel Project Engineer for incorporation into the Record
Drawings.

2.2 EQUIPMENT PROCUREMENT

After approval of the EE/WP, Bechtel will complete the procurement of the treatment system equipment
and materials. This will include the air stripper, pumps, valves, system control, treatment building, and
miscellaneous piping.

2.3 SUBCONTRACTING

After approval of the EE/WP, Bechtel will complete the subcontracting to support the work at the dry
cleaning facility. These will include:

o Well Drilling

»  Survey

» Transportation, Treatment, and Disposal Services
* Miscellaneous Site Services

» Analytical Services

e Operation and Maintenance (O&M)

2.4 PERMITS

Necessary permits identified for the work at the site include a facility excavation permit and well
installation permits. The well permits will be obtained prior to mobilization.

2.5 MOBILIZATION -

Once notice to proceed has been given to Bechtel by SOUTHDIV, Bechtel will mobilize a work force,
support equipment, material, and subcontractors necessary to complete the work.

2.5.1 Pre-Construction Meeting

Before the physical work begins, a preconstruction meeting will be held with the Resident Officer in Charge
of Construction (ROICC). This meeting will discuss execution of the work, site access, staging areas,
transportation haul routes, and contact personnel for utilities, fire, environmental, safety and health,
security, waste management, and public and troop interface.

2.5.2 Temporary Facilities

A hookup for minor use of potable water for decontamination, safety and health, and miscellaneous usage
will be coordinated with the ROICC. A storage container for tools, small supplies, safety and health
equipment, and other supplies will be staged to the site.

2.5.3 Utility and Excavation Interference Identification

Before the start of any excavation activities, the Bechtel Site Superintendent will perform all the necessary
utility clearances and contacts. This will include contacting the MCRD Public Work Department, the
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ROICC, and facility personnel. Bechtel will also use utility locating equipment before any intrusive work
in an area. The drilling subcontractor will be required to post-hole the first 4 ft of depth before drilling the
borehole. Hand digging shall be used to excavate around all existing utilities.

2.6 GROUNDWATER TREATMENT SYSTEM INSTALLATION

The pump and treat system installation consists of recovery well installation, equipment installation, and
piping installation. The project drawings are included in Attachment 6.

2.6.1 Recovery Well Installation

Recovery wells will be installed for the groundwater treatment system. Wells will be installed at the
locations shown on project drawings. Well completion details are also included on the project drawings.
Well screens will be installed above the top of the aquitard at approximately 16 to 18 ft below grade.

2.6.2 Equipment Installation

An air stripper and controls will be installed in the equipment building. The system controls will allow the
system to operate all the wells continuously. The normal groundwater pumping rate will be 2 gal per
minute per well. The system will be sized to allow flow rates as high as 5 gal per minute per well.

2.6.3 Piping Installation

Buried piping will be installed below ground from the equipment building to each recovery well and from
the equipment building to the sewer manhole. Trenching will be of sufficient size to allow for the
mspection of the work, but comply with the requirements of Occupational Safety and Health
Administration Safety Standards, 29 CFR 1926.651, Subpart P. All existing utilities or other obstructions
will be located before the start of excavation. Backfill shall be compacted to 85 percent of thé maximum
dry density in accordance with ASTM D1557. Spoils generated from excavation activities which are not
used as backfill will be tested and dispositioned as described in Section 3.0, Waste Management.

Concrete pavement installation and repairs will require a sub-base consisting of a 6-in. layer of CR14
crushed stone compacted to 95 percent of the maximum dry density in accordance with ASTM D1557.
Concrete shall be 4,000 psi, low water content to reduce shrinkage with fiber reinforcement. The minimum
flexural strength shall be 650 psi at 28 days.

2.7 EQUIPMENT BUILDING

The air stripper, the electrical power distribution center, and control instrumentation will be centrally

located within a pre-fabricated building. The location of the building is indicated in the project drawings.
Vents and a temperature controlled forced air ventilation system will be provided. Color and style of the
building shall be coordinated with the Navy. The final building drawings will be provided by the vendor.

2.8 ELECTRICAL SERVICE

Electrical service will be 208 volt 3-phase supplied by overhead line from an existing power pole to the
equipment building. All electrical services shall be performed by a South Carolina-licensed electrician. All
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systems and services shall conform to the National Electrical Code and the authority having jurisdiction.
The main service location shall be coordinated with the MCRD personnel.

2.9 INSTRUMENTATION

The system installed as part of this IRA is designed to operate unattended. To accomplish this, sensors will
be installed that send signals to the controller and/or local actuators to control system processes. In the
event that the system operates outside of established parameters, the system will discontinue operation.

2.10 SURVEY

After the installation of the equipment, wells, and other utilities, a survey to document the final as-built
locations will be performed. Reference points and elevations will be obtained as required to be consistent
with data available for the other site monitoring wells. One existing monitoring well elevation will be
verified during this survey.

2.11 INITIAL STARTUP TESTING

After installation of the physical system has been completed, startup testing of the equipment and the
process can begin. All testing records and initial readings will be recorded in logbooks created by the Field
Engineer. These logbooks will become the basic site visit guidelines. Included will be time, temperature,
weather conditions, pressure readings at each gauge, flow readings at each well head, position of each
solenoid valve, and water chemistry field measurements. Also included will be a list of sampling
requirements and activities to be accomplished during each visit.

2.11.1 Equipment Testing

After the installation of the equipment and hookup of the electrical service, the equipment vendor will be
brought to the site for a system inspection. The vendor will inspect wiring connections, motor anchorage, and
any other primary items of concern. Once the vendor has approved installation and authorized power of the
systems, motors will be initially bumped to ensure proper rotation. Sensors will be activated and deactivated
to ensure signals to the controller are being received. The wiring of gauges and sensors to the panels will be
validated.

Other equipment will be checked and inspected for orientation and working valves. Piping will be inspected

to ensure it is secure and in place. Electrical conduits will be inspected to ensure they are properly
installed.

Final inspection check lists and quality assurance requirements are discussed in Section 6.0, Quality
Assurance.

2.12 OPERATIONS MONITORING AND OPTIMIZATION

After completion of the initial startup testing and evaluation, the initial operations monitoring and
optimization will commence. The initial operations monitoring and optimization will occur during the first
month of operations. Daily monitoring will be performed for the first week and weekly monitoring will be
performed for the first month. After the first month of operation, the normal monthly O&M visits will
begin.
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2.12.1 Record Keeping

A check list form will be generated to record pertinent information that will be used to evaluate system
performance. This form will include information on pressures, flow rates, and field measurements and
identify samples collected for laboratory analysis.

2.12.2 System Optimization

Using the data gathered during the first month of operations, the initial settings of flow rates and pressures
at each recovery well will be established. Every quarter these parameters will be reviewed and evaluated.

3.0 WASTE MANAGEMENT

General waste management practices used by Bechtel on this project will be as defined in the
Environmental Response Action Contract Waste Management Plan. There are several waste management
activities that are anticipated during this remedial action, including disposal of:

o Construction debris

¢ Excavated Soils

¢ Decontamination water

e Well purge and development water

»  Personal protective equipment and other incidentally contaminated materials
e  Other non-hazardous solid wastes.

3.1 WASTE MINIMIZATION
Construction activities at this site will be controlled to minimize the amount of materials that must be
disposed of. Waste minimization is an important goal and will be implemented during all site operations.

These practices will include:

e Limiting extrancous materials taken into contaminated areas
e Decontamination of equipment used to support onsite activities
s Use of consumable items that can be compacted or otherwise volume reduced.

3.2 HAZARDOUS WASTE

On March 11, 1994, a spill of PCE occurred at the dry cleaning facility at Building 193. The spill was
noted by the MCRD Environmental Office and reported to SCDHEC and the National Response Center.
Information regarding the spill was obtained from a Fact Sheet dated March 31, 1994 (Attachment 1).

The groundwater contamination at this site is most probably a result of the March 11, 1994 spill and other
past practices at the dry cleaning facility. Based on this process knowledge, contaminated media containing
PCE, TCE, or vinyl chloride will be classified as Resource Conservation and Recovery Act (RCRA) listed
wastes. Wastes generated as a result of the installation of the IRA system at this site will be sampled for
these hazardous constituents.
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Hazardous waste could be generated during the remedial actions at this site. When any hazardous wastes
are identified, they will be managed in accordance with South Carolina State Regulations, RCRA, 40 CFR
Part 260, and related federal regulations. Bechtel will facilitate transport and disposal using waste profiles
and manifests signed by the MCRD as the waste generator.

3.3 WASTE DISPOSAL

The following sections provide guidance for the decision process for disposal of the wastes generated at the
site. The Bechtel Site Superintendent is responsible for filling in the Bechtel Navy RAC waste tracking
logs and ensuring they are kept up to date. Manifests or shipping papers, as required, will be signed by the
MCRD.

3.3.1 Construction Debris

Non hazardous construction debris will be checked for contamination and cleaned by brushing off visible
soils. The material will then be disposed of at a South Carolina-licensed landfill or recycled.

3.3.2 Excavated Soils

Excavated soils will be sampled for disposition. All excavated material will be placed on 10-mil plastic
liners and covered, until sampling results are known. If the excavated material is determined to be a RCRA
hazardous waste, it will be containerized and disposed of as such. Excavated material determined to be
non-hazardous will be used as backfill. Surplus backfill material will be deposited at the AS-18 site.

Drill cuttings generated during well installation will be containerized and sampled. If these drill cuttings
are determined to be a RCRA hazardous waste, they will be disposed of as such.

3.3.3 Decontamination, Well Purge, Development, and Miscellaneous Water
Decontamination, well purge, and development water will be containerized i 55-gal drums approved by

the Department of Transportation or in poly tanks. The water will be stored onsite and treated using the
groundwater treatment system.

3.3.4 Personal Protective Equipment

Personal protective equipment (gloves, boot covers, etc.) will be cleaned of loose soil, double bagged, and
disposed of at a South Carolina Subtitle D landfill. These will be collected and bagged daily and disposed
of at the end of each week.

3.4 SPILL PREVENTION PLAN

Activities associated with the refueling of equipment will be conducted in a manner to ensure that product
or fuel is not released into the environment. When conducting operations which may result in possible fuel
release, Bechtel’s work will provide best management practices to preclude a spill. Provisions for spill
prevention and control that will be used during transfer of fuel will include:

o Performing manual level checks in the portable fuel tank prior to refilling

o Performing manual level checks in the equipment tank prior to refueling
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e  Manual transfer of fuel

e Surveillance monitoring: All tanks will be checked during refueling operations to ensure overflow
conditions do not occur

o Use of process controls where feasible
e Immediate availability of spill mitigation equipment (e.g., absorbent materials)
e Notification to the MCRD fire department and then to MCRD Environmental personnel if a spill

Qoccurs

Other provisions and procedures will be discussed with MCRD before implementation of the refueling
operations. Daily inspections of the refueling operations will be performed by the Safety and Health
representative to ensure availability of prevention controls.

4.0 SAMPLING AND ANALYSIS

Project procedures (PPs) based on the EPA and SCDHEC sample collection guidelines will be utilized
throughout the data collection phase of this project. This section outlines the specific field methods and
techniques that will be used to collect soil and water samples during the course of the activities outlined in
this work plan. This section also provides an overview of the groundwater monitoring plan.

4.1 SAMPLING PROTOCOL

The following Bechtel Navy RAC Project Procedures will be utilized for this work:

e PP 6003 Sample Identification and Data Encoding

» PP 6004 Field Logbook Management .
e PP 6005 Chain-of-Custody Record Procedures

e PP 6006 Sample Tracking

e PP6010 Sample Containers, Preservation and Aliquot Requirements

e PP6011 Sample Packaging and Shipment

e PP6021 Water Sampling »

» PP 6024 Decontamination of Field Sampling Equipment

e PP 6025 Soil Sampling.

4.2 FIELD SAMPLING AND ANALYSIS

Samples identified in this section will be collected in accordance with the previously identified project
procedures. Analysis of these samples will be in accordance with EPA criteria for the defined method or by
the procedure identified as appropriate. Sampling efforts can be segregated on the basis of data objectives:

e Soil Disposal Sampling

e System Startup Sampling

s  Groundwater Monitoring

e System Performance Monitoring - Field Measurements
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4.2.1 Soil Disposal Sampling

Excavated soils and drill cuttings will be sampled before disposal. Soils samples will be collected and
analyzed as required by the transportation/disposal facility.

4.2.2 Groundwater Monitoring

One complete round of groundwater samples will be collected within one month before system startup. All
16 monitoring wells at the site will be sampled and the samples will be analyzed for VOCs and other
parameters listed in the Monitoring Well Sampling Section.

During the implementation of the remedial action for groundwater treatment, groundwater samples will be
collected from the monitoring wells on a quarterly basis. The following provides a description of the
activities to be performed.

Well Inspections

During each groundwater sampling event, the wells will be inspected to ensure that the well covers remain
water tight, that the concrete pad is not cracked or unstable and that the well seal is in place. Deficiencies
or damage to the wells will be recorded on the Groundwater Sampling Record included as Attachment 7.
Damaged wells will be repaired as necessary.

Water Levels

Water level measurements will be taken from 16 monitoring wells located around Building 193. The well
cap will be removed for a period of not less than 10 minutes, after which the water level can be taken and
recorded. All 16 monitoring well water levels will be taken within a 4-hour pertod.

-

Well Purge

After completion of the water level measurements, one technician will begin the purging activities. The
purging regime will start with the uncontaminated or least contaminated wells and move toward the most
contaminated. A low flow pump will be used to purge the monitoring wells. During the purging activities,
the parameters of pH, temperature, and conductivity will be recorded at appropriate intervals based on
estimated volume of purge water. Purging will be considered complete when a minimum of five well
volumes have been removed and pH, conductivity, and temperature have stabilized. Final readings of pH,
Eh, conductivity, temperature, and dissolved oxygen will be taken and recorded.

The purge volume will be calculated by taking the depth to water from the top of the well casing and
subtracting it from the listed total well depth, then multiplying this number by the calculated volume of
water per foot of well depth to provide the number of gallons. Purging will be completed following the
Bechtel Navy RAC PP 6021, “Groundwater Sampling.”

Monitoring Well Sampling
At the completion of monitoring well purging, sampling activities will begin. Sampling activities will start
with the uncontaminated wells or least contaminated wells and move toward the most contaminated wells.

Sample activities for the monitoring wells to be sampled will be completed within 24 hours of purging.
Groundwater sampling will be conducted in accordance with the Bechtel Navy RAC PP 6021,
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“Groundwater Sampling.” Samples will be analyzed for VOCs and the following natural attenuation
parameters:

o Iron (filtered sample to remove sediment)

e  Sulfate
e Alkalinity
. pH

e Temperature

e Conductity

¢ Oxidation/reduction Potential
o Chloride

e Nitrate

e Total Organic Carbon

Discharge Water Sampling

Water samples will be collected from the sampling port for each recovery well and analyzed for VOCs.
They will be collected twice during the first week of operation and monthly thereafter. The samples
collected monthly will also be analyzed for the natural attenuation parameters listed in the above
Monitoring Well Sampling Section.

After the first round of quarterly sampling, the monitoring wells sampling results will be compared with the
startup sampling. The need to continue quarterly sampling of the outlying wells will be evaluated.

5.0 SYSTEM STARTUP, OPERATIONS AND MAINTENANCE

An operations and maintenance manual will be completed during the initial operations. At the end of the
four week initial operations, normal O&M activities will begin, with monthly visits to the site. Bechtel will
continue the system O&M for the first 6 months of operations, after which time the system effectiveness
will be evaluated. The following sections outline the general requirements of the operations, evaluation,
sampling, reporting, and maintenance of the system.

5.1 STARTUP, OPERATIONS, AND MAINTENANCE MANUAL

A startup, operations, and maintenance manual will be created before system startup. This manual will
include startup procedures, shutdown procedures, normal activities, monthly activities, quarterly activities,
reporting requirements, maintenance requirements, and logs for data and maintenance activities.

5.2 SYSTEM MONITORING
The following is a description of system monitoring on a per visit basis:

o  Upon arrival at the site, record the readings on the pressure indicators and flow meters.
e Monitor flow rates from each recovery wells.
e Collect water samples from discharge from each recovery well.

e Collect water level readings and field chemistry data from monitoring wells.
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e Perform preventative maintenance.

e If appropriate, collect quarterly groundwater field chemistry data and samples from the monitoring
wells.

5.3 SYSTEM EVALUATION

During the course of the normal operations and maintenance, the system will be periodically evaluated for
effectiveness in reducing contaminant concentrations. Groundwater analytical data will be compared to the
original baseline data. Parameters will be plotted to demonstrate changes in the system. Emission data will
be evaluated to demonstrate compliance with emissions standards. Quarterly reports will be forwarded to
SOUTHDIV.

6.0 QUALITY CONTROL

Appropriate quality control (QC) criteria are developed and included in the site-specific addendum to the
Quality Control Plan. This site-specific plan, called the Quality Control Plan Addendum, is based on the
Navy-approved QC Plan for the basic contract. Bechtel will implement, maintain, and comply with the
Navy-approved basic contract Quality Control Plan and the site-specific Quality Control Plan Addendum.

The intent of this section is to provide general guidance to the field construction crew as to the items that
require inspection during installation. In addition, this section identifies some of the items that require spot
inspection. The following sections discuss the construction field inspection, testing requirements, and
submittals. These sections will be revised as appropriate during actual field implementation based on
equipment.

6.1 EXCAVATION

During excavation operations to install system piping, the QC Representative will ensure that the proper
soil disposal sampling protocol is followed and the results are reported before the soil is transported from
the site. Final disposition and final clean soil sampling shall also be noted on the tracking log for the soil,
as will the notation of the proper number of post-treatment samples, based on permit and regulatory
requirements.

6.2 SITE RESTORATION

During site restoration activities, the QC Representative will ensure grading and seeding. Additionally,
erosion controls will be inspected for proper placement and usage to prevent sediment runoff.

6.3 PIPING

All pressure piping will be leak tested by pressuring the line to 100 psi with air and checking joints with
soap for leaks. The QC Representative will fill in field inspection reports noting the testing and the results.

6.4 ELECTRICAL SERVICE

The QC Representative will verify that all electrical components and utilities are installed in accordance
with the design drawings and specifications. This will include verification that wiring was pulled correctly,
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grounding is present, and conduit has been properly sealed. The QC Representative will verify before
start-up or placement in service that all appropriate testing has been completed.

6.5 EQUIPMENT INSTALLATION

Equipment will be checked before installation for certificate of testing. After installation, the QC
Representative will verify that equipment tests are conducted in accordance with the manufacturer’s
instruction. The oil level in the air compressor shall be verified before startup.

6.6 WELL INSTALLATION

The QC Representative will verify the drilling permit record keeping and materials used in well
construction. Each recovery well will be logged as to depth, observations (including material retrieved by
augers), and depth to groundwater. The wells where split-spoons were taken will be noted on the well log
forms. The Bechtel representative will be responsible for logging the well. The QC Representative will
ensure that the well was developed to verify proper seating of the sand pack to prevent siltation of the well
during use.

6.7 SYSTEM STARTUP AND OPERATIONS

The QC Representative will verify the well installation permit is in place and that the proper records are
maintained to document startup and operation.

6.8 RECORD DRAWINGS

Record Drawings documenting system installation will be prepared and submitted to SOUTHDIV.

7.0 SAFETY AND HEALTH

A Program Safety and Health Plan defines the policies for the Navy RAC project. A Site Safety and
Health Plan has been prepared for each of the Navy RAC bases. An addendum to the site specific plan
which will be provided to the Navy under separate cover defines task-specific requirements for the
activities at the dry cleaning facility.

A process hazards review of the safety hazards associated with the operation of the groundwater treatment
system will be conducted prior to completion of the Remedial Design. The purpose of the process hazards
review is to ensure that the procedures, instruments, equipment, and administrative controls required to
prevent, mitigate, or control process hazards are in place.

8.0 PROJECT MANAGEMENT
8.1 PROJECT ORGANIZATION
As the Environmental RAC for the Navy, Bechtel provides management of the dry cleaning facility field
activities, which include all activities necessary to implement field work delineated in work plans.

Typically, these activities include the development and procurement of subcontract services; the
development, implementation, and overview of plans; the collection and review of data, including sampling
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results, quality control submittals, and sample tracking and custody; technical guidance to onsite personnel,
report preparation; cost management; and schedule control.

9.0 REFERENCES
1. Bechtel, 1996b. “Technical Memorandum For Well Installation and Air Sparging Pilot Test,”
December. (CCN000060)

2. RUST Environment, 1993. “Remedial Action Plan - MCRD Parris Island South Carolina,” August.
(CCN000025) '

3. S&ME, 1994. “Tetrachloroethylene Contamination Assessment and Conceptual Corrective Action
Plan, US Marine Corps Recruit Depot Dry Cleaning Facility,” June. (CCN000079)

4. Sirrine Environmental Consultants, 1991, “Final Contamination Assessment Report, Marine Corps
Recruit Depot, Parris Island, South Carolina,” April.

5. Wisconsin Department of Natural Resources “Guidance for Design, Installation and Operation of In

Situ Air Sparging Systems,” Publ-SW186-93 September 1993 and Errata Sheet dated August 11,
1995.
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ATTACHMENT 1

SPILL FACT SHEET
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6280
. NREAQ
31 Mar 94

FACT SHEET

Subject: SPILL 11 MARCH 1994 DRY CLEANING PLANT

Oon 11 March 1994, a reportable spill of Tetrachloroethylene at the
MWR Dry Cleaners was noted by the Environmental Office and

reported to SCDHEC.

on 14 March 1994, samples were taken from the water in the
containment basin and soil by the discharge line and sent off for
analysis. The results were positive. The allowable limits under
RCRA is 0.7 ppm (parts per million). Sample 1 (containment basin)
indicated 2000 ppm. Sample 2 (berm/road) indicated 3000 ppm,

(Encl 1).

On 1S5 March 1994, the National Résponse Center was notifed. As
required by regulation one pound of -contaminants discharged into

the environment is reportable.

. 18 March 1994, the Environmental Officer, Mr. Clark, surveyed
the ground to identify the extent of contamination.

seventeen samples were taken from the ground
along the side of the road some of which were taken through holes 4
bored in the road surface to quantify the contamination. Results
indicated contamination has leached through. the cracks in the road )
to the subsurfacé in excess of RCRA limits (Encl 2). !

On 19 March 1894,

Mr. Russell Berry of the South Carolina Department of Health and

Environmental Control Office inspected the site on March 14,
1994. He expressed concerns of clean up to meet the RCRA limits :

of 0.7 ppm.

Mr. Clark has been advised by the DRMO who administers the HW
contract that a roll-off container can be obtained for $2000.
containerized material would go out at fifty cents per pound.

The -

Johnsie A. Nabors
NREAO Ext. 2778



ATTACHMENT 2

Results from the June 1996 Phase 2 Sampling Effort
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GROUNDWATER RESULTS
18 JUNE TO 30 JUNE 1996

1.0 INTRODUCTION

An assessment of groundwater at the MCRD Parris Island, S.C., Dry Cleaner Facility was
conducted by Bechtel Environmental, Inc. (BEI) between June 12 and June 30, 1996. The
purpose was to confirm and further define the vertical and horizontal extent of
groundwater contamination and to collect groundwater physical properties needed to aid
in the selection and design of a treatment system. The assessment was based on a
contamination assessment May 1994 report written under the direction of Morale, Welfare
and Recreation, MCRD Parris Island, S.C.

2.0 RESULTS

The basis for the proposed borehole locations, Figure 1 which was submitted with the 17
June 1996 Monitoring Well Request, was the May 1994 TCE Contamination Assessment
Report. Prior to actual sampling, three cone penetrometer boreholes were drilled outside
the limits of the contaminant plume, both up- and down- gradient, to locate intermediate
clay lenses as well as the Hawthorn formation. After these locations were determined,
water samples were collected using direct push technology at various depths in between
the clay lenses and analyzed for PCE, TCE, DCE (cis- and trans-) and VC with a field GC.
Table 1 gives a summary of all field GC data. Other physical properties were collected on
the groundwater which are shown in Table 2. Approximately ten percent of the samples
were sent to an offsite laboratory for confirmation whose results are also shown in Table
1. These results, including chain of custody forms, are in Appendix A. Appendix A also
contains the information from the three samples for metals, ion analysis, total dissolved
solids, total suspended solids, TKN, sulfites, BOD, ammonia, total phosphorus, total
organic carbon, filtered total carbon, carbonate, hardness, and turbidity.

Figure 2a depicts the as-built groundwater sampling locations. The borehole locations
varied horizontally as the GC sample results indicated the direction of the contaminant
plume. Vertical groundwater samples were collected and analyzed until two clean samples
were noted. Boreholes with no contamination are exhibited around the entire perimeter of

the plume.

Figure 2b has 5 clear overlays which depict the total solvent plumes which exceeded the
maximum contaminant limit (MCL) at the various depths. The 7° and the 14’ depths have
internal plumes which indicates areas >1ppm total solvents. The total solvent number was
simply derived by adding the value of each contaminant collectively. No weighted
measures were used.

Appendix B includes the information from the samples collected and analyzed for methane
by USGS in Columbia S.C. Appendix C includes the geologic information obtained from
the direct push technology. A summary table of conductivity measurements is presented
before the hydrocone test information for easy reference, and Appendix D includes copies
of the GC log data along with a written narrative explaining the GC/sample preparation,
calibration and peak identification.
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TABLE 1

FIELD GC SUMMARY DATA
18 JUNE TO 30 JUNE 1996
MCRD PARRIS ISLAND DRY CLEANER FACILITY
Gas Chromotograph used was HNU Model 311
-> no peek found at retention time

< : peek found less than calibration
>: actual concenlration may exceed reported value
T: tentatively identified; peek not resolved

SAMPLE DATE DATE SAMPLE |VINYL CHLORIDE| 1,2-TRANS DCE | 1,2-CIS DCE TCE PCE
NUMBER COLLECTED |ANALYZED RUN MCL - 2 ppb MCL -100 ppb | MCL - 70 ppb MCL - 5 ppb MCL-5 ppb
615E15-22-21 6/19/96 6/19/96 13 T 1.1 - - -
615E15-30 6/19/96 6/19/96 14 - - - - -
615E15-37 6/19/96 6/19/96 16 T <0.5 - - -
610K13-15 6/19/96 6/19/96 9 T - - - -
615E15-6 6/19/96 6/19/96| 10/12 T 164 8,617 13.3 -
615E15-13 6/19/96 6/20/96 17 - - 38.5 21.7 -
615E15-13REP 6/19/96 6/20/96 18 - - 56.5 32.8 18.1
615E15-13; Duplicate sent to lab - 57.8 25.9 7.2
322D09-7.5 6/20/96 6/20/96| 9/10 T 61.9 2,569 21,686 11,832
322D09-13 6/20/96 6/20/96 11 T - - 1.6 -
322D09-13; Duplicate sent to lab - - 0.57J -
322D09-22 6/20/96 6/20/96 13 T - - 1.4 <5
322D09-28 6/20/96 6/20/96 14 - - - 0.6 <5
322D09-36 6/20/96 6/20/96 15 T - - - <5
621C18-14 6/20/96 6/20/96 19 T - - - -
621C18-7 6/20/96 6/20/96 21 - - 2 3.2 1.1
621C18-21 6/20/96 6/21/96 7 T - - - -
300C22-7 6/20/96 6/21/96 9 T - - - -
300C22-22 6/21/96 6/21/96 13 T - - - -
300C22-14 6/21/96 6/21/96 14 T - - - -
500C24-14 6/21/96 6/21/96 17 T - - - -
500C24-7 6/21/96 6/21/96 19 T 217 - - -
500C24-22 6/21/96 6/21/96 18 T - - - -
700D21-7 6/21/96 6/21/96 26 - 29.7 528 208 56
700021-14 6/21/96 6/21/96 28 T - - - -
700D21-22 6/21/96 6/21/96 32 - - - - -
700D21-28 6/21/96 6/21/96 33 T - - - -
800E00-7 6/24/96 6/24/96 13 - < 0.5 <05 - -
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SAMPLE

DATE

DATE SAMPLE |VINYL CHLORIDE| 1,2-TRANS DCE | 1,2-CIS DCE TCE PCE
NUMBER COLLECTED |ANALYZED| RUN = MCL - 2 ppb MCL - 100 ppb | MCL - 70 ppb MCL -5 ppb MCL- § ppb
80000-14 6/24/96 6/24/56 14 - 2.35 - - -
800G00-7 6/24/96 6/24/96 18 - 1.7 - - -
800G00-7; Duplicate sent to lab - - - -
800G00-14 6/24/96 6/24/96 19 T 0.5 - - -
700H05-7 6/24/96 6/24/96 20 - - 9.2 1.47 -
700H05-14 6/24/96 6/24/96 23 - - - - -
500G20-7 6/24/96 6/24/96 31 T 2.56 45 - -
500G20-14 B/24/96 6/24/96 30 T 4.84 >161 >89.6 >19.6
710E24-14 6/24/96 6/24/96 38 T - - - 14.4
710E24-21 6/25/96 6/25/96 12 - - 3.87 - 1.2
710E24-28 6/25/96 6/25/96 15 - - 6.58 <0.5 36.6
710E24-7 6/24/96 6/24/96 40 - 290 2,454 4,711 >115,330
600G00-14 6/25/96 6/25/96| 26/27 - - 9.12 4,553 2,896
600G00-21 6/25/96 6/25/96 28 - - - - 0.8
600G00-34 6/25/96 6/25/96 30 - - - - -
710E24-38 6/25/96 6/25/986 32 - - - - <5
600G00-28 6/25/96 6/25/96 31 - - - - -
404H21-7 6/26/96 6/26/96 8 - <5 19 <0.5 <5
404H21-14 6/26/96 6/26/96 9 - - 42.6 1.17 -
400G09-7 6/26/96 6/26/96 16 - - - - -
400G09-14 6/26/96 6/26/96] 1719 - 126 1,865 7,702 33,131
600H00-14 6/26/96 8/26/96 23 - - 30.2 1,049 1,746
500G20-28 6/26/96 6/26/96 25 - - - 2.55 14
600H00-7 6/26/96 6/26/96 24 - - 26.7 23.4 74.8
500G20-34 6/26/36 6/26/96 28 - - - - -
212G15-14 6/26/96 6/26/96] 29/31 - 54.6 700 4,349 12,789
212G15-28 6/26/96 6/27/96 7 - - - 4.8 6.5
500G20-37 6/26/96 6/27/96 8 - - - 1 1.94
600H00-28 6/27/96 6/27/96 17 - - - 1.64 4.59
600H00-23 6/27/96 6/27/96 18 - - - <0.5 <5.0
102G00-14 6/27/96 6/27/96 19 - 1.3 62.2 362
600H00-36 6/27/96 6/27/96 20 - - - 0.8 <5
-110G10-14 6/27/96 6/27/96 22 - 0.9 199 1.91 <5
118H05-14 6/27/96 6/27/96| 25/26 T 191 307 4,279 1,198
102F00-14 6/27/96 6/27/96 27 T - 0.6 <5 <0.5
400G09-23 6/27/96 6/27/96 9 - 1.96 - < 0.5 <5
400G09-28 8/27/96 6/28/96 8 - 298 2.14 <5 1.98
400G09-36 6/27/96 6/28/96 7 - - - 52 14.1




SAMPLE DATE DATE SAMPLE |[VINYL CHLORIDE] 1,2-TRANS DCE | 1,2-CIS DCE TCE PCE
NUMBER COLLECTED |ANALYZED{ RUN MCL -2 ppb MCL -100 ppb | MCL -70 ppb MCL - 5 ppb MCL- 5 ppb
-218G00-14 6/28/96 6/28/96 12 - 3.23 - - <5
010J05-14 6/28/96 6/28/96 13 - 4.73 - 8.13 <5
010J05-14; Duplicate sent to lab - 1.9J 9.9 2.2
102F00-23 6/28/96 6/28/96 15 - - - - -
102F00-28 6/28/96 6/28/96 16 T 8.48 - - 0.9
-011H14-7 6/28/96 6/28/96 17 - 5.39 1.91 <5 0.7
-011H14-14 6/28/96 6/28/96 18 T B.65 < 1.66 5.28
-011H14-14; Duplicate sent to lab - 0.89J 2.9 6.2
-011H14-36 | 6/28/96] 6/28/96 19 - - 0.5 - <5 2.32
-011H14-36; Duplicate sent to lab - - 0.93J 3.6
-011H14-28 | 6/28/96] 6/28/96 21 - 12.1 - - -
-011H14-28; Duplicate sent to lab - - - -
-218J05-36 6/28/96 6/28/96 22 - 9.84 - - -
-218J05-28 6/28/96 6/28/96 23 - 5.91 - 1.96 9.37
-218J05-14 6/28/96 6/28/96 24 - - - - -
-218G00-28 6/28/96 6/28/96 26 - 8.16 - - -
118H05-7 6/29/96 6/29/96 14 - 5.8 54 454 794
118H05-36 6/29/96 6/29/96 17 - 4.6 <0.5 1.06 1.06
118H05-28 6/29/96 6/29/96 18 - - - - -
108J18-14 6/29/96 6/29/96 27 - <5 - - -
-115J23-14 6/29/96 6/29/96 24 - - - - -
-218G00-36 6/28/96 6/29/96 30 T 3.9 - - -
-115J23-28 6/29/96 6/29/96 26 - 0.6 - - -
108J18-7 6/29/96 6/29/96 32 - 15.7 303 61.7 421
108J18-28 6/29/96 6/29/96 33 - 12.7 - - -
108J18-36 6/29/96 6/29/96 34 - 9.55 - - -
102F00-7 6/29/96 6/29/96 38 - - - - -
-310J05-14 6/29/96 6/29/96 39 T <5 - - <1
-310J05-28 6/29/96 6/29/96 40 T <5 - - <2
-310J05-36 6/29/96 6/29/96 41 T 2.13 - - -
-115J23-7 6/29/96 6/29/96 43 T 2.08 - - <1
200L13-9 6/30/96 6/30/96 8 - - - - 4.98
200L13-16 6/30/96 6/30/96 11 - 4.97 < - -
200L13-30 6/30/96 6/30/96 12 13.6 < - <
010J05-28 6/30/96 6/30/96 16 - 3.5 - - -
-110G10-28 6/30/96 6/30/96 18 - 2.1 - - -
200M15-9 6/30/96 6/30/96 21 - - - - -

Page 3




TABLE 2

FIELD CHEMISTRY RESULTS
19 JUNE TO 30 JUNE 1996
MCRD PARRIS ISLAND DRY CLEANER FACILITY

LOCATION| DATE | TIME |DEPTH| pH | TEMP|TURBIDITY[CONDUCTIVITY] ORP [SALINITY] D.O. (mg/l) | D.O.(mg/l) |TOTAL ALKALINITY
(ft) (°c) | (NTU) (mS/cm) (mV) %  [INSTRUMENT| WINKLER | (mg/l)AS CaCO3

601K13 [19-Jun| 8:35 ] 15 [6.19] 26.3 999 0.804 -791 [ 0.03 0.61 0 60
601K13 [19-Jun| 9:00 | 15 [6.08] 26.2 562 0.792 922 [ 0.03 0.13 0 60
615E15 [19-Jun|14:45| 13 [6.74] 26.4 999 0.399 -146 | 0.01 0.57 TOOTURBID| TOO TURBID
615E15 [19-Jun|15:06| 13 | 6.2 | 25 434 0.392 -80.9 [ 0.01 1.16 0 110
615E15 [19-Jun[17:17] 21 | 6.41 | 28.1 38 0.904 -115.9] 0.05 1.06 2.4 110
615E15 [19-Jun| 17:45] 30 [7.35] 285 200 1.29 458 [ 0.07 1.39 *3.2 270
615E15 [19-Jun|18:42] 37 [7.73] 28 999 1.36 46.7 | 0.07 3.77 4.5 320
322D09 [20-Jun 7.5 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
322009 [20-Jun[ 10:41] 13 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
322D09 |20-Jun|11:54| 22 | 6.3 | 27.4 999 1.92 79 | 0.1 0.02 0’ 120
322D09 [20-Jun|13:32] 28 [6.82] 29.8 259 1.91 -60.8 | 0.11 1.44 1.6 200
322009 [20-Jun|14:17| 36 [7.25] 30.7 290 1.75 -75.8 | 0.08 1.58 *3 320
621C18 [20-Jun 7 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
621C18 |20-Jun|15:58| 14 [6.54 | 27.4 971 0.536 -26.1| 0.02 1.25 1.2? 0
621C18 [20-Jun[17:08[ 21 [7.21] 26.3 399 1.22 -916 ] 0.05 0.36 1.6 300
300C22 [20-Jun[16:09] 7 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
300C22 [21-Jun| 8:15 | 14 | 6.24| 24.8 999 0.439 356 | 0.02 1.16 1.4° 120
300C22 [21-Jun] 927 [ 22 [6.19] 25 999 1.99 -96 | 0.09 0.07 <0.2 110
500C24 {21-Jun[10:26] 7 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
500C24 [21-Jun[11:16] 14 [6.43] 272 999 0.526 4.2 | 0.03 1.57 1.2 150
500C24 [21-Jun[11:55] 22 [ 7.1 [ 279 775 1.3 641 0.07 0.04 <0.2 320
700021 [21-Jun|14:20] 7 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
700D21 [21-Junj15:12[ 14 [677] 292 ] 826 0.595 [-178] 003 | 187 ] 2.4 160
700021 [21-Jun 22 SLOWFILL, WET CHEM SAMPLE NOT TAKEN
800E00 [24-Jun| 8:30 | 7 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
800EQ0 [24-Jun] 9:16 | 14 [6.64] 295 999 0.59 -15.7 ] 0.03 1.1 1.2 150
800G00 |24-Jun[10:19| 7 | 63 | 32 999 0.412 -36.9 | 0.02 0.57 TOO TURBID‘|  TOO TURBID
800G00 [24-Jun|{10:55| 14 | 6.51 | 30.3 999 0.415 11.5 | 0.02 0.64 <0.2' 140
700HO5 [24-Jun[11:41] 7 NO SAMPLE FOR WET CHEMISTRY
700H05 [24-Jun|{12:26| 14 |6.64 | 29 999 0.468 -19.2 | 0.02 0.11 (NO COLOR) N/A
500G20 [24-Jun|13:35] 14 |6.46] 317 999 0.491 2.6 0.02 0.12 - 110
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OCATION| DATE | TIME |DEPTH| pH [TEMP|TURBIDITY{CONDUCTIVITY] ORP [SALINITY] D.O. (mg/l) | D.O.(mg/l) [TOTAL ALKA
(ft) (°C) | (NTU) (mS/cm) (mV) % |[INSTRUMENT| WINKLER | (mg/l)AS
500G20 [24-Jun 7 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
710E24 [24-Jun| 16:15] 7 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
710E24 [24-Jun}16:53] 14 |6.48] 29.8 999 - 0.481 -4.7 [ 0.01 0.04 O FLOC SETTLE 160
710E24 [25-Jun| 8:49 | 22 [6.53| 28 161 0729 [ -49.0] 0.03 1.28. 1.8 85
710E24 [25-Jun| 9:53 | 28 [6.79] 28.2 557 1.12 475 0.05 1.26 1.8 180
600G00 |25-Jun| 11:02] 7 [6.59] 28.5 959 0.568 1244] 0.02 0.8 TOO TURBID| TOO TURBID
600G00 [25-Jun|13:49] 14 [6.36| 29 999 0.444 226 | 0.01 2.89 1.4 95
600G00 |25-Jun 22 ONLY COLLECTED APPROX. 100ml, NOT ENOUGH SAMPLE FOR WET CHEMISTRY
600G00 |25-jun|15:26] 28 | 6.87 | 29.9 999 0.93 449] 0.05 0.68 0.4 160
600G00 [25-Jun]16:06] 34 [7.54] 29 401 1.17 -36.91 0.06 2.48 2.6 280
710E24 [25-Jun]17:04| 38 [7.83] 29.9 541 1.34 348 | 0.07 1.04 1.8 320
404H21 [26-Jun| 8:00 | 7 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
404H21 |26-Jun| 8:58 | 14 [6.13]275] 851 | 0.586 | 132 | 0.03 | 1.74 | 2 ! 110
400G09 [26-Jun]10:26| 7 - - NOT ENOUGH SAMPLE FOR WET CHEMISTRY
400G09 [26-Jun{11:.04] 14 [632]| 266 ] 999 | 0.492 [ 179 ] o002 | 038 ] 06 [ 110
600HO0 [26-Junj11:56] 7 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
600HO0 [26-Jun|13:44] 14 |6.35] 27.7 661 0.468 392 [ 0.02 1.76 24 120
500G20 [26-Jun[14:32| 28 [7.18] 25.1 999 0.901 2.7 | 003 1.68 1.8 210
500G20 [26-Jun|15:23| 34 | 7.63 | 26.6 674 1.23 44.3 | 0.07 1.65 22 400
212G15 [26-Jun[15:56] 14 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
212G15 [26-Jun[16:32] 28 |7.31] 26.8 562 1.48 -16.7 ] 0.08 1.75 *2.6 240
500G20 [26-Jun[17:16] 37 | 7.4 | 253 843 1.17 445] 0.05 1.79 *2.4 300
600H00 [27-Junl 833 [ 23 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
600H00 [27-Jun| 9:15 | 28 |6.89 ] 24.1 891 1.01 -36.0| 0.05 1.14 1.0 180
B00HO0 [27-Jun[10:14] 36 [ 7.39] 242 999 1.18 -125.8]  0.06 0.33 0.2 350
102G00 [27-Jun[11:28] 14 [6.05] 26.5 999 0.92 55.8 | 0.04 1.46 0.8 80
-110G10 127-Jun{12:29] 14 16641 279 999 1.12 11891 0.05 3.96 4.2° 150
118H05 |27-Jun|14:15] 14 | 6.34 | 27.1 600 0.67 30.8 | 0.03 1.92 1 160
102F00 |27-Jun|15:04] 14 |6.17] 27.4 959 0.95 66.1 | 0.04 1.97 1.8 100
400G09 [27-Jun]16:15] 23 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
400G09 [27-Junf16:41] 28 | 7 | 263 999 1.07 -29. 0.04 147 *1.6 200
400G09 [27-Jun[15:10] 36 [7.74] 275 223 1.27 93.8 | 0.05 2.97 4.2 280
-218G00 {28-Jun| 8:08 | 14 |5.65] 23.7 484 2.74 105.8 | 0.13 1.37 1.4 45
010J05 [28-Jun{ 9151 14 |6.14] 255 664 1.06 -1.3 [ 004 1.73 1.8 90
102F00 [28-Jun[10:36] 21 NOT ENOUGH SAMPLE FOR WET CHEMISTRY
102F00 [28-Jun|11:18] 28 | 6.84 | 26.9 324 3.79 -51.9 ] 0.19 1.99 2.4 140
-011H14 |28-Jun{13:15] 7 [6.15] 315 999 0.609 -496 | 0.02 0.43  [TOO TURBID' 80




LOCATION] DATE [ TIME [DEPTH| pH | TEMP[TURBIDITY|[CONDUCTIVITY] ORP [SALINITY] D.O. (mg/l) | D.O.(mg/l) |TOTAL ALKALINITY
(ft) Cc) | (NTU) (mSicm) | (mv) % |INSTRUMENT| WINKLER | (mgll) AS CacO3

-011H14 |28-Jun| 14:12| 14 | 6 | 204 314 152 10.1 | 007 163 18 80
-011H14 |28-Jun| 14:53| 28 | 7.14 | 27.9 358 1.59 62.7 | 0.09 15 2 220
-011H14 |28-Jun| 15:40| 36 | 7.75| 28 213 1.97 w 0.09 3.88 42 340
218J05 |28-Jun|17:00| 14 | 6.36 | 27.7 462 1.54 * 0.07 1.04 1.2 130
-218J05 |28-Jun|17:34| 28 | 7.08 | 26.6 303 1.04 - 0.04 2.05 2.4 140
218J05 |28-Jun|18:11| 36 | 7.42| 254 612 1.42 - 0.06 0.77 16 360
-218G00 [28-Jun|19:13| 28 | 6.96 | 24.3 662 5.35 " 0.28 1.02 16 230
~218G00 |28-Jun| 19:50| 36 | 6.86 | 23.8 109 15.9 w 0.93 151 2.2 320
118H05 |29-Jun| 7:55 | 7 NO SAMPLE FOR WET CHEMISTRY

118H05 |29-Jun| 9:03 | 28 | 7.07] 253 457 1.46 w 0.06 0.6 1.2 260
118H05 |29-Jun| 9.41 | 36 | 7.45 | 25.4 999 1.57 " 0.07 2.44 36 460
-115J23 |29-Jun|10:42| 14 [6.15]| 27 305 1.16 * 0.05 1.42 1.4 60
-115J23 [29-Jun| 11:20| 28 | 7.11 | 26.6 999 0.734 " 0.03 0.35 0.8 180
108J18 [29-Jun| 12:28| 14 | 6.15| 294 587 34 - 0.17 1.51 0.8 70
108J18 |29-Jun| 13:52| 7 | 567 ] 32.6 999 0.516 " 0.02 2.52 0.4 40
108J18 |29-Jun| 14:30| 28 | 7.17 | 28.6 879 0.76 * 0.03 1.75 2 180
108J18 |29-Jun| 15:03| 36 | 7.56 | 29 497 1.26 " 0.05 1.43 12 420
102F00 |29-Jun| 1617 7 NO SAMPLE FOR WET CHEMISTRY

-310J05 [29-Jun] 17-11| 14 , NOT RUN- LOCATING ADDITIONAL SAMPLE POINTS

-310J05 |29-Jun| 17:50] 28 | 6.99] 27.9 999 1.03 = 0.04 1.39 2.2 140
-310J05 |29-Jun|18:23| 36 | 752 27 990 1.39 " 0.06 0.86 1 520
115J23 |29-Jun| 18:54 | 7 NOT ENOUGH SAMPLE FOR WET CHEMISTRY

200L13 |30-Jun| 8.07 | © 6 | 28.4 999 0.235 - 0 3.04 3 60
200L13 [30-Jun| 8:45 | 16 | 6.03 | 256 999 0.372 - 0.01 1.08 0.4 80
200L13 |30-Jun| 928 | 30 | 7.01| 256 999 0.654 = 0.02 1.27 1.4 180
010J05 |30-Jun| 10:10| 28 | 6.75| 26.7 930 0.98 - 0.04 0 <0.2 160
-110G10 |30-Jun| 11:38| 28 | 6.69 | 27.6 188 3.24 = 0.16 0.37 06 180
200M15 |30-Jun| 13:49] 9 NO SAMPLE FOR WET CHEMISTRY

D.O. : Dissolved Oxygen

ORP : Oxidation Reduction Potential
* D.0O. Floc Floating
** Meter Quit Responding

Wery turbid;

gray

?Alk turned pink on addition of BCG

*Floc resuspended on last step
“Too turbid to titrate: very muddy brown

*Floc did not settle
®Very silty

Page 3




H 1 Location
= Rt o AT g mnq&hﬂ-
it P [T ey i d L i nraaciion pont
| 7T} r.' :Jhlmmlm;;«lm‘hl Easi
T . - \". s iy kg )
I::_j v 1 o of gl e 6
; 2 21 0 Enst of griel e W
" - : = - Figure 2B
: AL H WLl e — GEN
|- i a . e - i I,_ - e LEGEND
r ‘;
i : Eslimaled isoconcentralion Comour
Y Rt Sy =l |k (FCE) from June 1994 S & ME Report
| : ik
b Estimated Location of
x w w !L » Ii- = == == Pgiroleum Solvents
| Ii. ! - from June 1884 5 & ME Repon
o L s N b Ll PCE  Telrachiorosifrylena
Al i ppb  parts per billion
3 ppm  parts par million
1 4
" - - e - ll' by P
- - - o . £ -
I
= - . b “ . " = ! . > ppm lofal sobvents
F
| - it Maximiim Contarmination Limit
RUEEJRIEL. M. Tl <15 AU e S L ! | R,
il = i . w1 [ Tolal SSNenE
11 B 1 i [iTE Maxcimum Conaminalion Limit
i £l l ! | MCL) Line
5 i -t T
il ! . { ! . Memimum Contaminalion Limit
g | [ {MCL) Line
I* ] 3 |- - -
L f Maximwm Comtamination Lmit
; - . (MACL) Line
. ™ - - - .'_1- 3 P = - Building
W “' | Bechtel
B At R b TR || ey nac ok &
i Contrart W MEZAET-S0-0-0908
] - ! ] s, _ -
[ s o ' | MCRD Parris lsland, 5C
- . - e - = -~ -~ L 3| e = As-Built Groundwater Sampling Localions
._-g_. ; [y Nilnlllll_ﬂ -‘i“'ﬁ.
s T ;u !EH nﬂmn |'.|
2 it ! - e !
L - T contaminstion al 28 it depth
£ I contaminatbon al 38 1 depih
& & i i = = i e - i ™~ - . -
A 3 o ¥ F [ iR 5 i e L " " Daie: 1198 0.0, M3
T




Sample Location
Numbering Scheme
8 ARy L : 7 S — Gtid intersection point
800.E00 800 GO0 sMA CTRE N :
: A STREET : -
1 ppm (PCE) - PSSR I : 1
7 MOE24 : 61 H21
-
f f Distance in feet North & East
. L from grid intersection point.
7 ~ imax. value would be 25 #).
w o » e * e.g. 16 ft North of grid line 6,
__ PCE storage « and 21 ft East of grid line H.
containment
“ @ ¢ " w w Figure 2A
610 A20 600 GOO 600 HOO
6 - - LEGEND
j 47 I Y Estimated Isoconcentration Gontour
% e w e '7(.3‘” Y Srad | w w (PCE) from June 1994 S & ME Report
5 =
I:-;’«—’ 500 G20 Estimated Location of
w w w L A~ w w Petroleum Solvents
w w from June 1994 S & ME Report
4 l—x " w w wolsog w PCE  Tetrachloroethylene
Bullding 193 « o ppb parts per billion
w x w. e w MWR Dry Cleaners : w "‘.” _ ppm parts per million
300 22 ’ M
3 A ‘ Cone Penetrometer Borehole
3 e e 4 W W
i A  Borehole with no Contamination
* * - B * , 7ty 7 o I Borehole with Contamination
w " w e w w e w ™ w e 118 HOS /4 _  :
” - - L - o o y WL .132300 % s 4 w y)
1 ‘100 E03 / 1o
0
KYUOHA STREET
<Y/ /:// ‘ g /// 1////7-
1 g /// / / // yd
w * W 3 w ///// / / A/S';h/a/lt/ bl x w Building
/ / Parking Lot J . T nf:o"raw Bechtel
w k w x w / ////// . w e W Lodging ?awtﬁaﬁsf‘:_,oglfg:%s @
- . Faclllty onlrac. 0. -~93-
’ 7 /| //.’ -
{ MCRD Parris Island, SC
w * w w w - w » w * * As-Built Groundwater Sampling Locations
— 25’ X 25* —
GRID
W N W W '3 W W W W e W
o
e k. k4 M M e K. 4 M UG N4 M
A B c 0 E F ! K L M N Date: 7/1/96 D.0. #48

Z1.6 9851




APPENDIX A
RESULTS FROM LAB CONFIRMATION SAMPLES



Laboratory Analysis copies are available upon request.



APPENDIX B
RESULTS OF METHANE SAMPLES ANALYZED BY USGS
COLUMBIA, S.C.



United States Department of the Interior

U.S. GEOLOGICAL SURVEY

Water Resources Division
720 Gracern Road - Suite 129
Columbia, SC 29210-7651

Karen Atchley

Bechtel Environmental, Inc.
151 Lafayette Dr.

Oak Ridge, TN 37831-0350

August 20, 1996

Dear Ms. Atchley:

Please find enclosed results for dissolved inorganic carbon (DIC) and methane (CH,) for the wells
you sampled at the Parris Island dry cleaners site.

There is quite a range in DIC concentrations; | gather that sample PI-161711 is the background
well, and the others are contaminated (> 200 mg/L DIC is a large number). These elevated DIC
numbers can indicate significant mineralization of hydrocarbons if most of the DIC is from CO,
generated by such a process. For methane, 0.1 to 1.2 mg/L is not high, but does indicate some

methanogenesis has occurred in those wells.

Thanks for your patience while these samples were being analyzed.

Sincerely,

R B

ames E. Landmeyer, Ph.D.



DIC and METHANE concentrations at Parris Island Site.

June 19-20, 1996

NA = NOT ANALYZED; ND = BELOW DETECTION LIMIT OF 0.01 mg/L OR 1 uM.

SAMPLE UNCORRECTED DIC CORRECTED DiC METHANE
HEAD SAMPLE ~ SAMPLE HEAD SAMPLE
pM maq/L uM ‘mg/L’ uMm uM mg/L uM

BLANK 18.7 5.6 127 1 ND§
Bechtel -~ PI161711 2543 88.0 2001.1 1874.0 11 ;1_.’.1 72.1

Pl1617214 804.5 240.7 54704 53434 1 10.1 8.6

PI1617304 797.8 238.7 5424.8 5297.7 ND

PI1617305 655.5 196.1 4457 .4 4330.3 ND




Data File Name : C:\HPCHEM\1\DATA\BECH0696\001F0101.D

rerator : PAUL M BRADLEY Page Number 1

istrument : MSG TCD Vial Number ;1
Sample Name : 5% STD Injection Number 1
Run Time Bar Code: Sequence Line : 1
Acquired on : 20 Aug 96 11:17 AM Instrument Method: CO2&CH4 .MTH
Report Created on: 20 Aug 96 12:36 PM Analysis Method : CO2&CH4.MTH
Last Recalib on : 09 JUL 96 03:37 PM Sample Amount : 0
Multiplier : 1 ISTD Amount :

Calibration Table
Pk# RT Lvl umol/L Amt /Area Ref Istd I# Name
1 2.374 1 1631.0 1.2739e-003 1 CH4
2 4.671 1 2036.0 8.9395e-004 2 COoz2
Calibration Settings

Title:
Reference window: 5.000 %
Non-reference window: : 5.000 %
Units of amount: ~umol/L
Multiplier: 1.0
RF uncal peaks: 0.0
“~mple Amount: 0.0

Sample ISTD Information

No Sample ISTD Amounts

Multilevel Information

Fit: Linear
Origin: Force



Data File Name : C:\HPCHEM\1\DATA\BECH0696\002F0101.D

“werator : PAUL M BRADLEY Page Number 1

Astrument : MSG TCD Vial Number : 2
Sample Name : 5% STD Injection Number 1
Run Time Bar Code: Sequence Line 1
Acquired on : 20 Aug 96 11:56 AM Instrument Method: CO2&CH4 .MTH
Report Created on: 20 Aug 96 12:36 PM Analysis Method : CO2&CH4.MTH
Last Recalib on : 20 Aug 96 12:36 PM Sample Amount : 0
Multiplier .1 ISTD Amount :

Calibration Table

Pk# RT Lvl umol/L Amt /Area Ref Istd I# Name
1 2.377 1 1631.0 1.3014e-003 1 CH4

2 4.679 1 2036.0 9.2406e-004 2 Co2

Calibration Settings

Title:

Reference window: 5.000 %
Non-reference window: . 5.000 %
Units of amount: umol /L
Multiplier: 1.0
RF uncal peaks: 0.0
“ample Amount: 0.0

Sample ISTD Information

No Sample ISTD Amounts

Multilevel Information

Fit: Linear
Origin: Force



Data File Name : C:\HPCHEM\l\DATA\BECHOS96\003F0101.D
nerator : PAUL M BRADLEY Page Number
Astrument : MSG TCD Vial Number
Sample Name : BLANK Injection Number
Run Time Bar Code: Sequence Line
Acquired on : 20 Aug 96 12:34 PM Instrument Method:
Report Created on: 20 Aug 96 12:41 PM Analysis Method
Last Recalib on : 20 Aug 96 12:36 PM Sample Amount
Multiplier : 1 ISTD Amount
Sig. 1 in C:\HPCHEM\1\DATA\BECH0696\003F0101.D
Ret Time Area Type ‘Width Ref# Iumol/L Name
___________________ e [ . __-_____|________-_________
| 2.377 * not found * 1 CH4

4.809 22032 pPV 0.164 2- 20.359 CO2

Not all calibrated peaks were found

oW e

CO2&CH4 .MTH
CO2&CH4 .MTH
0



Data File Name : C:\HPCHEM\ 1\DATA\BECH0696\004F0101.D
rerator : PAUL M BRADLEY Page Number 1
astrument : MSG TCD Vial Number H
Sample Name : BLANK Injection Number 1
Run Time Bar Code: Sequence Line 1
Acquired on : 20 Aug 96 12:40 PM Instrument Method: CO2&CH4 .MTH
Report Created on: 20 Aug 96 12:46 PM Analysis Method : CO2&CH4.MTH
Last Recalib on : 20 Aug 96 12:36 PM Sample Amount : 0
Multiplier : 1 ISTD Amount :
Sig. 1 in C:\HPCHEM\1\DATA\BECH0696\004F0101.D
Ret Time Area TypefwidthIRef# |umol/L | Name
2.377 * not found * 1 CH4
4.805 20222 PV 0.161 2- 18.686 CO2

Not all calibrated peaks were found



Data File Name

C:\HPCHEM\ 1\DATA\BECH0696\005F0101.D

erator PAUL M BRADLEY Page Number 1
-lstrument MSG TCD Vial Number 5
Sample Name : BECHTELPI161711 Injection Number 1
Run Time Bar Code: Sequence Line 1
Acquired on : 20 Aug 96 12:46 PM Instrument Method: C0O2&CH4.MTH
Report Created on: 20 Aug 96 12:59 PM Analysis Method : CO2&CH4.MTH
Last Recalib on 20 Aug 96 12:36 PM Sample Amount : 0
Multiplier 1 ISTD Amount :
Sig. 1 in C:\HPCHEM\l\DATA\BECH0696\OOSF0101.D
Ret TimeI Area Type'WidthIRef# umol /L Name
, ___________________ e [ U
2.423 8158 MM 0.087 1 10.617 CH4
4.799 318462 FV 0.169 2 - 294 .279 CO2

User Modified



Data File Name : C:\HPCHEM\1\DATA\BECH0696\006F0101.D
"merator : PAUL M BRADLEY Page Number 1

istrument : MSG TCD Vial Number 6
Sample Name : BECHTELPI1617214 Injection Number 1
Run Time Bar Code: Sequence Line 1
Acquired on : 20 Aug 96 12:52 PM Instrument Method: CO2&CH4.MTH
Report Created on: 20 Aug 96 12:59 PM Analysis Method : CO2&CH4 .MTH
Last Recalib on : 20 Aug 96 12:36 PM Sample Amount : 0
Multiplier ;1 ISTD Amount :
Sig. 1 in C:\HPCHEM\1\DATA\BECH0696\006F0101.D
Ret Time Area IType[Widtthef# Iumol/L | Name
I 2.413| 967 MM 0.088 1 1.259 CH4

4.768 870582 PV 0.171 2 - 804.473 CO2

User Modified



Data File Name : C:\HPCHEM\1\DATA\BECH0696\008F0101.D
cerator : PAUL M BRADLEY Page Number 1
Astrument : MSG TCD Vial Number : 8
Sample Name : BECHTELPI1617305 Injection Number 1
Run Time Bar Code: Sequence Line i1
Acquired on : 20 Aug 96 01:05 PM Instrument Method: CO2&CH4.MTH
Report Created on: 20 Aug 56 01:11 PM Analysis Method : CO2&CH4.MTH
Last Recalib on : 20 Aug 96 12:36 PM Sample Amount : 0
Multiplier 1 ISTD Amount :
Sig. 1 in C:\HPCHEM\1\DATA\BECH0696\008F0101.D
Ret Time Area lTypel'Widtthef# Iumol/L Name
I 2.423' 87 MM 0.055 1 0.113|CH4

4.782 _ 709362 MM 0.182 2 - 655.496 CO2

User Modified



Data File Name

C:\HPCHEM\l\DATA\BECHO696\OO7F0101.D

~erator PAUL M BRADLEY Page Number 1
istrument MSG TCD Vial Number 7
Sample Name : BECHTELPI1617304 Injection Number 1
Run Time Bar Code: Sequence Line 1
Acquired on : 20 Aug 96 12:58 PM Instrument Method: CO2&CH4 .MTH
Report Created on: 20 Aug 96 01:05 PM Analysis Method : CO2&CH4.MTH
Last Recalib on 20 Aug 96 12:36 PM Sample Amount : 0
Multiplier 1 ISTD Amount :
Sig. 1 in C:\HPCHEM\l\DATA\BECHO696\OO7F0101.D
Ret Time, Area Type ‘Width Ref# umol/L Name
e I SR ) PR B .
2.423 144 MM 0.073 1 0.188 CH4
4.770 863320 MM 0.183 2. 797.762 CO2

User Modified



APPENDIX C
GEOLOGIC INFORMATION FROM DIRECT PUSH



CONDUCTIVITY/PIEZOCONE SOUNDING TEST



FEET

SOUNDING DEPTH,

PQINT 8TRESS-QC

CONDUCTIVITY / PIEZOCONE SOUNDING TEST

POINT 8TREER-QC

PORE PREEBBURE-U CONDUCTIVITY LOCAL FRICTION-® FRAICTION RATIO- FR
0 Ka/CH® 500 0 Ka/cH® 5 9 K@/CH® 5 0 mA 250 0 Ka/cu® 10 0 x 10
1 1 1 1 1 ' 2 1 N 1 1 I 1 ] 1 2 1 1 N 3 1 : 1 ] . s B T | )
e < 4 4
4 L 9 9 <
4 - ] ) . <
4 4 < 4 <
il +] ) ] } ]
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n4 9 { 1 1
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. - L e e 1
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4 4 4 < - L <
4 + o 4 o <
- v - L - L
1 ‘ 4 ] ]
4 + 9 4 L E JE—
4 < 4 < - -«
Cd 4 4 9 4
(=3 4 P - e -
#4L\* by -kz 4 =7 4 4 ?
d d 4 4 4
p o < 4 L L
4 4 4 4 4 4
- -4 - - = E
gi 4 4 L
4 4 4
4 4 9 9 4
4 4 < 4 L
8. P P o L P

. PUSH INTEFRUPTED TO ADO ROO
PORE PRESSURE DECAY DATA MAY BE AVAILABLE

FILE #..... BECHTEL

PARRIE IGLAND CLEANERS

PROJECT# 22867-145~5C-~-0894
SOUNDING # .,., 400E03

TEST DATE 08-20—-1998 00: 2B: 44




IN-SITU TECHNOLOGY SOIL BEHAVIOR TABLE
FOR SOUTHEASTERN UNITED STATES SOILS

JOB NAME ......... BECHTEL ENVIRONMENTAL
PARRIS ISLAND CLEANERS
PROJECT# 22567-145-SC-0594

FILE NAME......... 100E03
DEPTHE  SOIL BEZAVICR PT LF ¥ VERTICAL  RELATIVE FRICTION  YOUNGS ONDRAINED  SENSITIVITY (0¥2. QCR
FEET TYPE (XG/CY2) (KG/CM2) VALUES  EFFECTIVE DENSITY  ANGLE 0DULUS  SHEAR
STRESS (%) (DEGRESS) (KG/C¥2) STRENGTE
(K6/C42) (KG/C¥2)
3 - i %% ki1 it
1 DENSE OR CEMENTED S. 6084.4 49 1014
1014 .038 >90% >48 13385 -- -- -- --

2 CLAYEY FINE SAND 2 Jd1roo9 09 107 403-50%  44-46 52 -- -- -- --
3 SANDY CLAY 19.5 A8 9 9 151 -- -~ -- 1.21 i1 01 »6
4 CLAYEY FINE SAND 30.2 .59 12 12 20 50%-60%  42-44 1) -- -- -- --
5 SILTY TO CLAYEY F.S. 25.7 .28 08 8 .21 403-50%  40-42 56 -- -- -- --
6  SILTY CLAY TO CLAY 22.6 .85 15 15 - 258 -- -- -- 1.39 2.% U 6
7  SILTY TO CLAYEY F.S. 414 .42 IERRE .289 80%-70% 42-44 95 -- -- -~ --
8 CLAYEY FINE SAND 1.9 24 8 8 319 40%-50%  38-40 43 -- -- -- --
9 CLaY 30.6 1.54 30 30 344 -- -- -- 1.88 1.9 i >6
© CILTY T0 CLAYEY F.S. 105.9 1.81 35 35 75 70%-80% 44-45 235 -- -- -- --

' ILTY FINE SAND 134.3 1.6 33 33 406 803-903  46-48 295 -= -- -- --
. ILTY FINE SAND 75.2 .54 19 19 AN 70%-80%  d2-44 187 -- -~ -- --
13 CLAYEY FINE SAXD 13.8 32 T 1 467 <40% 36-38 4] -- -- -- --
14 CLAYEY FINE S2ND 26 4l 10 10 .498 <40% 36-38 57 -- -- -- --
13 CLAYEY FINZ SAND 21.9 .26 3 38 529 <403 36-38 13 -- -- -- --
16 CLAYEY FINE SAND 19.1 26 1T 1 .56 <40% 34-3% 42 -- -- -- --
17 CLAYEY FINE SAND 17.1 22 5 6 .59 403 34-36 37 -- -- -- --
18 SILTY TO CLAYEY F.S. 19.4 .05 5 6 621 <40% 34-36 {2 -- -- -- --
19 CLAY 6.5 22 6 b .646 -- -- -- 13 2.9 .03 3
20 SILTY CLAY TQ CLAY 1.9 18 5 5 873 -- -- -- 42 .2 .03 3
21 SANDY CLaAY - 10.1 260005 8 101 -- -- -- .55 3.8 023
22 CLAYEY FINE SAND 20.3 25 88 132 <403 34-35 4 -- -- -- --
23 SILTY TO CLAYEY F.§ 28.4 1 § 9 162 403 36-38 62 -- -- -- --
24 SILTY TO CLAYEY F.S. 214 A3 1 07 793 <40% 32-34 47 - -- -- --
25 SILTY TO CLAYEY F.S. 23.4 .23 7 1 A2 <403 34-36 51 -- -- -- -~
26 SILTY TO CLAYEY F.S. 22.2 19 T 855 <40% 12-U4 43 -- -- -- --
27 SILTY TO CLAYEY F.S. 2.9 .2 T 1 .885 <403 32-34 49 -- -- -- --
28 SILTY TO CLAYEY F.S. 510 9 17 17 916 40% 38-40 112 -- -- -- --
29 SILTY 10 CLAYEY F.S. 58.2 .89 19 19 847 40%-50% 18-40 i28 -- -- -- --



JE03 CONTINUED BECHTEL ENVIRONMENTAL
g SOIL BEZAVIOR P LF iy
TYPE (KG/CH2} (KG/CH2) VALUES
SILTY 7O CLAYEY F.§.  42.3 S9N
CLAYEY FINE SAND 1.9 g9 1212
SILTY TO CLAYEY F.S. 48.8 83 1616
SILTY TO CLAYEY F.§.  34.3 29 111

CLAYEY FINE SAND 20.4 21 878
CLay 37.8 2.2 31 31
SILTY 70 CLAYEY F.§.  71.5 1.08 25 25
SILTY TO CLAYEY F.S. 8.7 68 12 12
SILTY T0 CLAYEY F.S.  47.9 86 19 18
SILTY FINE SAND 46.4 280 11 1
SANDY CLAY 26.3 .86 13 13

4 §'=POINT STRESS#(.2:.04*FRICTION RATIO)

£ HORMALLY CONSOLIDATED SANDS

L 3]
itz

FOR OVERCONSOLIDATED SANDS,SLIGHTLY REDUCE ABOVE FRICTION ANGLES

VERTICAL

STRESS

978

1.008
1.039
1.07

1.101
1.126
1.156

1.187 -

1.218
1.249
1.27%

RELATIVE
DENSITY

<403
403
<403
40
<403

40%-50%
403
<403
<403

FRICTIOY

ANGLE

36-38
34-36
36-38
1-36
30-32

38-40
34-38
36-18
318-38

T0UNGS
¥ODULUS

93
10
107
76
4

105
102

FOR OVERCONSOLIDATED SANDS, YOUNG'S MODULUS MAY BE AS MUCH AS 3 TO 6 TIMES BIGHER
NR OF 16 USED. FOR OVERCONSOLIDATED CLAYS, AN ¥K OF 17 IS SUGGESTED

UNDRAINED
SHEAR §7

SINSITIVITY

(o)

TRE ABOVE DATA WAS COMPUTED FOLLOWING 'BASIC' GUIDELINES BY P. K. ROBERTSON AND R. G. CAMPANELLA IY THE EA¥DBOOX
PERTATION OF THE ELECTRONIC COME PZNETRATION TEST'

"GUIDELINES FOR USE AND INTER

ADDITIONAL LOCAL CORRELATIONS DEVELOPZD BY IN-SITU TECANOLOGY EAVE ALSO BIEN USED IN COMPUTING T3T ABOVE DaTA.

IT IS THE POLICY OF IN-SITU TECHYOLOGY TO CONTINUALLY UPGRADE AND ¥CDIFY C.B.T CORRELATIONS AS
PUBLISEED RESEARCE AND LOCAL EXPERIENCE GROWS.

>

0CR



CONDUCTIVITY / PIEZOCONE SOUNDING TEST

POINT BTREBS-QC POINT 8TRESS8-QC POAE PRESBURE-U CONDUCTIVITY LOCAL PRICTION-F FRICTION RATIO-~ PR
0 K8/CHR 500 0 Ke/cu® 50 0 K@/CM® 5 0 BA 250 0 K@/CH® 0 o0 X 0
1 1 1 1 3 3 L 1 L '] I 2 1 1 ) ¢t L i 1 1 ] 1 1 2 1 ] L 1 i 1
. ] ) 4 : :
Ay —_— |4 4
{ : ; :
* * <4 L
[ -4 - E L
~ . 4 1
. ) ' ;
W 1 ]
w + .
I.Lﬂ.‘ -; g -F ...
4 4
T ] I
}- 8-4 > - - o -z ;
L ] ‘ ] 1
4 - r - B r
L] ol 4
Z 4 < 4 < 4 4
H 4 F 4 4
%g- : -: L -: o
J ; ]
8] 4 - 9 L
w 4 4 <
A ] : ' ) ]
: I 3 1 ‘ ]
34 L P L - -
] ‘ 1 1 )
{ 4 4
9] * * ] ] ]
4 4 4 4
4 L L
4 < 4 4 L
(=3 J E p o o
)
FILE #..... BECHTEL
PUSH INT ED T0 ADO ROO PARRIS ISLAND CLEANERS
. ERALPT PROJECT# 22867-4145-5C-0894
PORE PREBSURE OECAY DATA WAY BE AVAILABLE SOUNDING # .. 200L43
TEET DATE 0B-~29-4988 20! 31: 24




JOB NAME

FILE NAME

DEPTE  SOIL BEBAVIOR

FEET

O OO =~ O U ke L )

TYPE (KG/CM2) (KG/CM2) VALUES  EFFECTIVE DENSITY
STRESS (%)
(X6/C¥2)
g T
DENSE OR CEMENTED S.  314.3 1.83 52 92 .058 »903
FINE S3%D 213 1.2 9 & 12 »90%
FINE Sa¥D 191.8 2.07 38 38 166 908
FINE S2%D 267 1.8 53 53 219 2903
SILTY FINE SAND 129.9 1.5 12 % .25 E
SILTY 70 CLAYEY F.S.  78.7 1.04 26 2% .281 70%-80%
SILTY FINE SAND 89.7 S 0 12 708-803
FINE SAYD 118.6 823N 48 803-90%
FINE SAND 97.4 66 1919 .378 70%-80%
JILTY FINE SAND 81.7 5420 20 409 70%-80%
SILTY FINE SAYD 15 .6 18 18 A4 §03-70%
SILTY T0 CLAYEY F.S.  50.8 5416 16 AT 50%-503
SANDY CLAY 16.7 A1 0§ 8 498 -
SILTY CLiY T0 CLAY 5.1 1 303 528 --
CLAYEY FINE SAYD 11.7 A5 4 556 (403
CLAYEY FINE SAND 10.2 04 4 .587 403
CLAYEY FINE SAND 11.8 03 4 517 <403
SILTY 7O CLAYEY F.S.  17.1 05 5 5 548 <403
CLAY 13.4 84 1313 673 --
3 §'=BOINT STRESS*(.2+.04*FRICTION RATIO)
i SORMALLY CONSOLIDATZD SANDS
e 0% OVERCONSOLIDATED SANDS,SLIGHTLY REDUCE ABOVE FRICTION ANGLES

PT

IN-SITU TECHNOLOGY SOIL BEHAVIOR TABLE
FOR SOUTHEASTERN UNITED STATES SOILS

.........

LF

BECHTEL ENVIRONMENTAL

PARRIS ISLAND CLEANERS
PROJECT# 22567-145-SC-0594
200L13

Ny

VERTICAL

RELATIVE

FRICTION
ANGLE
(DEGREES)

k%

48
48
48
48
45-48
44-46
44-44
45-48
44-4¢6
44-46
12-44
40-42

32-34
30-32
30-32
12-34

Y0UNGS
HODULUS
(K6/C¥2)

xxk

i FOR OVERCONSOLIDATED SANDS, YOUNG'S MODULUS ¥AY BE AS MUCH A5 3 T0 6 TIMES BIGHEER
®x:2 N7 QF 16 USED. FOR OVERCONSOLIDATED CLAYS, AN NX OF 17 IS SUCGESTED

UNDRAINED  SENSITIVITY CO¥3. 0GR
SHEAR

STRENGTE

(RG/CN2)

xik%

THE ABOVE DATA WAS COMPUTED FOLLOWING 'BASIC' GUIDELINES 5Y P. K. ROBERTSON A¥D R. 6. CAMPANELLA IN THE IANDBOOK

"GUIDELINES FOR USE AND INTERPERTATION OF THE ELICTRONIC CONE PEYETRATION TEST'

ADDITIONAL LOCAL CORRELATIONS DEVELOPED BY IN-SITU TECENOLOGY HAVS ALSO BEZY USED I¥ COMPUTIYG TZZ ABOVE DATA.
[T IS THE POLICY OF IN-SITU TECENOLOGY TO CONTINUALLY UPGRADE AND XODIFY C.?.T CORRELATIONS aS
PUBLISEED RESEARCH AND LOCAL EXPERIENCE GRO4S.



FEET

SOUNDOING OEPRPTH,

CONDUCTIVITY / PIEZOCONE SOUNDING TEST

POINT BETHEBS-QC ROINT BTREBE-QGC PORE PRESBURE-U CONDUCTIVITY LOCAL FRICTION-F FRICTION RATIO- PR
0 KB/CH® 500 0 Ka/CH® 0 0 Ka/cu® 5 0 mA 250 ¢ KB/CM 0 0 X 10
] 1 1 i ] ] [ ] 1 I 1 1 'l 1 1 1 [l I 1, 1 ] 1 1 1 A 3 I 1 I i 1
L=
4 4 <
] ] ] i’
4 + A o 4 4
' e « - - L
- * 4 4 < <
4 4 4 4 4
1 4 4
4 - 9 <
3- - L « e -
] . ] ]
] ) 4 ]
:'!. + e -4 4
4 4 4 4
4 < 4 4
4 - 4 4
4 1 4 : 7 :
S ] : ' 1 :
4 4 L 4 L
y 4 4 4 4 4
4 - 4 4 4 9 L
4 E - L - b
n. 4 1 4 4 4
< + 4 4 < 4
] ] ] ] ] ]
o . d 4 J J B
md L L | 4 4 4
4 4 4 1 91 9
4 - 4 4 4 4
<4 A < < < J
p ‘g‘\ - - e P P
“ﬂ< L 4 L 4 4
< - < < 4
4 4 4 < 4 4
o ; { 4 ;
= o -t L - -
*, < 4 4 4 <
4 <4 1 1 4
4 4 1 9 4 4
4 « « 4 <
5.4 ~ L - - L
1 : 4 4 o
ol ] ] ] ] ]
0

FILE #..,.. BECHTEL

PARRIE IBLAND CLEANERS
» PUBH INTERRUPTED TO ADD ADO PROJECT#

22567~1458-8C~-0594
PORE PAESSURE OFCAY OATA KAY BE AVAILABLE SOUNDING & .... 322009

TESET DATE 06-20-4998 08: 52: 04




DEPTE
FEET

D OO 1 O LTV e D O s

13
14
15
16
17
13
19
20
21
22
23

4
25
26
21
28
29
10

JOB

FILE NAME

SOIL BEHAVIOR
TYPE

SILTY 70 CLAYEY F.S.
SILTY FINE SAND
SILTY FINE SAND
SILTY FINE SAND
SILTY FINE SAND
SILTY TO CLAYEY F.S.
SILTY FINE SAND
SILTY TO CLAYEY F.S.
SANDY CLAY

"LAYEY FINE SAND
>ILTY FINE SAND

FINE SA¥D

SILTY FINE SAND
CLAYEY FINE SAND
CLAYEY FINE SAND
SANDY CLAY

SANDY CLAY

(LAY

CLaY

SANDY CLAY

CLAYZY FINE SAND
CLAYEY FINE SAXD
CLAYEY FINE SAND
SANDY CLAY

SANDY CLAY

SILTY CLAY T0 CLAY
SANDY CLAY

SILTY T0 CLAYEY F.S.
SILTY FINE SAND
SILTY FINE SAND

NAME

T

IN-SITU TECHNOLOGY SOIL BEHAVIOR TABLE
FOR SOUTHEASTERN UNITED STATES SOILS

.........

LF

y

BECHTEL ENVIRONMENTAL
PARRIS ISLAND CLEANERS
PROJECT# 22567-145-SC-0594

(KG/C¥2) (KG/CM2) VALUES

26.4
§0.3
83.7
48.2
74
29.9
67.7
21.1
10.3
28.7
123.5
170.1
49.1
13.1
12.6
11.5
11.7
5.4
1.8
13.9
11.8
11,2
11
9.4
1
§.4
1%
9.5
85.1
§7.9

.29
37
.14
.21
27
.32
43
.28
.26
1

1.37
1.14

.18
13

A2

.22
19
.23
.76
Al
A1
A7
A1
.22
Al
17
.48
Al
.15
.52

15
15
12
18

16

11

30
H

o o—
~

—

e G e e g e O LN LA N Y

D e OO
—— O

322D09%

hE VERTICAL  RELATIVE
EFFECTIVE DENSITY
STRESS (%)
(XG/C¥2y

# *

8 .048 50%-50%

15 .097 70%-803%

15 8 70§-80%

12 195 60%-70%

18 228 70%-80%

9 .258 403%-50%

16 287 70%-80%

9 118 40%-50%

5 345 --

1 376 40%-50%

30 407 80%-90%

M R 90%

12 ATl 50%-4503

5 .502 <40%

5 532 403%

5 .56 --

5 587 --

5 612 -~

11 637 --

b .6od --

4 .895 40%

4 126 40y

4 LY <403

{ 784 --

3 A1 .-

4 .838 --

8 .868 --

16 897 <403

21 927 503-80%

11 958 50%-50%

FRICTION
AYGLE
(DEGREES)

%%

YOUNGS
¥0DULUS
(RG/CM2)

ER 21

58
132
140
106
162
85
148
80
83
271
KNE!
108

UNDRAINED
SHEAR
STRENGTH
{KG/CH2)

kikk

SENSITIVITY

oz,

0CR



DEPTH
FEET

il
1
13
3
35

2009 CONTINCED

TYPE

SILTY FINE SAND
SILTY FINE SAND
SILTY FINE SAND
SILTY FINE SAND
(LAY

6

SOIL BEZAYIOR

BECATEL ENVIRCNMENTAL

PT

LF

Bt

}1’ }

(RG/CHZ) (KG/CMZ) VALUES

15.1
91.5
107.8
103.2
10.3

.39
17
1.06
1.03
4.86

18
22
25
25
70

13
21
26
25
10

N'=POINT STRESS#(.2:.04*FRICTION RATIO)

NORMALLY CONSOLIDATED SANDS
ki FOR OVERCONSOLIDATED SANDS,SLIGHTLY REDUCE ABOVE FRICTION ANGLES

YERTICAL
STRESS

.989
1.02
1.03
1.081
1.106

RELATIVE
DENSITY

50%-60%
503-60%
§0%-70%
50%-60%

FRICTIOY
ANGLE

18-40
40-42
40-42
40-42

TOUNGS

H0DULUS

168
201
231
227

it FOR OVERCONSOLIDATED SANDS, YOUNG'S XODULUS MAY BE AS MUCH AS 3 TO 6 TIMES HIGHER
¥it NK OF 16 USED. FOR OVERCONSOLIDATED CLAYS, AN NR OF 17 IS SUGGESTED

UNDRALNED
SHEAR ST

SENSITIVITY

(042,

TEE ABOVE DATA WAS COXPUTED FOLLOWING 'BASIC' GUIDELINES BY P. K. ROBERTSON A¥D R. G. CAMPANELLA IN THE EANDBOOX

ADDITIONAL LOCAL CORRELATIONS DEVELOPED BY IN-SITU TECENOLOGY BAVE ALSO BEEY USED IN COMPUTING THE ABOVE DATA.

"GUIDELINES FOR USE AND INTERPERTATION OF THE ELECTRONIC COSE PENETRATION TEST'

IT IS THE POLICY OF IN-SITU TECENOLOGY TO CONTINUALLY UBGRADE AND MODIFY C.P.T CORRZLATIONS AS
PUBLISHED RESEARCHE AND LOCAL EXPERIENCE GROWS.

cr



CONDUCTIVITY / PIEZOCONE SOUNDING TEST

POINT STREBB-QC

- POINT BTR!!.BG—QG PORE PREBBURK-U CONDUCTIVITY LOCAL PRICTION-F FRICTION RATIO- FR
0 K@/CH 500 0 KRB/CM 50 0 K8/CH® g 0 =A 250 0 Ke/CH® 10 0 X {0
o 1 i 1 2 1 3 1 1 ] ] Il I 1 1 : 3 1 1 L ] : [ 1 ] I I I3 1 1 1
4 1 1 4
I 4 4 4 o 4
| T 4 4 4 4
4 + 4 4 < 4
'
p B L o o
0 * 4 4 4 4 :
4 < 4 Ll L <
< < 4 4 - L
4 * L 4 4 F
o 4 4 . R
Ll
e . ' ] :
(VR 1 R L 4
4 4 4 4
ulu-l_l]. A P E . o
Y . ] ] ] ]
: 1 ] ] ] ] ]
- & L 4 4 4 4
n_ T4 1 4 9
w9 4 4 4 o
0 v 4 4 : :
o 9] ] ! ) ) ]
T 4 4 L
E « L | 4 < <4
0] -] : ] ] ]
m
4 < 4 4
:] 4 4 < 4 4
(o T4 L 4 4
U) 4 4 4 < <
B -] 1 ‘ : *
4 4 4 4
1] = ] '
. + 4 4 — 4 <
(=P B L = B -
-~
P < 4 4 <
4 4 4 4
4 4 4 4
4 4 4 9
~ L - - -t
g: 4 4 4 L
4 4 9 4 4
d 4 4 4 L |
4 1 4 4 4 1
'?’_ g . p o <

. PUBH INTERARUFTED T0 ADD ROD
PORE PRESSURE DECAY DATA MAY BE AYAILABLE

FILE #..... BECHTEL

PARRISE ISLAND CLEANERS
PROJECTA 22567-4145-5C~0594
SOUNDING # .... 604iK13

TEST DATE 06-18-49396

19: 33

18




DEPTE
FEET

A WO OO ] O LN e s

L
14
15
1%
17
18
19
20
21
22
23
24
25
26
21
28
29
30
31

JOB NAME

FILE NAME

SOIL BEEAVIOR
TYPE

DENSE OR CEMENTED S.
FINE SAND

SILTY FINE SAND
SILTY FINE SAND

FINE SAND

SILTY FINE SAND
CLAYEY FINE SAND
CLAY
SOFT CLAY

“LAY

LAYEY FINE SAND
SILTY 70 CLAYEY F.S.
SANDY CLAY
CLat
CL3
CLay

SANDY CLAY

SENSITIVE FINE GRAIN
CLAY

SOFT CLay
CLAY

SILTY TO CLAYEY F.S.
FINE SAND
SILTY FINE SAND
SILTY FINE SAND
SILTY FINE SAND

FINE SAND

FINE SAYD
SILTY FINE SAND
SILTY FINE SAND

PT

IN-SITU TECHNOLOGY SOIL BEHAVIOR TABLE

FOR SOUTHEASTERN UNITED STATES SOILS

L7

BECHTEL ENVIRONMENTAL
PARRIS ISLAND CLEANERS

PROJECT# 22567-145-58C-0594

(KG/CH2) (KG/CH2) VALUES

203.%
105.9
43.1
86.9
150
13
15.9

.
i Y T .
- - s o n
wy oo s

D s e
o WO .

LN AD O 4 s D D b ) DD e D
[ S

—
oy .
. p— — v -
o

103.2
138.5
1117
107.3
93.1
127
117.6
82.4
84.5

15
21
.23
.98
1.11
g2
.22
.26
18
21
49
A7
.19
33
.59
)
59
Nl
A3
{
15
1.76
1.23
1.38
1.32
.38
1.3
.89
.98
1

601K13
NON' VERTICAL  RELATIVE
EFFECTIVE DENSITY
STRESS (%)
{RG/CH2)

§ ¢
KRB .058 »90%
112 12 80%-903
1010 161 §0%-70%
AR AN 191 70%-80%
3030 .225 »90%

19 19 - .25 703-80%
b 8 .286 <403%

i 04 Al --

2 2 327 --
i .352 --

9 9 .383 <40%

T 1 414 <40%

5 05 41 --

3 3 466 --

g 9 491 --

11 11 516 -~

§ 9 543 --
I .565 -~

§ 9 .59 --

5 5 .606 --

15 15 631 --

RE ST .662 603-703
Y 695 70%-803
20 126 - 50%-70%
26 2% 756 §0%-70%
23 23 187 60%-70%
25 15 .82 703-80%
313 .854 603-70%
20 120 .B84 50%-60%
i 915 50%-50%

FRICTION

A5G

(DEGREES)

LE

k%

70UNGS
40DULUS
(RG/CH2)

t1k

47
232
94

191
330
173

UNDRAINED

SHEAR

STRENGTE
(XG/CHL)

kit

SENSITIVITY

L N S U S U T )

o -
O M L O O
-~

— e .

{eyz,

T3 0 O
fas 1~

A2
it
03
02

01

0CR



J1813 CONTINUED

DEPTE  SOIL BEHAVIOR

FEET

kY,
1
34
35
36
kY
18

TYPE

SILTY FINE SAND
FINE SAND
FINE SAND
SILTY FINE SAND
FINE SAND
FINE SAND
SILTY FINE SAND

BECHTEL ENVIRONMENTAL

PT

L¥

¥

N’V

(KG/CH2) (KG/CHZ) VALUES

103.2
130.3
1347
79.3

118.5
147.2
101.4

97
1.06
.61
.93
1.08
5
1.42

25
26
26
19
23
29
25

25
26
26
19
23
29
25

¥'=POINT STRESS*({.2+.04*FRICTION RATIO)

NORMALLY CONSOLIDATED SANDS
% FOR QVERCONSOLIDATED SANDS,SCIGHTLY REDUCE ABOVE FRICTION ANGLES

VERTICAL
STRESS

946
979
1.012
1.043
1.076
1.1

L4

RELATIVE
DENSITY

§03-70%
§0%-703
703-303
50%-60%
§0%-70%
70%-803
50§-60%

FRICTION

ANGLE

40-42
42-44
42-44
18-40
40-42
42-44
40-42

YOUNGS  UNDRAINED  SENSITIVITY (O¥2. O3
#0DULUS  SHEAR ST

27 -
186 - -
296 -- - -
174 - -
260 - -
123 -- -
7K .- e

ik FOR OVERCONSOLIDATED SANDS, YOUNG'S ¥ODULUS ¥AY BE AS ¥UCH AS 3 T0 6 TIMES HIGHER
#%4x  NK OF 16 USED. FOR OVERCONSOLIDATED CLAYS, AN XX OF 17 IS SUGGESTED

THE ABOVE DATA WAS COMPUTED FOLLOWING 'BASIC' GUIDELINES BY P. K. ROBERTSOY A¥D R. G. CAMPANELLA I¥ THE HANDBOOR

"GUIDELINES FOR USE AND INTERPERTATION OF THE ELECTRONIC CONE PENETRATION TEST'

ADDITIONAL LOCAL CORRELATIONS DEVELOPED BY IN-SITU TECH¥OLOGY HAVE ALSC BEEY USED IN COMPUTING T3E ABOVE DATA.
IT IS TEE POLICY OF IN-SITU TECENOLOGY TO CONTINUALLY UPGRADE AND MODIFY C.P.T CORRELATIONS AS
PUBLISHED RESEARCH AND LOCAL EXPERIZNCE GROWS.



FEET

SOUNDOING DEPTH,

CONDUCTIVITY / PIEZOCONE SOUNDING TEST

POINT EBTREES-QC POINT STAESE-QC PORE PREEBURE-U CONDUCTIVITY LOCAL MRICTION-* FRICTION RATIO- FA
0 Ke/CH® 500 0 Ka/cu® 50 0 Ka/CM® 5 0 nA 250 0 K@/CM 10 0 x {0
o 1 1 1 ! ] ! L ] 1 i 1 1 1 1 N " 1 1 L ) 1 1 1 L ] I N 1 1 )
S : B T ) |
I ] b ] i
B r r - g B
n4 r J 4 4 4 <
] ] ] ]
4 - o 4 4
= 4 p < d <
{ 4 4 4 . 4
{ - 4 d ]
4 4 4 4
‘} 4 : ] ;
:1.4 + - - . P P
- '4 ‘ < {
4+ - 1 1
gj -‘1: - - -:> 4:
0 : ] ‘ L :
4 - 3 1 4 4 <
:]4 e L - - 4
< -~ 9 L 4
o) i ] ) ] ]
!"‘l‘ L 9 4 4
il 4 1 4 4
4 \“,_v E 4 L
4 AR 4 4 <
@ ] ] ] ] ]
] ] ' 4 3 ]
e p . . ; P
] ] ] ]
< J < L | «
4 < 4 9 4 4
H : ] ) ] ]
4 4 1 1
4 4 4 4
4 1 4
ol p N p B o
0
FILE #..... BECHTEL
PARRIE ISLAND CLEANERS
- PUSH INTERAUPTED T0 ADD ROD PROJECT# 22567-4145-85C-0594
PORE PRESSURE DECAY OATA MAY BE AYAILAALE SOUNDING # .... B410A20
TEET DATE 06-41B-4998 46: 33: 08
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g i 1t b3 %1 ikt
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2 SILTY 70 CLAYEY F.S5.  24.4 .09 097 503-60%  44-46 51 -- --
3 SILTY TO CLAYEY F.5.  32.2 17 10 146 504-60%  d44-46 70 -- --
4 SILTY T0 CLAYEY F.S.  41.4 27 13 195 §03-70%  44-46 91 -- --
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§ CLAYEY FINE SAND 10 .08 ¢ .256 403 16-38 22 -- --
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CLAY 8.7 .39 8 408 -- -- -- .5 .02
1 SANDY CLAY 11.5 RV 5 413 -- -- -- §7 .02
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25 SILTY CLAY TO CLAY 11.2 34 7 EH -- -- - .61 0203
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SUMMARY OF CONDUCTIVITY MEASUREMENTS (cm/sec)

18 JUNE TO 30 JUNE 1996

MCRD PARRIS ISLAND DRY CLEANER FACILITY

I
Borehole Depth
71 91t 130 141t 161t 2100 [ 22 23 281t 301t 341 3Bft [ 37t 38ft
13.22°10-4 2.23*10-3 N.A.
13.14*10-5 1.15*10-4 9.6910-5
08*10-4 5.11*10-3 1.59*10-5 5.8110-4 5.76*10-4 n
48*10-4 7.15°10-5 3.34%10-5 4.33°10-4
N.A. N.A 1.7510-4 7.51*10-4 6.46*10-4
17.71*10-5 3.28%10-4 1.17*10-4 8.74*10.4 1.37*10-4
4510-4 N.A. 8.75°10-5 |2.37*10-4
29*10-4 1.49*10-4
7.66*10-5 2.07*10-5
8.77*10-4 -
N.A. 1.02*10-5
3.32*10-4 N.A. o
2.5810-4 2.3*10-5 2.95%10-4
8.12*10-5 3.26*10-5 [1.43410-3 2.62410-4 o
2.06*10-3 5.45*10-4 5.17*10-4 3.07*10-4
1.51*10-3 N.A. 6.97°10-4 4.5%*10-4
4.16*10-4
3.37*10-4 3.81*10-5 5.73*10-4 R
1.07*10-4 3.22*10-4 2.72°10-4 T
4.22*10-4
6.28°10-4 1.43°10-5 |2.82°10-4 2.23*10-4
2.49*10-4 T
1.38*10-4 1.41*10-3
1.08*10-4 2.8*10-4 5.4*10-4
8.99*10-5 1.15*10-3
5.24*10-5 3.04*10-4 2.6510-4
, Y105 1.36*10-4 2.17410-4 6.33°10-4
T200L13 j212010-3| | 11.08*10-4 | ] 1.3110-3 N -
wo00M08il 375105

N A - DATA NOT AVAILABLE




ATTACHMENT 3

Technical Memorandum for Groundwater Evaluation
and Air Sparging Pilot Study

pb0027a



——

DEPARTMENT OF THE NAVY

SOUTHERN DIVISION

TECHNICAL MEMORANDUM

FOR

GROUNDWATER EVALUATION AND

AIR SPARGING PILOT STUDY

AT

BUILDING 193, PARRIS ISLAND, SOUTH CAROLINA

0 |0/13/97) 1ssued for Use RS — | U | vete
REV DATE REASON FOR REVISION BY EGS PE PM
JOB NO. 22567
@ Groundwater Evaluation And Air Sparging Pilot Memorandum REV.
Study - Bldg. 193 - Parris Island, SC TM-145-001 0




1.0 INTRODUCTION

The Marine Corps Recruit Depot (MCRD), Parris Island, South Carolina is an active
recruit basic training facility. The Morale, Welfare and Recreation (MWR) Dry Cleaning
Facility is one of the many support activities that operates at the MCRD. Past practices
and spills of the dry cleaning solvent tetrachloroethylene (PCE) at the dry cleaning facility
have resulted in the contamination of the groundwater underlying the facility. Bechtel
Environmental Inc. (BEI) conducted a site investigation of the groundwater during June
1996 to determine the extent of the contaminants at the site. Direct push technology and a
field GC were used for this effort to provide screening information about the extent of the
plume. The results of this screening effort are contained in the report “June 1996 Phase
Two Sampling Effort” Chron 000041.

The results of the screening effort were used to plan a full scale field investigation that
included the following elements:

e Installation of a well monitoring network.

e Analytical sampling to establish baseline soil and groundwater contamination.

e Operation of an air sparging pilot study.

e Split spoon sampling during well installation to determine geological stratigraphy.

The entire scope of work for this effort is detailed in “Technical Memorandum for Well
Installation and Air Sparging Pilot Test” (Chron 00060). This field effort was conducted
during December 1996.

2.0 AIR SPARGING PILOT STUDY

The Air Sparging Pilot Study was conducted on the north side of the site, upgradient of
the plume of contaminated groundwater. The main purpose for the study was to

determine:

e Ifair sparging could be effective through the layer of fine sands and silts located about
seven feet below grade. ,

e Ifair sparging would be an applicable technology for this site.

e Design parameters for a full scale system.

The study was a success. Attachment 1 contains the Air Sparging Pilot Test Results with
a complete description of procedures, data collected, conclusions and recommendations.

3.0 WELL INSTALLATION

Sixteen wells were installed at the site at eight locations. At each location, a shallow well
was installed to a depth of seven feet and a deep well was installed to a depth of 14 feet.
Attachment 2 contains the following data:

e Borehole logs,

e Well construction logs



e Geotechnical testing results.

Figure 1 shows the locations of the wells installed for the monitoring well network.

3.1 Site Geology

The deep wells at each location were continuously split spoon sampled during borehole
drilling to provide information on the subsurface geology at the site. A geological section
transect map was developed from this data and is attached as Figure 2. Figures 3 and 4
are of the Generalized Geological Sections ‘A-A’ and ‘B-B’.

3.2 Site Hydrogeology
Water levels were collected from the installed monitoring wells. Two groundwater flow

direction maps were prepared using the water level data. One was prepared using the
deep well water levels (Figure 5) and one was prepared using the shallow well water levels
(Figure 6). The general flow direction on both maps is toward the southeast with a
gradient of 0.003 fi/ft. This flow direction is consistent with the extent of contamination
at the site.

4.0 ANALYTICAL RESULTS

4.1 Groundwater Sample Results

Groundwater samples were collected from each monitoring well and sent to an offsite
laboratory for analysis. These samples were analyzed for VOCs, chloride, sulfate and
nitrate. Figure 7 shows the sampling results and the extent of the solvent contamination at
the site. The results from this phase of the investigation correlated closely with the results
from the direct push sampling. The complete analysis results are included in Attachment
3.

Groundwater samples were collected from each monitoring well and analyzed on site for
ferrous iron using a Hach test kit. The levels of iron detected were much lower than those
previously detected during the direct push effort. The direct push method samples were
very turbid and this may have contributed to the elevated iron results. The iron results
from the onsite testing are included in Attachment 3.

4.2 Soil Sampling Results

Soil samples were collected from the 1°-3’ interval and the 5’-7’ during borehole drilling
of monitoring wells 193-6MW-D, 193-7MW-D and 193-8MW-D. These three wells are
in the center of the plume of contaminated groundwater. The results are included in Table
1. The soil results indicate that the soil is not greatly impacted by the dry cleaning
solvents.

5.0 SITE SURVEY

A site survey was performed to determine the elevations and locations of the monitoring
wells. A copy of the site survey is included as Attachment 4. :



TABLE 1

SOIL SAMPLING RESULTS

Well and Contaminant (ppb) Sample
Sample ID PCE TCE cis 1,2- trans 1,2- vinyl interval
Number DCE DCE chloride
193-7TMW-D 2J 0.84 0.9J nd nd 5-7'
P116196
193-7MW-D 32 6 3J nd nd 1-3'
P116197
193-8MW-D 30 5J 3J nd nd 1'-3'
P116199 .
193-8MW-D| 1100E 80 22J nd nd 5-7'
P116200
193-6MW-D 1J 1J nd nd nd 1-3
P116202
193-6MW-D nd nd nd nd nd 5-7'
P116203
Composite 69 21 3J nd nd composite 3
P116204 drums
J Indicates presence of analyte between DL (Detect Limit) and RL (Report Limit)
E Indicates concentrations exceed the calibration range of the GC/MS

instrument for that specific analysis
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1.0 INTRODUCTION

The Marine Corps Recruit Depot (MCRD), Parris Island, South Carolina, is an active recruit basic
training facility. During the summer of 1996, groundwater samples were collected at the Dry Cleaner
Facility at Parris Island with direct push technology and analyzed with a field GC. Results of these tests
indicated that a plume of PCE, trichloroethene (TCE), and 1,2 dichloroethene (1,2 DCE) contaminated
groundwater exists with concentrations exceeding the regulatory limits. Based on this information,
Southern Division, Naval Facilities Engineering Command made a decision to conduct an interim removal
action to contain the contaminated plume of groundwater.

The objectives of the interim action at this facility are:

e containment of the plume

» treatment of the excessively contaminated groundwater at the center of the plume

* establishment of parameters to monitor natural attenuation at the edges of the plume, if natural
attenuation is selected as a final remedy.

Field activities were conducted in June and December of 1996 to determine the extent of the contamination
at the site and to establish a well network to monitor plume migration. In addition, an air sparging pilot
study was conducted in December 1996 to determine the viability of this technology and to develop
operating parameters. This report provides a summary of the air sparging pilot study results, conclusions
and recommendations. '

2.0 AIR SPARGING PILOT STUDY

The purpose of the this pilot study is to establish the following to be used in the system design /
installation:

e Determine if air sparging is a viable option

e Radius of influence of the air sparging well and

e  Optimum air injection rate and pressure at the sparging well.

2.1 SYSTEM DESCRIPTION

The air sparging pilot system operated at the Parris Island site consisted of the following components:

e One sparging well and five observation wells (including one monitoring well)
e An air compressor and air filter

e Valves, gages, and flow meters for controlling and monitoring the system

e Pressure transducers, datalogger, and air sampling equipment

e Peristaltic pump for collecting groundwater samples

e Helium tracer gas cylinder and controls

See Figure 1 for details of the air sparging pilot system.
2.1.1 Description of Air Sparging and Observation Wells

The air sparging well used for the pilot study was monitoring well MW-1D. This well was located north of
the dry cleaning building, upgradient of the plume of contaminated groundwater in a clean area. This well
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was installed 14 feet deep with a two feet long well screen. Five observation wells were installed to
monitor the pilot study. See Figure 2 for the location of the wells. MW-1S was a seven foot deep well
installed two feet south of MW-1D. Two well clusters of two wells each were installed at 10 and 20 feet
distances from the sparging well. Each well cluster had a shallow deep and well of 7 feet and 14 feet.
These wells were constructed as shown on Figure 3.

2.1.2 Air Compressor and Associated Equipment

The air compressor providing the air for the pilot study was capable of generating air flows in the ranges
of 5 to 30 scfm with accompanying pressures of 5 to 10 psi. The air flow was monitored by a pressure
indicator and a flow meter. The total flow was controlled by a gate valve. The compressed air was filtered
to remove particulates and oil prior to injection of air into the sparging well.

2.1.3 Tracer Gas
Helium was used as a tracer gas for this pilot study. Helium was added to the air stream at a 5%

concentration. A helium detector was used to monitor for the presence the helium in the monitoring wells.

2.1.4 System Operation

The pilot system was operated three consecutive days at varying air flow rates and pressures. The system
was operated about 4 hours each day. Flow rates, pressures, and operation times were adjusted in the
field as approprate.

Three sets of data were collected during the pilot test. The first test was conducted at an air flow rate of 3.0
scfm and the second test was conducted at 1.8 scfm. During the third day a stepped test was performed.
The initial air flow rate was set at 2.0 scfm and was run for approximately one hour. Then the air flow
rate was stepped up to 3 scfim and operated for one hour. Finally, the air flow rate was increased to 4
scfm and run for an additional one hour. Helium was injected during the first two tests. The following
data were collected during the operation.

e Water level changes in the wells were measured and recorded before, during and after system
operation. Data was collected using a data-logger and transducers in each well.

e Groundwater samples were collected and analyzed for dissolved oxygen levels. These levels were
measured before startup and at regular intervals until after the system was shutdown.

e Helium detections in the wells.

The field monitoring data are presented in Appendix C.
2.1.5 Planned vs Actual Implementation

Some of the planned activities for the pilot study had to be modified to match field conditions. The pilot
study was designed with redundant data collection activities, so that the inability to collect some of the
planned data would not jeopardize the results. Air pressure changes, oxygen concentration changes and
carbon dioxide concentrations changes of the vadose zone were not measured in the observation wells.
This data could not be collected because the water table was much higher than anticipated and the top of
the well screens had to be set below the water table.
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The injection rates of air into the sparging well were less than anticipated. Test #1 was run at an initial
flow rate of 5 scfm. This injection rate forced groundwater out of observation well OB-1D. Therefore, the
rate was reduced to 3 scfm shortly after Test #1 was started.

Water levels were to be monitored in all five observation wells. The data transducer that was in monitoring
well OB-1 deep malfunctioned during the pilot study. Therefore, no data was collected in the data logger in

this well.
3.0 DATA EVALUATION AND CONCLUSIONS

3.1 WATER LEVEL DATA

Water levels data collected during the pilot test are presented in Appendix A as Tables Al, A2, and A3
and the corresponding Figures Al through A3 as follows.

Test # | Air Fiow Rate | Table # | Figure #
scfm
1 .3 A1 A1 & A2
2 1.8 A2 A3
3 2,3, &4 A3 A4 & A5

Water levels registered in the data logger and the calculated (actual) water levels are presented in the same
tables. As seen from the figures, the water levels increased immediately after turning the sparger on,
increasing slowly for few more minutes, dropping off slowly after that, and then leveled off until shut
down. The water level dropped off immediately as soon as the sparger was shut down and leveling off to
reach the normal level. These trends were observed for all flow rates in all wells. Such a trend of immediatc
raise, leveling off at steady state, and immediate drop was also observed during the third test when the air
flow rates were stepped (Figure AS).

Aeration of the water column was observed in OB-1S and OB-1D. Air bubbles were observed in these two
wells during air sparging. Bubbles were not observed in OB-2S or OB-2D. However, care should be taken
so that air flow rate does not exceed 3 or 4 scfm during full-scale remediation since at high air flow rates,
there is the potential of raising the water level above the ground surface.

In general, the increase in water levels ranged from 1 ft to 5 ft depending upon the air flow rate, distance of
the observation well, and the depth of the well. The only deep well (for which data logger records were
available) registered the highest increase in water level indicating that air sparging was effective even at a
distance of 20 ft. This increase in water level in the deep well rather than in shallow well in response to air
injection in deep well demonstrates the soil permeability is higher in the lateral direction than in the vertical
direction.

3.2 DISSOLVED OXYGEN LEVEL DATA

Dissolved oxygen data were manually collected for air flow rates 3 scfm and 1.8 scfm. Dissolved oxygen
data are presented in Appendix B as Tables B1 and B2 and the corresponding charts are presented as
Figures Bl and B2.



The air sparging technology does not require increase in dissolved oxygen concentrations during
remediation for it to be effective. However, dissolved oxygen levels measured during the pilot test serve
as a good indicator of how well the groundwater is being sparged. The oxygen level data in combination
with the change in water levels due to sparging will be used to determine design parameters (such as radius
of influence) for the sparge wells.

Prior to operation of the pilot system for Test #1, the dissolved oxygen in OB1-S was 3.2 mg/ L. As seen
mn Figure B2, after air sparging was started, there was a drop in dissolved oxygen in OB1-S followed by a
steady increase in the dissolved oxygen level. For OB1-D, the dissolved oxygen was as low as 0.75 mg/L
and steadily increased to a high of 3.9 mg/L. The data also indicates that the rate of increase in dissolved
oxygen at OB1-D is higher than that at OB1-S for the obvious reason that air sparging is done at 14 ft in
the deep well. Similar higher rate of increase in dissolved oxygen was observed for the flow rate at 1.8
scfin in Test #2.

‘Both the farthest observation wells (OB2-S and OB2-D) registered low dissolved oxygen levels prior to
system operation. While there was a slight increase in dissolved oxygen in OB2-S, there was a drop in
dissolved oxygen levels in OB2-D. The highest increase in water level as registered in OB2-D, is not
reflected in dissolved oxygen. During air sparging, the injected air tends to travel at approximately 45" to
the horizontal as documented by several researchers. For this reason, the air sparging might not have
sufficiently oxygenated the groundwater in the farthest wells, especially Well OB-2D.

3.3 HELIUM DETECTIONS
Helium was detected in all the wells. These detections were only used as an indicator of where the sparged
air was going. The detections were much higher at OB-1S and OB-1D than they were at OB-2S and OB-

2D.
3.4 CONCLUSIONS AND RECOMMENDATIONS

e The pilot test conducted at the site provided adequate information to support the design of an air
sparging system.

e The air sparging was effective through the layer of finer material at the 7 foot depth.

e Air flow rates of 2 to 3 scfm should be adequate. The system should be designed for a capacity of 5
scfm per well. Air flow rate can be adjusted as required during system startup.

e It is observed that air sparging affected the water table levels even at a distance of 20 ft.
However, dissolved oxygen levels in wells at 20 ft distance from the sparge well indicate that sufficient
oxygenation does not occur in those wells.

o Considering the increase in water levels and dissolved oxygen data, a radius of influence of 15 ft is
recommended.
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Table A1
AIR SPARGING PILOT TEST, WATER LEVELS
DRY CLEANER SITE, PARRIS ISLAND, SC
TEST #1/ Air Flow Rate = 3 scfm
Observed Water Levels in the wells Actual Water Levels in the Wells
Time Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Time MW-1S | OB-1S 0B-2S 0B-2D
0 -4.092 6.475 10.91 6.993 5.591 0 0 0 0 0
10 -4.092 6.477 10.905 6.996 5.587 10 0 0.002 0.003 -0.004
20 -4.104 6.488 10.905 6.989 5.589 20 0.012 0.013 -0.004 -0.002
30 4111 6.501 10.91 6.993 5.591 30 0.019 0.026 0 0
40 -4.117 6.512 10.907 6.805 5.587 40 0.025 0.037 -0.188 -0.004
S0 -4.063 6.341 10.901 6.875 5.578 50 -0.029 -0.134 -0.118 -0.013
60 -4.117 6.215 10.77 6.893 5.58 60 0.025 -0.26 -0.1 -0.011
70 -3.303 6.398 10.892 6.891 5.571 70 -0.789 -0.077 -0.102 -0.02
80 -3.237 6.263 10.875 6.858 5.484 80 -0.855 -0.212 -0.135 -0.107
90 -3.278 6.414 10.901 6.727 5.573 90 -0.814 -0.061 -0.266 -0.018
100 -3.373 6.444 10.901 6.847 5.576 100 -0.719 -0.031 -0.146 -0.015
110 -3.486 6.457 10.91 6.882 5.589 110 -0.606 -0.018 -0.111 -0.002!
120 -3.578 6.466 10.916 6.897 5.598 120 -0.514 -0.009 -0.096 0.007
130 -3.666)° 6.471 10.923 6.906 5.606 130 -0.426 -0.004 -0.087 0.015,
140 -3.726 6.475 10.92 6.91 5.606 140 -0.366 0 -0.083 0.015
150 -3.786 6.479 10.925 6.915 5.606 150 -0.306 0.004 -0.078 0.015
160 -3.824 6.481 10.925 6.915 5.608 160 -0.268 0.006 -0.078 0.017
170 -3.855 6.484 10.927 6.917 5.606 170 -0.237 0.009 -0.076 0.015
180 -6.945 6.915 13.808 7.162 6.65 180 2.853 0.44 0.169 1.059|
190 -7.121 7.606 13.716 7.532 7.21 190 3.029 1.131 0.539 1.619]
200 -7.371 7.56 13.804 7.656 7.369 200 3.279 1.085 0.663 1.778!
210 -7.491 7.799 13.506 7.672 7.365 210 3.399 1.324 0.679 1.774]
220 -7.431 7.998 13.465 8.063 7.472 220 3.339 1.523 1.07 1.881 r
230 -7.434 7.947 13.303 8.149 7.407 230 3.342 1.472 1.156 1.816
240 -7.402 7.932 13.246 8.044 7.35 240 AN 1.457 1.051 1.759
250 -7.399 7.759 13.235 8.192 7.354 250 3.307 1.284 1.199 1.763
260 -7.402 7.785 13.165 8.162 7.332 260 3.31 1.31 1.169 1.741)
270 -7.061 7.831 13.406 8.105 7.31 270 2.969 1.356 1.112 1.718:
280 -7.099 7.785 13.229 8.07 7.267 280 3.007 1.31 1.077 1.676
290 -6.506 7.488 12.321 7.965 6.742 290 2.414 1.013 0.972 1.151
300 -6.468 7.459 12.203 7.663 6.431 300 2.376 0.984 0.67 0.84
310 -6.345 7.389 11.979 7.735 6.459 310 2253 0914 0.742 0.868
320 -6.383 7.247 12.052 7.735 6.453 320 2.291 0.772 0.742 0.862
330 -6.405 7.258 12.043 7.733 6.451 330 2.313 0.783 0.74 0.86
340 -6.427 7.26 12.043 7.722 6.44 340 2.335 0.785 0.729 0.849
350 -6.427 7.271 12.012 7.715 6.418 350 2.335 0.796 0.722 0.827
360 -8.417 7.28 11.99 7.624 6.398 360 2.325 0.805 0.631 0.807|
370 -6.402 7114 11.798 7.604 6.328 370 2.3 0.639 0.611 0.737!
380 -6.405 7.133 11.894 7.643 6.333 380 2.313 0.658 0.65 0.742"
390 -6.411 7.129 11.881 7.648 6.319 390 2.319 0.654 0.655 0.728]
400 -6.417 7.147 11.868 7.641 6.308 400 2.325 0.672 0.648 0.717]
410 -6.424 7131 11.868 7.185 6.225 410 2.332 0.656 0.202 0.634
420 -6.433 7.022 11.859 7.553 6.278 420 2.341 0.547 0.56 0.687
430 -4.423 6.304 8.779 7.219 5.103 430 0.331 -0.171 0.226 -0.488
440 -4.032 6.005 7.674 6.821 4012 440 -0.06 -0.47 -0.172 -1.579
450 -3.972 8.035 8.243 6.783 4.128 450 -0.12 -0.44 -0.21 -1.463

Due to mechanical/ electrical problems associated with the transducer data log,

0OB-1D data is not presented in this table,

[
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Figure A1
Air Sparging Pilot Test Well Data, Parris, Island, SC
Test #1 / Air Flow Rate = 3 scfm
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Figure A2
Air Sparging Pilot Test Well Data, Parris, Island, SC
Test #1 - Air Flow Rate = 3 scfm
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[Table A2 }

Air Spaging Pilot Test Data

Parris Island, SC

Test #2/ Air Flow Rate = 1.8 scfm
[ [
Observed Water Levels in the Welis Actual Water Levels in the Wells
Time min | unit 1 unit 2 unit 3 unit 4 unit § Time min | MW-1S | OB-1S | OB-2S 0B-2D
0 -6.143 -5.674; -15.671 -6.658 -3.688 1] ] 0 0 0
5 -6.744 -5.553] -15.691 -6.653 -3.681 5 0.601 -0.121 -0.005 -0.005
10 -6.749 -5.674| -15.616 -6.275 -3.625 10 0.606 0 -0.383 -0.061
15 -5.856 -5.709| -15.646 -6.421 -3.353 15 -0.287| - 0.035 0.237 -0.333
20 -6.007 -5.735| -15.686 -6.477 -3.61 20 -0.136 0.061 -0.181 -0.076
25 -7.96 -6.885 -21 -6.714 -5.124 25 1.817 1.211 0.056 1.438
30 -8.51 -7.678] -22.106 -7.249 -6.37 30 2.367 2.004 0.591 2.684
35 -8.677 -7.673| -21.868 -7.698 -6.769 35 2.534 1.999 1.04 3.083
40 8.778 -8.233| -21.727 -7.985 -6.88 40 2.635 2.559 1.327 3.194
45 -8.818 -7.799 -21.47 -8.223 -6.89 45 2675 2,125 1.565 3.204
50 -8.828 -8.359] -21.238] -8.389| -6.869 50 2.685 2.685 1.731 3.183
55 -8.843 -8.187| -20.874] -B.551 -6.809 55 2.7 2.513 1.893 3.123
60 -8.843 -8.202| -20.708 -7.879 -6.713 60 27 2528 1.221 3.027
65 -8.838 -8.152 -20.46 -8.021 -6.536 65 2.695 2.478 1.363 2.85
70 -8.833 -8.117; -20.309 -8.096 6.587 70 269 2.443 1.438 2.901
75 -8.833 -8.091] -20.132 -8.107 -6.536 75 2.69 2,417 1.449 2.85
80 -8.828 -7.496] -19.941 -8.152| -6.446 80 2.685 1.822 1.494 276
85 -8.833 -7.9| -19.754 -7.461 -6.33 85 2.69 2226 0.803 2.644
90 -8.828 -7.905| -19.628 -7.622 -6.123 80 2.685 2.231% 0.964 2.437
95 -8.838 -7.874] -19.522 -7.673 -6.183 95 2.695 22 1.015 2.497 [
100 -8.838 -7.819| -19.386 -7.718 -6.138 100 2.695 2.145 1.06 2.452] |
105 -8.838 -7.789 -19.29 -7.758 -6.082 105 2695 2115 1.1 2386
110 -8.858 -7.647f -18.957 -7.819 -6.022 110 2715 1.973 1.161 2.336
115 -8.869 -7.642| -19.062 -7.304 -5.936 115 2728 1.968 0.646 225
120 -8.874 -7.662] -18.967 -7.96 -5.336 120 2731 1.988 1.302 1.65! |
125 -8.869 -7.678| -18.876 -8.036 -5.785 125 2.726 2.004 1.378 2.099 !
130 -8.858 -7.627] -18.719 -8.026 -5.759 130 2715 1.953 1.368 2073
135 -8.858 -7.587| -18.618 -8.021 -5.699 135 2715 1.913 1.363 2.013
140 -8.848 -7.128] -18.482 -8.086] -5613 140 2.705 1.454 1.428 1.927
145 -8.848 -7.324] -18.427 -7.309] -4.599 145 2.705 1.65 0.651 0.913
150 -8.848 -7.345] -18.346 -7.334 -5.346 150 2.705 1.671 0.676 1.66
155 -8.848 -7.35] -18.275 -7.38 -5.457 155 2.705 1.676 0.722 1.771
160 -8.848 -7.328] -18.215 -7.451 -5.426 160 2.705 1.655 0.793 1.74
165 -8.843 -7.299({ -18.154 -7.491 -5.391 165 27 1.625 0.833 1.705
170 -8.838 -7.294| -18.08% -7.551 -5.346 170 2.695 1.62 0.893 1.66
175 -8.838 -7.128] -17.882 -7.587 -5.295 175 2.695 1.454 0.929 1.609
180 -8.838 -7.198] -17.852 -7.385 ~4.503 180 2.695 1.524 0.737 0.817
185 -8.843 -7.203] 17917 -7.466 -5.169 185 27 1.529 0.808 1.483
190 -8.838 -7.254| -17.877 -7.496 -5.189 190 2.695 1.58 0.838 1.503;
195 -8.838 -7.188| -17.841 -7.562 -5.174 195 2,695 1514 0.904 1.488
200 -8.843 7.218| -17.776 -7.597 -5.144 200 2.7 1.544 0.939 1.458
205 -8.843 -6.724| -17.725 -7.632 -5.148 205 2.7 1.05 0.974 1.463
210 -8 843 -7.027| -17.639 -7.657 -5.068 210 2.7 1.353 0.999 1.382
215 -8.843 -7.062] -17.614 -7.38 -4.564 215 27 1.388 0.722 0.878
220 -8.838 -7.128[ -17.604 -7.43 -4.972 220 2.695 1.454 0.772 1.286
225 -8.828 -7.148] -17.569 -7.481 -4.998 225 2.685 1.474 0.823 1.312
230 -8.848 -6.26| -17.543 -7.526 -5.023 230 2.705 0.586 0.868 1.337
235 -8.858 6.87| -17.463 -7.122 -4.427 235 2.715 1.196 0.464 0.741
240 -8.869 -6.996! -17.443 -7.203 -4.811 240 2726 1.322 0.545 1.125
245 -8.864 7.017| -17.422 -7.319( -4.902 245 2721 1.343 0.661 1.216
250 -8.864 -7.037{ -17.407 -7.365| -4.892 250 2721 1.363 0.707 1.206
255 -8.874 -7.052 -17.382 -7.425| -4.887 255 2.731 1.378 0.767 1.201
260 -8.879 -6.603| -17.367 -7.486 -4.865 260 2738 0.929 0.828 1.18
265 -8.889 -6.774 -17.276 -6.905 -3.761 265 2.746 1.1 0.247 0.075
270 -8.081 -5.851) -13.865 -6.991 -3.56 270 1.938 0.177 0.333 -0.126
275 -7.264 -4.589 -8.944 -6.936 -1.561 275 1121 -1.085 0.278 <2125
280 -7.032 -4.115 -7.43 -6.583 -0.012 280 0.889 -1.559 -0.075 -3.674
285 -6.875 -4.029 -7.264 -6.532 -0.007 285 0.732 -1.645 -0.126 -3.679
290 -6.784 -4.039 -7.289 -5.715 -0.038 280 0.641 -1.635 -0.943 -3.648
295 -6.714 -4.085 -7.385 -5.538 -0.033 295 0.571 -1.589 -1.12 -3.653
300 -6.668 -4.155 -8.107 -5.533 -0.038 300 0.525 -1.519 -1.125 -3.648
305 -6.648 4.216 -8.773 -5.533 -0.038 305 0.505 -1.458 -1.125 -3.648
310 -6.633 -4.276 -9.383 -4.907 -0.038 310 0.49 -1.398 -1.751 -3.648
315 -6.623 -4.342 -9.959 -4.927 -0.108 315 0.48 -1.332 -1.731 -3.578
320 -6.613 -4.418] -10.484| -4927| -0.361 320 0.47 -1.256 -1.731 -3.325
325 -6.608 -4.488| -11.003 -4.937 -0.613 325 0.465 -1.186 -1.721 -3.073
Due to mechanical/ electronic problem associated with the
transducer data log OB1-D is not presented in this table and the chart.
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Figure A3
Air Sparging Pilot Test Well Data, Parris, Island, SC
Test #2 - Air Flow Rate = 1.8 scfm
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Table A3 ] :
AIR SPARGING PILOT TEST, WATER LEVELS

DRY CLEANER SITE, PARRIS ISLAND, SC :

TEST #3¥ Air Flow Rate = 2, 3, 84 scfms (As Noted) ]

Observed Water Levels in the Wells Actual Water Levels in the Wells |

Time min |input 1 Input2 Jinput3 {inputd [input5 Air Flow scfm [Time min [MW-1S JOB-1S~ |OB-2S [OB-2D |
0 -5.853 -6.154| -15.641 -6.497 -3.61 2 0 0 0 0 0
5 -5.568 6.159| -15.646 -6.497 -3.63 2 5 0.015 0.005 0 0.02
10 -5.583 -6.159] -15.646 -6.497 -3.63 2 10 0.03 0.005 0 Q.02
15 -6.022 -6.477| -18.598 -6.532 -4.08% 2 15 0.469 0.323 0.035 0.479
20 -6.633 -7.92| -21.899 -6.749 -5.971 2 20 1.08 1.766 0.252 2.361
25 -6.951 -8.213 0.053 -6.956 -6.723 2 25 1.398 2.059 0.459 3.113
30 -6.991 -8.52 0.179 -7.067 -6.996 2 30 1.438 2.366 0.57 3.386
35 -6.996 -8.641 0189 -7.223 -7.056 2 35 1.443 2.487 0.726 3.446
40 -7.006 -8.626 0.113 -7.385 -7.036 2 40 1.453 2.472 0.888 3.426
45 -7.022 -8.702 0.088 -7.562 -6.991 2 45 1.469 2.548 1.065 3.381
50 -7.032 -8.727 0.083 -7.869 -6.945 2 50 1.479 2.573 1.372 3.335
55 -7.042 -8.687 0.078 -8.061 -6.895 3 55 1.489 2.533 1.564 3.285
60 -7.052 -8.742 0.078 -8.157 -6.824 3 60 1.499 2.588 1.66 3214
65 -7.057 -8.707 0.078 -8.223 -6.753 3 65 1.504 2553 1.726 3.143
70 -7.067 -8.571 0.068 -8.228 -6.567 3 70 1.514 2417 1.73% 2957
75| - -7.072 -8.48 0.068 -8.218 £.39 3 75 1.519 2.326 1.721 2,78
80 -7.087 -8.52 0.063 -8.243 -6.365 3 80 1.534 2.366 1.746 2755
85 -7.339 -8.853 0.037 -8.308 -7.132 3 85 1.786 2.699 1.811 3.522
S0 -7.44 -8.919 0.012 -8.566 -7.358 3 90 1.887 2.765 2.069 3.749
95 -7.496 -8985| -0.042 -8.788 -7.47 3 95 1.943 2.831 2.291 3.86
100 -7.521 8647 -0204 -8.904 -7.47 3 100 1.968 2.493 2.407 3.86
105 -7.541 -8.662 -0.38 -9.035 -7.399 3 105 1.988 2.508 2.538 3.789

110 -7.556 -8.692| -0.481 -9.171 -7.339 3 110 2.003 2.538 2.674 3.729 !

115 -7.562 -8.647 -0.537 -8.368 -7.273 3 115 2.009 2.4383 2871 3.663 |

120 -7.567 -8.641 -0.567 -9.504 -7.223 3 120 2.014 2.487 3.007 3613 i

125 -1.577 -8.611 -0.491 -9.479 -7.203 3 125 2.024 2457 2982 3.593 i

130 -7.592 853 -0507 -9.424 -6.991 4 130 2.039 2376 2.927 3.381 i

135 -7.607 -8.53] -0.507 -9.398 -6.986 4 135 2.054 2376 2301 3376 i
140 -7.819 -9.02| -0.517 -9.575 -7.778 4 140 2.266 2.866 3.078 4.168

145 -7.925 -9.212f  -0.426 -9.923 -8.297 4 145 2372 3.058 3.426 4.687 i

150 -7.99 -9.287] -0.436| -10.166 -8.454 4 150 2437 3133 3.669 4.844 !

155 -7.996 -9.192] -0446( -10.115 -8.197 4 155 2443 3.038 3618 4.587 T
160 -8.006 -9.065! -0466| -10.176 -8.186 4 160 2.453 2891 3.679 4.576
165 -8.021 -8.086{ -0.486| -10.065 -7.929 4 165 2.468 2932 3.568 4319
170 -8.026 -9.081 -0.507!] -10.085 -8.202 4 170 2473 2927 3.588 4.592
175 -8.046 -9.086] 0.491] -10.166 -8.252 4 175 2493 2932 3.663 4.642

180 -8.061 -9.055( -0.496| -10.166 -8.222 4 180 2508 2.90% 3.669 4.612 !
185 -8.081 -9.04] -0456] -10.155 -8.171 4 185 2528 2.886 3.658 4.561
190 -8.096 -9.045[ -0.542| -10.135 8171 System Shut- 190 2.543 2.891 3.638 4.561
195 -8.102 -9.01 -0.512] -10.191 -8.232 down 195 2.549 2.856 3.694 4622
200 -7.657 689 -0446 -9.06 -5.346 200 2.104 0.736 2.563 1.736
205 -6.704 -5.588] -0.219 -7.143 -2.07M1 205 1.151 -0.566 0.646 -1.539

210 -6.663 -5.038 0.123 -6.688 -0.285 210 1.13 -1.116 0.191 -3.325 |

215 -6.658 -4.741 0477 -6.694 -0.063 215 1.105 -1.413 0.197 -3.547 :

Iz -6.663 -4.544 0.048 -6.694 -0.063 220 111 -1.61 0.197 -3.547 !
225 -6.678 -4.392 0.048 -6.032 -0.058 225 1.125 -1.762 -0.465 -3.552
230 -6.688 -4.296 0.048 -5.442 -0.058 230 1.135 -1.858 -1.055 -3.552
235 -6.709 -4.271 0.053 -5.432 -0.058 235 1,156 -1.883 -1.065 -3.552
240 -6.724 -4.276 0.058 -4.746 -0.058 240 1.171 -1.878 -1.751 -3.552
245 -6.734 -4.296 0.053 -4.488 -0.058 245 1.181 -1.858 -2.009 -3.552
250 -6.744 -4.307 0.058 -4.508 -0.058 250 1.191 -1.847 -1.989 -3.552
255 -6.759 -4.322 0.063 -4.534 -0.053 255 1.206 -1.832 -1.963 -3.557
260 -6.774 -4.367 0.058 -4.559 -0.058 260 1.221 -1.787 -1.938 -3.552
265 -£.779 -4.418 0.063 -4.579 -0.053 265 1.226 -1.736 -1.918 -3.557
270 -6.789 -4.473 0058 -3.953 -0.27 ¥ 270 1.236 -1.681 -2.544 -3.34
275 -6.794; . -4539 0.058 -3.984 -0.477 275 1.241 -1.615 -2.513 -3.133

Due to mechanical/ electronic problem associated with the i

transducer data log OB1-D is not presented in this table and the chan




Figure A4
Air Sparging Pilot Test Well Data, Parris, Island, SC

Test #3- Air Flow Rate

—MW-18
—OB-18
—OB-2S
—OB-2D

As indicated

T ST O O O T T S O SN N N O G O
T T T T rrrrr s rrrr T

D Y G W S TN
LR R B0 IS M |

w-1%
/W\

LA AR A AN F0 S S A S N S B O

N T U T N O T W |

(I RN S VRS
T rrrhyrTTrT

+ o9t
+ ozt
T 08

ay

Trrrry T

P T U S T |

T

T

2]

N ~ o

(1) 19naT JajEM

2
34

Time (min)



Figure A5
Air Sparging Pilot Test Well Data, Parris, Island, SC

As indicated
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!
[ [Table B1
Air Sparging Pilot Test
Pamis Island, SC
Dissolved Oxygen Levels mglL
Date: December 13,1996 Test #1 Aiflow Rate 3 scfm
Time hrs [ Time min| OB1- 0B1-0 | 0B2.S | 081.D
11:00 0
11:08 5 0.75
11:10 10 0.95
11:15 15 3.20
11:20 20
11:25 25 1.09
11:30 30
11:35 35
11:40 40
11:45 45
11:50 50
11:55 55
12:00 60
12:.05 85
12:10 70
12:15 75
12:20 80
12:25 a5
12:30 90
12:35 95
12:40 100
12:45 105
12:50 110
12.5% 115
13:00 120
13:05 125
13:10 130 1.00
13:15 135
13:20 140 2.45 0.66
13:25 145 1.15
13:30 150
13:35 155
13:40 160
13:45 165
13:50 170
13:55 175 1.50
14:.00 180 0.2
14:05 185
14:10 190
14:15 195 1.32
14:20 200
14:25 205
14:30 210
14:35 215
14:40 220
14:45 225
14:50 230
14:55 235 0.3
15:00 240
15:.05 245 235 0.88
15:10 250
15:15 255
15:20 260
15:25 265
15:30 270
15:35 275
15:40 280
15:45 285
15:50 290
15:55 285 .78
16:00 300 0.8
16:05 305 3.50
16:10 310
16:15 315 1.58
16:20 320
16:25 325
16:30 330
16:35 335
16:40 340
16:45 345
16:50 350 1.00
16:55 355 4.15 1.10
17:.00 360 3.90




D.O.Levels (ft)
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Figure B1
Air Sparging Pilot Test, Parris Island, SC
Test #1; Air Flow Rate 3 scfm
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[ Table B2
Air Sparging Pilot Test
Parris Island, SC
Dissolved Oxygen Levels mg/L
|
Date: December 14, 1996 Test #2 |Airflow Rate 1.8 scf
Time hrs| Time hrs] OB1-S | OB1-D | OB2-S | OB1-D
9:47 0:00 3.10
9:50 0:03 1.68
9:53 0.06 0.73
9:56 0:09 1.67
10:31 0:44 410
10:35 0:48 3.32 -
10:37 0:50 0.52
10:40 0:53 0.93
11:00 1:13 4.80
11:02 1:15 4.39
11:05 1:18 0.92
11:06 1:19 1.08
11:30 1:43 4.70
11:33 1:46 - 470
11:36 1:49 1.11
11:39 1:52 0.87
12:00 2:13 5.00
12:02 2:15 4.70
12:05 2:18 1.11
12:07 2:20 0.75
12:31 2:44 4.98
12:34 2:47 5.48
12:36 2:49 1.43
12:40 2:53 0.63
13.04 3:17 5.14
13.09 3:22 5.79
13:10 3:23 1.90
13:13 3:26 0.76
13:30 3:43 5.15
13:32 3:45 558 -
13:34 3:47 1.94
13:36 3:49 0.53
14:00 4:13 5.25
14:02 4:15 5.25
14:05 4:18 2.14
14:07 4:20 0.33




Chart2

Figure B2
Air Sparging Pilot Test, Parris Island, SC

Test # 2; Air Flow Rate 1.8 scfm
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BOREHOLE LOG

Project Name: Parris Island, SC, MCRD [Borehole No.: 193-1-MW
Project Number: 22567-145 Elevation: 7.81 ft msl
Location: Bld 193, Dry Cleaners Date Started: 12/11/96 [Date Completed: 12/11/96
Driller: Brian Cornell Total Depth (ft): 20.0
Equipment. Mobile B-57 Depth to Bedrock (ft): None
Drilling Method: Hollow Stem Auger Hole Diameter (in). 10
Drilling Fluid: None Depth to Water (ft). 3.0
Completion: Completed as Monitoring Well Logged By: P. Linley |Posthole to 4ft BGL
See Well Construction Logs for details
- A
= T G o) g S
= Description 38 3 S ﬁ;) Comments
5 I
a wZ| ni-| X O
__|0-5ft SAND: (SP), gry blk (N2) to It bm gry (SYRE/1) to gry org _| 1|ss 80 2/313/5
__|[{10YR7/4) to dk yel org (1QYRE/6), fine, unconsld, mod well
| sort, subang to subrd, moist to v moist w/depth. : 2|ss 70 5/6/5/4
5 1 5-6ft: CLAYEY SAND: (SC), med It gry (N6) v fine to fine, mod B 3|8S 30 312124
: sort, unconsld, subang to subrd, v maist. B
__{6-8ft: SAND: (SP), tt gry (N7) to gry org (10YR7/4) to dk yel 7] 4|SS 100 S/6/13/2
__|org (10YRE/6) to it brn (SYRS/6) to med It gry (N6), fine, mod 7]
well sort, unconsld, subang to subrd, wet at 7.5, 7] 58S 100 221112
10 att: SANDY CLAY: (CL}, med gry (NS), v fine to fine, unconsld, 7]
: mod well sort, subang to subrd, v moist to wet. 7 6(SS 100 6/11/5/3
__|8-10ft: CLAYEY SAND: (SC), dk yelf org (10YRS/6) to pale yel h
__|brn (10YRG6/2) to med It gry (N6), v fine to fine, unconsld, mod ] 7(SS 100 2111211
__|poor sort, subang to subrd, v moist to wet, @ 8.5-9f fine sand 7
15 lense. ] 8{ss 100 2211
: 10-15.5ft: SAND: (SP), dk yel org (10YRE/6) to gry org (10YR 7
__|714) to It gry (N7) to v It gry (N8), fine, unconsld, mod well sort, ] 8|ss 100 211172
] subang to subrd, wet @ 11.5f, minor silt frac 10%. ___
15.5-17.7f: SILTY SAND: (SM), med dk gry (N4) tov paleorg | 10(SS 100 . |3r24/2

20 (10YR&/2) to gry org (10YR7/4) ta med dk gry (N4), v fine to
fine, unconsld, mod sort, subang to subrd, v maist.

17.7-18ft: SANDY SILTY CLAY: (CL)

N 18-19ft: SILTY CLAY: (CL}, pale yel org (10YR&/2), v fine to
T fine, mod sort, unconsld, subang to subrd, v moist.

125 19-19.3ft: CLAYEY SILTY SAND: (SM/SC)

__[19.3-18.7ft: SAND: (SP), pink gry (S YR8/} to v It gry (N8)
__|19.7-20ft: SANDY SILTY CLAY: (CL), med dk gry (N4)
__|2oft: PEAT: (Pt), dusky yel brn (10YR2/2) to brn blk (SYR2/1)

30

- | i RECEIVEp
SN2 T 1997

Page 1



WELL CONSTRUCTION LOG

000071

MCRD Parris Island [Site: Dry Cleaners Bld 193 Well No.: 193-1-MW-D
Drilling Company: Environmental Orilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/11/96 Coordinates: N 187454.710
Drilling Equipment;  Mobile B-57 Date Completed: 12/11/96 E 2099308.355
Drilling Method: HSA Depth to Water: 3ft bgl
Orilling Fluid: None Elevation: 7.57 ftmsl
Depth Below GS
o MATERIALS
o Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter {(in.) 2
Length (ft) 12.3
Grout
Backfill
PVC Pipe Type Grout Seal
v l 8] Length (f) 8
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
\/ 10.3 Length () 23
' Placement Paour
11.6
i Filter Pack
Filter Pack —% Type 20/30
' Length (ft) 52
Placement Pour
3 Amount Placed 162.51bs
PVC Screen—"|;
Screen
Type Schedule 40 PVC
Length (ft) 2.4
Diameter (in.) ~ 2
Y 14|  SlotSize (in.)  0.01
Slot Type Machine Slotted
1 ft. Sump \:;f"
PVC Threaded — | ; 152
Cap 155
Borehole Diameter (in.) —>l }4—-

MW1D.XLS




WELL CONSTRUCTION LOG

PVC Screen —|...

PVC Threaded
Cap —

7.2

7.5

Borehole Diameter (in.) —bl

Screen
Type

MCRD Parris [sland LSite: Dry Cleaners Bid 193 Well No.: 193-1-MW-S
Driling Company:  Environmental Orilling Inc.  {Project No.: 22567-145 Logged By: P. Lintey
Driller: Brian Cornell Date Started: 12/11/96 Coordinates: N 187455.597
Drilling Equipment.  Mabile B-57 Date Completed: 12/11/96 E 2099298.879
Drilling Method: HSA Depth ta Water: 3ft bgl
Drilling Fluid: None Elevation: 7.6 ft msl
Depth Below GS
ﬁﬂ MATERIALS
- Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 4
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 1] Length(f)  NIA
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Length (f) 1
Placement Pour
Filter Pack
Type 20/30
Length (ft) 55
Placement Pour
Amount Placed 325 Ibs

Schedule 40 PVC

Length (ft)

Diameter (in.) -

4

2

Slot Size (in.)

0.01

Slot Type

Machine Slotted

MW1S XLS
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BOREHOLE LOG

0000 (

Project Name: Parris Island, SC, MCRD

|Borehole No.: 193-2-MW

Project Number: 22567-145

Elevation:

7.45 ft msl

Location: Bidg 193, Dry Cleaners

Date Started:

12/12/96 [ Date Completed: 12/12/96

Driller: Brian Cornell

Total Depth (ft):

18.0

Equipment: Mobile B-57

Depth to Bedrock (ft):

None

Drilling Method: Hollow Stern Auger

Hole Diameter (in): 8

Drilling Fluid: None

Depth to Water (ff). 3.0

Completion: Completed as Monitoring Well

See Well Construction Logs for details

Logged By:

P. Linley

Posthole to 4ft BGL

_ A
= o > o
= Description 281 42 |8]¢© Comments
= EE| EQl| 3
a 6zl 62| 8| @
__|0-7ft: SAND: (SF), pale yel brn (10YR6/2) to dk gry (N3) to
__|brngry (SYR4/1) to It brn gry (5YRE11) to dk yel org (10YRGE/6)
fine, unconsld, mod well sort, subang to subrd, moist ta v ]
moist, wet at 6ft. 1|SS 40 34
5 _ 2|ss 90 9181617
7-7.8ft: CLAYEY SAND: (SC}, It gry (N7), v fine to fine, mod 7 3(ss 100 4/3/313
| sort, subang to subrd, unconsld, wet. :
7.8-15.3ft: SAND: (SP}, dk yel org (10YR6/6) to med It gry (N6) 4/8s 100 2/3/614
10 |tov It gry (N8) to pale brn (SYRS/2) to med dk gry (N4) to dk |
] gry (N3), fine, mod sort, subang to subrd, unconsld, wet to 7] SIRN] 100 431312
: saturated, minor siit frac :
| 6|SS 100 3731312
15 ] 7|ss 100 2120211
15.3-18ft: SILTY SAND: (SM}, med dk gry (N4} to dk gry (N3) 7
8|ss 100 1121313

20

25

30

: to pale brn (SYRS/2) to pale yel brm (10YR6/2) @ 171t It gry (N7) |

at 17.6ft med dk gry (N4) to dk gry (N3) - clay frac increased
to 20%, saturated, note organic matter (wood & roots) at
17.8ft: PEAT: (Pt), dusky yel brn (10YR2/2) to b blk (SYR2/1)

Page 1



WELL CONSTRUCTION LOG

V0007 1

PVC Screen—"| o

trSump—0o_ |-

PVC Threaded — |-

Cap

Y 14
\ 15.05
\ 155

Borehole Diameter (in.) —>l

|

MCRD Parris Island |Site: Dry Cleaners Bld 193 Well No.: 193-2-MW-D
Drilling Company: Envircnmental Orilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/14/96 Coardinates: N 187341.197
Drilling Equipment:  Mobile B-57 Date Completed: 12/14i96 E 2099201.966
Drifling Method: HSA Depth to Water: 3t bl
Drilling Fluid: None Elevation: 7.23 ft msl
Depth Below GS
) MATERIALS
S Riser Pipe
Flush Grade Well Box — Type Schedule 40 PVC )
Diameter (in.) 2
Length (ft) 10
Grout
Backfill
PVC Pipe Type Grout Seal
v I GI Length (ft) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 8] length(ry 2
| Placement Pour
I 9|
Eilter Pack
Type 20730
Length (ft) 7.5
Placement Pour
Amount Placed 150 Ibs

Screen
Type Schedule 40 PVC
Length (ft) 5
Diameter (in.) ~ 2
Slot Size (in.)  0.01
Slot Type Machine Slotted

MwW2D XLS




WELL CONSTRUCTION LOG

00007 1

MCRD Parris Island [Site: Dry Cleaners BId 193 Well No.: 193-2-MW-S
Drilling Company: Environmental Orilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/14/96 Coordinates: N 187345032
Drilling Equipment.  Mabile B-57 Date Completed: 12/14/96 E 2099203.731
Drilling Method: HSA Depth to Water: 3ft bg!
Drilling Fluid: None Elevation: 7.11 ft msl
Depth Below GS
{# MATERIALS
« Riser Pipe
Flush Grade Weli Box — Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) S
Grout
Backfill
PVC Pipe Type Grout Seal
\ 1] Length(®) _ N/A
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y 2] Length(f) 1
' Placement Pour
I 3|
Filter Pack
Filter Pack Type 20/30
Length (f) 5.5
Placement Pour
: Amount Placed 150 lbs
PVC Screen — i
Screen
Type Schedule 40 PVC
Length (ft) 4
Diameter (in.) -~ 2
PVC Threaded \ 7] SlotSize (in)  0.01

Cap ————»{

7.2 Slot Type

Machine Slotted

7.5

Barehole Diameter (in.) —P{

|-

MW?2S XLS
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BOREHOLE LOG

Project Name: Parris Island, SC, MCRD

|Borehole No.: 193-3-MW

Project Number: 22567-145 Elevation: 7.78 ft msl

Location: Bldg 193, Dry Cleaners Date Started: 12/12/96 [Date Completed: 12/12/96
Driller: Brian Cornell Total Depth (ft): 18.0

Equipment: Moblie B-57 Depth to Bedrock (ff): None

Drifling Method: Hollow Sterm Auger

Hole Diameter (in): 8

Drifling Fluid: None

Depth to Water (ft). 3.0

Completion: Completed as Monitoring Well

See Well Construction Logs for details

Logged By: P. Linley {Posthole to 4ft BGL

. 5| g
g - 5 gl 8
= Description 28l 5 |g|¢ Comments
= - EE| €8 x| 3
a bZ| 62| r| @
-~ __|0-7.3ft: SAND: (SF}, gry blk (N2} to brn gry (5YR4/1) to med
__|itgry (N6) to med dk gry (N4), fine, unconsld, mod well sort,
__[subang to subrd, v it gry (N8), wet at 3ft, minor silt frac 10% B 1188 25 115
2|SS 75 4/4/4/5
5 -
i 3lss 100 21101
_|7.3-8t SILTY CLAY: (CL), med gry (NS), v fine, unconsld,
] mad well sort, subang to subrd, wet. : 4|SS 100 1101217
] 8-10ft: SILTY CLAY/SAND: (SM), It gry (N8), v fine, unconsid,
10 mod sort, subang to subrd, wet. | 5|ss 100 5/14/23/25
10-17.81t: SAND: (SP), pale yel brn (10YR6/2) to mod yel brn 7
__|(10YRS/4) to pale brn (SYRS/2) to 1t gry (N7) to v 1t gry (N8) to 6|SS 100 10/4/5/5
It olive gry (5Y5/2) to dk yel org (10YRE/6) to It bm (SYRS/6)
T to white (N9) to med dk gry (N4) to dk gry (N3}, fine, unconsld, 71SS 100 331212
15  |mod well sort, subang to subrd, wet, silt frac 10%.
10.6-10.7ft SILTY CLAY: It gry (N7) lense. : 8|ss 100 2137
17.8-18ft: SILTY CLAY: (CL) :, dk gry (N3).note ogranic matter :
_ ] (peat) w/in sample, v fine, semiconsld, mod sort, wet. |
20 | i
25 ]
—
30 ]
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WELL CONSTRUCTION LOG

()]
o
O
(]

~

PVC Screen—"| .-

tfoSump—ouo |

PVC Threaded —{--p

Cap

Y | .14]

15.06
15.5

Borehole Diameter (in.) —Pl

|

MCRD Parris Island [Site: Dry Cleaners Bld 193 Well No.: 193-3-MW-D
Drilling Company: Enviranmental Orilling Inc. Project No.: 22567-145 Logged By: P. Linley
Oriller: Brian Carnell Date Started: 12/13/96 Coordinates: N 187258.713
Orilling Equipment:  Mobile B-57 Date Completed: 12/13/96 E 2099239.820
Dritling Method: HSA Depth to Water: 3ft bal
Drilling Fluid: None Elevation: 7.57 ft msl
Depth Below GS
{f MATERIALS
Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 10
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 6| Length(® 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 8] Length(m) 2
} Placement Pour
I 9|
Filter Pack
Filter Pack Type 20/30
Length (ft) 7.5
Placement Pour
Amount Placed 150 Ibs

Screen
Type Schedule 40 PVC
Length (ft) 5
Diameter (in.) = 2
Slot Size (in.)) 0.01
Slot Type Machine Siotted

MW?3D.XLS




WELL CONSTRUCTION LOG

7.2
7.5

Borehole Diameter (in.) —->4

s

MCRD Parris Island [Site: Dry Cleaners Bld 193 Well No.: 193-3-MW-S
Orilling Company: Environmental Drilling Inc. Project No.: 22567-14S Logged By: P. Linley
Drilier: Brian Cornell Date Started: 12/13/96 Coordinates: N 187257.657
Drilling Equipment:  Mobile B-57 Date Completed: 12/13/96 E 2099244.001
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fluid: None Elevation: 7.6 ft msl
Depth Below GS
— MATERIALS
. Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 4.7
Grout
Backfill
PVC Pipe Type Grout Seal
Y [ 9] tength(y N&
Bentonite Pfacement Tremie
Seal
Seal
Type Bentonite Pellets
Y [ 2] tenghimy 1
l Placement Paur
Y [ 3
o Filter Pack
Filter Pack — "~ Type 20130
B Length (ft) 55
Placement Pour
8 Amount Pfaced 150 lbs
PVC Screen —" |-
Screen
Type Schedule 40 PVC
Length (ft) 4
Diameter (in.) = 2
PVC Threaded = | | 7| siotsize(n) 001
Cap — Stot Type Machine Slotted

MW3S.XLS
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BOREHOLE LOG

Project Name: Parris Island, SC, MCRD |Borehole No.: 193-3-MW
Project Number: 22567-145 Elevation: 7.14 ft msl

Location: Bldg 193, Dry Cleaners Date Started:  12/12/96 |Date Completed: 12/12/96
Driller: Brian Cornell Total Depth (ft): 18.0

Equipment: Mobile B-57 Depth to Bedrock (ft): None

Drilling Method: Hollow Stem Auger Hole Diameter (in): 8

Drilling Fluid: None Depth to Water (ft): 3.0

Completion: Completed as Monitoring Well Logged By: P. Linley |Posthole to 4ft BGL

See Well Construction Logs for details

S| &
g . < gl 8
= Description 238l 2 1¢ <-;’ Comments
g cE| £3le) 3
Q wZz| oKkl O
__|0-7.2ft: SAND: (SP), gry blk (N2) to med It gry (N6) to dk yel a
__|org (10YRB/6) to brn gry (SYR4/1) ta it brn (SYRS/6), fine, mod
L well sort, unconsld, subang to subrd, wet at 3t, silt frac 15%. )
4 ] 1|ss 50 25
5 | 2|ss 70 227316
: 7.2-7.9f: SILTY CLAY: (CL), it gry (N7), v fine to fine, mod 7 3|ss 70 51172
_ sort, unconsld, subang to subrd, wet. 7
7.9-17.2ft: SAND: (SP), It gry (N7) to v It gry (N8) to white (N9) } 4|SS 60 57111115
10 |tomed gry (N5) to gry org (10YR7/4) to pale yel brn (10YR6/2) B
: to med dk gry (N4) to dk gry (N3), fine, unconsld, mod well sort, 7 5188 75 5/8/7/6
__|subang to subrd, silt frac 10-15%, wet to saturated :
] _ 6|SS 100 1/2/2/3
15 : | 7|ss 100 1121112
7] 17.2-18f: CLAY: (CL), med dk gry (N4) to dk gry (N3), v fine : 8{SS 100 1/3/4/6

: semiconsld, mod well sort, v moist to wet.
17.4ft: PEAT: (Pt), dusky yel brn (10YR2/2) to brn bik (SYR2/1)
20

25

30

Page 1




WELL CONSTRUCTION LOG

ThSump—uo |

PVC Threaded — |y

Cap

MCRD Parris Island [Site: Dry Cleaners Bld 193 Well No.:  193-MW-4D
Orilling Company: Environmental Dritling Inc. Project No.: 22567-145 Logged By: P. Linley
Criller: Brian Cornell Date Started: 12/12/96 Coordinates: N 187149.280
Drilling Equipment.  Mobile B-57 Date Completed: 12/12/96 E 2099253.080
Drilling Method: HSA Depth to Water: 3ft bg!
Drilling Fluid: None Elevation: 6.93 ft msl
Depth Below GS
@ MATERIALS
Riser Pipe
Flush Grade Well Box — Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 10
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 6] Length(®) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 8] Length(r) 2
| Placement Pour
Ql
Filter Pack
Filter Pack Type 20/30
Length (ft) 75
Placement Pour
- Amount Placed 1501bs
PVC Screen — [ .
' Screen
Type Schedule 40 PVC
Length (ft) S
Diameter (in.}) -~ 2
Y 14]  SlotSize (in) 0.01

Slot Type

Machine Slotted

15.03

15.5

Borehole Diameter (in.) —>'

|

MWwW4D.XLS




WELL CONSTRUCTION LOG

PVC Screen /3

PVC Threaded

Cap —1

i 7
7.2
75

Borehole Diameter (in.) —D!

|t

MCRD Parris Island |Site: Dry Cleaners Bid 193 Well No.:  193-4-MW-S
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/12/96 Coordinates: N 187150.310
Driling Equipment:  Mobile B-57 Date Completed: 12/12/96 E 2099249.096
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fluid: None Elevation: 6.98 ft msl!
Depth Below GS
m MATERIALS
- Riser Pipe
Flush Grade Well Box — Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 4.7
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 1] Length(®) _ NA
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 2] Length(®) 1
| Placement Pour
y | 3|
Filter Pack
Type 20/30
Length (ft) 5.5
Placement Pour
Amount Placed  162.5 Ibs

Screen
Type

Schedule 40 PVC

Length (ft)

Diameter (in.) .

4

2

Slot Size (in.)
Slot Type

0.01

Machine Slotted

MwW4S . XLS




bhlg

BOREHOLE LOG

Project Name: Parris Island, SC, MCRD [Borehole No.: 193-5-MW
Project Number: 22567-145 Elevation: 8.64 ft msl
Location: Bldg 193, Dry Cleaners Date Started: 12/13/96 [Date Completed: 12/13/96
Driller: Brian Cornell Total Depth (ft): 18.0
Equipment: Mobile B-57 Depth to Bedrock (ft): None
Drilling Method: Hollow Stem Auger Hole Diameter (in): 8
Drilling Fluid: None Depth to Water (ft): 4.0
Completion: Completed as Monitoring Well Logged By: P. Linley |Posthole to 4ft BGL
See Well Construction Logs for details
= Description 23l 2 |8 (; Comments
g EE| 58/¢] 3
Q nz| nE|lR D
__|0-12ft: SAND: (5F), pale brn (SYRS/2) to gry blk (N2) to It brn
gry (SYR6/1) to v It gry (N8) to It gry (N7) to med It gry (N6),
: fine, unconsld, mod well sort, subang to subrd, wet at 3ft, |
silt frac 10-15%. . 1[SS 60 2/1/4/S
e -
: : 21ss 80 5/5/7/9
] | 3lss 95 8181473
10 : : 4ss 100 172111
12 CLAYEY SILT: (ML), dk gry (N3), v fine, unconsid, mod 1 5|ss 100 2/2/4/4
] sort, subang to subrd, wet. :
"112-17.8ft: SAND: (SP), It brn gry (SYR6/1) to v it gry (N8), fine 6/SS 100 202212
15  |unconsid, mod sort, subang ta subrd, wet, silt and clay frac ]
] increasing w/depth, 13.5-14f dk gry (N3). : 71SS 100 2121214
" |17.8-18tt PEAT: (Py), dusky brn (5YR272) ]
20 | i
25 7| ]
30 | i
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WELL CONSTRUCTION LOG

1 ft. Sump —_—

PVC Threaded —|—

Borehale Diameter (in.) —»I

15.05
15.5

Cap

|-

MCRD Parris Island [Site: Dry Cleaners Bid 193 Well No.: 193-5-MW-D
Drilling Company: Environmental Drilling Inc. Project Na.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/13/96 Coordinates: N 187187.346
Drilling Equipment:  Mobile B-57 Date Completed: 12/13/96 E 2089376.763
Orilling Method: HSA Depth to Water: 4ft bg!
Drilling Fluid: None Elevation: 8.26 ft msl
Depth Below GS
- MATERIALS
o Riser Pipe
Flush Grade Well Box — Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 10
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 6| Llength(®) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 8] Length(m) 2
l Placement Pour
_ Y [ 9
Filter Pack
Filter Pack — . . Type 20130
: Length (f) 7.5
Placement Pour
Amount Placed 200 Ibs
PVC Screen —" | -
Screen
Type Schedule 40 PVC
Length (ft) 5
Diameter (in.) . 2
Y 14]  Slot Size (in)  0.01
Slot Type Machine Slotted

MWSD.XLS




WELL CONSTRUCTION LOG

PVC Screen—"|

PVC Threaded :
Cap —1

7.2
7.5

S

Borehole Diameter (in.) —>|

|

MCRD Parris Istand [Site: Dry Cleaners Bld 193 Well No.: 193-5-MW-S
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Oriller: Brian Cornell Date Started: 12/13/96 Coordinates: N 187192.220
Drilling Equipment:  Mobile 8-57 Date Completed: 12/13/86 E 2089377.309
Drilling Method: HSA Depth to Water: 4ft bg!
Drilling Fluid: None Elevation: 8.6 ft msl
Depth Below GS
& MATERIALS
. Riser Pipe
Flush Grade Well Box — Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 47
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 1 Length (R} NI/A
Bentonite Placement Tremie
Seal
Seal
Type Bentanite Pellets
Y | 2] Llength(m) 1
’ Placement Pour
3’
o Filter Pack
Fiter Pack — ] Type 20/30
Length (ft) 55
Placement Pour
Amount Placed 1S01lbs

Screen
Type Schedule 40 PVC
Length (ft) 4
Diameter (in.) = 2
Slot Size (in.)  0.01
Slot Type Machine Slotted

MWSS . XLS
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BOREHOLE LOG

Project Name: Parris Island, SC, MCRD

[Borehole No.: 193-6-MW

Project Number: 22567-145 Elevation: 7.76 ft msl
Location: Bidg 193, Dry Cleaners Date Started: 12/16/96 [ Date Completed: 12/16/96
Driller: Brian Cornell Total Depth (ft): 15.5

Equipment: Mobile B-57 Depth to Bedrock (ft): None

Drilling Method. Hollow Stem Auger Hole Diameter (in): 8

Drifling Fluid: None Depth to Water (ff). 3.0

Completion: Completed as Monitoring Well Logged By: P. Linley |Posthole 1ft BGL

See Well Construction Logs for details

= Description 22 2 § (; Comments
5 c5l g8/l 3
Q nwzZzl wi-|f| o
__|0-4.2ft SAND: (SP}, Fill/slag/cinders; dusky yel brn (10YR2/2} Split spaon from 1-7ft
__|to pale yel brn (10YR6/2) to olive gry (SY4/1), fine, unconsid, 1|SS 75 analytical sample (1-3ft bgi)
] mod well sart, subang to subrd, wet at 3ft.
4.2.5ft; CLAYEY SAND: (SC), med gry (N5), v fine to fine, mod N 2|ss 100 N/A
5 ] sort, unconsld, subang to subrd, saturated, silt frac 15%. B
: 5-15.5tt: SAND: (SP), grn gry (5G6/1) to dk yel brn (10YR6E/6) 7] 3(SS 65 8/8/8/6
__|to med It gry (N6), to It gry (N7), fine, unconsld, mod sort, sub- analytical sample (5-7ft bgl)
ang to subrd, saturated, silt frac 10-15%, 81t It alive gry (S5Y5/2) 7
"12#t cuttings soupy; 15t It olive gry (5Y6/1) to med gry (NS).
10 |
15 | ]
— -
— -
—] -
20 | ]
] ]
25 ]
B 1
30 | ] -
-
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WELL CONSTRUCTION LOG

MCRD Parris Island [Site: Dry Cleaners 8Id 193 Well No.: 193-6-MW-D
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Carnell Date Started: 12/16/96 Coordinates: N 187277.268
Drilling Equipment:  Mobile B-57 Date Completed: 12/16/96 E 2099296.248
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fluid: None Elevation: 7.52 ft msl
Depth Below GS
® MATERIALS
_ Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 10
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 6] Lengh(®) 6
Bentonite Placement Tremie
Seal
I Seal
Type Bentonite Pellets
Y | 8] Length(®) 2
______ l Placement Pour
\ 9]
e Filter Pack
Filter Pack — .- Type 20130
Length (}) 7.5
; Placement Pour
/' Amount Placed 125 1bs

PVC Screen /_:

PVC Threaded —
Cap

\ | 14
15.08
155

Borehole Diameter (in.) —D'

|

Screen
Type Schedule 40 PVC
Length (ft) 5
Diameter (in.) - 2
Slot Size (in.) 0.01
Slot Type Machine Slotted

MWBD.XLS




WELL CONSTRUCTION LOG

MCRD Parris Island [Site: Dry Cleaners Bid 193 Well No..  183-6-MW-S
Drilling Company: Environmental Drilling inc. Project No.: 22567-145 Logged By: P. Linley
Dritler: Brian Cornell Date Started: 12/16/96 Coordinates: N 187273.011
Drilling Equipment.  Mobile B-57 Date Completed: 12/16/96 E 2099295.097
Crilling Methad: HSA Depth to Water: 3ft bg!
Drilling Fluid: None Elevation: 7.61 R msl
Depth Below GS
) MATERIALS
Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 5
Grout
Backfill
PVC Pipe Typé Grout Seal
V l 1 ] Length (ft) N/A
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 2 Length () 1
| Placement Pour
I 3]
Filter Pack
Type 20730
Length (ft) 5.5
Placement Pour
Amount Placed 150 Ibs

PVC Screen —]

PVC Thread.ed

Cap —

7.2
7.5

Borehole Diameter (in.) —>l

|

Screen
Type Schedule 40 PVC
Length (ft) 4
Diameter (in.) . 2
Slot Size (in.)  0.01
Slot Type Machine Slotted

MWSES XLS
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BOREHOLE LOG

Project Name: Parris Island, SC, MCRD

|Borehole No.: 193-7-MW

Project Number: 22567-145

Elevation:

7.95 ft msl

Location: Bldg 193, Dry Cleaners

Date Started:

12/16/96 | Date Completed-12/16/96

Driller: Brian Cornell

Total Depth (ft):

19.0

Equipment: Mobile B-57

Depth to Bedrock (ft):

None

Drilling Method: Hollow Stem Auger Hole Diameter (in): 8
Drifling Fluid: None Depth to Water (ft): 3.0
Completion: Completed as Monitoring Well Logged By: P. Linley |Posthole to 1ft BGL
See Well Construction Logs for details
. 5| 5
= L, o = @ g S
= Description = 8 35 S (; Comments
S 55| 5825
a nZl|l nE|f| @
__|0-8.8ft: SAND: (SP), gry brn (SYR3/2) to dusky brn (SYR2/2) 1|8S 75 N/A analytical sample
__{toltolive brn (5Y5/6) to It gry (N7) to bm blk (SYR2/1) to dk yel
__|org (10YRE/6) to pale yel org (10YRB8/6), fine, unconsld, mod 2|88 60 2/442/2
__|well sort, subang to subrd, wet at 3f, silt frac to 15%. ]
5 _ 3[ss 70 6/7/8/7 analytical sample
: 4|Ss 80 72N
8.8-9ft: SILTY CLAY: (CL), med It gry (N6) v fine, unconsid, 7] 5|ss 100 10/20/20/20
10 |mod sort, subang to subrd, wet. 7 .
__|9-18.5ft: SAND: (SP}, brn gry (SYR4/1) to dk yel org (10YRE/6) : 6|SS 100 10/3/3/14
__|tevitgry (N8) to pale yel org (10YR8/6) to gry org (10YR7/4)
to pink gry (SYR8/1) to med gry (NS) to white (N9) to med 1t 7188 100 2721112
7 gry (N6), fine, mod well sort, unconsld, subang to subrd, wet N
15 |to saturated, silt frac 10-15%. 8lss 100 2121314
: 9|Ss 100 2/2/114 analytical sample (TOC)
18.5-19ft: CLAYEY SAND: (SC), med gry (N5) wet, organic
] layer at 18.8ft brn blk (SYR2/1) to dusky brn (§YR2/2), moist.
20 ] i
25 A
30
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WELL CONSTRUCTION LOG

PVC Screen —"|

1. Sump \_.

PVC Threaded —
Cap '

Y 14
15.05
155

Borehole Diameter (in.) —D‘

|

MCRD Parris Island [Site: Dry Cleaners Bld 193 Well No.: 193-7-MW-D
Orilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Drilier: Brian Corneil Date Started: 12/16/96 Coordinates: N 187328.810
Drilling Equipment.  Mobile B-57 Date Completed: 12/16/96 E 2089293.569
Drilling Method: HSA Depth to Water: 3ft bg!
Drilling Fluid: None Elevation: 7.72 t msl
Depth Below GS
o MATERIALS
Riser Pipe
Flush Grade Well Box — Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 10
Grout
Backfill
PVC Pipe Type Grout Seal
v I Gl Length (ft) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
\ 8] Length(®) 2
' Placement Pour
. e l gl
. i Filter Pack
Filter Pack/‘r;, Type 20130
o Length (ft) 75
Placement Pour
Amount Placed 150 Ibs

Screen
Type Schedule 40 PVC
Length (ft) 5
Diameter (in.) 2
Slot Size (in.) 0.01
Slot Type Machine Slotted

MW7D.XLS




WELL CONSTRUCTION LOG

Borehole Diameter (in.) —>‘

o

MCRD Parris Island [Site: Cry Cleaners Bid 193 Well No.: 193-7-MW-S
Drilling Company: Environmental Orilling Inc. Project No.. 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/16/96 Coordinates: N 187326.652
Drilling Equipment:  Mobile B-57 Date Completed: 12/16/96 E 2098285.775
Drilling Method: HSA Depth to Water; 3ft bgl
Drilling Fluid: None Elevation: 7.68 ft msl
Depth Below GS
) MATERIALS
i Riser Pipe
Flush Grade Well Box — Type Schedule 40 PVC
Diameter (in.) 2
‘Length(®) 5
Grout
Backfill
PVC Pipe Type Grout Seal
V | 1 l Length (ft) N/A
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 2 Length () 1
| Placement Pour
Y | 3[
Filter Pack
Filter Pack — . Type 2030
i Length(f) 5.5
: Placement Pour
/' Amount Placed 150 Ibs
PVC Screen — |2
Screen
- Type Schedule 40 PVC
A Length (f) 4
Diameter (in.) - 2
PVC Threaded - ' 7 Slot Size (in.)  0.01
Cap ———»{ ; 72 Slot Type Machine Slotted
G 75

MW7S.XLS
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BOREHOLE LOG

Project Name: Parris {sland, SC, MCRD [Borehole No.: 193-MW-8
Project Number: 22567-145 Elevation: 7.77 ft ms!
Location: Bldg 193, Dry Cleaners Date Started: 12/1 6/9?[Date Completed:12/16/96
Driller: Brian Cornell Total Depth (ft): 15.5
Equipment: Mobile B-57 Depth to Bedrock (ft): None
Drilling Method: Hollow Stem Auger Hole Diameter (in): 8
Drifling Fluid: None Depth to Water (ft): 3.0
Completion: Completed as Monitoring Well Logged By: P. Linley |Posthole to 1ft BGL
See Well Construction Logs for details
= Description 23 & 18|09 Comments
a EE|l £8l&| 3
S 62| sl @
__|0-15.5f: SAND: (SP) , dusky yel brn (10YR2/2) ta blk (N1) to | Spilit spoon from 1-7ft
brn gry (SYR4/1) to dk yel org (10YR6/6) to mod yel brn (10YR 1|SS 80 N/A analytical sample
: 5/4) to pink gry (SYR8/1) to med dk gry (N4) to yel gry (SY7/2) :
fine, unconsld, mod sort, subang to subrd, upper 1.5ft gvl frac 2|SS 70 N/A
5 ] 25% to 2.5" dia., 1-3ft poorly sorted - fine o coarse grained N
: (slag/cinders layer), 3ft wet to saturated, 15f silt & clay frac : 3(Ss S0 2/S/717 analytical sample
__|increasing w/depth to 10-1 5% each. |
10 | N
15 | .
20 | i
25 _ i
30 i

Page 1



WELL CONSTRUCTION LOG

Cooo7

4
i

1rSump—oouo__ |

\/ 15.06

PVC Threaded —1
Cap B

Y 155

Borehole Diameter (in.) —>‘

MCRD Parris Island [Site: Ory Cleaners BId 193 Well No.: 193-MW-8D
Orilling Company: Environmental Drilling Inc. Praject No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/16/96 Coordinates: N 187391.271
Drilling Equipment:  Mobile B-57 Date Completed: 12/16/96 E 2099319.322
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fiuid: None Elevation: 7.53 ft msl
Depth Below GS
o MATERIALS
. Riser Pipe
Fiush Grade Well Box — Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 10
Grout
Backfill
PVC Pipe Type Grout Seal
V 8| Length (ft) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
|\ 8] Length(t) 2
| Placement Pour
| 9
Filter Pack
Filter Pack Type 20/30
Length (ft) 7.5
Placement Pour
Amount Placed 137.51bs
PVC Screen — |+
Screen
Type Schedule 40 PVC
Length () 5
Diameter (in.) - 2
Y | 14|  Siot Size (in)  0.01
Slot Type Machine Slotted

MWB8D.XLS




WELL CONSTRUCTION LOG

Borehole Diameter (in.) —»{

|

MCRD Parris istand [Site: Dry Cleaners Bld 193 Well No.: 193-8-MW-S
Drilling Company: Environmental Orilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/16/96 Coordinates: N 187387.149
Drilling Equipment:  Mobile B-57 Date Completed: 12/16/96 E 2099318.846
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fluid: None Elevation: 7.60 ft msl
Depth Below GS
@ MATERIALS
Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 5
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 1] Length(r)  NA
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
\ 2] Length(m) 1
| Placement Pour
| 3
Filter Pack
Type 20/30
Length (ft) 5.5
~ Placement Pour
; " Amount Placed 150 lbs
PVC Screen — | i |
4 Screen
Type Schedule 40 PVC
Length (ft) 4
i Diameter (in.) . 2
PVC Threaded ~ |¥% Y 7]  Swotsize(n) 001
Cap ——P{ ; 7.2 Slot Type Machine Slotted
' 7.5

MW8S .XLS
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L6007 1

BOREHOLE LOG

Project Name: Parris Island, SC, MCRD

|Borehole No.:193-1-TMW

Project Number: 22567-145 Elevation: 7.81ft msl
Location: Bldg 193, Dry Cleaners Date Started: 12/11/96 IDate Completed: 12/11/96
Driller: Brian Cornell Total Depth (ft): 15.5

Equipment: Mobile B-57 Depth to Bedrock (ft). None
Drilling Method: Hollow Stem Auger Hole Diameter (in). 10
Drilling Fluid: None Depth to Water (ft). 3.0
Completion: Completed as Monitoring Well Logged By: P. Linley |Temporary well; removed
See Well Canstruction Logs for details & plugged immediately
after permeability test.
- 5| S
= L o = Q c>3 S
= Description =8 8,]8 C;) Comments
2 55| 5¢/%| 8
a nzZz|l ok R o0
__|0-8ft: SAND: (SF), dusky brn (SYR2/2), fine, unconsid, mod | No samples collected during
__|well sort, subang to subrd, gvl frac 3% to 3/8" dia. ] drilling operations, borehole
3ft: It brn gry (SYR6/1) to gry org (10YR7/4). | logged based on cuttings.
5  |s-8ft: CLAYEY SAND: (SC), dk yel arg (10YR6/6), v fine to 7
fine, unconsid, mod sort, subang to subrd, wet. _
: 8-15.5ft: SILTY SAND: (SM), gry org (10YR7/4), v fine to fine B
] unconsid, mod sort, subang to subrd, wet. B
10 10ft: dk yel org (10YRGE/6) to It brn (SYRS/6).
: 12ft: It gry (N7) to med dk gry (N4), saturated. N
15 | .
20 | ]
25 | )
30 | 7

Page 1



WELL CONSTRUCTION LOG

PVC Screen — |-

1 ft. Sump \*

PVC Threaded _.__.1

Grout

PVC Pipe

Bentonite
Seal

Filter Pack /‘r :

Cap

il

1 [

15.06
15.5

Borehole Diameter (in.} ->‘

MCRD Parris island [Site: Dry Cleaners Bld 193 Well No.:  193-1-TMW-D
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/11/36 Coordinates: N187456.710E2099300.355
Drilling Equipment.  B-57 Date Completed: 12/11/96 Temporary well; removed and
Drilling Method: HSA Depth to Water: 3ft bgl plugged immediately after
Drilling Fluid: None Elevation: 7.57ft msl permeability test was completed.
Depth Below GS
— MATERIALS
Riser Pipe
Type Schedule 40 PVC

Diameter (in.) 2

Length (ft) 10

Backfill
Type Grout Seal
Length (ft) 6
Placement Tremie
Seal
Type Bentonite Pellets
Length (ft) 2
Placement Pour
Fiiter Pack
Type 20/30
Length (ft) 75
Placement Pour
Amount Placed 2751|bs
Screen
Type Schedule 40 PVC

Length (ft) 5

Diameter (in.) 2

Slot Size (in.)  0.01

Slot Type

Machine Slotted

TMW1D.XLS




WELL CONSTRUCTION LOG

MCRD Parris Istand [Site: Dry Cleaners Bid 193 Well No.: 193-1-TMW-S

Drilling Company: Environmental Orilling Inc. Project No.. 22567-145 Logged By: P. Linley

Driller: Brian Cornell Date Started: 12/11/96 Coordinates: N187454.710E2099300.355
Drilling Equipment:  Mobile B-57 Date Completed: 12/11/96 Temporary well; removed and
Drilling Methad: HSA Depth to Water: 3ft bgt plugged immediately after

Drilling Fluid: None Elevation: 7.57ft ms permeability test was completed.

Depth Below GS

() MATERIALS
Riser Pipe
Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 4.9
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 1] Length(®)  NIA
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 2] Length(r) 1
] Placement Pour
Y ] 3|
Filter Pack
" Type 20/30
Length (ft) 5.5
Placement Pour

Amount Placed 3251lbs

PVC Screen —"| "%
b Screen
Type Schedule 40 PVC
Length (ft) 4
Diameter (in.) - 2

PVC Threaded = | 7| Sltsizen) 001
Cap — ; 7.2 Slot Type Machine Slotted
75

Borehole Diameter (in.) —>l l<—

TMW1S XLS
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BOREHOLE LOG

Project Name: Parris Island, SC, MCRD

[Borehole No.:193-2-TMW/

Project Number: 22567-145

Elevation:

7.57ft msl

Location: Bldg 193, Dry Cleaners

Date Started:

12/11/96

[Date Completed: 12/11/96

Driller: Brian Cornell

Total Depth (f):

14.0

Equipment: Mobile B-57

Depth to Bedrock (ft):

None

Drilling Method: Hollow Stem Auger Hole Diameter (in). 10
Drilling Fluid: None Depth to Water (ff): 3.0
Completion: Completed as Monitoring Well Logged By: P. Linley |Temporary well; removed
See Well Construction Logs for details & plugged immediately
after permeability test.
= Description 281 8 |8 (; Comments
g SE| 8% 3
&) NZ| nE|R| @O
__|0-2ft: SAND: (SP}, med dk gry (N4) to dk gry (N3), fine, unconsid, | 1SS 25 2/3/4/4
mod well sort, subang to subrd. _
__2-4ft: SAND: (SP), as above, @ 3ft wet, dk yel org (10YR6/5) 2|Ss 100 4/3/313
to pale yel brn (10YRG6/2) to pink gry (SYR8/1)
5 7 |a6ft: SAND: (SP), as above, pale yel brn (10YR6/2) tolt gry | 3lss 100 203145
(N7), wet :
"8t SAND: (SP), as above, It gry (N7) w/ It brn (SYR5/6) N 4{ss 100 311172
banding throughout, wet.
"|8-10ft: SAND: (SP), as above, wet, minor clay frac 15%. ] 5|ss 100 22512
10 |10-12ft: SAND: (SP), as above, bottom 4-inches med dk gry 7 6|SS 100 2/1/011
(N4), saturated. ]
_—_ 12-14ft: SAND: (SP}, as above, v it gry (N8) to med gry (N5), : 71SS 100 21721
. siit frac 10%. i
15 7
20 i
25 |
30 7

Page 1




WELL CONSTRUCTION LOG

MCRD Parris Island [Site: Dry Cleaners BId 193 Well No..  193-2-TMW-D
Drilling Company: Environmental Crilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/11/96 Coordinates: N187457 710E2099288.355
Drilling Equipment.  Mobile B-57 Date Completed: 12/11/96 Temporary well; removed and
Drilling Methad: HSA Depth to Water: 3ft byl plugged immediately after
Drilling Fluid: None Elevation: 7.57f msl permeability test was completed.
Depth Below GS
® MATERIALS
- Riser Pipe
Type Schedule 40 PVC
Diameter (in.} 2
Length (ft) 9.75
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 6| Length(t) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Yy | 8] Length(ry 2
_ : ' Placement Pour
: _ | gl
b Filter Pack
Filter Pack — - Type 20130
Length(R) 7.5
Placement Pour
: Amount Placed 250 lbs
PVC Screen —|
: Screen
‘ Type Schedule 40 PVC
Length (ft) S
Diameter (in.) = 2
\ 14] St Size (in) _ 001
! Slot Type Machine Slotted
TSump —10ou | ’
PVC Threaded —— 3 ; 15.2
Cap 15.5
Borehole Diameter (in.) —-»! I-d—-

TMW2D.XLS




WELL CONSTRUCTION LOG ©C0O07

MCRD Parris Istand [Site: Dry Cleaners BId 193 Well No.: 193-2-TMW-S

Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley

Driller: Brian Cornell Date Started: 12/11/96 Cocrdinates: N187454.710 £2099288.355
Drilling Equipment:  Mobile B-57 Date Completed: 12/11/96 Temporary well, removed and
Drilling Method: HSA Depth to Water: 3ft bgl plugged immediately after

Drilling Fluid: None Elevation: 7.57ft msl permeability test was completed.

Depth Below GS
— MATERIALS
il Riser Pipe
Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 4.8

Grout =~
Backfill
PVC Pipe Type Grout Seal
Y [sutace |  Length(r)  NA
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 1] Length(®) 1
I Placement Pour
B [ 2]
L Filter Pack
Filter Pack /T B Type 2030
- Length(f) 6.5
: Placement Pour
Amount Placed 300 |bs
PVC Screen —"| /'
’ Screen
Type Schedule 40 PVC

Length (ft) 5
Diameter (in.) . 2
7 Slot Size (in.)  0.01
7.2 Slot Type Machine Slotted
75

PVC Threaded

Cap —{-»

— e i ]

Borehole Diameter (in.) —>{ |<—

TMW2S XLS




WELL CONSTRUCTION LOG

000015

Borehole Diameter (in.) -—>|

|

MCRD Parris Island [Site: Dry Cleaners Bid 193 Well No..  193-8-MW-S
Drilling Company: Environmental Orilling Inc. Project No.: 22567-145 Logged By: P. Linley
Drilter: Brian Cornell Date Started: 12/16/96 Coordinates: N 187387.149
Dritling Equipment:  Mobile B-57 Date Completed: 12/16/96 E 2099318.846
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fluid: None Elevation: 7.60 ft msl
Depth Below GS
s MATERIALS
- Riser Pipe
Flush Grade Well Box — Type Schedule 40 PVC
Diameter (in.) 2
Length (f) 2.83
Grout
Backfill
PVC Pipe Type Grout Seal
| 1] Length(m)  NA
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 2] Length(m) 1
} Placement Pour
. I 3|
g Filter Pack
Filter Pack — % [ | Type 20/30
£ Length (ft) 55
|| Placement Pour
- Amount Placed 150 Ibs
PVC Screen —| /':
. Screen
| Type Schedule 40 PVC
|| Length (ft) 4
| Diameter (in.) 2
PVC Threaded || ! 7 Slot Size (in.)  0.01
Cap —-—AD{:-_ ; 7.2 Slot Type Machine Slotted
: 7.5

MW8S.XLS




WELL CONSTRUCTION LOG

PVC Screen—"|

1RSump—uou |

PVC Threaded —
Cap

Screen
Type
Length (ft)
Diameter (in.)
14 Slot Size (in.)

y

Slot Type

15.06

155

Borehole Diameter (in.) —P‘

MCRD Parris Island [Site: Dry Cleaners BId 193 Well No.:  193-MW-8D
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Drilter: Brian Cornell Date Started: 12/16/96 Coordinates: N 187391.271
Drilling Equipment:  Mobile B-57 Date Completed: 12/16/96 E 2099318.322
Drilling Method: HSA Depth to Water: 3ft bg!
Drilling Fluid: None Elevation: 7.53 ft msl
Depth Below GS
) MATERIALS
N Riser Pipe
Flush-Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) B.76
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 6| Length(f) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 8] Lengh(my 2
Placement Pour
..... ,—lg
Filter Pack
Filter Pack " Type 20/30
Length (ft) 7.5
Placement Pour
Amount Placed 137.5Ibs

Schedule 40 PVC

5

2

0.01

Machine Slotted

MW8D.XLS




WELL CONSTRUCTION LOG

Borehole Diameter (in.) —»i

|-

MCRD Parris Island [Site: Dry Cleaners Bld 193 Well No.:  193-7-MW-5
Drilling Company:  Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/16/96 Coordinates: N 187326.652
Drilling Equipment:  Mobile B-57 Date Completed: 12/16/96 E 2099295.775
Drilling Method: HSA Depth to Water: 3ft bg!
Drilling Fiuid: None Elevation: 7.68 ft msl
Depth Below GS .
@ MATERIALS
1 Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 2.73
Grout
Backfill
" PVC Pipe Type Grout Seal
|\ 1 Length ()  N/A
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 2] Length(m) 1
' Placement Pour
- Y [ 3
L] Filter Pack
Filter Pack/( ] Type 20/30
e Length (ft) 55
. || ‘ Placement Pour
.t Amount Placed 150 lbs
PVC Screen //': :
11 Screen
A} Type Schedule 40 PVC
Lt Length () 4
ot Diameter (in.) 2
PVC Threaded ¢ Yy 7| stotsizen) 0.01
Cap —-—L_ : ; 7.2 Slot Type Machine Slotted
: 75

MW7S XLS




WELL CONSTRUCTION LOG

PVC Screen — |-

trSump—ou_ |

PVC Threaded —{

P

Cap

IENAEEEAREEN .

L=

MCRD Parris Island [Site: Dry Cleaners Bld 193 Well No.: 193-7-MW-D
Orilling Company: Environmental Drilling inc, Project No.: 22567-145 Logged 'By: P. Linley
Driller; Brian Cornell Date Started: 12/16/96 Coordinates: N 187328.810
Drilling Equipment:  Mobile B-57 Date Completed: 12/16/96 E 2099293.569
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fluid: Naone Elevation: 7.72 ft msl
Depth Below GS
) MATERIALS
: Riser Pipe
Flush Grade Welt Box — Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 8.77
Grout
Backfill
PVC Pipe Type Grout Seal
V I 6' Length (ft) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 8] Length(fy 2
| Placement Pour
I 9'
Filter Pack
Filter Pack Type 20/30
Length (/) 75
Placement Pour
Amount Placed 150 lbs

Screen
Type

Schedule 40 PVC

Length (ft)

5

2

Diameter (in.)
* 14 Slot Size (in.)

0.01

Slot Type

Machine Slotted

15.05
15.5

Borehole Diameter (in.) —>|

|

MW7D.XLS




WELL CONSTRUCTION LOG

Borehole Diameter (in.) —

MCRD Parris Island ]Site: Dry Cleaners Bld 193 Well No.: 193-6-MW-S
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/16/96 Coordinates: N 187273.011
Driliing Equipment:  Mobile B-57 Date Completed: 12/16/96 E 2099295.097
Drilling Method: HSA Depth to Water: 3t bgl
Drilling Fluid: None Elevation: 7.61 ft msl
Depth Below GS
f MATERIALS
. Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 2.85
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 1 Length (R)  N/A
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 2] Length(®m) 1
I Placement Pour
. v 9
-
i Filter Pack
Filter Pack /T " Type 20730
n Length (R) 55
. - Placement Pour
- Amount Placed 150 Ibs
PVC Screen —| /':
] Screen
L Type Schedule 40 PVC
|1 Length (ft) 4
[ | Diameter (in.) 2
PVC Threaded Sl Y 7]  siotsize (in)  0.01
Cap —‘D{b v 7.2 Slot Type Machine Slotted
N Y 75

MW6ES.XLS




WELL CONSTRUCTION LOG

MCRD Parris Island [Site: Dry Cleaners BId 193 Well No.: 193-6-MW-D
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/16/96 Coordinates: N 187277.268
Drilling Equipment: " Mobile B-57 Date Completed: 12/16/96 E 2099296.248
Drilling Method: HSA Depth to Water: 3ft bgi
Drilling Fiuid: None Elevation: 7.52 ft msl
Depth Below GS
@ MATERIALS
: Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 8.76
Grout
Backfill
PVC Pipe Type Grout Seal
\ 6] Length(m) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 8] Llength(t) 2
o o Placement Pour
N " Filter Pack
Filter Pack b Type 20/30
Rl Length () 7.5
A Placement _ Pour
L o Amount Placed 1251bs
PVC Screen — ] V': 5
L Screen
Lt Type Schedule 40 PVC
e _ Length () 5
b Diameter (in) 2
s E _ Y [ 14 sotseein) oo
w Siot Type Machine Slotted
thSump—uo0 ]
.y
PVC Threaded — | ; 15.08
Cap 15.5

Borehole Diameter (in.) —-Pl

MW6ED.XLS




WELL CONSTRUCTION LOG

PVC Screen—"| -,

PVC Threaded

Cap ————-{

MEEEEENNNEEE

7.2
7.5

Borehole Diameter (in.) —»l

|-

MCRD Parris Island ISite: Dry Cleaners Bld 193 Well No.: 193-5-MW-S
Drilling Company: Environmental Drilling Inc. Project No.; 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/13/96 Coordinates: N 187192.220
Drilling Equipment.  Mobile B-57 Date Completed: 12/13/96 E 2099377.308
Drilling Method: HSA Depth to Water: 4ft bgl
Drilling Fluid: None Elevation: 8.6 ft msl
Depth Below GS
(# MATERIALS
- Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 2.96
Grout
Backfill
PVC Pipe Type Grout Seal
] 1 | Length (f) N/A
Bentonite Placement Tremie
Seal
' Seal
Type Bentonite Pellets
Y | 2l Length(®) 1
Placement Pour
: [ 3
N Filter Pack
Filter Pack /*' 3 Type 20/30
i Length(f) 55
= Placement Pour
/' Amount Placed 150 Ibs

Screen
Type Schedule 40 PVC
Length (f) 4
Diameter (in.} 2
Slot Size (in.) 0.0t
Slot Type Machine Slotted

MWSS.XLS




WELL CONSTRUCTION LOG

1 . Sump —_—

PVC Threaded ——
Cap

15.05
15.5

Borehole Diameter (in.) ——»I

|

MCRD Parris Island ]Site: Dry Cleaners Bld 193 Well No.: 193-5-MW-D
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/13/96 Coordinates: N 187187.346
Drilling Equipment:  Mobile B-57 Date Completed: 12/13/96 E 2099376.763
Drilling Method: HSA Depth to Water: 4ft bgl
Drilling Fluid: None Elevation: 8.26 ft msi
Depth Below GS
1 MATERIALS
Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 8.62
Grout =
Backfill
PVC Pipe Type Grout Seal
Y 6| Length(t) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 8] Llength(®t) 2
’ Placement Pour
- I 9'
et Fiiter Pack
Fitter Pack — - || Type 20/30
sl Length (f) 75
o Placement Pour
s Amount Placed 200 Ibs
PVC Screen //': .
S Screen
A Type Schedule 40 PVC
A4 Length (ft) S
|| Diameter (in.) 2
1 Y [ 14 sotsizen) oo
Slot Type Machine Slotted

MWSD.XLS




WELL CONSTRUCTION LOG

PVC Screen — |

PVC Threaded

Cap ————>|

I

7.2
7.5

Borehole Diameter (in.) —~>|

|

MCRD Parris Island [Site: Dry Cleaners Bld 193 Well No..  193-4-MW-S
Drilling Company:  Environmental Drilling inc. Project No. 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/12/96 Coordinates: N 187150.910
Drilling Equipment:  Mobile B-57 Date Completed: 12/12/96 E 2099249.096
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fluid: None Elevation: 6.98 ft msl
Depth Below GS
) MATERIALS
Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 2.84
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 1] Length(®)  NA
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
\ 2] length(fy 1
I Placement Pour
l 3
’ » Filter Pack
Filter Pack /V' . Type 20/30
& Length (ft) 55
Placement Pour
/' Amount Placed 1625 lbs

Screen
Type

Schedule 40 PVC

Length () 4

Diameter (in.) 2

Slot Size (in)  0.01

Slot Type

Machine Slotted

MW4S . XLS




WELL CONSTRUCTION LOG

Borehole Diameter (in.) —=|

|

MCRD Parris Island [Site: Dry Cleaners Bid 193 Well No.: 193-MW-4D
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Lintey
Driller: Brian Cornell Date Started: 12/12/96 Coordinates: N 187149.280
Drilling Equipment.  Mabile B-57 Date Completed: 12/12/96 E 2089253.080
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fluid: None Elevation: 6.93 ft msl
Depth Below GS
@ MATERIALS
- Riser Pipe
Ftush Grade Well Box Type Schedule 40 PVC
Diameter (in.} 2
Length (ft) 8.79
Grout
Backfill
PVC Pipe - Type Grout Seal
V I 6' Length (ft) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 8] length(t) 2
Placement Pour
- l 9]
] Eilter Pack
Filter Pack T Type 20/30
] Length () 7.5
A Placement Pour
/",_ i Amount Placed 150 lbs
PVC Screen—"| | |
el b Screen
- Type Schedule 40 PVC
i Length () 5
RE Diameter (in.) 2
B | 14|  SlotSize (in)  0.01
Slot Type Machine Slotted
tsump—0 | | |
s ol RSH
PVC Threaded -——-.{:_ ; 15.03
Cap Lo 155

MW4D.XLS




WELL CONSTRUCTION LOG

Borehole Diameter (in.) —Dl

|-

MCRD Parris Island [Site: Dry Cleaners Bid 193 Well No.:  193-3-MW-S
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P.Linley
Driller: Brian Cornell Date Started: 12/13/96 Coordinates: N 187257.657
Drilling Equipment:  Mobile B-57 Date Completed: 12/13/96 E 2099244.001
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fluid: None Elevation: 7.6 ft msl
Depth Below GS
@ MATERIALS
Riser Pipe
Flush Grade Well Box — Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 2.82
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 1] Length(®)  N/A
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
I 2] Length (ft) 1
. Placement Pour
N I 3|
Filter Pack
Filter Pack — .- Type 20130
= Length (ft) 55
‘-‘;:’ Placement Pour
| ot Amount Placed 150 Ibs
PVC Screen —| R
n Screen
Type Schedule 40 PVC
Length (ft) 4
I Diameter (in.) 2
PVC Threaded L Y 7|  siotsize(n) 001
Cap ———-P‘»_ ; 72 Slot Type Machine Slotted
T 7.5

MW3S.XLS




WELL CONSTRUCTION LOG

1 ft. Sump — )

PVC Threaded -———-L

Cap

15.06
15.5

Borehole Diameter (in.) -—>|

-

MCRD Parris Island 4|Site: Dry Cleaners Bld 193 Well No.: 193-3-MW-D
Drilling Company: Enviranmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/13/96 Coordinates: N 187258.713
Drilling Equipment:  Mobile B-57 Date Completed: 12/13/96 E 2099239.820
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fluid: None Elevation: 7.57 R msl
Depth Below GS
) MATERIALS
Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 8.79
Grout
Backfill
PVC Pipe Type Grout Seal
, Y 6] Length(®) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 8] Length(m 2
| Placement Pour
— [l
| Filter Pack
Filter Pack/‘r-_ [ | Type 20/30
] Length (ft) 75
| Placement Pour
|t Amount Placed 150 lbs
PVC Screen — | ||
| | Screen
1 Type Schedule 40 PVC
- Length (ft) 5
|| : Diameter (in.) 2
| Y | 14|  SlotSize (in) 001
Slot Type Machine Slotted

MW3D.XLS




WELL CONSTRUCTION LOG

MCRD Parris Isiand [Site: Dry Cleaners Bld 193 WellNo.©  193-2-MW-S
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/14/96 Coordinates: N 187345.032
Drilling Equipment:  Mobile B-57 Date Completed: 12/14/96 E 2099203.731
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fiuid: None Elevation: 7.11 ft msl
Depth Below GS
) MATERIALS
. Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 2.66
Grout
Backfill
PVC Pipe Type Grout Seal
' I 1 | Length (ft) N/A
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 2] Length(t) 1
l Placement Pour
] 3]
-
[ | Filter Pack
Fitter Pack — % . | | Type 20/30
] Length (ft) 5.5
- Placement Pour
- Amount Placed 150 lbs
PVC Screen //': :
|| Screen
L Type Schedule 40 PVC
| Length (ft) 4
' || Diameter (in.) 2
PVC Threaded R Y 7| Slot Size (in)  0.01
Cap ——-«P‘; ; 7.2 Slot Type Machine Slotted
7.5

Borehole Diameter (in.) —>‘

MW2S.XLS




WELL CONSTRUCTION LOG

1 ft. Sump \__—

PVC Threaded _{} f: ;

Cap

Slot Type

15.05

15.5

Borehole Diameter (in.) —>l

|-

MCRD Parris Island [Site: Dry Cleaners Bld 193 Well No.: 193-2-MW-D
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Driller: Brian Cornell Date Started: 12/14/96 Coordinates: N 187341.197
Drilling Equipment.  Mabile B-57 Date Completed: 12/14/96 E 2099201.966
Drilling Method: HSA Depth to Water: 3ft bgl
Drilling Fiuid: None Elevation: 7.23 ft msl
Depth Below GS
o MATERIALS
Riser Pipe
Flush Grade Well Box — Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 8.78
Grout
Backfill
PVC Pipe Type Grout Seal
Y 6] Length(t) 6
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
| 8] Length(t) 2 )
Placement Pour
| 9'
Filter Pack
Type  20/30
- Length (]} 7.5
. | Placement Pour
- Amount Placed 150 lbs
PVC Screen //':
- Screen
L Type Schedule 40 PVC
|| Length (ft) 5
: Diameter (in.}) 2
Y 14|  Siotsize(in) 0.01

Machine Slotted

MW2D.XLS




WELL CONSTRUCTION LOG

000075

MCRD Parris Island [Site: Dry Cleaners BId 193 Well No.: 193-1-MW-S
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Linley
Drilter: Brian Cornell Date Started: 12/11/96 Coordinates: N 187455.597
Drilling Equipment:  Mobile 8-57 Date Completed: 12/11/96 E 2099298.879
Drilling Method: HSA Depth to Water: 3ft bg!
Drilling Fluid: None Elevation: 7.6 ft msl
Depth Below GS
@ MATERIALS
A Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in) 2
Length {ft) . 2.79
Grout
Backfill
PVC Pipe Type Grout Seal
Y | 1] Length(t)  N/A
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y | 2] Length(r) 1
l Placement Pour
i | 3|
/L Filter Pack
Filter Pack : Type 20/30
' Length (ft) 55
Placement Pour
Amount Placed 325 1bs

PVC Screen—""] . .

PVC Threaded

Cap —___—.‘

Ty
[TTT Tl

 | ' I  |'

Y 7

Borehole Diameter (in.) —>‘

|

Screen
Type
Length (ft)
Diameter (in.)
Slot Size (in.)
Slot Type

Schedule 40 PVC

4

2

0.01

Machine Slotted

MW1S.XLS




WELL CONSTRUCTION LOG

000075

Borehole Diameter'(in.) —»'

|-

MCRD Parris Island [Site: Dry Cleaners BId 193 Well No.:  193-1-MW-D
Drilling Company: Environmental Drilling Inc. Project No.: 22567-145 Logged By: P. Liniey
Oriller: Brian Cornell Date Started: 12/11/96 Coordinates: N 187454.710
Drilling Equipment.  Mobile B-57 Date Completed: 12/11/96 E 2099308.355
Drilling Method: HSA Depth to Water: 3ft bg!
Drilling Fluid: None Elevation: 7.57 ft msl
Depth Below GS
o MATERIALS
5 Riser Pipe
Flush Grade Well Box Type Schedule 40 PVC
Diameter (in.) 2
Length (ft) 11.36
Grout
Backfill
PVC Pipe Type Grout Seal
\ I 8 Length(m)
Bentonite Placement Tremie
Seal
Seal
Type Bentonite Pellets
Y 10.3 Length () 2.3
} Placement Pour
11.6
p—
- Filter Pack
Fiter Pack —% | | Type 20730
| Length (ft) 5.2
| | Placement Pour
/",.«__ Amount Placed 162.51bs
PVC Screen—"] - ||
| Screen
| | Type Schedule 40 PVC
- Length (ft) 2.4
L Diameter (in.) 2
H Y | 14]  Siot Size (in)  0.01
Slot Type Machine Slotted
1rsump—ou_
-
PVC Threaded —| b | - ; 152
Cap | 155

MW1D.XLS
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SOIL ANALYSIS TEST PROGRAM
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CO LAB CORE LABORATORIES

SOIL ANALYSIS TEST PROGRAM

FINAL REPORT

Performed for:
BECHTEL ENVIRONMENTAL, INC.
151 LAFAYETTE DRIVE, P.O. Box 350
OAKRIDGE, TENNESSEE 37831-0350

January 7, 1997

Performed by:
CORE LABORATORIES, INC.
Rock Properties Laboratory
Dallas Advanced Technology Center
1875 Monetary Drive
Carroliton, Texas 75006

File: DAL-96497
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RELAB PETROLEUM SERVICES

January 7, 1996

Bechtel Environmental, Inc.
151 Lafayette Drive, P.O. Box 350
Oakridge, Tennessee 37831-0350

Attention: Ms. Karen Atchley

Subject: - Final Report
Soil Analysis Test Program
File: DAL-86497

Dear Ms. Atchley:

A testing program to determine intrinsic permeability, air permeability, bulk density, water content, and
particle size distribution has been completed for Bechtel. This study was authorized by Ms. Atchley by
delivery of the sample on December 13, 1996. Final results of all testing are presented herein.

One sample of soil identified as " 193-MW-4 5'-7' " was received on December 13, 1996. Two companion
1-inch diameter horizontal core plugs were punched from the supplied soil sampie and labeled as Sample
1 and Sample 2. In addition, remnant core material from the same interval was removed and labeled as
Sample 3. Subsequent sample preparation is described on Page ii.

Permeability to liquid was determined on Sample 1 as outlined on Page iii. The liquid permeability value
for the sample was 5.87E-13 cm?. The permeability to air, measured using a steady-state permeameter,
was 3.47E+02 millidarcys. Bulk density (2.01 g/cm3) and moisture content (0.437 cm3/cm3) were
determined on Sample 2 as described on Page iv. Particle size distribution was determined on the section
labeled Sample 3 as described on Page v. A summary of test results is presented on Page 1 and 2.
Permeability to liquid and hydraulic conductivity calculations follow on Pages 3 and 4. ASTM procedures
and testing methods are listed on page 5.

Thank you for this opportunity to be of service to Bechtel. Please contact us if you have any questions
concerning the enclosed information, or if we may be of any additional service.

Very truly yours,

(ihete )0

Wade Williams
Rock Properties Laboratory
Dallas Advanced Technical Center

3 copies. Addressee

Core Laboratories, Inc.
1875 Monetary Lane, Carrofiton, Texas 75006-7012, (214) 466-2673. Telex 163166, CORDAL UT. Fax (214) 323-3930
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File: DAL-96497

EXPERIMENTAL PROCEDURES

Sample Preparation

1.

2.

Upon receipt, the suite of samples was assigned job number DAL-96497 for laboratory tracking.
Samples 1 and 2 were trimmed to right cylinders approximately 1-inch in length. Each sample was
then placed in a 1-inch diameter metal sleeve with 120 mesh and 60 mesh stainless steel screens

installed on the top and bottom. The samples were then weighed to the nearest 0.001 gm. Corrected
weights were obtained by subtracting the weights of the mounting materials.

Samples'1 and 2 were designated for testing as follows:

« Sample 1: permeability tests
« Sample 2: moisture content and bulk density tests

Sample 3 was submitted for Particle Size determinations, see page v.

A chain of custody (COC) form was prepared for each sample. All pertinent data relating to the
sample was recorded on this form which accompanied the sample throughout testing.

The length and diameter of Sample 1 and 2 were measured to the nearest 0.001 cm using digital
calipers and recorded on the COC form. Cross-sectional area were calculated as follows:

(1-C,)
(D -Cp)2)2~ pi

w i

L
A
Gross sample length, cm
Corrected sample length, cm
Cross-sectional area, cm?
Gross sample diameter, cm
3.14158

Metal sleeve and screen length correction, cm
Metal sleeve diameter correction, cm

where:

n i nn

00T O»r —

non

Core Laboratories
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Permeability to Liquid Measurement

1.

4a.

4b.

5a.

5b.

Sample 1 was briefly evacuated of air, saturated with tap water, and weighed. The weight was
recorded on the COC sheet. The plug was installed in a hydrostatic coreholder and 100 psi net

confining stress was applied.

Tap water, which had been previously evacuated of air, was injected at a constant upstream pressure.
Differential pressure was monitored using a Validyne transducer calibrated, prior to use, using a dead
weight tester. Pressure readings are accurate to plus or minus 0.5 percent of the full scale vaiue.
Tap water viscosity was measured with a calibrated Canon-Fenske glass capillary viscometer. Tap
water density was determined using a pycnometer.

The prbduced rate was monitored as a function of time using a class A pipette until the relative
percent difference in incremental produced rate (measured over a two hour period) was less than 10

percent over a 24 hour period.

Permeability to liquid in millidarcys was calculated from the observed data using the following equation

(Darcy's law):
K=(C,*«Co*u*VL)/(P*=A=T)

permeability to liquid, millidarcys
constant, psi/atm

constant, millidarcys/darcy
viscosity of liquid, centipoise
incremental produced volume, ml
length, cm

differential pressure, psi
cross-sectional area, cm?
incremental time, sec

where;

N —
iwon

>0 <TE OOX
1

tn

Permeability in cm? was calculated from this value using the conversion factor:
cm? = millidarcys x 9.869E-12

Hydraulic conductivity in meters per second was calculated from the observed data using the following

equation: .
k=(V*L)/{(A*T=*=P)

Hydraulic conductivity, m/sec
Incremental produced volume, m?3
Length, m

Differential pressure, m H,0
Cross-sectional area, m?
Incremental time, sec

where:

>0 <=

Hydraulic conductivity in meters per year was calculated from this value using the conversion factor:
meters per year = meters per sec * 31,536,600

The sample was then submitted for air permeability determination.

Core Laboratories
iii
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Bulk Density and Moisture Content Determination

1.

2.

Bulk density and moisture content were determined on Sample 2.

Bulk density is defined to be the sample weight divided by the sample bulk volume and is presented in
grams per cubic centimeter.

Bulk volume was calculated from the corrected length and area of the samples determined in the
sample preparation step as follows:

BVv=L=*A
where: BV = Bulk volume, cc
L = Length,cm
A = Area, cm?

Bulk density was calculated from the bulk volume and the corrected weight of the sample (see sample
preparation) as follows:

BD = Wqympie / BV

where: BD = Bulk density, grams/cc
BV = Buik volume, cc
Weample = Sample weight, grams

The sample was dried to a constant weight in a vacuum oven at 220°F. The weight difference was
used to calculate the fluid saturated pore volume as follows:

SV = (Wsaturated - Wdry) / Ptiuid

where: 5\ = Fluid saturated volume, cc
Wearated = Saturated weight, grams
dry = Dry weight, grams
Pfiuid = Saturant fluid density, grams/cc

Moisture content was calculated by the following equation:

MC =SV/BV
where: MC = Moisture content, cc/cc
SV = Fluid saturated volume, cc
BV = Bulk volume, cc

Core Laboratories



IKEYRIRY

)

moinond Moo

!

ba. .

et Ny L g L B

d

Ltai BN

Bechtel
File: DAL-86497

Particle Size Analysis

The selected samples were cleaned, dried, and separated in two portions. A dry sieve analysis was
conducted on one portion of each sample to define the larger grain sizes (> 20 microns) while laser
particles sieve analysis was performed on the remaining portion of each sample to categorize the particles

below 20 microns.

Laser particle size analysis was performed using the Coulter LS 130 laser particle size analyzer. The LS
series measures particle size by measuring the amount of light scattered by the particle in different
directions by means of a Fourier lens. The diffraction detector system consists of 126 photodiode
detectors in three sets. These are low angle (mainly for large particles), mid-angle (average particles),

and high-angle (small particles).

Additionally, the LS 130's Polarization Intensity Differential Scattering Assembly utilizes polarized light to
provide the primary sized information for particles in the 0.1 to 0.4 micron range and enhances the
resolution of the particle sized distributions of up to 1 micron. Measured particle range is 0.1 to 800
microns with a repeatability of <1% about mean size (repeat runs of same sample).

The dry sieve and laser particle size measurements then were combined to obtain the overall sample
distribution. ‘

Core Laboratories
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LASER PARTICLE SIZE ANALYSIS

File: DAL-96497

Bechtel
Sand Size Silt Size .
. Clay Size
c l m I f [ vi [ | m | { J vi
100 / 15
90
- / ——— Cumulative Volume .
80 . / Frequency
N 70 | eesses Mean Diameter * -
¢ R // +esee Modian Diameter *
g 74 LT
> 50 ———— pw—
s {+ :
3 40 6
: Ik
Ja e
20 — 3
i AR ~ANnnnaan-
1
! Al S mﬂl ! [ I!” Iﬂﬂmﬂﬂﬂmﬂnni..-. 1 | !
0 T ] | ] T I T [ T ] i [ T 0
in. 0.0394 0.0098 0.0025 0.00061 0.00015 0.000038 0.0000096 0.0000024
mm 1.000 0.250 0.0625 - 0.0156 0.0039 0.00098 0.00024 0.000061
o 0 2 4 6 8 10 12 14

Particle Diameter

Particle Size Distribution Sorting Statistics
Diameter Volume, %

[U.S. Sieve] [in] [mm] {phil {Inc.] [Cum.] Pamameter Moment] [Trask] [inman] [Folk}
Coarse 20 0.0331 0.84 0.25 0.00 0.00 Mean, in 0.0047 | 0.0027 | 0.0020 { 0.0027
Sand 25 0.0280 0.71 0.50 0.00 0.00 Mean, mm 0.11395 | 0.0692 | 0.0520 | 0.0694

30 0.0232 0.59 0.75 0.00 0.00 Mean, phi 3.0649 | 3.8529 | 4.2657 | 3.8483
a5 0.0197 0.50 1.00 0.00 0.00
Medium 40 0.0165 0.42 1.25 0.00 0.00 Median, in 0.0048 | 0.0048 | 0.0048 | 0.0048
Sand 45 0.0138 0.35 1.50 0.28 0.28 Median, mm 0.1236 | 0.1236 | 0.1236 | 0.12386
50 0.0118 0.30 1.75 2.36 2.64 Median, phi 3.0162 | 3.0166 | 2.0166 | 3.0166
60 0.0098 0.25 2.00 5.98 8.62
Fine 70 0.0083 0.210 2.25 8.90 17.52 Std Deviation, in 0.0035 | 0.0141 | 0.0094 | 0.0099
Sand 80 0.0070 0.177 2.50 10.31 27.83 Std Deviation, mm 0.0900 | 0.3603 | 0.2403 | 0.2548

100 0.0058 0.149 275 11.01 38.84 Std Deviation, phi J.4736 | 1.4725 | 20573 | 1.9727
120 0.0049 0.125 3.00 10.52 49.36

Very Fine 140 0.0041 0.105 3.25 8.01 5737 Skewness 0.3030 | 1.4085 | 0.9567 | 0.86185
Sand 170 0.0035 0.088 3.50 452 61.89 Kurtosis -0.8960 | 0.2794 | 0.5143 | 0.8988
200 0.0029 0.074 375 1.81 63.70 Mode, mm 0.1525
230 0.0025 0.063 400 0.69 64.39 95% Confidence 0.1018
Siit 270 0.0021 0.053 425 083 65.32 Limits, mm 0.1371
325 0.0017 0.044 450 1.80 67.12 Variance, mm2 0.0081

400 0.0015 0.037 475 242 69.54 Coel. of Yariance, % | 75.35
450 0.0012 0.031 5.00 266 7220

500 0.0010 0025 532 325 75.45 | Perconties Particle Diameter
635 0.0008  0.020 564 2.87 7832 | [volume, %] finl _ [mm]  [phi]
0.00061 0.0156 6.00 297 8129 | 5 ~ | 0.0107 | 0.2737 | 1.8885
0.00031 0.0078 7.00 7.92 8921 | 10 0.0095 | 0.2431 | 2.0402
0.00015 _ 0.0039 _ 8.00 536 94.57 | 16 0.0084 | 0.2164 | 2.2084

Ciay 0.000079  0.0020 _ 9.00 341 97.98 | 25 0.0072 | 0.1853 | 2.4321
0.000035 0.00098 10.0 157 9955 | 50 0.0048 | 0.1236 | 3.0166
0.000015 0.00049 11.0 041 9996 |75 0.0010 | 0.0258 | 5.2737
0.0000084 0.00024 12.0 0.04 100.00 | 84 0.0005 | 0.0125 | 6.3230
0.0000047 0.00012 13.0 0.00 100.00 | 90 : 0.0003 | 0.0072 | 7.1252
0.0000033 0.00010 13.3 0.00 100.00 | 95 0.0001 | 0.0036 | B.1003

Core Laboratories

Frequency, X



s A | ad ool Wi ey ravg on L B o [ T

SUMMARY OF SOILS TEST PROGRAM RESULTS

e [ 1R ] ‘ . . [ [ R T IO

Bechtel File: DAL-96497
Permeability Moisture Bulk
Sample Permeability to Liquid, Hydraulic Conductivity, | to Air, Content, Density,
1.D. millidarcys | cm? m/sec | m/year millidarcys cclce glcc
193-MW-4 5.94E-02 5.87E-13 5.93E-10 1.87E-02 3.47E+02 0.437 2.01
5.7

Core Laboratories
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SUMMARY OF PERMEABILITY TO LIQUID TEST RESULTS
Fluid: Tap Water
Bechtel File: DAL-96497
Differential Incremental Incremental
Sample Length, Area, Viscosity, Pressure, Volume, Time, Permeability to Liquid,
1.D. cm cm? cp psi ml sec millidarcys | cm?
193-MW-4 2.98 4.99 0.97 50.0 4.29 12300. 5.94E-02 5.87E£-13
5-7

Core Laboratories
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SUMMARY OF HYDRAULIC CONDUCTIVITY CALCULATIONS

Fluid: Tap Water

" e g L o et by

| T | [ . B [EXTA

Bechtel File: DAL-96497
Differential Quantity Incremental
Sample Length, Area, Viscosity, Pressure, of Flow, Time, Hydraulic Conductivity,
1.D. m m? cp m H20 m? sec m/sec |  miyear
193-MW-4 2.98E-02 4.99E-04 9.70E-01 3.52E+01 4.29E-06 1.23E+04 5.93E-10 1.87E-02
5-7

Core Laboratories
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SITE ASSESSMENT TESTING METHODS

Bechtel

File: DAL-96497

Test Description Procedure
Moisture Content ASTM D2216
. Particle Size Analysis ASTM D422
Intrinsic Permeability ASTM D5084

Bulk Density

Air Permeability

Gravimetric and Volumetric Determination

Steady-State Air Pemeameter




Sample ID/Location
Cross Reference Index

Sample ID Station ID Sample Matrix Parameters
PI1618001 193-IMW-D WATER VOCs
PI1618101 193-1IMW-§ WATER VOCs
PI1618201 193-2MW-D WATER VOCs
PI1618303 193-2MW-S WATER VOCs
PI1618403 193-3MW-D WATER VOCs
P11618503 193-3MW-S WATER VOCs
PI1618601 193-4MW-D WATER VOCs
PI1618701 193-4MW-§ WATER VOCs
P11618803 193-5MW-D WATER VOCs
PI1618902 193-5MW-S WATER VOCs
PI1618004 193-1MW-D WATER Chloride, Sulfate, Nitrate
PI1618104 193-1MW-§ WATER Chloride, Sulfate, Nitrate
PI1618204 193-2MW-D WATER Chloride, Sulfate, Nitrate
PI1618304 193-2MW-S WATER Chloride, Sulfate, Nitrate
PI1618404 193-3MW-D WATER Chloride, Sulfate, Nitrate
P11618504 193-3MW-§ WATER Chloride, Sulfate, Nitrate
P11618604 193-4MW-D WATER Chloride, Sulfate, Nitrate
PI1618704 193-4MW-S WATER Chloride, Sulfate, Nitrate
P11618804 193-5MW-D WATER Chloride, Sulfate, Nitrate
PI1618904 193-5MW-§ WATER Chloride, Sulfate, Nitrate
PI1619601 183-7MW-D 5°-7° SOIL TOCs
PI11619701 193-TMW-D 1'-3’ SOIL TOCs
P11619801 193-7MW-D 17°-19’ SOIL TOCs
PI1619901 193-8MW-D 1°-3’ SOIL TOCs
PI1620001 193-8MW-D 5°-7° SOIL TOCs
PI1619004 193-6MW-D WATER Chloride, Sulfate, Nitrate
PI1619104 193-6MW-S WATER Chloride, Sulfate, Nitrate
P11619204 193-TMW-D WATER Chloride, Sulfate, Nitrate
PI1619304 193-TMW-S WATER Chloride, Sulfate, Nitrate
PI1619404 193-8MW-D WATER Chloride, Sulfate, Nitrate
PI11619504 193-8MW-S WATER Chloride, Sulifate, Nitrate
PI11620201 193-6MW-D 1°-3’ SOIL TOCs
P11620301 193-6MW-D 5°-7° SOIL TOCs
P11619602 193-TMW-D 5°-7° SOIL VOCs
PI1619702 193-7MW-D 1’-3’ SOIL VOCs
P11619902 193-8MW-D 1°-3° SOIL VOCs
P11620002 193-8MW-D 5°-7° SOIL VOCs
PI1620101 Trip Blank WATER VOCs
PI1619001 193-6MW-D WATER VOCs
PI1619101 193-6MW-S WATER VOCs
PI1619201 193-TMW-D WATER VOCs
PI1619301 193-TMW-S§ WATER VOCs
P11619401 193-8MW-D WATER VOCs
PI11619501 193-8MW-S§ WATER VOCs
P11620202 193-6MW-D SOIL VOCs
P11620302 193-6MW-D SOIL VOCs
PI1620402 Composite drill spoils SOIL VOCs
PI11620501 Trip Blank WATER VOCs




Hard copies of the analytical data and the Survey
are available upon request.
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GROUNDWATER MODELING FOR PARRIS ISLAND
DRY CLEANERS IN WELL STRIPPING

The model Visual Modflow Version 2.5 from Waterloo Hydrogeologic was used for this
model. The runs is provided for a three well model.

Grid Properties

A 400 ft. by 400 ft area was modeled. The overall grid was a 10 ft. by 10 ft. The grid
spacing was reduced to 5 ft. by 5 fi. in the area of the wells. The model used four layers.
The total depth of the model was 18 feet.

Constant Head Boundaries

Constant head boundaries were used on all sides. The heads were sloped to match the
gradient at the site of 0.003 ft/ft. This gave a water table drop of 1.7 feet across the
model.

Aquifer Properties

Sirrine Environmental performed slug test on several wells across the Depot. These were
used for an approximate Kx and Ky values. The Sirrine data is attached. The properties
used in the model were:

Kx - 0.003 cm/sec

Ky - 0.003 cm/sec

Kz - 0.0003 cm/sec

Ss - 0.001 1/1t

Sy-0.2

Eff. porosity - 0.2

Total porosity - 0.35

The rest of the properties are assumptions made for the model.
Wells

Wells were input into the model as 4” diameter with a ten foot screen. The flow rates
used for the wells were 2 gpm.

Results
The system will hydraulically control the site with a small pumping rate of 6 gpm total

flow. Since the aquifer properties are not well know for the site, the remediation system
will be sized for extra capacity.
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4.5 Hydraulic Conductivity Tests

In-situ aquifer tests (slug tests) were performed for each well to determine site-specific
hydraulic conductivity. These tests were conducted on 31 October, 1 November and 7
November, 1990. Hydraulic conductivities were calculated using a version of the method
described by Bouwer and Rice (1979) and modified by Bouwer (1989). Plots of rising head
data for each monitoring well are provided in Appendix C, the raw data are provided in
Appendix D, and hydraulic conductivities are summarized in Table 4-4.

The equation used to calculate hydraulic conductivities from the slug test results was:

K = rc2in(Re/rw) 1/t Iny Jy,
2le
where: - InRe/rw = [ 11 +A+Bin[(H-Lw)/wi]*
[In(Lw/rw) Le/rw ]
where: K = hydraulic conductivity (ft/sec)
rc = radius of casing (ft)

Re = effective radial distance of drawdown (ft)
w = radial distance of undisturbed aquifer (ft)
Le = length of screen (ft)

t = time (sec)

Y, = drawdown at time O (ft)

Y, = drawdown at time t (ft)

lw = height of water column in well (ft)

A = function of Le/rw (dimensionless)

B = function of Le/rw (dimensionless)

H = head (ft)

For example, the hydraulic conductivity for well PAI-157-1 was calculated as follows:

Lw = 3.95 # Y, = 0.51 ft

rw = 0.33 ft t = 60 sec

Le = 3.95 ft y, = 0.34 ft

H = 14.46 ft in(re/rw) = 1.58
A=12 rc = 0.19 ft

B =03 K = 5.16 x 10-* fi/sec

4-16



FIELD HYDRAULIC CONDUCTIVITIES™

TABLE 44

MCRD Parris Island

Well ID Yo Yt t® K ft/sec K ft/day Kecm/sec T f¥/day®
PAI-157-1 0.51 0.34 60 5.16E-5 4.46 156
PAI-157-2 1.10 064 60 6.64E-5 574 201
PAI-157-3 1.10 055 60 8.41E-5 7.26 254
PAI-176-1 0.50 0.33 60 5.29E-5 4.57 160
PAI-850-4 0.42 021 60 6.37E-5 5.50 183
PAI-850-5 0.30 0.11 60 9.23E-5.. 7.97 2798
PAI-850-6 0.33 0.18 60 5.63E-5 4.86 170
PAI-864-1 0.81 030 €0 9.18E-5 7.93 278
PAI-895-1 0.20 0.03 60 1.55E-4 13.36 468
PAI-895-2 0.20 0.05 60 1.02E-4 8.83 309
PAI-895-3 021 0.07 60 7.87E-5 6.80 238
PAI-AS18-4 0.32 020 60 3.21E-5 2.77 97
PAI-AS18-5 0.36 020 60 6.27E-5 5.42 190
PAI-AS18-6 0.53 0.23 60 5.28E-5 4.56 160
PAI-AS18-7 0.55 030 60 7.17E-5 6.19 217
PAI-AS18-8 0.47 0.19 60 7.73E-5 6.68 234
PAI-AS18-9 0.32 0.20 60 5.53E-5 478 167
PAI-AS18-10 0.28 0.17 60 4.44E-5 3.84 135
PAI-AS18-11 1.15 045 60 8.71E-5 7.52 263
PAI-AS18-12 0.30 0.18 60 3.18E-5 2.75 96
(1) Yo and Yt measured in feet, time (t) measured in seconds .-
. C
(2)  Saturated thickness assumed to be 35 feet e W\LW‘\O’
NS M%{ .
[ \/\)@ _ UJP.— /
Ny L\ e
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Mr. Roy Hoekstra

Bechtel Environmental, Inc.

P.0. Box 350 ,

Oak Ridge, Tennessee 37831-0350

Re:  Permit determination for air stripper at the MCRD, Parris Island Dry Cleaning
Facility: File 0360-0002

Dear Mr. Hoekstra

The Department has received your letter dated November 10, 1997, requesting a permit
determination be made for a pump and treat system at the Marine Corps Recruiting
Depot, Parris Island Dry Cleaning facility. At this time the Department has determined
that a construction permit will not be needed. This determination has been made based
upon the information submitted in the above request. All air toxic emissions fall well
below modeling and permitting de minimus levels. If there are any changes in the
process which might increase the potential release of any regulated air pollutant, the
Department must be notified in advance of such change.

If you have any further questions, feel free to contact me at (803) 734-9339.
Sincerely,
Ken Dantzler

Engineering Services Division
Bureau of Air Quality

cc: Commanding General, U.S. Marine Recruit Depot
Jennifer Minor, Low Country EQC District

NEC 1 1997

SOUTH CAROLINA DEPARTMENT OF HEALTH AND ENVIRONMENTAL CONTROL
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Bechtel

Oak Ridge Corporate Center
151 Lafayette Drive

P.O. Box 350 NUV ‘ 0 |997

QOak Ridge, Tennessee 37831-0350
Telephone: (423) 220-2000

Ken Dantzler

Bureau of Air Quality
SCDHEC

2600 Bull St.
Colombia, SC 29201

SUBIJECT: Bechtel Job No. 22567
Department of the Navy Contract No. N62467-93-D-0936
"DO 0048: SITE 45/SWMU45, DRY CLEANERS FACILITY, INTERIM REMOVAL ACTION

AIR PERMITTING REQUIREMENTS, MARINE CORPS RECRUITING DEPOT,
PARRIS ISLAND, SOUTH CAROLINA
Subject Code: 7510

"Dear Mr. Dantzler:

I spoke to you briefly a couple weeks ago to discuss the air permitting requirements for 2 pump and treat
system that is being planned for the dry cleaner’s facility at MCRD, Parris Island. You suggested that I
gather the pertinent information and submit it to you for a determination if an air permit would be required.

A spill of tetrachloroethlene (PCE) occurred at this site in March 1994, when the storage tanks were
overfilled. The Depot removed the contaminated soils, but the groundwater is contaminated at the site. An
Interim Removal Action has been proposed to install a pump and treat groundwater remediation system to
remove the central portion of the plume. The groundwater will be pumped from three wells and treated by

air stripping prior to discharge to the Depot’s wastewater treatment plant.

Enclosed, please find some very conservative calculations on the amount of air emissions that this system
could generate (2.91 Ibs/day or 87.3 Ibs/month). These calculations are based on the latest groundwater
sampling data. Normally, when systems like this start operation, the emissions will be the highest at the
start and drop quickly with time. Also enclosed is Figure 1.5 detailing the latest groundwater data and the

drawing showing the proposed recovery well locations.

If you have any questions, please feel free to call me at (423) 220-2271 or Karen Atchley at (423) 220-2167.

Sincerely,

Project Engineer

REH:dcm:LR1437
Enclosure: As stated

cc:  A. Sanford (SouthDiv) w/enc.
T. Harrington (MCRD) w/enc.

&
Bechtel Environmental, Inc.
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|

l

|

Estimate of Air Emissions from Pump and Treat

Air Stripper - Dry Cleaners Facility - Parris Island

|

|

Levels of Contaminants in the monitoring wells in the center of the plume (ppb)
Contaminant Well 8-MW _ |Well 7-MW | Well 6-MW

PCE 32,000 60,000 1,200

TCE 4,800 15,000 2,800

cis 1,2 DCE 1,100 3,800 220

trans 1,2 DCE- nd nd 8.3

vinyl chloride nd nd 170

Total Solvents 37,900 78,800 4,398

avg = 40,400ppb or 40.4 ppm

Assume pump and treat contamination |

evels to be tﬁe s

ame as the monitoring wells.

Assume pumping rate of 2 gpm per well

Weight of water pumped in 24 hours at 6 gpm

|

|

6gpm x 8.34 Ibs/gal x 60 minutes x 24 hours/day = 72,060 Ibs/day

|

]

Air emissions per day = 72060 x 40.4/1,000,000 = 2.91 ths/day or 87.3 Ibs/month

Page 1
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NAVY RAC GROUNDWATER SAMPLING RECORD

Sampling Event: Logbook 1D:
L

SAMPLING STATION

Station ID

Station Type

SAMPLE

Sample
Type

Sample
ID

Sample
Matrix

Collection Method

Date

Time

By

Weather Conditions:

Field Logbook(s) Pages ES&H Jmi(s) Pgs

SEIR No.:

Flush Mount Well Inspection

Is the water-tight cover
damaged? [ Yes [(J No

Is the concrete pad cracked
or unstable? ] Yes [J No

Is water in the interior of the
casing? [J Yes [J No

Is the bentonite seal cracked
or damaged? ] Yes (J No

Remarks:

Instruments Manufacturer/Mode

Serial No.

Func. Ck.

Calib. Due

Reference

pH/Enh

Conductivity/Temp

Dissolved Oxygen

Turbidity

GROUND LEVEL DATA (before purging)

Well Variables

Casing Volume Calculations

Depth of water =
of water]
Inside diam. of casing = d(in.); 1/2(d) = r(in.)
). _ R(ff); [7.48 gal/ft® constant]

(TD-H) = h(ft) [H=depthtotop

\

\
\

n

3%

7(R)? hx(7.48 gal/ft®)

ou

gal

WELL PURGE INFORMATION

12(in.)
Purge equipment: S/N:

Purge method:

Pump type:

Temp

Prog Cyc Date Time (°C) pH Eh Units

Cond.

Units {

Turb

)

VolPrdg
(gal)

Purge rate
(gpm})

Well purged to dryness: [] Yes [ No




NAVY RAC GROUNDWATER SAMPLING RECORD

Sampling Event:

Logbook 1D:

Container Information

Analytes

Container ID

Preservative

Container ID

Comment

Parameters during sampling (Record immediately before sampling and every 2 hours if sampling time exceeds

2 hours):
Date Time Temp pH Eh Conductivity Turb. D.O.
Remarks:
Recorded by: Date Reviewed by Date
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