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EXECUTIVE SUMMARY

ES.1 Purpose of the Case Study Report

This case study report includes an effectiveness evaluation for three separate
groundwater pump and treat (P& T) systems located at Marine Corps Base (MCB) Camp
Lejeune, North Carolina. The systems evaluated within this report are the North and South
P& T systems within Operable Unit 1 (OU1), and the Operable Unit 2 (OU2) P& T system.
The primary purpose of the evaluation isto assess the ongoing remedial action operation
(RAO) program for these three systems, and provide recommendations resulting in
attainment of site remedial action objectives and ultimate closure for optimal life cycle
costs. For the purposes of this report, optimal is defined as the minimum cost without
sacrificing data quality or decision-making.

This project was conducted for the Naval Facilities Engineering Service Center
(NFESC) under a Broad Agency Announcement contract. NFESC is |eading a Department
of the Navy (DON) working group in developing guidance on optimizing monitoring and
remedial action operations for Navy/Marine Corps activities. Thisworking group is
comprised of members from NFESC, Atlantic Division (LANTDIV), other Engineering
Field Divisions/Activities, Naval Facilities Engineering Command, and Chief of Naval
Operations.

ES.2 Optimization Approach

The approach employed in this RAO optimization project to achieve site closeout
for optimal life cycle cost is outlined in the steps below. A sitevisit at MCB Camp Lejeune
was conducted from April 27-30, 1999 to gather the required information for this report.

Gain a detailed understanding of the remedial decision-making framework,
remedial action objectives, and site closure criteriafor each site.

Describe and understand past investigation and remedial actions taken to date,
and how they have affected the current evolution and understanding of the
conceptual site model.

Describe the current conceptual site model, i.e., geology, pathways, receptors,
and contaminants of concern (COCs).

Gain an understanding of other remedial actions and associated data at MCB
Camp Lejeune having potential applicability at OU1 and OU2.

Describe the system design basis and operational objectivesfor the P& T
systems, including extraction well network, at each operable unit.

Baseline the past and current cost and operational datafor each system.
Compare the cost and performance data with the system design basis.

MCB Camp Lejeune RAO ES1 January 2000
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Assess the need for additional system operation.

Provide the future decision strategy framework and prioritized
recommendations to improve total system performance and achieve site
remedial action objectivesfor optimal cost.

ES.3 Operable Unit 1 (OU1) North and South System Descriptions

The OU1 North and South P& T systems were evaluated over an operating period
of approximately 2.5 years (September 1996 to March 1999). The treatment systems are of
identical design and include oil-water separation, followed by air stripping, granular
activated carbon (GAC), and discharge to the sanitary sewer system. The systems were
designed to accommodate influent flowrates up to 80 gallons per minute (gpm). The
extraction well fields consist of three active wells for OU1 North and seven active wells
for OU1 South. Extraction wells were expected to produce up to 5 gpm each.

Remedial action objectives for both systems are covered under a Record of
Decision (ROD) signed in 1994 which specifies plume capture and treatment to a
combination of federal Maximum Contaminant Levels (MCLSs), State of North Carolina
(NC) standards, and risk-based standards. The point of compliance for these treatment
objectivesis throughout the contaminated plume at OU1. Current total VOC contaminant
levelsin the influent are 200-500 parts per billion (ppb).

ES.4 OU1 North and South System Perfor mance Summary

The technical and cost effective performance for the North and South systems for
the period from September 1996 to March 1999 has been poor. It also appears that both the
North and South plumes have been stable for severa years and are no longer migrating.
The overall performance for both systemsis summarized below:

Low hydraulic conductivity of the shallow aquifer has resulted in influent
treatment plant flowrates of less than 9% of design capacity.

Combined total mass removal for both systems has been limited to
approximately 23 poundsin 2.5 years of operation.

The average cost per pound of contaminant removed has been approximately
$30,000.

Thereislittle evidence to suggest that either system can achieve ROD-specified
cleanup objectives throughout the aquifer in their current configuration and
mode of operation.

Both systems have a history of significant maintenance problems and
associated downtime.
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ES.5 OU1 North System Recommendations

Based on the information reviewed and presented in Section 3.0 of this report,
several primary recommendations can be made for the OU1 North P& T system. Complete
implementation of these recommendations will likely require an Explanation of Significant
Difference (ESD) or aROD amendment to the current OU1 ROD.

1. Perform amonitored natural attenuation (MNA) assessment on the OU1 North
plume, according to established Department of Defense (DoD) and
Environmental Protection Agency (EPA) protocols.

2. Inparallel with recommendation 1, continue to operate the OU1 North P& T
system on an interim basis until contaminant mass removal from extraction
wells RW-10, 11, and 12 reach asymptotic levels.

3. Shut down the OU1 North system upon achievement of objectivesin
recommendation 2.

4. Should state guidelines permit risk assessment in the future, consider revising
the baseline human health risk assessment assumptions and associated cleanup
level calculationsto reflect an industrial future land use category as the most
probable scenario.

5. If MNA does not prove feasible as the long-term remedy for OU1 North,
consider applying remedial options currently in use at Hadnot Point Fuel Farm
(HPFF), along with enhanced biodegradation remedies. These alternative
remedies could include air sparging/soil-vapor extraction (AS/SVE) and
application of hydrogen releasing compound (HRC).

6. Leverage the performance assessment within this report, as well as the data and
information from implementation of the above recommendations, as the
foundation for the upcoming five-year review at OU1.

In addition, detailed recommendations are provided to help optimize the OU1 North P& T
system during its interim operation period. Several of these recommendations may also be
applicable for future remedial actions. All recommendations for the extraction and
monitoring well network and the aboveground treatment trains for the OU1 North P& T
system are summarized in Table 4-1.

ES.6 OU1 South System Recommendations

Based on the information reviewed and presented in Section 5.0 of this report,
severa primary recommendations can be made for the OU1 South P& T system. Aswith
OU1 North, complete implementation will likely require an ESD or ROD amendment to
the current OU1 ROD.

1. Shut down the operation of the OU1 South system at the earliest opportunity.
Continued active pumping is difficult to justify given the low permeability of
the aguifer, current total VOC concentrations, and the likelihood of passive
natural attenuation processes aready at work.
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2. Inparalel with recommendation 1, perform a monitored natural attenuation
(MNA) assessment on the OU1 South plume according to established DoD and
EPA protocols. Data gaps to better define the extent of the plumein three
dimensions can befilled as part of the MNA assessment.

3. Should state guidelines permit risk assessment in the future, consider revising
the baseline human health risk assessment assumptions and associated cleanup
level calculationsto reflect an industrial future land use category as the most
probable scenario.

4. 1f MNA does not prove feasible as the long-term remedy for OU1 South,
consider applying remedial options currently in use at HPFF, along with
enhanced biodegradation remedies. These alternative remedies could include
AS/SVE and application of hydrogen releasing compound (HRC).

5. Leverage the performance assessment within this report, as well as the data and
information from implementation of the above recommendations, as the
foundation for the upcoming five-year review at OU1.

In addition, recommendations are provided to optimize the OU1 South P& T system asitis
currently operating if system shutdown cannot be immediately implemented.
Recommendations are summarized in Table 6-1.

ES.7 OU2 System Description

The OU2 P& T system was evaluated over an operating period of approximately
two years (January 1997 to March 1999). There are two, co-located aboveground treatment
trains for this system; one for the shallow aquifer zone, and one for the combined flow of
both the shallow and deep aquifer zones. Water from the shallow aguifer isfirst treated for
iron removal (mix tank, clarifier, and sludge thickening) prior to being combined with
extracted groundwater from the deep aquifer zone. The combined flow istreated viaair
stripping, filtration, and granular activated carbon, and then discharged to Wallace Creek.
The system capacity flow is 500 gpm. The shallow zone and deep zone extraction well
fields consist of six and four wells, respectively.

Remedial action objectives for the system are covered under a Record of Decision
(ROD) signed in September 1993 which specifies plume capture and treatment to federal
MCLsor State of North Carolina (NC) standards, whichever is more stringent. The point
of compliance for these treatment objectives is throughout the contaminated plume at OU2.
Influent volatile organic compounds (VOCs) contaminant levels at OU2 average 21 parts
per million (ppm), indicating the presence of dense non-agqueous phase liquids (DNAPL) in
the subsurface aquifer.
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ES.8 OU2 System Perfor mance Summary

The performance of the OU2 treatment system from both mass removal and cost-
effectiveness standpoints has been good. Average flow into the system is 60% of the
design capacity of 500 gpm, and more than 40,000 pounds of contamination have been
removed from the aquifer at an average cost of only $49 per pound. However, the likely
presence of DNAPL coupled with the existence of several critical data gaps, make it highly
unlikely that OU2 can be remediated to ROD-specified cleanup levels with existing
technology. The data gaps and overall performance of the OU2 system are summarized
below:

The system has cost-effectively removed significant contaminant mass from the
aquifer (more than 40,000 pounds at $49 per pound);

The vertical and lateral extent of contamination in both the shallow and deep
aguifer zonesis unknown;

DNAPL source areas require better delineation and definition;

Datato support natural attenuation and passive biodegradation processes for the
dissolved phase portions of the plume has not been collected for the shallow
and deep aquifer zones;

Plume capture in the shallow zone cannot be confirmed with the current
monitoring network;

Dueto adilution effect, the five downgradient extraction wellsin the shallow
zone are reducing the mass removal effectiveness of the extraction network;

Plume capture in the deep zone is likely but the hydraulic gradients are
insufficient to prevent further downward migration of DNAPL; and

Mass removal from the deep aquifer zone may be diluted due to wells being
screened over most of the well depth, instead of being targeted at zones
containing the highest concentrations of contaminants.

ES.9 OU2 Recommendations

The primary recommendation for OU2 isto pursue separate but integrated remedial
activitiesfor the DNAPL source areas and dissolved phase portions of the plume, both in
the shallow and deep aquifer zones. The initial phase in this approach requires that existing
data gaps be filled to the extent practicable. In particular:

The extent of contamination in the shallow and deep zones should be
delineated, including the DNAPL source areas,

Natural biodegradation datain the wetlands area of Wallace Creek, and
monitored natural attenuation data for the dissolved phase portions of the plume
should be collected; and
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Discussions should begin with the regulatory agencies to establish alternate
concentration limits (ACLs) for groundwater discharging to Wallace Creek.

For the shallow zone, additional recommendations include monitoring the mass
removal from each extraction well, and installing additional extraction wellsin the vicinity
of the current hot spot. For the deep zone, other recommendations include the use of
diffuser sampling bags to delineate the vertical distribution of contamination, and
performing additional investigations to better define stratigraphy and contaminant extent.
Based on an analysis of this data, additional deep zone extraction wells may be required.

For the aboveground treatment plant, recommendations include:
Modifying the National Pollution Discharge Elimination System (NPDES)
permit to allow bypass of the GAC polishing step during normal operation;
Replacing the existing polymer feed pump; and

Monitoring mass removal from individual extraction wellsto optimize
operation and placement of future wells.

MCB Camp Lejeune RAO ES6 January 2000
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1.0 INTRODUCTION

The Department of the Navy (DON) recently formed aworking group to provide
guidance for optimizing remedial action operation (RAO) and long-term monitoring
(LTM) programs at remediation sites. Thisworking group, led by the Naval Facilities
Engineering Service Center (NFESC), selected four pump and treat (P& T) sitesfor
detailed RAO evaluations. Three of these sites are at Marine Corps Base (MCB) Camp
Lgeune, North Carolinag, and the fourth islocated at Naval Air Station (NAS) Brunswick,
Maine. This case study report includes an evaluation of groundwater P& T systems located
within two sites, Operable Units (OUs) 1 and 2 at MCB Camp Lejeune. Two P& T systems
arelocated at OU1, OU1 North and OU1 South. One P& T system islocated at OU2.
Separate reports are available for evaluations of P& T systems at the Campbell Street Fuel
Farm (MCB Camp Lejeune), and the Eastern Groundwater Plume at NAS Brunswick.

1.1 Purpose and Objectives

The primary purpose of this case study isto evaluate and assess the ongoing RAO
program at OUs 1 and 2 at MCB Camp Lejeune, North Carolina; and provide
recommendations resulting in attainment of site remedial action objectives and ultimate
closure for optimal life cycle costs.

Specific elements to be evaluated for each site and associated P& T system include

the following:

Overall site remediation strategy and approach;

Best operation and management practices already in place;

Extraction system network, including all wells, screen intervals, and piping;

Performance of treatment system components, including control systems;

Operation, maintenance, and control of the treatment units;

Treatment system data collection, analysis, and reporting;

Effluent discharge options;

Appropriate exit strategy for site closeout, including recommendations for the
use of alternative technologies, as appropriate; and

Total estimated cost avoidance/savings from optimized operations.

1.2 Optimization Approach

The overall goal of this case study report is to provide a decision framework and
associated recommendations that will facilitate attainment of site remedial action
objectives and ultimate closure for optimal life cycle costs. For the purposes of this report,
optimal is defined as the minimum cost without sacrificing data quality or decision-

MCB Camp Lejeune RAO 11 January 2000
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making. The approach employed in this RAO optimization project to achieve thisgoal is
outlined by the steps below and isillustrated in Figure 1-1:

Gain a detailed understanding of the remedial decision-making framework,
remedial action objectives, and site closure criteriafor each site;

Describe and understand past investigation and remedial actions taken to date,
and how they have affected the current evolution and understanding of the
conceptual site model;

Describe the current conceptual site model, i.e., geology, pathways, receptors,
and contaminants of concern (COCs);

Gain an understanding of other remedial actions and associated data at MCB
Camp Lejeune having potentia applicability at OU1 and OU2;

Describe the system design basis and operational objectives for the P& T
systems, including extraction well network, at each operable unit;

Baseline the past and current cost and operational datafor each system;
Compare the cost and performance data with the system design basis,
Assess the need for additional system operation; and

Provide the future decision strategy framework and prioritized
recommendations to improve total system performance and achieve site
remedial action objectivesfor optimal cost.

MCB Camp Lejeune RAO 1-2 January 2000
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Section 2 FINAL

2.0 LOCATION AND PHYSICAL SETTING OF MCB
CAMP LEJEUNE

MCB Camp Legeuneis a236-square mile (153,439 acre) training base for the
United States Marine Corps (USMC). The installation is located in Onslow County, North
Carolina, and has 14 miles of coastline on the Atlantic Ocean.

2.1 Location of MCB Camp L g eune and Case Study Oper able Units

There are six OUs that are undergoing active monitoring at MCB Camp Lejeune.
Two of the OUs are the focus of this RAO optimization report. They are:

OU No. 1 (Sites 21, 24, and 78); and
OU No. 2 (Sites 6, 9, and 82).
The locations of these OUs at MCB Camp Leeune are shown in Figure 2-1.

Descriptions of OU1 are provided in Sections 3.0 and 5.0. Descriptions of OU2 are
provided in Section 7.0.

2.2 Physical Setting

This section describes the geology, hydrogeology, and geography at MCB Camp
Leeune. The information in this section is summarized from the Basewide Remediation
Assessment Groundwater Sudy, (Baker Environmental, April 1998).

2.2.1 Geology—MCB Camp Lejeuneislocated in the Atlantic Coastal Plain geologic
province. The Atlantic Coastal Plain consists of unconsolidated sediments ranging in size
from clay to gravel. These sediments were eroded from the Appalachian and Piedmont
geologic provinces to the west. They were transported by fluvial processes and deposited
in aluvia fans and as tidal marine muds during advance and retreat of the ocean. These
sediments overlie the Precambrian igneous and metamorphic bedrock in this area.

2.2.2 Hydrology—The majority of MCB Camp Lejeune drainsinto the New River,
which bisects the base. In the vicinity of Camp Leeune, the New River flowsto the south,
through awide estuary, and into the Atlantic Ocean viathe New River Inlet. Several other
small coastal creeks also drain parts of Camp Lejeune. These drain into the Intercoastal
Waterway and eventually into the Atlantic Ocean viaa series of inlets.

2.2.3 Groundwater—An unnamed surficial unit isthe shallowest water-bearing
formation underlying Camp Lejeune. The thickness of the deposit containing the surficial
aguifer ranges from 0 to approximately 100 feet. Beneath the surficial water-bearing unit is
the Castle Hayne Aquifer, which consists primarily of fine sand, shell, and limestone. The
Castle Hayne confining unit, composed of clay and sandy clay, separates the Castle Hayne

MCB Camp Lejeune RAO 2-1 January 2000
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Section 2 FINAL

aquifer from the surficial aquifer. In the area of Camp Lejeune, the confining unit averages
9 feet thick, except near the New River and some of itslarger tributaries where thereis
hydraulic communication between the surficial aquifer and the Castle Hayne Aquifer. The
Castle Hayne Aquifer is used for domestic water supply at MCB Camp Lejeune.

There are five more aquifers that underlie Camp Lejeune. These are the Beaufort,
the Peedee, the Black Creek, and the Upper and Lower Cape Fear aquifers. All of these
aquifers are over 400 feet deep and are isolated from the shallower units by the Beaufort
confining layer.

Groundwater monitoring and aquifer testing studies at MCB Camp Leeune have
focused on the surficial and the Castle Hayne aquifers. Thisis because contamination from
installation activitiesis limited to these two water-bearing units and is prevented from
migration to deeper aquifers by the Beaufort confining layer.

Groundwater flows toward discharge areas on Camp Lejeune which include the
New River, itstributaries, and other surface water bodies such as wetlands.

2.2.4 Geography—Construction of MCB Camp Leeune wasinitiated in 1941. Today,
more than 40,000 military, civilian, and contract personnel work at Camp Lejeune. The
nearest community to the installation is the city of Jacksonville, North Carolina, with a
population of approximately 75,000.

Land use around MCB Camp Legjeune includes residential, park, industrial, and
commercial properties. On base, natural areas such as wetlands and wooded areas are
interspersed with developed land occupied by administrative and mission-related buildings
and airfield facilities. It is not anticipated that land use, either on or off base, will changein
the foreseeable future.

MCB Camp Lejeune RAO 2-3 January 2000
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3.0 OU1NORTH REMEDIAL SYSTEM ASSESSMENT

3.1 OU1Background and Requlatory Framework

This section provides a description, regulatory information, and site activity status
for OU1 North. The information is also summarized in Tables 3-1 to 3-3.

3.1.1 OU1 Site Description—OU1 occupies approximately 690 acres, one mile east of
the New River. Asillustrated on Figure 2-1, it consists of Site 21, Transformer Storage Lot
140; Site 24, Industrial Fly Ash Dump; and Site 78, Hadnot Point Industrial Area (HPIA).

Site 21 has had a history of pesticide usage and reported transformer oil disposal
(Baker Environmental, 1994c). This site includes the Former Pesticide Mixing/Disposal
Area, located in the southern portion of the site. It is thought that approximately
350 gallons of pesticide mixing equipment wash water was discharged to the ground
surface each week in 1977. Although this site was active from 1958 to 1977, it is not
known how long the washing activities took place.

The former Transformer Oil Disposal Pit isaso located at Site 21, in the
northeastern part of the site. This areawas reportedly used to dispose of transformer oil
from 1950 to 1951. Thetotal quantity of transformer oil disposed in this areais unknown.

Site 24 was used for the disposal of fly ash, cinders, solvents, spent paint stripper,
sewage sludge, and water treatment sludge from the late 1940s until 1980 (Baker
Environmental, 1994c). As aresult of disposal activities at this site, there are five main
areas of concern: the Spiractor Sludge Disposal Area, the Fly Ash Disposal Area, the
Borrow and Debris Disposal Area, and two Buried Metal Aresas.

Site 78, the HPIA, was the first mgjor industrial area developed at MCB Camp
Lejeune. This site had multiple past releases of contamination from various sources related
to the numerousindustrial shops, gas stations, storage yards, and underground storage
tanks (USTSs).

3.1.2 OU1Regulatory Framework—A Record of Decision (ROD) was signed for OU1
in September 1994. The selected remedy components and associated cleanup criteriaare
summarized in Table 3-2. As shown in the table, the ROD specifies aremedial action of
pumping and treating for two plumeslocated at Site 78 (North and South, respectively),
along with the implementation of an LTM program. These two pump and treat systems
have been operating at Site 78 since 1995, and the LTM program was initiated in 1997.

For groundwater, ROD-specified cleanup levels are a combination of federal
maximum contaminant limits (MCLs), State of North Carolina standards, and risk-based
standards. The ROD states that the selected remedy will be operated until the remediation
levelsfor chemicals of concern (COCs) have been met.
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Table 3-1. Summary of Site Information for OU1
Y ear s of Contaminated
Site Description Operation Media Contaminants of Concern
21 Transformer 1958 to 1977 ol Pesticides and PCBs
Storage Lot 140
. Groundwater: metals and
24 Irf;]stgﬁlnlfly 1940s to 1980 Grougdwzlater heptachlor epoxide
P and sol Soils: pesticides and metals
) Groundwater: VOCs (BTEX and
78 |E§S§ﬁtapma 1940sto present Grgﬁg({s\gvizlater chlorinated solvents) and metals
Soils. pesticides and SVOCs
NOTES:
BTEX = Benzene, toluene, ethylbenzene, and xylenes
ou = Operable Unit
PCBs = Polychlorinated biphenyls
SVOC = Semivolatile organic compound
VOC = Voldtile organic compound
Table 3-2. Summary of Regulatory Framework for OU1
Cleanup Criteria Criteriato Stop
Date of ROD Site Remedy Components for Active Systems Monitoring
September 1994 | 21 | . Excavate approximately 1050 | Groundwater: Three consecutive
cubic yards of soil Federal MCLs, state | roundsin which
contaminated with PCBsand | groundwater samples have non-
pesticides for off-site standards, risk-based | detect (ND)
disposal. levels concentrations or
24 | . Restrict the use of nearby Sail: concentrations
water supply wells and EPA Region 1 protective of human
installation of new water RBCs health have been
supply wells within the OU. demonstrated to the
-_Implement an LTM program. setisfaction of the
78 | . Pump and treat contaminated regulatory agencies.
groundwater from extraction
wells installed within the
plumes at Site 78.
- Restrict the use of nearby
water supply and restrict the
installation of new water
supply wells within the OU.
- Implement an LTM program.
NOTES:
LTM = Long-term monitoring
EPA = Environmenta Protection Agency
RBC = Risk-based concentrations
ND = Non-detect
ROD = Record of Decision
MCLs = Maximum contaminant levels
ou = Operable Unit
PCBs = Polychlorinated biphenyls

MCB Camp Lejeune RAO

January 2000




Section 3 FINAL

Table 3-3. Summary of Monitoring Statusfor OU1

Sampling Current
Frequency: Number of
Status of Monitored Initial/Current | Monitoring
Site Monitoring Medium (or Final) Points Remedial Actions
Soil removal
21 NFA NA NA NA action completed
in 1993.
Begunin 1997;
24 discontinued in Groundwater Se?rﬁ:zrrgﬁﬂglll NA NA
July 1998. y
Active; Quarterly/ Two active pump
8 begunin 1997. Groundwater Semiannually 22 wells and treat systems.
NOTES:
NA = Not applicable
NFA = No further action
OU = Operable Unit

3.1.3 OU1Activity Status—The LTM program at OU1 began in 1995. The program
initially called for quarterly sampling but was reduced to semiannual in July 1997, after
datafrom two rounds of sampling were evaluated. A removal action to eliminate soils
contaminated with polychlorinated biphenyls (PCBs) was specified in the ROD for Site 21.
The removal action was conducted in 1993, and no further action is required for Site 21.
Site 24 was eliminated from the LTM program in July 1998, after samples collected in
several rounds had NDs for site contaminants. Currently, 18 shallow wells, two
intermediate-depth wells, and two deep wells, for atotal of 22 wells, are being monitored
at Site 78. The sampling points for Site 78 are shown in Figure 3-1.

Two pump and treat systems have been operating at Site 78 since 1995. This site
has two distinct plumes, north and south, that are being treated by the systems.

3.2 Current OU1 Conceptual M odel

The geology at OU1 istypical of the Atlantic Coastal Plain, characterized by
interlayered beds and lenses of sand, silt, clay, shell, and limestone. Shallow deposits
(surface to 25 feet below land surface [bls]) are silty to clayey sand, silt, and clay. Deposits
at depths between 25 and 150 feet consist predominantly of silty sand with shell fragments
across OU1.

MCB Camp Lejeune RAO 33 January 2000



B66/30/80 | covwe azea
N AN _LIVHINGD

BMprl—C

‘BN SNwvHa

RNONCE 3UIS ILVAXOHdN

"NVIO0Ud ONRIOLINON

P INANS 0 WO LVNKOHGN —P— 3HL NI Q30MIINI
TR A, e Lo
SNOILVYSOT ONINdAYS 0ag a TOM SNMDUNGN UNAIRDINI :310N
Erii __—
w ‘pyma—geyapg oa pmnoe P
ITERE]
13y eg vz
Ny L
yendles BEMS—BL
$
SEMB-8L
< €
8.3ls LEMO=BL 6ZMO-8L
AHYGNNOS 318
JLVNIXOddaV
£EMI-9L
SOMO=8L
PN otiS-a. S
=M ZOMO=8L"Q
& S
91MO=BL o
RN 2. . 2 ZIMS-8L @IromoBL B
@ {aINOONYEY) o E-ZEND-8L SmLIND=BL Z—70MO-8L
1=2TM9-8/ 3
i Ziiml® . t-zsMa=eL "
|¢m;ouwmw9 2y Qnm LEMO=8L
LN :
Z=0SMI—8L Z-IEMO—BL
3
=
@
4 a-My
Y-y % &
N Lomo—sL SOMO—BL
T-7TMI-9L &
$ 6—MY
BINS-BL
@D
90MO—BL
© -
e \ e m_.smw L




Section 3 FINAL

The surficial aquifer at OU1 within sand and clay deposits reportedly extends to
depths between 50 and 100 feet bel ow the operable unit and is unconfined. Deeper water-
bearing deposits greater than 100 feet but less than 400 feet bls comprise the Castle Hayne
aquifer; however, the absence of alaterally continuous confining layer between the
surficial and Castle Hayne aquifers resultsin direct hydraulic communication beneath
OU1.

The transmissivity of the upper portion of the surficial aquifer is approximately
75 square feet per day (ft°/day) and provides well production rates of less than two gallons
per minute. Conversely, the transmissivity of the Castle Hayne aguifer ranges from
4,300 to 7,300 ft*/day and provides production rates ranging from 50 to 150 gallons per
minute to wells screened between 140 and 194 feet bls.

In general, the water table beneath OU1 occurs 4 to 14 feet bls and exhibits
seasonal fluctuation. The northeast portion of OU1 is a groundwater recharge area.
Groundwater flow across OU1, in both the surficial and Castle Hayne aguifers, isto the
west-southwest toward discharge pointsin Cogdels Creek and the New River.

Former operations and disposal practices at the Hadnot Point Industrial Area have
resulted in the contamination of soil and groundwater at OU1 as summarized in Table 3-1.
In particular, groundwater in the surficial and Castle Hayne aquifers underlying Site 78
contains halogenated VOCs. Groundwater beneath the northern portion of Site 78 also
contains nonhalogenated VOCs that originate from petroleum products. The highest
concentrations of VOCs are reported in the upper portion of the surficial aquifer at two
locations: the northeastern portion of Site 78 near Building 900 and in the southwestern
portion of Site 78 near Building 1601. Figures 3-2athrough 3-2c illustrate the estimated
extent of the contaminant plume at OU1 North in the upper portion of the surficial aquifer
over time. As shown in these figures, the OU1 North plume does not appear to be
migrating, and in fact may be decreasing in size.

Limited information is available regarding contaminant distribution in the lower
portion of the surficial aguifer and in the Castle Hayne aquifer underlying Site 78. Based
on the results of a Remedial Investigation (RI), Baker concluded that contaminants have
migrated vertically into the lower portion of the surficial aguifer and into the Castle Hayne
aquifer. However, recent groundwater monitoring results have not had VVOC concentrations
above groundwater standards at these depths. Results of the Rl indicated that
concentrations of metalsin groundwater were uniformly distributed across Site 78.
Subsequent development of a database for metals detected in groundwater indicates that
the concentration of metals detected at OU1 are similar to background concentrations.

As part of the RI, a human health risk assessment (HRA) incorporating multiple
potential receptors and pathways was performed. The exposure routes eval uated included
ingestion, dermal contact, and inhalation of surface soil; ingestion and dermal contact of
subsurface soil; future ingestion, dermal contact, and inhalation of VOCsin groundwater;
and ingestion and dermal contact of surface water and sediments. Potentially exposed
populations included current military personnel and future on-site adult and child residents

MCB Camp Lejeune RAO 35 January 2000
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for surface soil and groundwater, site construction workers for subsurface soil, and future
adults and adolescent residents for surface water and sediment. Human health risk at OU1
was determined to be associated with groundwater only. A cancer risk above 1x10* and a
Hazard Index greater than 1.0 were estimated for potential future receptors. The risk was
associated with ingestion and dermal contact of groundwater and was driven by vinyl
chloride, arsenic, vanadium, and chromium. COCs and remediation levels for groundwater
at OU1 arelisted in Table 3-4. Results for all other receptors and pathways were within
acceptable risk ranges.

Table 3-4. Remediation L evelsfor Contaminants of Concern at OU1
(Site 78) MCB Camp Legeune, North Carolina

Remediation
Media Contaminant of Concern Goal Units

Groundwater Benzene 1.0 po/L
1,2-Dichloroethene (total) 70 po/L
Ethylbenzene 29 po/L
Heptachlor Epoxide 0.2 po/L
Tetrachloroethene 0.7 po/L
Toluene 1,000 po/L
Trichloroethene 2.8 po/L
Vinyl Chloride 0.015 po/L
Xylenes (total) 400 po/L
Arsenic 50 po/L
Barium 1,000 po/L
Beryllium 4 po/L
Chromium 50 po/L
Manganese 50 po/L
Vanadium 110 po/L

NOTES:

pMg/L = microgram per liter

po/kg = microgram per kilogram

The following data gap in the conceptual site model (CSM) was identified:

The potential for vertical migration of halogenated and nonhal ogenated VOCs
in groundwater has not been adequately established. RI results indicate that
VOCs were present in the lower portion of the surficial aquifer and in the
Castle Hayne aquifer. However, recent groundwater monitoring results do not
confirm this conclusion.
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3.3 OU1North P& T System Description and Design Basis

The groundwater extraction and treatment system at OU1 North has beenin
operation since January 1995 (OHM, 1998c). The system was designed to collect and treat
contaminated groundwater from the uppermost portion of the surficial aquifer in the
northern portion of Site 78 at OU1 and to prevent off-site contaminant migration.
Contaminated groundwater, extracted via a network of wells, is treated and discharged to
the sanitary sewer.

In addition to the VOC plumes addressed by the OU1 North P& T system, fuel
contamination existsin the soil and groundwater at OU1. This areais known as the Hadnot
Point Fuel Farm (HPFF). Currently, a soil vapor extraction/air sparge system and a
bioventing system are in place to address this contamination. The HPFF is not addressed in
this report except asit relates to the north and south VOC plumes at OU1. Figure 3-3isa
plan view of OU1 indicating the location of both the northern and southern P& T systems
aswell asthe HPFF systems.

In addition to treating groundwater extracted at OU1, the northern treatment system
isalso used to treat investigation derived waste (IDW) and Aggressive Fluid Vapor
Recovery (AFVR) wastes.

3.3.1 Description of Extraction and Monitoring Well Networksat OU1 North—The
North P& T system at OU1 currently includes three active extraction wells (RW-10, RW-
11, and RW-12) and four inactive extraction wells (RW-1, RW-2, RW-3, and RW-4). The
network was initially designed as part of an interim remedial action. Four wells (RW-1
through RW-4) were installed downgradient of the contaminant plume to intercept and
recover groundwater from the upper portion of the surficial aquifer as the plume migrated
toward the southwest in the direction of groundwater flow. However, as shown in Figures
3-2athrough 3-2c, the plume appears to have stabilized, and thus never reached wells RW-
1 through RW-4. Wells RW-1 through RW-4 were removed from service in 1996 due to
the low concentration of contaminants present in the extracted groundwater.

Subsequently, two additional wells (RW-10 and RW-11) were installed in areas of
the plume where high concentrations of VOCs were detected. In 1998, wells RW-10 and
RW-11 were reinstalled to increase extraction effectiveness, and well RW-12 was installed
within another area of the plume where high concentrations of VOCs were detected.

All wells are screened in the upper portion of the surficial aquifer. The wells are
constructed with six-inch diameter stainless steel casing and wire-wrap screen. Each well
is 35 feet deep with 25 feet of 10- or 20-slot screen surrounded by a quartz sand filter pack.
A pneumatically operated submersible pump is set within three feet of the bottom of each
well. Measurements made in the latter half of 1998 indicate that a pumping rate of
approximately one-gallon per minute was resulting in a drawdown of about one foot in
each well.

MCB Camp Lgjeune RAO 3-10 January 2000
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Section 3 FINAL

A network of 18 shallow monitoring wells (screened at depths between 5 and
25 feet), two intermediate depth monitoring wells (screened at depths between 55 and
75 feet), and two deep monitoring wells (screened at depths between 130 and 150 feet)
monitors groundwater quality throughout Site 78 to determine if groundwater
contaminants are still present, have migrated, are degrading naturally, or have been
removed by extraction wells (Baker, 1999a). The monitoring well locations at Site 78 are
illustrated on Figure 3-1.

3.3.2 Description of Aboveground Treatment Train at OU1 North—A schematic of
the aboveground groundwater treatment plants at OU1 is presented in Figure 3-4. The
following describes the treatment process at the northern plant.

Groundwater Influent Flow. Groundwater from the wells is pumped to an oil/water
separator where light non-agueous phase liquids (LNAPL) can be separated from the
water. The LNAPL may be transferred to a storage tank. No LNAPL has been collected to
date. Sinceinitial operation, a calcium sequestering system has been added to the process
stream to control scaling.

Flocculation and Filtration. Water from the oil/water separator is then directed to a
flocculation tank where a polymer may be added to aid in the removal of suspended soils.
The polymer system is not currently being used. Sludge generated from the settled solids
may be transferred to a sludge holding tank while the groundwater is pumped through dual
multi-media sand filters for removal of solids greater than 20 microns.

Air Stripping. Water from the sand filtersis pumped to alow profile air stripper to
remove VOCs. The stripper vapor is discharged directly to the atmosphere.

Filtration and Granular Activated Carbon (GAC) Adsorption. The water effluent
from the air stripper is directed through a cartridge filtration system to remove additional
fines greater than 10 microns. Following filtration, the water is sent through GAC for
polishing.

Treated Effluent Storage and Discharge. The treated water is stored in the treated
water/backwash tank. From this tank, water is stored for use in backwashing the multi-
mediafilters and carbon units, or the water is discharged to the sanitary sewer.

Instrumentation and Control System. The system is designed to operate with
minimal operator attention. A programmable logic controller (PLC) is used to control the
OU1 treatment plant. During normal operation, most of the equipment functions
automatically based on level sensor input. The PLC contacts the operator via an autodialer
when an alarm istriggered. Audible and visible alarms are in place to alert operators to
changesin the process that are considered critical. These critical alarms may also be
transmitted via autodialer. A summary of the normal operation and status of the
instrumentation and control system (manual and/or controlled by the PLC) is provided in
Table 3-5.

MCB Camp Lgjeune RAO 3-12 January 2000
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Section 3 FINAL

Table 3-5. Summary of the OU1 Groundwater Treatment Plants
Instrumentation and Control System

Process Normal Operation

Polymer feed system Automatic with manual adjustments.

Oil/water separator and oil recovery Automatic with no adjustments required.

Flocculation tank Automatic with manual adjustments to mixer.

pH probe Automatic with periodic calibration.

Surge settling tank and primary feed pumps Automatic with no adjustments required.

Multi-mediafilters Automatic with automatic backwash (timer).

Air stripper and secondary feed pump Automatic with adjustments required.

Cartridge filters No adjustments required; manua change-out.

Liquid phase GAC Manual backwash.

Sludge holding tank Manual transfer of solids from the flocculation tank and surge
settling tanks; automatic feed from multi-media filter
backwash. Manual transfer of sludge to the dewatering press.

Sludge dewatering press Manual activation.

Building drainage sump Automatic.

3.3.3 Design Specifications and Parametersfor OU1 North—The system was
designed to collect and treat contaminated groundwater and to mitigate the potential for
off-site contaminant migration. The remedia objective for this system as stated in the
ROD isto restore groundwater quality. The treatment plant was designed to run
automatically with the help of the instrumentation and controls built into the system. The
design maximum flow for the north system is 80 gallons per minute (gpm). The design
normal flow for each well was 5 gpm from a maximum of 16 extraction wells (present and
future). The treatment plant is designed to remove free product, VOCs, and metals
concentrations to below the federal and/or North Carolina groundwater standards for
discharge into the sanitary sewer system. The standards for each COC are listed in

Table 3-6.
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Table 3-6. Effluent Standardsfor the OU1 Treatment Plants

] ] North Carolina’
North Carolina North Carolina Water Quality
Water Quality Water Criteria Criteriafor Tidal
Criteriafor Federal Primary | for Fresh Surface Salt Waters
Contaminant of Groundwater Drinking Water Water (ug/L) (ug/L) Class SC
Concern (ng/L) MCLs (ug/L) ClassC Waters Waters
TCE 2.8 5 92.4“ 92.4“
1,2-DCE -- 70 -- --
Vinyl Chloride 0.015 2.0 -- --
Benzene 1 5 71.49 71.49
Antimony -- 6 -- --
Arsenic 50 50 50 50
Beryllium -- 4 117% 6.5 1179
Chromium 50 100 50 20
Iron® 300 300© 1000 --
Lead 50 15% 25% 25
Manganese 50 50 -- --
Mercury 1.1 2 0.012 0250
Nickel 150 100 gg\

®
©)
@
®
©®

From NC Administrative Code 15A NCAC 2B.0200.
Protection of aquatic life.

= No standard established.
MCL isaction level for public water supply systems.

Protection of human health through consumption of fish/shellfish.

The background levels of iron within the Camp Legjeune area are between 160,000 and 684,000 pg/L.

Secondary MCL.

NC Action Level for discharge to fresh waters.

To monitor the performance of the OU1 North treatment plant, samples are
collected monthly as shown in Table 3-7.

Table 3-7 Monthly Performance Monitoring for the OU1
Groundwater Treatment Plants

Oil/Water GAC
Plant Separator Sand Filter Air Stripper (final)
Analytes I nfluent Effluent Effluent Effluent Effluent
VOCs X X X
Metals X X
TDS X X
TSS X X
pH X X
Oil & Grease X X X
NOTES:
VOCs = Volatileorganic compounds
TDS = Tota dissolved solids
TSS = Tota suspended solids
pH = Hydrogen Potential
MCB Camp Legeune RAO 3-15 January 2000
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3.3.4 System Upgrades and Modificationsfor OU1 North—Since initial operation, a
calcium sequestering system has been added to the process stream to control scaling. Upon
assuming responsibility of the OU1 North groundwater P& T system in December 1996,
the operation and maintenance (O& M) contractor conducted a comprehensive system
review and repair project to restore treatment efficiency and minimize long-term operation
and maintenance costs. North treatment plant repairs included:

Replacing coalescing mediafor the oil/water separator with larger media;

Cleaning bag filters, discharge tank, flocculation tank and surge tank;

Repair of flow meters,

Repair of air compressors;

Repair of transfer pump seals and impellers;

Replacement of sand and cleaning of sand filters;

Cleaning and repair of air stripper;

Modification and repair of filter press;

Replacement of pneumatic pump controllers;

Replacement of activated carbon media;

Repair of electric heaters; and

Replacement of malfunctioning valves.

3.4 OU1 North Good Management Practices

This section isintended to highlight good management practices that have aready
been implemented by Camp Lejeune and its O& M contractors. The following are
considered good O& M management practices:

Upon assuming responsibility of the OU1 North P& T system in December 1996,
the O&M contractor conducted a comprehensive system review and repair project
to restore treatment efficiency and minimize long-term operation and maintenance
costs. System repairsincluded repair of flow meters, repair of the air compressors,
repair of transfer pump seals, cleaning of sand filters, cleaning and repair of the air
stripper, replacement of activated carbon media due to clogging, and replacement
of malfunctioning valves.

The O&M contractor replaced piston-type air compressors with rotary screw type
compressors to achieve improved uptime and reduced maintenance cost.

The treatment system at OU1 North is used to treat IDW and AFVR wastes. This
resultsin cost savings over off-site disposal of these wastes.

The O&M contractor has added one new extraction well in the hot spot zone within
the OU1 North areato allow for more aggressive contaminant mass removal.

MCB Camp Lgjeune RAO 3-16 January 2000
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3.5 0OU1 North System Perfor mance Evaluation

The overall technical and cost-effective performance for the OU1 North treatment
system in comparison to its design and remedial action objectivesisrelatively poor. As
described in subsequent Sections 3.5.1 and 3.5.2, the OU1 North plant and associated
extraction system demonstrate the following characteristics:

Influent flowrates of less than 10% of design capacity;

Extremely low contaminant mass removal, i.e., approximately 12 pounds of
cumulative mass removed over 2.5 years of operation;

Poor cost-effectiveness, as evidenced by an average cost per pound of
contaminant removed of $27,000;

Significant system downtime and associated maintenance and repair costs; and

Little evidence to suggest that aquifer restoration to ROD-specified cleanup
levels can be achieved by the system inits current configuration and mode of
operation.

3.5.1 OU1 North System Performance Plots— Figures 3-5 through 3-9 are cost and
performance plots for the period of September 1996 through March 1999 for the OU1
North treatment system. Taken collectively, they provide valuable information on the
current and historical performance baseline for this system, and are discussed below:

Figures 3-5 and 3-6, “Influent VOC Concentrationsvs. Time”: Asshown in
Figure 3-5, the monthly total VOC influent concentration has remained below
1.0 mg/I with the exception of three months where concentrations spiked,
probably dueto discrete “slugs of contamination entering the extraction well
network. Figure 3-6 shows the influent trends with these three events removed.
Although the influent concentration appears to be trending upward, this effect is
due to the installation of new extraction wellsin areas of higher concentration
in mid-year 1998. In redlity, the total VOC influent concentrations have
remained relatively low and stagnant, i.e., in the range of 100-400 ppb.

Figure 3-7, “Cumulative M ass Recovered vs. Time”: Thetotal mass
removed by the OU1 North system is approximately 12 pounds, and
approximately half of this amount was removed in only 3 months time
(October through December 1998). This removal coincides with the influent
concentration spike shown in Figure 3-5. When this factor is considered, it took
the OU1 North System some 27 months to remove the remaining 6 pounds of
contamination, or approximately 0.22 pounds per month.
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Figure 3-5. Influent VOC Concentrationsvs. Time OUL1 (Site 78) - North Plant
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Figure 3-8, “Cumulative Costs vs. Cumulative VOCs Recovered”:

Figure 3-8 graphically demonstrates the minimal cost effectiveness of the OU1
North system. Two portions of this graph show areas where cumulative costs
increase rapidly for very little mass removal. In particular, the following
observations can be made: (a) approximately $200,000 of cumulative costs
were expended to remove the first four pounds of contamination, (b) six more
pounds of contamination were removed for less than $10,000, and (c) $220,000
were expended to remove an additional 2.5 pounds of contamination. In
summary, more than $400,000 was expended to remove only 6.5 pounds of
contamination.

Figure 3-9, “Average Cost Per Pound Recovered vs. Time”: The OU1 North
system’ s average cost per pound of contaminant removed for the entire
operating period is approximately $27,000. As shown in the figure, the average
monthly cost increased from $5000 to $42,000 per pound during the first year
of operation; and then dropped dramatically to $20,000 per pound due to the
concentrated mass removal associated with the “spike” influent event in late
1997. Since January 1998, the cost per pound removed has steadily increased to
the March 1999 value of almost $35,000. The high cost per pound removed isa
direct result of low influent flowrates and contaminant concentrations.

Table 3-8 summarizes selected performance parameters for the system.

Table 3-8. OU1 North System Design Versus Performance Data

Par ameter Design Actual Average® Actual Median®
Aquifer Average Flowrate (gpm) 15 274 2.87
Monthly Aquifer Volume (gallons) 3,456,000 115,431 113,810
Monthly Mass removed (Ibs) N/A 0.40 0.09
Average cost per mass removed ($/b)° N/A $27,217 $28,277

& Based on performance data from September 1996 through March 1999.
b Capital costs were not included.

NOTES

gpm = gallons per minute
Ibs = pounds

N/A = not applicable
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3.5.2 OU1 North Extraction and Monitoring Well Network Performance—The ROD
for OU1 specifies that the pump and treat systems at Site 78 operate until the remediation
levelsfor the groundwater COCs are met. Inherent to any pump and treat system designed
to restore groundwater quality are the dual objectives: to hydraulically contain
contaminated groundwater and to remove sufficient contaminant mass to achieve
remediation levels. Progress toward meeting the objectivesis a measure of extraction well
network performance that can be quantified by measuring the following parameters:

Hydraulic heads and gradients;
Extraction rates;

Extracted water quality; and
Contaminant concentration.

This section addresses the performance of the extraction well network at the OU1
North treatment system against these parameters. It also identifies data gaps in the current
monitoring well network which hinders effective performance monitoring.

Data Gaps

The following data gaps were identified in evaluating the performance of the
extraction and monitoring well networks at the OU1 North P& T system. Although these
data gaps may be significant within the performance criteria framework of the OU1 ROD,
their presence does not hinder or alter the OU1 North system performance conclusions and
recommendations contained in this report.

The number and location of LTM points for water level measurementsis
inadequate to verify plume containment in three dimensions;

The number and location of LTM sampling pointsis inadequate to define
complete extent of the contaminant plume;

Pumping rates for the individual extraction wells are not measured; and

Contaminant concentrations have not been measured in samples from the
individual extraction wells. However, we understand that samples will be
collected from individual wells beginning January 2000.

Hydraulic Head and Gradients

Water levels measured at OU1 in July 1998 did not demonstrate that the North
P& T system has established a capture zone in three dimensions within the surficial aquifer.
Rather, the measurements available indicate that groundwater in the area of the North
contaminant plume was flowing in the general direction of the natural gradient across Site
78. In addition, the only well cluster installed near the North plume (wells 78-GW24-1, 78-
GW24-2, and 78-GW24-3) indicates that a downward gradient exists between the surficial
and the Castle Hayne aquifers.

MCB Camp Lgjeune RAO 3-24 January 2000
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Extraction Rates

Based on the volume of water extracted in the last half of the year, the North P& T
system removed approximately 0.03 pore volumes of groundwater in 1998. This
performance is poor when compared to typical extraction well-field design criteria of
0.3to 2 pore volumes per year (Cohen et. a., 1994).

The inability of the extraction well network to meet the minimum design criterion
is attributed primarily to the low permeability of the surficial aguifer, which precludes
pumping at higher rates. The feasibility study for the North P& T system estimated that
each extraction well in the network would yield three to five gallons per minute (Baker,
1994a). However, during the last six months of 1998, the average yield of RW-10 was
slightly more than two gallons per minute. Due to the limited potential of the surficial
aquifer to yield water, approximately 10 additional extraction wellswould be required to
remove 0.3 pore volumes of contaminated water per year.

Groundwater extraction and treatment at the North treatment plant has been
inconsistent. In the latter half of 1998, extraction well RW-11 was inactive due to the
production of excessive clay, leaving only extraction well RW-10 operational.
Reinstallation of wells RW-10 and RW-11 plus routine maintenance of the system also
resulted in 636 hours of downtime during the latter half of 1998. These operations and
mai ntenance problems combined with already low pumping rates have further limited the
effectiveness of the system.

Extracted Water Quality

Historical datafrom the North treatment plant indicate that the median VOC
concentration of the influent is about 0.1 mg/L. However, several peaksin the record
contribute to a higher mean concentration of 0.57 mg/L. Excluding the peaks, the influent
concentration exhibits a range between 0.07 and 0.11 mg/L. The low influent concentration
over much of the period of record indicates that the extraction wells are not located in the
most contaminated areas of the plume and, therefore, are inefficient in removing
contaminants. More effective well placement requiresinstalling extraction wellsin the
areas of highest contamination; along the plume axis; and in areas of the least mobile
contaminants to collectively maximize mass removal, reduce the pumping of clean water,
and minimize contaminant travel time.

Contaminant Concentration and Distribution

The areal extent of VOCsin the surficial aquifer, depicted by isoconcentration
contour maps (Figures 3-2athrough 3-2c) that represent different sampling events, appears
to be constant. The concentrations of total VOCs and individual compoundsin 78-GW23,
the most contaminated well in the North contaminant plume, also appear relatively
constant but well above remediation levels. Consequently, little progress toward achieving
active groundwater restoration is evident in the data. However, a plume that is unchanging
in size and position isone line of evidence that natural attenuation processes may be
occurring.
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Potential Evidence of Natural Attenuation

As stated above, natural attenuation is potentially occurring if aplumeis stable or
receding. Another line of evidence that natural attenuation may be occurring can be found
in several geochemical indicators. Of these, the best evidence that natural attenuation is
occurring at the North contaminant plume is the presence of 1,2-dichlorethene and vinyl
chloride in samples collected from site monitoring wells. Both compounds are sequentially
reduced from trichloroethene in the anaerobic biodegradation process of reductive
dechlorination.

The presence of BTEX, which can serve as a carbon source, in the North
contaminant plume is a second indicator that reductive dechlorination can potentially
occur. However, athird indicator, dissolved oxygen, is present in the North contaminant
plume at concentrations that exceed levels generally accepted as the minimum for
reductive dechlorination. The measured concentrations are, nevertheless, favorable for the
oxidation of vinyl chloride. Other geochemical indicators used in screening natural
attenuation potential are not included in the LTM program, but should be measured during
the MNA assessment that is recommended in Section 4.

3.5.3 OU1North Aboveground Treatment Train Performance—Since upgrades by
the O&M contractor, the equipment in the aboveground treatment train for the northern
plant at OU1 has been performing at alevel that meets requirements of the design basis.
However the plant is operated at |ess than 5% of full capacity due to the limited number of
wells and low groundwater extraction rate from the aquifer. In addition, all extracted
groundwater is routed through the oil/water separator and the flocculation tank; however,
this routing is unnecessary because of the absence of free product or high levels of
suspended solids. The polymer system is also not used for suspended solids flocculation.

Over the last 31 sampling events (September 1996 to March 1999) presented in the
“Groundwater Treatment Plant (OU1) Monthly Monitoring Results” (OHM, 1996-1999),
with the exception of one instancein May 1998, every sample collected from the air
stripper effluent had concentrations below the effluent standards presented in Table 3-6.
Because the air stripper effluent sample exceeded samples for both OU1 North and South
during the same month (May 1998), this indicates that a sampling or analysis error may
have occurred. All samples collected over this same period from the GAC effluent have
been below the effluent standards. Two 2,000-pound GAC units are currently used to
provide polishing of the groundwater effluent prior to discharge to the sanitary sewer.
Cartridge filters are used to remove fines from the groundwater prior to the GAC unitsto
avoid clogging the units. However, the amount of contaminant removal by these unitsis
minimal, asthe air stripper removes all detectable amounts of the VOCs. The GAC units
(and cartridge filters) are not necessary for the removal of contaminants from the effluent,
but are required only by the current NPDES permit requirements.

During the O&M contractor’ s comprehensive system review in 1996, the autodial er
aarm for the air stripper blower was malfunctioning. At that time, this alarm was
disconnected. The PLC alarm for the air stripper blower was still functioning and would
shut down the system and trigger other active autodialer alarms. This arrangement is
considered adequate for alerting operators of system problems.
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A calcium sequestering system has been added to the process stream to control
scaling. In addition to treating groundwater extracted at OU1, the northern treatment
systemisalso used to treat IDW and AFVR wastes.

Based on records beginning in January 1997, the O& M contractor has performed
routine monthly maintenance on the OU1 northern treatment plant as required in the
Hadnot Point Shallow Aquifer Groundwater Treatment System Operations and
Maintenance Manual (OHM, 1997a). During 1997 and 1998, the treatment plant operated
atotal of 319 days each year for an annual operating percentage of 87%. However, this
percentage of uptime does not take into account the fact that the treatment system routinely
cycles on and off throughout each operating day due to low groundwater extraction rates.
Thereis not enough flow to keep the air stripper running continuously, so the flocculation
tank is used as a surge tank, and the system cycles on and off as needed to treat the
accumulated groundwater. Consequently, the treatment system actually runs for only 5%
of thetime.

Downtime during 1997 and 1998 resulted from a variety of eventsincluding
redrilling of extraction wells, malfunction of valves, cleaning of the air stripper, and the
circuit breaker being tripped.

A review of the existing sampling and analysis plan indicates that the oil and grease
analysis of the oil/water separator effluent is not required as the oil/water separator has not
removed any product to date. Also noted is that the plan does not call for the individual
influent from each well to be sampled. Note that the individual wellswill be sampled
beginning January 10, 2000 (Baker, 2000).

The annual operations and maintenance costs for the OU1 North Groundwater P& T
system are provided in Table 3-9. Detailed line item operation and maintenance costs,
along with system capital costs, were not available for review.

Table 3-9. Annual Operations and Maintenance Costsfor the OU1
North Groundwater P& T System

Annual Annual
Operations Maintenance
Costs Costs North Plant North Plant North Plant
Fiscal Year |(North & South)|(North & South)| Annual Utilities| Annual Costs | Monthly Costs
1999 $225,000 $50,000 $10,111 $147,611 $12,301
1998 $223,083 $333,497 $8,929 $287,219 $23,935
1997 $117,497 NA $9,069 $67,818 $5,651
1996 $115,000 $171,586 $14,593 $157,886 $13,157
1995 $94,850 NA $6,096 $53,521 $4,460

NA = not applicable
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40 CONCLUSIONSAND RECOMMENDATIONS FOR
OU1NORTH P& T SYSTEM

A major obstacle to meeting ROD-specified remediation levelsat OU1 North
through active groundwater extraction is the low permeability of the surficial aquifer.
Although the aquifer’ s permeability has apparently limited the migration of the plume, it
also limitsthe capability of the extraction wells to remove contaminant mass through
active pumping. Even with recent modifications to two extraction wells and the installation
of athird, the likelihood of restoring groundwater quality through active pumping is
minimal. Given this physical limitation of the site, increasing the number of extraction
wellswill provide only marginal improvement toward mass removal. Furthermore, a
decision to install additional extraction wells should not be made unless it can be proven
that the plumeis still increasing in size. As previously indicated, it islikely that the North
plume has already stabilized due to natural attenuation processesin the surficial aquifer.
Consequently, the following recommendations for the OU1 North System are made.

4.1 OU1 North Optimization Recommendations

Based on the information reviewed and presented in Section 3.0, several primary
recommendations can be made for the OU1 North P& T system. Complete implementation
of these recommendations will likely require an Explanation of Significant Difference
(ESD) or aROD amendment to the current OU1 ROD.

1. Perform amonitored natural attenuation (MNA) assessment on the OU1 North
plume, according to established DoD and EPA protocols.

2. Inparallel with recommendation 1, continue to operate the OU1 North P& T
system on an interim basis until contaminant mass removal from extraction
wells RW-10, 11, and 12 reach asymptotic levels.

3. Shut down the OU1 North system upon achievement of objectivesin
recommendation 2.

4. Should state guidelines be changed to permit risk assessment, consider revising
the baseline human health risk assessment assumptions and associated cleanup
level calculationsto reflect an industrial future land use category as the most
probable scenario. Prior to conducting a comprehensive risk assessment,
perform preliminary calculations to determine if the potential results of the risk
assessment justify the effort.

5. If MNA does not prove feasible as the long-term remedy for OU1 North,
consider applying remedial options currently in use at HPFF, along with
enhanced biodegradation remedies. These alternative remedies could include
AS/SVE and application of hydrogen releasing compound (HRC).

6. Leverage the performance assessment within this report, as well as the data and
information from implementation of the above recommendations, as the
foundation for the upcoming five-year review at OU1.
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In addition, detailed recommendations are provided to help optimize the OU1 North P& T
system during its interim operation period. Several of these recommendations may also be
applicable for future remedial actions. All recommendations for the extraction and
monitoring well network and the aboveground treatment trains for the OU1 North P& T
system are summarized in Table 4-1.

4.1.1 OU1 North Extraction and Monitoring Well Networ k Recommendations—The
following are recommendations for the extraction and monitoring well networks associated
with the North treatment plant at OU1. Although the recommendations are likely to
increase expenditures for monitoring over the short term, it is anticipated that these
expenditures will result in long-term savings either by identifying actions for improving
system performance or by justifying an alternative approach.

Conduct screening for MNA by adding relevant analytical parametersto the
current monitoring program.

Evaluate the effect of new extraction well RW-12 and modified wells RW-10
and RW-11 on increased contaminant mass removal by collecting water quality
samples from each well and analyzing for COCs to monitor concentrations and
mass removal. Subsequently, prepare graphs of cumulative mass removed
relative to recovery time and relative to cumulative pore volumes extracted.

Continue to monitor both the lower portion of the surficial aquifer and the
Castle Hayne aquifer for VOCs, as recommended by the O& M contractor, to
determine if VOCs are migrating downward from the upper portion of the
surficial aguifer.

Assess whether the plumeis hydraulically contained from hydraulic gradient
determinations by measuring water levelsin all adjacent monitoring wells,
including deep wells, and in the four inactive extraction wells. Water quality
samples should a so be collected from these wells and analyzed to evaluate
effects on VOC migration from active hydraulic containment or stabilization by
natural attenuation processes.

On the basis of the routine sampling results, prepare contour maps that illustrate
the concentration and extent of individual COCs in groundwater relative to their
remediation levels. A map of total VOC concentration distributions provides a
general perspective of the plume, but can not be used to compare with
remediation targets.

Prepare time series graphs of individual COC concentration changes with time
to examine trends in water quality within and outside the plume.
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Table4-1. OU1 North Evaluation and Optimization Summary

System Component

Consideration

Cost | mpacts

Effectiveness I mpacts

North Extraction System | Evaluate the effects of recent system Increase monitoring labor and Determine if system modifications
modifications. analytical costs by $5200/year. have satisfactorily increased

Continue to monitor surficial and contaminant mass removal rates and
Castle Hayne aquifersfor VOCs. improved hydraulic containment; if
Measure water levelsin the four further modifications are warranted;
inactive extraction wellsand in or, if alternate remedies and
adjoining monitoring wells. remedial goals should be
Add the active and inactive considered.
extraction wells to the current
groundwater monitoring network.

North Extraction System | Improve performance evaluation Increase data presentation and Contribute to database necessary for

database.

- Prepare isoconcentration contour
maps for individual COCs.
Prepare graphs of individual COC
concentration changes over time.
Prepare graphs of cumulative mass
removed relative to recovery time
and cumulative pore volumes
extracted.

evaluation costs by $1600/year.

evaluating P& T system
performance.

North Extraction System

Conduct preliminary screening for
natural attenuation by adding relevant
analytical parameters to current
monitoring programs.

Increase labor and analytical costs
by $12,000.

Determine if monitored natural
attenuation isapotential alternative
remedy that merits detailed
evaluation.

North Aboveground
Treatment Plant

Bypass the oil/water separator and
flocculation tank.

Decreasein O& M costs by
$1,800/year for OU1 North.
Decrease analytical costs by
$1,000/year for system.

Decrease |abor associated with
cleaning oil/water separator and
flocculation tank.

The bypass will eliminate the need
to perform oil and grease analysis at
one point in the process stream.
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Table4-1. OU1 North Evaluation and Optimization Summary (continued)

System Component

Consideration

Cost | mpacts

Effectiveness I mpacts

North Aboveground Use oil/water separators and No cost impact for OU1. Equipment not needed at OU1.
Treatment Plant floccul ation tanks for future remedial Potential cost savings for future
action sites at Camp Lejeune. remedial sites.
North Aboveground Use the OU1 polymer pumps at the No cost impact for OU1. Equipment not needed at OU 1.
Treatment Plant OuU2 plant. Potential cost savings for OU2.
North Aboveground Modify NPDES permits to allow Cost savingsfor running air stripper Air stripper effluent samples will
Treatment Plant GAC hypass for normal operation, | alone: need to be monitored closely to
or Decreasein filter cartridge ensure that effluent discharge
Perform cost analysis for treatment replacement cost of $800 to standards are met.
by GAC alone vs. air stripper 1,000/year for system. Decrease costs associated with back
alone. Decreasein labor cost of washing and filter replacement.
$5,600/year for OU1 North. The bypass will eliminate the need
Decrease analytical costs by to perform VOC analysis at one
$1,200/year for system. point in the process stream.
Cost savingsfor running GAC alone
could not be identified.
North Aboveground Sample influent from individual wells Increase analytical costs by Determine the effectiveness of each
Treatment Plant for VOCs once a quarter. Scheduled to $2,800/year for the North system. individual well for removal of
begin in January 2000. contaminants from the subsurface.
North Groundwater Recommend increasing response time No cost impact. Increase in trestment plant up time.
Treatment Plant to circuit breaker trips. Check that

autodiaer alarms are being activated to
alert operator.
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4.1.2 OU1 North Aboveground Treatment Train Recommendations—The following
are recommendations for the OU1 North aboveground treatment train. These
recommendations are also summarized in Table 4-1.

Asthe oil/water separator and flocculation tank are not used for their design
purpose, Radian recommends installing a bypass around these to avoid the
expense of cleaning the coalescing media and the tanks. The cost savingsin
labor (approximately 40 hours) is approximately $1,800 annually. Thiswill also
reduce the analytical cost by removing the oil and grease analysis after the
oil/water separator for annual savings of $1,000.

Consider using the existing oil/water separator and flocculation tank for future
remedial action sites at Camp L gjeune. There would be no cost impact on the
OU1 system. Cost savings may be incurred for any future remedial system.

Consider using an unused polymer pump at OU2. This may alleviate some of
the maintenance required for the existing polymer pump at OU2. There would
be no cost impact on the OU1 system.

Based on the air stripper and GAC effluent performance discussed in

Section 3.0, we recommend requesting that carbon polishing be modified in the
NPDES requirements for discharge to the sanitary sewer; and that the GAC and
cartridge filters be bypassed during normal operation. The GAC will be readily
accessibleif effluent sampling indicates that GAC is needed to reduce effluent
concentrations. Thiswill save labor and cost by reducing the amount of back
flushing and by eliminating the need for cartridge filter replacement. It is
estimated that the annual replacement cost of cartridge filtersis $1,000.
Reduction in labor (140 hours per year) to backwash carbon and manage sludge
generated by back washing will create an annual savings of $5,600. Thiswill
also reduce the analytical cost by removing the VOC analysis of GAC effluent
for annual savings of $1,200.

An alternative to removing the GAC polishing is to shut down the air stripper.
The flowrates and concentrations are low enough for the effluent to be treated
by GAC aone. A cost analysis should be performed to determine whether the
total operating cost for the air stripper alone may be more costly than using
only GAC for polishing. Detailed costs for the air stripper and GAC operation
were not available for thisanalysis.

We recommend increasing the response time to circuit breakers being tripped.
Check the Autodialer to ensure alarms are being activated to alert the operator.

We recommend sampling the influent for VOCs from individual wells, oncea
quarter, to determine the removal effectiveness from each well. This represents
an annual cost increase of $2,800. Note that quarterly sampling of influent from
individual wellsis planned to begin on January 10, 2000 (Baker, 2000).
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4.2 OU1 North RecommendationsLife Cycle Costs

A life cycle cost analysis was conducted for each of the RAO optimization
recommendations for the OU1 North Aboveground Treatment Train. The life cycle cost
analysis provides a net present value (NPV) for costs or savingsincurred over the life of
the operation. The NPV was calculated for operations of 5, 10, and 15 years, assuming a
6% interest rate. Results of the life cycle cost analysis are presented in Table 4-2.
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Table4-2. Life Cycle Cost Analysisfor OU1 North Aboveground Treatment Train

Annual Costs Net Present Value
Recommendations Capital Labor Analytical Total 5years 10years | 15years
Continue operation of existing P& T “asis’ $163102  $687.045 $1200445 $1584 087
pscontinue operetion of P&.T and impiement $5000  $15000  $150000 $35000 $126,371 $220,803  $201,367
Bypass oil/water separator and flocculation tank $0|  ($1,800)  ($1,000)  ($2.800) ($11.795) ($20,608) ($27,194)

Use existing oil/water separator and flocculation
tank for future remedial action

No cost impact on OU1, cost savings may be incurred for future remedial activities

Use unused polymer pump at OU2

No cost impact on OU1 system; potential cost savings for OU2

gﬁrﬁgﬁ%@gﬁ tgr”;' gaarlvtgrdge filters for ($1,000) (85600 ($1200)  ($7,800)| ($32.856) ($57,409) ($75,756)
Increase response time to circuit breakers N/A N/A N/A N/A N/A /A A
Sampleinfluent for VOCs, quarterly $0 s0  $2800  $2800 $11,795  $20608  $27,194
ﬁﬁﬁ?@;ﬁ'ﬁ,ﬁf fects of recent system $0 $5,200 $5200  $21,904] $38272]  $50,504
Improve performance eval uation database %0 $1.600 %0 $1.600 $6,740 $11.776 $15.540
;?Qfﬁa‘ﬁ é’rﬁe' iminary screening for natural $0  $12,000 $12,0000 $50,548  $88,321] $116,547

(Figuresin parenthesis indicate cost savings)
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5.0 OU1SOUTH REMEDIAL SYSTEM ASSESSMENT

5.1 0OU1 South Background and Regulatory Framewor k

Thisinformation isidentical to that provided for OU1 North in
Sections 3.1.1-3.1.3.

5.2 Current OU1 South Conceptual M odel and Remedial Action Status

The conceptual model for OU1 South isidentical to that described for OU1 North
in Section 3.2.

Figures 5-1athrough 5-1c illustrate the contaminant plume in the upper portion of
the surficial aquifer at OU1 South over time. Aswith OU1 North, the plume appears to
have stabilized, and may indeed be shrinking in size. Once again, this may indicate that
natural attenuation processes are at work in the surficial aquifer.

5.3 0OU1 South P& T System Description and Design Basis

The groundwater extraction and treatment system at OU1 South has been in
operation since January 1995 (OHM, 1998c). The system was designed to collect and treat
contaminated groundwater from the uppermost portion of the surficial aquifer in the
southern portion of Site 78 at OU1 and to prevent off-site contaminant migration.
Contaminated groundwater, extracted via a network of wells, is treated and discharged to
the sanitary sewer.

In addition to the VOC plumes addressed by the OU1 South P& T system, fuel
contamination existsin the soil and groundwater at OU1. This areais known as the Hadnot
Point Fuel Farm (HPFF). Currently, a soil vapor extraction/air sparge system and a
bioventing system are in place to address this contamination. The HPFF is not addressed in
this report except asit relates to the north and south VOC plumes at OU1. Figure 3-3isa
plan view of OU1 indicating the location of both the northern and southern P& T systems
aswell asthe HPFF systems.

In addition to treating groundwater extracted at OU1, the southern treatment plant
isalso used to treat surfactant-flushing waste from the Building 25 area. (Thistreatment is
to be terminated as of August 1999.)

5.3.1 Description of Extraction and Monitoring Well Network at OU1 South—The
South P& T at OU1 includes seven active extraction wells (RW-5, RW-6, RW-7, RW-8,
RW-13, RW-14, and RW-15) and one inactive well (RW-9). The configuration of the well
network isillustrated in Figure 3-3. Initialy, five wells (RW-5 to RW-9) were installed
downgradient of the contaminant plume to intercept groundwater from the upper portion of
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Section 5 FINAL

the surficial aquifer as the plume migrated in the direction of groundwater flow. However,
aswith the OU1 North system, the plume for OU1 South also appears to be stable and no
longer migrating. In 1998, three additional wells (RW-13, RW-14, and RW-15) were
installed in areas of the plume with higher concentrations of VOCs in order to increase
mass removal rates.

All wells are screened in the upper portion of the surficial aquifer. The wells are
constructed with six-inch diameter stainless steel casing and wire-wrap screen. Each well
is 35 feet deep with 25 feet of 10- or 20-slot screen surrounded by a quartz sand filter pack.
A pneumatically-operated submersible pump is set within three feet of the bottom of each
well. Measurements made in the latter half of 1998 indicate that the pumping rate of
approximately one gallon per minute resulted in a drawdown of about one foot in each
well.

Monitoring wells associated with the South P& T system are part of the well
network that monitors groundwater quality throughout Site 78, as described for the OU1
North system in Section 3.3.1. The monitoring well locations at Site 78 are illustrated in
Figure 3-1.

5.3.2 Description of Aboveground Treatment Train at OU1 South—The OU1 South
Treatment System isidentical in design and process flow as that described for OU1 North
in Section 3.3.2. The one exception is that an anti-foaming agent (Foamtrol AF 721) has
been added to the South plant to control foaming of the surfactant-flushing waste from the
Building 25 area.

5.3.3 Design Specifications and Parametersfor OU1 South—The design
specifications and parameters for OU1 South are identical to those described for OU1
North in Section 3.3.3.

5.3.4 System Upgradesand Modificationsfor OU1 South—Sinceinitial operation, a
cal cium sequestering system has been added to the process stream to control scaling and an
anti-foaming agent has been added to control foaming. Upon assuming responsibility of
the OU1 South groundwater P& T system in December 1996, the O&M contractor
conducted a comprehensive system review and repair project to restore treatment
efficiency and minimize long-term operation and maintenance costs. South treatment plant
repairs included:

Cleaning the coaescing mediafor the oil/water separator;

Cleaning bag filters, discharge tank, flocculation tank and surge tank;

Repairing and replacing flow meters;

Repairing air compressors,

Replacing primary and secondary feed pumps;

Replacing sand and cleaning sand filters;
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5.4

Cleaning and repairing air stripper;
Modifying and repairing filter press;
Repairing autodialer alarm;
Replacing activated carbon media;
Repairing electric heaters; and
Replacing malfunctioning valves.

OU1 South Good M anagement Practices

This section isintended to highlight good management practices that have been

implemented by Camp Lejeune and its O& M contractors. The following are considered
good O& M management practices:

5.5

Upon assuming responsibility of the OU1 South P& T system in December 1996,
the O& M contractor conducted a comprehensive system review and repair project
to restore treatment efficiency and minimize long-term operation and maintenance
costs. System repairsincluded repair of flow meters, repair of air compressors,
repair of transfer pump seals, cleaning of sand filters, cleaning and repair of air
stripper, replacement of activated carbon media due to clogging, and replacement
of malfunctioning valves.

The O&M contractor replaced piston-type air compressors with rotary screw type
compressors to achieve improved uptime and reduced maintenance cost.

The treatment system at OU1 South is also used to treat surfactant flushing waste
from the Building 25 area. Thisresultsin cost savings over off-site disposal of
these wastes.

The O&M contractor has added three new extraction wellsin “hot spot” zones
within the OU1 South areato allow for more aggressive contaminant mass
removal.

OU1 South System Performance Basealine

The overall technical and cost effective performance for the OU1 South treatment

system in comparison to its design and remedial action objectivesisrelatively poor. As
described in subsequent Sections 5.5.1 and 5.5.2, the OU1 South plant and associated
extraction system demonstrate the following characteristics:

Influent flowrates of |less than 10% of design capacity;

Extremely low contaminant mass removal, i.e., less than 11 pounds of
cumulative mass removed over 2.5 years of operation;

Poor cost effectiveness, as evidenced by an average cost per pound of
contaminant removed of $31,000 for the South system;
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Significant system downtime and associated maintenance and repair costs; and

Little evidence to suggest that aquifer restoration to ROD-specified cleanup
levels can be achieved by the system in its current configuration and mode of
operation.

5.5.1 OU1 South System Perfor mance Plots—Figures 5-2 through 5-5 are cost and
performance graphs for the period of September 1996 through March 1999 for the OU1
South Treatment System. Taken collectively, they provide valuable information on the
current and historical performance baseline for this system, and are discussed below:

Figure5-2, “Influent VOC Concentrationsvs. Time”: Figure 5-2 shows that
the monthly total influent VOC concentration for the OU1 South system has
remained at or below 400 ug/lI with one exception. The concentration spiked to
alevel of 1.40 mg/l during the early part of 1997. The overall influent
concentration is trending slightly downward over time. Theincreasein
concentration seen in the May-June 1998 timeframe was due to the introduction
of new extraction wellsinstalled in plume areas of higher contaminant
concentrations.

Figure5-3, “Cumulative Mass Recovered vs. Time”: Aswith the OU1 North
system, the total mass removed by the OU1 South system isvery low at 10.75
pounds over the 2.5 years of operation. The period of June 1997 through
February 1998 saw almost no additional incremental mass removal. Additional
extraction wells were installed to remedy this situation; however, the
cumulative mass removal since that time has only been 4 to 5 pounds.

Figure 5-4, “Cumulative Costs vs. Cumulative VOCs Recovered” .

Figure 5-4 demonstrates the minimal cost effectiveness of the OU1 South
system. More than $400,000 of cumulative O& M costs were expended to
remove 10.75 pounds of contamination. Of this amount, approximately
$150,000 was expended to recover one pound of contamination during the June
1997-February 1998 timeframe.

Figure5-5, “Average Cost Per Pound Recovered vs. Time”: The OU1 South
system’ s average cost per pound of contaminant removed for the entire
operating period is approximately $31,000. As shown in the figure, the average
monthly cost increased from $10,000 to almost $45,000 per pound during the
first 1.5 years of operation; and then dropped dlightly to the March 1999 value
of nearly $39,000. The recent decrease is due to the addition of extraction wells
sited in areas of the plume with higher contaminant concentrations. The high
cost per pound removed is adirect result of low influent flowrates and
contaminant concentrations.

MCB Camp Lgjeune RAO 5-7 January 2000



Section 5 FINAL
Table 5-1 summarizes selected performance parameters for the system.
Table 5-1. OU1 South System Design Versus Performance Data
Actual Actual
Parameter Design Average® Median®
Aquifer Average Flowrate (gpm) 40 7.01 5.96
Monthly Aquifer Volume (gallons) 3,456,000 307,780 229,624
Monthly Mass removed (Ibs.) N/A 0.35 0.31
Average cost per mass removed ($/1b.)° N/A $31,436 $36,964

& Based on performance data from September 1996 through March 1999.

b Capital costs were not included.

NOTES

gpm
Ibs

gallons per minute
pounds

MCB Camp Legeune RAO

January 2000



Influent VOC Concentrations (mg/l)

Section 5 FINAL
1.60
—— Shallow aquifer
== ==| inear (Shallow aquifer)
1.40 A
[ ]
1.20 A
1.00 ~
0.80 A
0.60 -
0.40 -
0.20 1 -
0.00 T
© © o
o e >
> %) o
@ D =}
S &) <

Time

Figure5-2. Influent VOC Concentrationsvs. Time OUL1 (Site 78) South Plant

MCB Camp Lgjeune RAO

59

January 2000



Cumulative Mass Recovered (Ibs’

Section 5 FINAL

12.00
—— Cumulative Mass recovered (Ibs.)
= ==| inear (Cumulative Mass recovered (Ibs.))
10.00 -
8.00 A
6.00 -
4.00 ~
2.00 ~
0.00 T T T T T
O O N~ (e} [e0] (o] (o]
P 2 @ 2 S = =
> o) c c = Q )
© ) = @®© s () S
= ] i m L <

Time

Figure5-3. Cumulative Mass Recovered vs. Time OU1 (Site 78) South Plant

MCB Camp Lgjeune RAO 5-10 January 2000



Section 5 FINAL

$500,000

—— Shallow and Deep Aquifers Combined

= =| inear (Shallow and Deep Aquifers Combined)

$450,000 -

$400,000 -

$350,000 -

$300,000 -

$250,000 -

$200,000 -

Cumulative Costs ($)

$150,000 -

$100,000 -

$50,000 -

$0 /I T T T

0 2 4 6 8 10 12
Cumulative Mass

of VOCs recovered (Ibs.)

Figure 5-4. Cumulative Costsvs. Cumulative VOCs Recovered OU1 (Site 78)
South Plant

MCB Camp Lgjeune RAO 511 January 2000



Section 5 FINAL

Average Cost per Pound VOC Recovered ($/1b)

$50,000
—@— Cumulative Cost/Cumulative Mass P
$45,000 - = ==| jnear (Cumulative Cost/Cumulative /
Mass) V4
$40,000 -
$35,000 -
$30,000 -
$25,000 -
$20,000 -
$15,000 -
$10,000 -
$5,000 -
$O T T T T T
(] (=] N~ [e] [ee] [2] [2]
[o2] [e}] [o)] [o)] o (o] (o]
> o) c < = I o
© ] =] © - ) =]
= o = i R <

Time
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5.5.2 OU1 South Extraction and Monitoring Well Network Performance—This
section compares the performance of the extraction well network at the OU1 South P& T
system against the parameters previously discussed for the OU1 North systemin
Section 3.5.2.

Data Gaps

Data gaps identified in evaluating the performance of the extraction and monitoring
well networks at the South P& T system are identical to those identified at the North P& T
system. Aswith the OU1 North system, these data gaps do not affect the overall
conclusions and recommendations contained herein.

The number and location of LTM points for water level measurementsis
inadequate to verify plume containment in three dimensions;

The number and location of LTM sampling points is inadequate to define the
extent of the contaminant plume;

Pumping rates for the individual extraction wells are not measured; and

Contaminant concentrations have not been measured in the individual
extraction wells. However, we understand that samples will be collected from
individual wells beginning January, 2000.

Hydraulic Head and Gradients

Water levels measured at OU1 South in July 1998 do not demonstrate that the
South P& T system has established a capture zone within the surficial aquifer. The
measurements indicate the general direction of groundwater flow in the southern portion of
OU1; however, the absence of monitoring wells downgradient of the extraction wells
precludes analyzing the effects of pumping on plume containment.

Water levels measured at awell cluster (wells 78-GW09-01, 78-GW09-2, and
78-GW09-3) installed near the South plume indicate that an upward gradient exists
between the lower portion of the surficial aquifer and the underlying Castle Hayne aquifer.
Because of the distance between the well cluster and the extraction wells, it is unlikely that
the upward gradient is related to pumping from the wells; instead it represents natural
hydraulic conditions identified during the remedial investigation.

Pumping Rates

The feasibility study for the South P& T system estimated that each extraction well
in the network would yield three to five gallons per minute (Baker, 1994a). However,
during the last six months of 1998, the average yield of the five operating wells was
slightly more than one gallon per minute. Based on estimates of the contaminant plume’'s
size and the volume of water extracted in the last half of the year, the North P& T system
flushed less than 0.1 pore volumes of groundwater through the plumein 1998. Also, the
locations of the extraction wells at the edge of the plume cause the extraction of relatively
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uncontaminated groundwater volumes. Due to the poor capability of the surficial aquifer to
yield water, approximately 20 additional extraction wells would be required to annually
remove a minimum of 0.3 pore volumes from the contaminant plume. In the latter half of
1998, well maintenance plus routine system maintenance resulted in 168 hours of
downtime at the South Treatment Plant.

Extracted Water Quality

Historical datafrom the South Treatment Plant indicate that the median VOC
concentration of the influent is approximately 0.14 mg/L. However, asingle high
concentration (1.3 mg/L) increases the mean VOC concentration to 0.18 mg/L. In the latter
half of 1998, the influent concentration, averaging approximately 0.24 mg/L, indicated an
increasing trend following a nine-month period of below average concentration. The low
influent concentration over the entire period of record is expected, because the extraction
wells are located at the downgradient edge of the plume and not within the areas of highest
contamination. The downgradient extraction well network is the least effective
configuration for achieving groundwater restoration, because contaminants must travel
along the entire length of the plume to reach the wells. More effective well placement
requires installing extraction wells in the areas of highest contamination; along the plume
axis; and, within areas of the least mobile contaminants, to collectively maximize mass
removal, reduce the pumping of clean water, and minimize contaminant travel time and
distance.

Contaminant Concentration and Distribution

No monitoring wells are located downgradient of the extraction wells to verify that
plume migration has been contained.

The areal extent of VOCsin the surficial aquifer, depicted by isoconcentration
contour maps (Figures 5-1athrough 5-1c) that represent different sampling events, appears
to be relatively constant since January 1997. Excluding a recent anomalous sampling
event, the concentrations of total VOCs and individual compoundsin 78-GW09-1, where
the most contaminated samplesin the South contaminant plume have been collected,
appear well above remediation levels. Consequently, little progress toward achieving
active groundwater restoration is demonstrated by the data. However, since the OU1 South
plume appears to be stable, and possibly decreasing in size, it islikely that passive natural
attenuation processes are occurring.

Potential Evidence of Natural Attenuation

Asin the North contaminant plume, natural attenuation is also potentialy occurring
at the South contaminant plume as evidenced by its stable size and location. Other
evidence that natural attenuation is potentially occurring is the presence of 1,2-
dichloroethene and vinyl chloride in samples collected from site monitoring wells.
However, carbon sources are present at only trace concentrations and dissolved oxygen
concentrations exceed the level necessary for optimum reductive dechlorination. Other
indicators of potential attenuation are not included in the LTM program, but should be
measured during the MNA assessment recommended in Section 6.
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5.5.3 OU1 South Aboveground Treatment Train Perfor mance—T he performance of
the OU1 South aboveground treatment train is very similar to that described for OU1
North in Section 3.5.3, with the exceptions noted in the following paragraphs.

A calcium sequestering system has been added to the process stream to control
scaling and an anti-foaming agent has been added to control foaming. In addition to
treating groundwater extracted at OU1, the southern treatment plant is also used to treat
surfactant-flushing waste from the Building 25 area.

Based on records beginning in January 1997, the O& M contractor has performed a
majority of all routine monthly maintenance on the OU1 Southern Treatment Plant as
required in the Hadnot Point Shallow Aquifer Groundwater Treatment System Operations
and Maintenance Manual (OHM, 1997a). During 1997, the treatment plant operated a total
of 307 days, for an annual operating percentage of 84%. The treatment plant operated a
total of 350 days, for an annual operating percentage of 96%, in 1998. The primary reason
for the lower operating percentage in 1997 was due to the system being shut down in
January 1997 for system optimization. Delays during 1997 and 1998 included maintenance
of extraction wells, malfunction of valves, cleaning of the air stripper, and the circuit
breaker being tripped. These uptime percentages do not take into account the fact that the
treatment system routinely cycles on and off throughout each operating day due to low
groundwater extraction rates. The groundwater extraction rate is approximately 10% of the
treatment plant design capacity of 80 gpm. There is not enough flow to keep the air
stripper running continuously, so the flocculation tank is used as a surge tank and the
system cycles on and off as needed to treat the accumulated groundwater. The treatment
system actually runs approximately 10% of the time.

The annual operations and maintenance costs for the OU1 South Groundwater P& T
system are provided in Table 5-2. Line item operation and maintenance costs were not
availablefor review.

Table 5-2. Annual Operations and Maintenance Costsfor the OU1
South Groundwater P& T Systems

Annual Annual
Operations Maintenance
Costs Costs South Plant South Plant South Plant
Fiscal Year |(North & South)|(North & South)| Annual Utilities| Annual Costs | Monthly Costs
1999 $225,000 $50,000 $11,351 $148,851 $12,404
1998 $223,083 $333,497 $11,351 $289,641 $24,137
1997 $117,497 NA $13,052 $71,801 $5,983
1996 $115,000 $171,586 $13,925 $157,218 $13,102
1995 $94,850 NA $2,088 $49,513 $4,126
NA = not applicable
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6.0 CONCLUSIONS AND RECOMMENDATIONS
FOR OU1 SOUTH P& T SYSTEM

The number, location, and limited pumping capacity of the extraction wells at the
South Treatment System are inadeguate to achieve groundwater restoration through active
pumping. Mass removal to date has been poor, even with the recent installation of three
additional extraction wells. Aswith the OU1 North system, a major obstacle to meeting
remediation levelsisthe low permeability of the surficial aquifer. Given this physical
l[imitation of the site, increasing the number of wellswill provide only marginal
improvement toward mass removal. More importantly, it is likely that the South plume has
aready stabilized due to natural attenuation processesin the surficial aquifer, and may be
decreasing in size.

6.1 OU1 South Optimization Recommendations

Based on the information reviewed and presented in Section 5.0, several primary
recommendations can be made for the OU1 South P& T system. Aswith OU1 North,
complete implementation will likely require an ESD or ROD amendment to the current
OU1 ROD.

1. Shut down the operation of the OU1 South system at the earliest opportunity.
Continued active pumping is difficult to justify given the low permeability of
the aguifer, current total VOC concentrations, and the likelihood of passive
natural attenuation processes aready at work.

2. Inparallel with recommendation 1, perform a monitored natural attenuation
(MNA) assessment on the OU1 South plume according to established DoD and
EPA protocols. Data gaps to better define the extent of the plumein three
dimensions can befilled as part of the MNA assessment.

3. Should state guidelines be changed to permit risk assessment, consider revising
the baseline human health risk assessment assumptions and associated cleanup
level calculationsto reflect an industrial future land use category as the most
probable scenario. Prior to conducting comprehensive risk assessment, perform
preliminary calculations to determine if the potential results of the risk
assessment justify the effort.

4. 1f MNA does not prove feasible as the long-term remedy for OU1 South,
consider applying remedial options currently in use at HPFF, along with
enhanced biodegradation remedies. These alternative remedies could include
AS/SVE and application of hydrogen releasing compound (HRC).

5. Leverage the performance assessment within this report, as well as the data and
information from implementation of the above recommendations, as the
foundation for the upcoming five-year review at OU1.

In addition, recommendations are provided to optimize the OU1 South P& T system asitis
currently operating if system shutdown cannot be immediately implemented.
Recommendations are summarized in Table 6-1 and described in detail in the following
subsections.
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Table 6-1. OU1 South Evaluation and Optimization Summary

System Component

Consideration

Cost Impacts

Effectiveness | mpacts

South Extraction
System

Evaluate the effects of recent system
modifications.
Continue to monitor surficial and
Castle Hayne aguifers for VOCs.
Install two shallow monitoring
wells downgradient of the plume.
Measure water levelsin the
inactive extraction wellsand in
adjoining monitoring wells.
Add the active and inactive
extraction wells and two new
monitoring wells to the current

groundwater monitoring network.

Labor and contractor cost of
$10,000 for ingtalling 2
monitoring wells.

Increase monitoring labor and
anaytical costs by $8200/year.

Determine if system modifications
have satisfactorily increased
contaminant mass removal rates
and improved hydraulic
containment; if further
modifications are warranted; or, if
aternate remedies and remediad
goals should be considered.

South Extraction
System

Improve performance evaluation

database.

Prepare isoconcentration contour
maps for individual COCs.
Prepare graphs of individual
COC concentration changes over
time.

Prepare graphs of cumulative
mass removed relative to
recovery time and cumulative
pore volumes extracted.

Increase data presentation and
evaluation costs by $1600/year
for system.

Contribute to database necessary
for evaluating P& T system
performance.

South Extraction
System

Conduct preliminary screening for
natural attenuation by adding relevant
analytical parameters to current
monitoring programs.

Increase labor and analytical
costs by $12,000.

Determine if monitored natural
attenuation is a potentia
aternative remedy that merits
detailed evaluation.
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Table 6-1. OU1 South Evaluation and Optimization Summary (continued)

System Component Consideration Cost Impacts Effectiveness | mpacts
South Aboveground Bypass the oil/water separator and Decrease in O&M costs by Decrease labor associated with
Treatment Plant flocculation tank. $640/year for OU1 South. cleaning oil/water separator and
Decrease analytical costs by flocculation tank.
$1,000/year for system. The bypass will eliminate the need
to perform oil and grease analysis
at one point in the process stream.
South Aboveground Use oil/water separators and No cost impact for OU1. Equipment not needed at OU1.
Treatment Plant flocculation tanks for future remedial Potential cost savings for
action sites at Camp L ejeune. future remedial sites.
South Aboveground Use the OU1 polymer pumps at the No cost impact for OU1. Equipment not needed at OU L.
Treatment Plant Ou2 plant. Potential cost savings for QU2.
South Aboveground Modify NPDES permitsto allow Cost savingsfor running air Air stripper effluent samples will
Treatment Plant GAC bypass for normal strlpper alone: need to be monitored closely to
operation, or Decrease in filter cartridge ensure that effluent discharge
Perform cost analysis for replacement cost of $800 to standards are met.
treatment by GAC alonevs. air 1,000/year for system. Decrease costs associated with
stripper alone. Decreasein labor cost of back washing and filter
$4,000/year for OU1 South. replacement.
Decrease analytical costs by The bypass will eliminate the need
$1,200/year for system.. to perform VOC analysis at one
Cost savingsfor running GAC point in the process stream.
alone could not beidentified.
South Aboveground Sample influent from individual wells Increase analytical costs by Determine the effectiveness of
Treatment Plant for VOCs once a quarter. Scheduled $3,200/year for the South each individua well for removal
to begin in January 2000. system. of contaminants from the

subsurface.
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6.1.1 OU1 South Extraction and Monitoring Well Networ k—The following are
recommendations for the extraction and monitoring well networks associated with the
South Treatment Plant at OU1. With minor variations, they are identical to the
recommendations for the North Treatment Plant.

To provide an adequate database for evaluating the progress of the modified pump
and treat system toward achieving groundwater restoration, the following
recommendations should be implemented:

Conduct screening for MNA by adding relevant analytical parametersto the
current monitoring program.

Continue to monitor both the lower portion of the surficial aquifer and the
Castle Hayne aquifer for VOCs, as recommended by the O& M contractor, to
determine whether VVOCs are migrating downward from the upper portion of
the surficial aquifer.

Collect water quality samples from the extraction wells and analyze for COCs
to monitor concentrations and mass removal at specific locations within the
plume. Subsequently, prepare graphs plotting cumulative mass removed against
time and against pore volumes extracted.

Install several monitoring wells downgradient of extraction wells RW-5
through RW-9. Measure water levels in these new monitoring wellsand in all
proximal monitoring wells, including deep wells, to determine whether inward
hydraulic gradients have been established and whether the plumeis
hydraulically contained. Water quality samples should aso be collected from
these wells and analyzed to ascertain whether VOC migration has been halted
either through active hydraulic containment or through stabilization of the
plume by natural attenuation processes.

On the basis of the regular sampling results, prepare contour maps that illustrate
the concentration and extent of individual COCs in groundwater relative to their
remediation levels. Plotting total VOC concentration provides a general
perspective of the plume, but has no regulatory foundation.

Prepare time series graphs of individual COCsto examine trends in water
quality within and outside the plume.

6.1.2 OU1 South Aboveground Treatment Train Recommendations—The following
are recommendations for the OU1 South aboveground treatment train. These
recommendations are also summarized in Table 6-1.

Because the oil/water separator and flocculation tank are not used for their
design purpose, we recommend installing a bypass around these to avoid the
expense of cleaning the coalescing media and the tanks. The cost savingsin
labor (approximately 16 hours) are approximately $640 annually. Thiswill also
reduce the analytical cost by removing the oil and grease analysis after the
oil/water separator for annual savings of $1000.
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Consider using the existing oil/water separator and flocculation tank for future
remedial action sites at Camp Legjeune. There would be no cost impact on the
OU1 system; however, cost savings may beincurred for any future remedial
systems.

Consider using an unused polymer pump at OU2. This may alleviate some of
the maintenance required for the existing polymer pump at OU2. There would
be no cost impact on the OU1 system.

Based on the air stripper and GAC effluent performance discussed in

Section 3.0, we recommend requesting that carbon polishing be modified in the
NPDES requirements for discharge to the sanitary sewer; and that the GAC and
cartridge filters be bypassed during normal operation. The GAC will be readily
accessible if effluent sampling indicates that GAC is needed to reduce effluent
concentrations. Thiswill save labor and cost by reducing the amount of back
flushing and by eliminating the need for cartridge filter replacement. It is
estimated that the annual replacement cost of cartridge filtersis $800.
Reduction in labor (100 hours) to backwash carbon, change filters, and manage
sludge generated by back washing will create an annual savings of $4,000. This
will also reduce the analytical cost by removing the VOC analysis of GAC
effluent for annual savings of $1,200.

An alternative to removing the GAC polishing is to shut down the air stripper.
The flowrates and concentrations are low enough for the effluent to be treated
by GAC aone. A cost analysis should be performed to determine whether the
total operating cost for the air stripper alone may be more costly than using
only GAC for polishing. Detailed costs for air stripper and GAC operation were
not available for thisanalysis.

We recommend sampling the influent for VOCs from individual wells, oncea
quarter, to determine the removal effectiveness from each well. This represents
an annual cost increase of $3,200. Note that sampling of influent from
individual wellsis scheduled to begin January 10, 2000 (Baker, 2000).

6.1.3 OU1l South Recommendations L ife Cycle Costs—A life cycle cost analysis was
conducted for each of the RAO optimization recommendations for the OU1 South
Aboveground Treatment Train. Thelife cycle cost analysis provides a net present value
(NPV) for costs or savings incurred over the life of the operation. The NPV was calculated
for operations of 5, 10 and 15 years, assuming a 6% interest rate. Results of the life cycle
cost analysis are presented in Table 6-2.
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Table6-2. Life Cycle Costsfor OU1 South Aboveground Treatment Train

Annual Costs Net Present Value
Recommendations Capital L abor Analytical Total 5years 10years | 15years
Continue operation of existing P& T “asis’ $163102  $687.045 $1200445 $1584 087
D\ Scontinue operation of P&T and implement $5000 $15000  $15000  $35000 $126371 $220,803  $291,367
Bypass oil/water separator and floccul ation tank %0 ($640) ($1,000) ($1,640) ($6,908) ($12,071) ($15.928)

Use existing oil/water separator and flocculation
tank for future remedial action

No cost impact on OU1, cost savings may be incurred for future remedial activities

Use unused polymer pump at OU2

No cost impact on OU1 system; potential cost savings for OU2

Bypass the GAC and cartridge filters for

diochorge (o saritary st ($800)|  ($4,000)  ($1,200)  ($6,000) ($25274) ($44,161) ($58.273)
Sample influent for VOCs, quarterly $0 $0  $32000  $3200| $13480 $23552  $31,079
Evaluate the effects of recent system

Fvauae e ¢ $10,000 | $8,200 $18,200  $76,665 $133954  $176,763
Improve performance evaluation database $0  $1,600 $0  $1,600  $6740  $11,776  $15540
Conduct preliminary screening for natura $0 $12,000 $12000 $50548|  $88.321] $116,547

attenuation

(Figuresin parenthesis indicate cost savings)
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7.0 OUZ2REMEDIAL SYSTEM ASSESSMENT

7.1 OU2 Background and Requlatory Framewor k

This section provides a description, regulatory information, and site activity status
for OU2. The information is also summarized in Tables 7-1 to 7-3.

7.1.1 OU2 Description—OU2 covers an area of 210 acres and is located in the northern
part of the base, directly north of OU1. OU2 consists of Sites 6, 9, and 82.

Site 6 includes four main areas of concern. These are Open Storage Lot 201, Open
Storage Lot 203, the wooded area surrounding these storage lots, and aravine. Open
Storage Lot 201 is approximately 25 acresin size and is used to store military equipment,
vehicles, lumber, oils and lubricants, non-PCB transformers, and other supplies. The
current size of Open Storage Lot 203 is approximately 41 acres. It isno longer an active
storage area, but was once reportedly used for disposing of PCBs, cleaning solvents,
electrolytes from used batteries, waste oils, and other wastes. The lot still contains scrap
materials and other debris. Fuel storage tanks and various drums have also been identified
at thissite.

The ravine and woods in the area of Lots 201 and 203 are littered with haphazardly
distributed drums, tires, metal scrap, and other debris.

Site 9isthe Fire Fighting Training Pit at Piney Green Road. This site occupies
approximately 2.6 acres and isjust south of Site 6. It consists of an asphalt-lined fire
training pit, an oil/water separator, four aboveground storage tanks (ASTS), three propane
tanks, and afire tower. Two of the ASTs at the site are not used, although fire training
exercises are still conducted at the site.

Site 82 isthe Piney Green Road VOC Site. This site is approximately 30 acresin an
arealocated north of Site 6. This siteis littered with debris such as communication wire,
spent ammunition casings, and empty or rusted drums (Baker Environmental, September
1993).

7.1.2 OU2 Regulatory Framework—The ROD for OU2 was signed in September 1993.
The major components of the selected remedy for OU2 are listed in Table 7-2. As shown
in the table, the ROD specifies aremedia action of pump and treat for both the shallow
and deep plumes located at Sites 6 and 82, along with the implementation of an LTM
program. The LTM program was initiated in mid-1997.

For the groundwater media, ROD-specified cleanup levels are a combination of
federal MCLs, State of North Carolina standards, and risk-based standards. The ROD
states that the selected remedy will be operated until the remediation levels for COCs have
been met.
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Table 7-1. Summary of Site Information for OU2

Y ear s of Contaminated
Site Description Operation Media Contaminants of Concern
Open Storage Lot 201 Groundwater: VOCs
6 and Open Storage Lot tolsigg(s)s Groundjsgizlater and Soils: pesticides, PCBs,
203 VOCs, SVOCs, and metas
Fire Fighting Training
9 Pit at Piney Green t019605 t NA NA
Road presen
! Groundwater: VOCs
82 R\?g/chriiq Unknown Groundjsgizlater and Soils: pesticides, PCBs,
VOCs, SVOCs, and metas
NOTES
NA = Not applicable
ou = Operable Unit
PCBs = Polychlorinated biphenyls
SVOC = Semivolatile organic compound
VOC = Volatile organic compound
Table 7-2. Summary of Regulatory Framework for OU2
Date of Cleanup Criteria Criteriato Stop
ROD Site Remedy Components for Active Systems Monitoring
September | 6and 82 Pump and treat contaminated | Groundwater: Three consecutive
1993 groundwater from the deep Federal MCLs, state | roundsin which
and shallow portions of the groundwater samples have non-
aquifer. standards, risk-based | detect (ND)
Restrict the use of nearby levels concentrations or
water supply wells and Soil: concentrations
restrict the installation of new | TSCA protective of human
water supply wells within the nonresidential health have been
ou. guidance (PCBs), demonstrated to the
|mp|e"nent anLTM program. risk-based action satisfaction of the
Implement in situ treatment | levels regulatory agencies.
viavolatilization or vapor
extraction of approximately
16,500 cubic yards of VOC
contaminated soil.
Excavate approximately 2500
cubic yards of soil
contaminated with PCBs and
pesticides for off-site
disposal.
9 No further action.
NOTES:
LT™M = Long-Term Monitoring
MCLs = Maximum contaminant level
ND = Not applicable
ou = Operable Unit
PCBs = Polychlorinated biphenyls
ROD = Record of Decision
TSCA = Toxic Substances Control Act
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Table 7-3. Summary of Monitoring Statusfor OU2

Sampling Current
Frequency: Number of
Status of Monitored | Initial/Current | Monitoring
Site Monitoring Medium (or Final) Points Remedial Actions
6and 82 | Active, Groundwater | Quarterly/ 32 wells Pump and treat
begunin Semiannually? system, inactive SVE
1997 system, soil removal
action completed in
1995
9 NFA NA NA NA NA

#Nine deep wells at OU No. 2 are monitored annually.

NA = Notapplicable
NFA = Nofurther action
OU = Operable Unit

7.1.3 Activity Status—Quarterly monitoring began at OU2 in the summer of 1997, and
continued until the summer of 1998. Semiannual monitoring began in the summer of 1999,
and the next round is scheduled for the winter of 1999. A total of 28 wells, 16 deep and 12
shallow, are monitored as part of the LTM program for this OU. The monitoring network
for Sites 6 and 82 is shown in Figure 7-1.

Contamination at this old material storage site consists of chlorinated solvents. The
chlorinated solvents have affected the surficial aquifer and the deeper Castle Hayne
Aquifer.

At onetime, an SVE system was operated at the site as part of the ROD remedy.
Currently, a pump and treat system producing 300 gallons per minute has been operating at
the site since the fall of 1996. Four deep (101 to 154 feet) and six shallow (35 feet)
extraction wells supply the treatment system.

7.2 Current OU2 Conceptual M odel and Remedial Action Status

The geology at OU2 istypical of the Atlantic Coastal Plain, characterized by
interlayered beds and lenses of sand, silt, clay, shell, and limestone. Shallow deposits are
generally uniform across OU2 and consist of silty to clayey sand, silt, and clay. Deposits at
depths between 40 and 140 feet, collectively described as the upper silty sand unit, consist
of fine to medium-grained silty sand, silt, silty to sandy clay, and fragments of sandy
limestone interbedded with thin, discontinuous layers of clay and limestone. The upper
silty sand unit is underlain by alimestone unit that ranges in thickness from five feet in the
southern portion of OU2 to 80 feet in the northern portion. The limestone unit is underlain
by alower silty sand unit that extends to a depth of at least 310 feet. Discontinuous clay
layers are present within the lower silty sand unit at a depth of 230 feet (Baker, 1993c).
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The surficial aquifer at OU2 within sand and clay deposits that extend to
approximately 50 feet below the operable unit is unconfined (Baker, undated-a). The
deeper water-bearing deposits, which include the limestone unit and the upper and lower
silty sand units, comprise the Castle Hayne aquifer. The surficial and Castle Hayne
aquifers are hydraulically interconnected beneath the operable unit, because clay-confining
beds are not continuous there (Baker, 1993c).

The transmissivity of the surficial aguifer is estimated to be approximately
75 ft?/day, contributing to flowrates of one to four gallons per minute during well
development. The hydraulic characteristics of the Castle Hayne aguifer underlying OU2
were not evaluated. However, the transmissivity of the Castle Hayne aquifer was
calculated to be 6,900 and 7,300 ft?/day at two water supply well locations adjoining the
operable unit. One of the wells had a maximum pumping rate of 270 gallons per minute.
The well was screened from 125 to 200 feet with the principal production zone located
between 125 and 155 feet.

In general, the water table at OU2 occurs from less than two feet to more than
15 feet bls. A groundwater divideislocated in the north central portion of OU2.
Groundwater flow north of the divide (Site 82) is northwesterly toward Wallace Creek, and
groundwater flow south of the divide is southwesterly toward Bear Head Creek. Prior to
the commencement of groundwater remediation activities, groundwater within the Castle
Hayne aquifer flowed westward with local variations of flow toward Wallace Creek and
Bear Head Creek (Baker, 1993c). Currently, flow in the Castle Hayne aguifer at OU2 is
toward the four deep extraction wells that were installed to remove water from depths
between 95 and 120 feet (Baker, 1999b).

Former operations and disposal practices at Sites 6, 9, and 82 have resulted in the
contamination of soil and groundwater at OU2 as summarized in Table 7-1. Groundwater
in the surficial and Castle Hayne aquifers underlying Sites 6 and 82 contains halogenated
VOCs. Groundwater in the surficial aquifer has concentrations of various metals that are
similar to background concentrations. Groundwater monitoring results demonstrate that
VOCs present in the surficial and Castle Hayne aquifers are similar and form alaterally
and vertically contiguous contaminant plume.

Figures 7-2aand 7-2b illustrate estimated VOC plume contours within the surficial
(shallow) and Castle Hayne (deep) aquifers at sites 6 and 82 at the conclusion of calendar
year 1998. As shown in the figures, the extent of the shallow plume has only been defined
to the 100 ppb isoconcentration contour, and the deep plume to the 1000 ppb contour. The
long axis of the plume parallels groundwater flow directions resulting from conditions that
existed prior to the initiation of remediation. The plumeislaterally more extensivein the
Castle Hayne aguifer due to that unit’s greater transmissive properties.

Within the surficial aquifer, contaminant migration is toward wetland discharge
areas along Wallace Creek, where empirical evidence suggests that contaminant
concentrations are being reduced through natural biodegradation processes. The sum of the
concentration of VOCs within parts of the Castle Hayne aquifer exceeds 100,000 pg/L,
which isan order of magnitude higher than the concentration of VOCs present in the
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Section 7 FINAL

surficial aquifer. Baker (1998) attributes the contaminant concentrations in the Castle
Hayne aquifer to vertical migration from the surficial aquifer caused by the hydraulic
gradient from operation of aformer water supply well. However, given the high
concentrations detected in the groundwater, the gravity-driven migration of dense
nonagueous phase liquid (DNAPL) within the Castle Hayne aquifer isalso alikely
contributing factor. Verticaly, the VOC plume extends to more than 200 feet bls, but the
depth extent is uncertain.

As part of the RI, an HRA incorporating several potential receptors and pathways
was performed. The exposure routes evaluated included ingestion, dermal contact, and
inhal ation of surface soil; future ingestion and dermal contact of groundwater; ingestion
and dermal contact of surface water and sediments; and ingestion of aguatic biota.
Potentially exposed popul ations included civilian personnel and future on-site adult and
child residents for surface soil and groundwater; adults and adol escents for surface water
and sediment; and adults for aquatic biota. Based on the HRA, an increased cancer risk
(ICR) above 1 x 10™* was cal culated for future on-site residential children, civilian base
employees, and future on-site residential adults exposed to groundwater (Baker, 1993d).
The principal risk drivers were concentrations of vinyl chloride, arsenic, and beryllium.
The Hazard Index was also above 1.0 for base employees, future on-site residential adults,
and future on-site residential children who would drink the groundwater. An ICR above 1
x 10" was also cal culated for adults who ingest fish from Wallace Creek. Results for all
other receptors and pathways were within acceptable risk ranges.

Based on the results of the HRA and on a comparison of VOC concentrations to
groundwater standards, remediation of the surficial and Castle Hayne aquifers at Sites 6
and 82 iswarranted to protect potential future receptors (Baker, 1993d). COCs and
remediation levels for groundwater at OU2 are listed in Table 7-4.

Datagapsin the CSM include the following issues:

The vertical extent of contamination has not been determined. Monitoring
results indicate that VOCs are present in the Castle Hayne aquifer to depths
exceeding 200 feet, but the vertical extent of the plume has not been identified.

No estimates of dissolved and total contaminant mass in the aquifers have been
calculated to provide a benchmark to measure mass removal progress.

7.3 0OU2 System Descriptions and Design Basis

The groundwater P& T system at OU2 has been in operation since January 1996.
The system was designed to collect and treat contaminated groundwater from the central
portion of Lot 203 (Site 82) at OU2 and to mitigate the potential for off-site contaminant
migration. The OU2 treatment system is also used to treat wastewater derived from the
nearby Bio-Cell operation. Contaminated groundwater is extracted viaa network of
shallow and deep extraction wells and is then treated and discharged to Wallace Creek.
Figures 7-3 and 7-4 depict a plan view of the shallow and deep extraction systems.

MCB Camp Lgjeune RAO 7-8 January 2000
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Table 7-4. Remediation Levelsfor Contaminants of Concern at OU2 (Sites 6 And 82)
MCB Camp Legeune, North Carolina

Remediation
Media Contaminant of Concern Goal Units

Groundwater 1,2-Dichloroethene 0.38 pg/L
Trans-1,2-Dichloroethene 70 po/L
Ethylbenzene 29 po/L
Tetrachloroethene 0.7 po/L
Trichloroethene 28 po/L
Vinyl Chloride 0.015 po/L
Arsenic 50 po/L
Barium 1,000 po/L
Beryllium 4 po/L
Chromium 50 po/L
Lead 15 pg/L
Manganese 50 po/L
Mercury 11 po/L
Vanadium 80 po/L

Soil PCBs (total) 10,000 po/kg
4,4 -DDT 60,000 pa/kg
Benzene 54 po/kg
Trichlorethene 322 po/kg
Tetrachloroethene 105 po/kg
Arsenic 23,000 pa/kg
Cadmium 39,000 po/kg
Manganese 390,000 po/kg

NOTES:

Ho/L = microgram per liter

po/kg = microgram per kilogram

MCB Camp Lgjeune RAO 7-9 January 2000
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Section 7 FINAL

7.3.1 Description of Extraction and Monitoring Well Network at OU2—The
groundwater P& T system at OU2 is designed to contain and remediate contaminated
groundwater from the central portion of Site 82. The system includes six shallow
extraction wells (SRWO01 to SRW06) and four deep extraction wells (DRWO1 to DRWO04);
however, shallow well SRWO06 is not active.

Shallow well SRWO0L1 islocated in an area of VOC concentrations exceeding
10,000 pg/L within the surficial aquifer, and the other shallow extraction wells are located
downgradient to limit contaminant migration (Baker, 1999b). The four deep wells are
located in areas of VOC concentrations exceeding 1,000 pg/L within the Castle Hayne
aquifer; however, extraction well DRWOL1 is within the 50,000 pg/L concentration contour.

The shallow extraction wells are completed in the surficial aquifer and are
constructed with six-inch diameter stainless steel casing and 10-slot wire-wrap screen.
Each well is 35 feet deep with 20 feet of screen surrounded by a sand filter pack. An
electric submersible pump is set within two feet of the bottom in each well. Except for
SRWO05, each active shallow well is pumped continuously at between four and eight
gallons per minute resulting in drawdown of about ten feet. Well SRWO05 is pumped
intermittently on acycle that allows adequate water level extraction.

The deep extraction wells are completed in the upper portion of the Castle Hayne
aquifer and are constructed with six-inch diameter stainless steel casing and 20-slot wire-
wrap screen. Well DRWO04 is 154 feet deep with 30 feet of screen surrounded by a sand
filter pack. Wells DRWO02 and DRWO03 are each 110 feet deep with 30 feet of screen
surrounded by a sand filter pack. Well DRWO1 is 101 feet deep, with 20 feet of screen.
Well DRWO1 was designed to be 110 feet deep, but flowing sands prevented its
installation to that depth. Another consequence of the flowing sand problem is that the
lower half of the well screen is surrounded by native sand and not a sand filter pack. An
electric submersible pump is set within one foot of the bottom in three of the four deep
extraction wells. The pump in DRWOL1 is set higher in the well to overcome pumping large
amounts of sand due, at least in part, to the absence of a complete filter pack.

Total groundwater flow to the treatment system from the deep extraction wellsis
about 275 gallons per minute; however, pumping rates among the individual wells vary.
The pumping rate of DRWO1, about 30 gallons per minute, is the lowest among the four
deep extraction wellsin an effort to reduce pumping sand. The pumping rate for well
DRWO04 isthe highest of the deep wells at about 150 gallons per minute. The pumping rate
at both DRWO02 and DRWO03 is approximately 40 gallons per minute. Pumping at these
rates results in about ten feet of drawdown in each of the four wells.

The groundwater monitoring network at Sites 6 and 82 in OU2 is intended to
determine whether contaminants in groundwater underlying the operable unit are still
present, have migrated, are degrading naturally, or have been removed by extraction wells
(Baker, 1999b). The well network includes eight shallow monitoring wells and 13 deep
monitoring wells. Samples are also collected from the shallow and deep extraction wells.
In 1998, two new shallow monitoring wells (GW41 and GW42) and a replacement
monitoring well (GW16) were installed at OU2. The monitoring well locations at Sites 6
and 82 areillustrated in Figure 7-1.
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7.3.2 Description of Aboveground Treatment Train at OU2—A schematic of the
aboveground groundwater treatment plant for OU2 is presented in Figure 7-5. The
following describes the treatment process.

Shallow Groundwater Influent Flow and Iron Removal. Groundwater from the
shallow wellsis pumped to an iron removal system. Theiron removal system consists of a
mix tank, an incline plate clarifier, and a sludge-thickening tank. In the mix tank,
compressed air is gently bubbled through the water to oxidize any ferrousiron to ferric
iron. Following air injection, the pH is adjusted with caustic, followed by the addition of a
polymer solution and a metal scavenger chemical to flocculate the solids. The floccul ated
solids then settle out in the plate clarifier while the clarified water is pumped through the
head tank to the groundwater collection tank. Sludge from the clarifier isthen transferred
to the sludge-thickening tank. Solids from the sludge-thickening tank are pumped to afilter
press for dewatering. The sludge cakes are shipped to an appropriate off-site disposal
facility.

Deep Groundwater Influent Flow. Groundwater from the deep aquifer wellsis
pumped directly to the groundwater collection tank where it is combined with the clarified
water from the shallow wells. In thistank, the pH is adjusted and then pumped to the air
stripper.

Air Stripping. Water from the groundwater collection tank is pumped to a packed
tower air stripper to remove VOCs. The stripper vapor is discharged directly to the
atmosphere.

Filtration and Granular Activated Carbon (GAC) Adsorption. The water is pumped
from the air stripper holding tank through a cartridge filtration system to remove additional
fines. Following filtration, the water is sent through GAC for polishing.

Treated Effluent Storage and Discharge. The treated water is stored in the treated
effluent holding tank and then discharged by gravity to the outfall at Wallace Creek. Some
of the effluent water is reused for backwash or plant service.

Instrumentation and Control System. A PLC is used to control the OU2 treatment
plant. The main control features are simple feedback, pH control, and cascade shut down
of process operation based on tank levels. The PLC is capable of connection viatelephone
modem to a remote monitoring location. Manual restart of the system isrequired after
power outages. Audible and visible alarms are in place to aert operators to changes in the
process that are considered critical. These critical alarms may also be transmitted via
modem. A summary of the normal operation and status of the instrumentation and control
system (manual and/or controlled by the PLC) is provided below in Table 7-5.

MCB Camp Lgjeune RAO 7-13 January 2000
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Section 7 FINAL

Table 7-5. Summary of the OU2 Groundwater Treatment Plant
Instrumentation and Control System

Process Normal Operation

Mix tank Automatic with manual adjustmentsfor air
flow

Chemical storage and feed pumps Automatic

pH probe Automatic with periodic calibration

Clarifier Automatic no adjustments required

Sludge blowdown pump Automatic with manual adjustment for sludge
recycle

Head tank and transfer pump Automatic

Sludge thickener Manual transfer of solids from sludge
thickener

Sludge dewatering press and feed Manual activation to process batches of sludge

pump

Groundwater collection tanks, jet Automatic

mixing pump, and acid feed pump

Air stripper and feed pump Automatic with adjustments required to control
cycling

Cartridgefilters No adjustments required, manual change-out

Liquid phase GAC Automatic

Effluent storage and discharge system | Automatic

Backwash holding tank and pump Automatic backwash

Building drainage sump Automatic

NOTES.

GAC = Granular Activated Carbon

7.3.3 Design Specifications and Parametersfor OU2—The P& T system was designed
to collect and treat contaminated groundwater and to mitigate the potential for off-site
contaminant migration. The remedial objective for this system is to remove contaminants
from the groundwater as well as contain the contaminant plume. The treatment plant was
designed to run automatically with the help of the instrumentation and controls built into
the system. Theinitial design flows for the P& T system were 5 gpm for each shallow well
and between 30 and 150 gpm for each deep well with atotal system capacity flow of

500 gpm (Baker, 1994b).

The treatment plant is designed to remove VOC and metal s concentrations to below
North Carolinalimits for discharge into Wallace Creek and to remove concentrations of
the inorganic compounds that could foul the treatment system. These limits for discharge
are shown in Table 7-6.

To monitor the performance of the OU2 treatment plant, samples are collected
monthly as shown in Table 7-7.
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Table 7-6. Effluent Standardsfor OU2 Treatment Plant

Groundwater Contaminant of Concern Effluent Discharge Limits (ug/L)
Trichloroethene 924
1,2-Dichloroethane 113,000
Trans-1,2-Dichloroethene 100
Ethylbenzene 430
Tetrachloroethene 0.8
Trichloroethane 924
Vinyl Chloride 525
Arsenic 50
Barium 1,400
Beryllium 0.117
Chromium 20
Lead 25
Manganese 3,500
Mercury 0.025
Vanadium 6,000

NOTES:
HolL =

micrograms per liter

Table 7-7. Monthly Performance Monitoring for OU2 Groundwater Treatment Plant

Deep
Shallow Aquifer Aquifer Air Stripper GAC (final)
Analytes I nfluent I nfluent Effluent Effluent
VOCs X X X X
Metals X X X X
TDS X X X X
TSS X X X
pH X X X
NOTES:
GAC = Granular Activated Carbon
TDS = Total Dissolved Solids
TSS = Total Suspended Solids
VOC = Volatle Organic Compounds
pH = Hydrogen Potential
MCB Camp Legeune RAO 7-16 January 2000
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7.3.4 System Upgradesand Modificationsat OU2—The O& M contractor replaced the
piston-type air compressor with arotary screw-type compressor to achieve improved
uptime and maintenance costs.

7.3.5 Total Capital Costsat OU2—Thetotal capital cost of the OU2 pump and treat

system was $4.66M. Given an estimated operational life of 20 years, this capital cost
translates to over $400,000 per year.

7.4 0OU2 Good Management Practices

This section is intended to highlight good management practices that have been
implemented at Camp Lejeune by its O& M contractors. The following are considered good
O&M practices:

The treatment system at OU2 is also used to treat wastewater derived from the
Bio-Cell operation. Thisresultsin cost savings over off-site disposal of these
wastes.

The O&M contractor bypasses extracted groundwater from deep wellsin the
OU2 area around the preliminary metals precipitation unit processes. The
shallow groundwater (25 gpm) extracted from the OU2 area contains high
concentrations of dissolved iron and must be pretreated to prevent fouling of
downstream equipment. The groundwater extracted from the deeper unit

(275 gpm) does not present an iron fouling problem. Bypassing the deep
groundwater around the metals pretreatment units results in significant savings
associated with capital equipment costs and chemical costs.

The P& T system at OU2 iswell designed and is operating at or above design
specifications. More than 41,000 pounds of contaminants have been removed
during the operating period of January 1997 to March 1999. The OU2 P& T
system has been operating cost-effectively at $49 per pound of contaminant
removed.

7.5 0OU2 System Performance Basaline

The overall technical and cost effective performance for the OU2 aboveground
treatment system in comparison to its design basis has been good. It is treating water from
the shallow and deep groundwater zones at 60% of its design capacity of 500 gpm, and
more than 41,000 pounds of contamination were removed during the operating period of
January 1997 to March 1999. This resultsin an average cost per pound removed of only
$49, which is considered extremely cost effective. This datais explained in more detail in
section 7.5.1.

In contrast, the performance of the subsurface shallow and deep extraction well
networks has several limitations and data gaps listed below and described in more detail in
Section 7.5.2. These limitations raise serious doubts as to whether OU2 can be actively

MCB Camp Lgjeune RAO 7-17 January 2000
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remediated to the cleanup levels specified in the ROD with conventional Pump and Treat
technology.

Vertical and horizontal extent of contamination in both the shallow and deep
zones is undefined;

Average total VOC influent concentration is 21 mg/l with an increasing trend;
Insufficient evidence to demonstrate plume capture for the shallow zone;

Downgradient shallow zone extraction wells are diluting mass removal
effectiveness,

Presence of DNAPL in the shallow and deep zones is highly likely, and the
extent of DNAPL zonesis undefined; and

Capture zone indicated by deep zone extraction well dataisinsufficient to
prevent continued downward migration of DNAPL.

7.5.1 OU2Treatment System Cost and Perfor mance Baseline— Figures 7-6 through
7-9 are cost and performance plots for the period of January 1997 through March 1999 for
the OU2 Treatment System. Taken collectively, they provide valuable information on the
current and historical performance baseline for this system, and are discussed below:

Figure 7-6, “Influent VOC Concentrationsvs. Time”: Asshownin

Figure 7-6, the monthly total VOC influent concentration for the deep zone
shows a slightly increasing trend. Almost all monthly concentrations are
between 10 and 27 mg/l. Concentrations in this range are indicative of DNAPL
in the subsurface. By contrast, the shallow zone influent concentration is
relatively stable and averages 1.6 mg/l; however, as discussed in section 7.5.2,
this average concentration is biased low since five of the six shallow zone
extraction wells are located in the less-contaminated downgradient portion of
the plume.

Figure 7-7, “ Cumulative M ass Recovered vs. Time": The OU2 System
removed more than 41,000 pounds of contamination during the operating
period of January 1997 to March 1999. Asdiscussed in section 7.5.2, it islikely
that this removal rate could increase dramatically if additional extraction wells
areinstalled with screened intervals targeted at discrete zones of suspected
DNAPL.

Figure 7-8, “Cumulative Costs vs. Cumulative VOCs Recovered” .

Figure 7-8 graphically demonstrates the substantial cost effectiveness of the
OU2 Treatment System. The relatively flat slope of this line indicates that the
amount of mass removed per dollar spent is more than adequate.

Figure7-9, “ Average Cost Per Pound Recovered vs. Time’: Asshownin
Figure 7-9, the average cost per pound removed for the OU2 system is trending
slightly upward; from approximately $25 per pound in April 1997 to
approximately $52 per pound in March of 1999. The average cost over the
entire operating system is only $49 per pound, i.e., very cost effective.

MCB Camp Lgjeune RAO 7-18 January 2000
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Figure7-7. Cumulative Mass Recovered vs. Time OU2 (L ot 203) -
Shallow and Deep Aquifers
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Table 7-8 summarizes selected performance parameters for the OU2 system.

Table 7-8. OU2 System Design Versus Performance Data

Actual Actual
Par ameter Design Average® | Median®
Combined Aquifer Average Flowrate (gpm) 500 297.06 278.10
Monthly Aquifer Volume (gallons) 12,528,00| 10,405,729|10,113,500
10% of volume for Shallow Aquifer (gallons) 1,296,000 1,040,573| 1,011,350
90% of volume for Deep Aquifer (gallons) 11,232,000, 9,365,156 9,102,150
Shallow - Monthly Mass removed (1bs) N/A 14.54 14.56
Deep - Monthly Mass removed (Ibs) N/A 1,516 1,275
Total Monthly Mass removed from Both Aquifers (Ibs) N/A 1,531 1,285
Average cost per mass removed ($/1b) N/A $47.14 $46.35

#Based on performance data from January 1997-March 1999.

gallons per minute

milligrams per liter

pound(s)
not applicable

7.5.2 OU2 Extraction and Monitoring Well Network Performance—This section
compares the performance of the shallow and deep extraction well networks at OU2
against the criteria specified in Tables 7-2 and 7-4. It aso identifies data gaps that
represent, in part, the inability of the current monitoring well network to adequately
measure performance.

7.5.2.1 OU2 Shallow Extraction and Monitoring Well Network Performance

Data Gaps

The following data gaps were identified in evaluating the performance of the
shallow extraction and monitoring well networks at OU2. The significance of these data

gapsis addressed in the following sections.

The number and location of LTM points for water level measurementsis
inadequate to demonstrate whether or not the contaminant plumeis contained in

three dimensions;

The number and location of LTM sampling points is inadequate to estimate the

limits of the contaminant plume; and

| soconcentration contour maps of individual COCs are not available to illustrate

the compl ete extent of the plume.

MCB Camp Lgjeune RAO
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Hydraulic Head and Gradients

Hydraulic head represented by water levels measured at OU2 monitoring wellsin
July 1998 do not demonstrate that the shallow extraction well network has established a
capture zone within the surficial aguifer. The measurements indicate the general direction
of groundwater flow in the east central portion of Site 82 at OU2; however, the absence of
monitoring wells downgradient of the extraction wells precludes evaluating the hydraulic
effects of pumping on plume containment and the presence of a capture zone.

Water levels measured at two well cluster locations (wells 6-GWO01 and 6-GW28)
installed within the contaminant plume indicate that a downward gradient exists between
the surficial aquifer and the underlying Castle Hayne aquifer. The downward gradient is
expected because of the pumping rates associated with extraction wells completed in the
Castle Hayne aquifer.

Pumping Rates

The basis of design report (Baker, 1994) for OU2 estimated that each shallow
extraction well in the network would yield up to five gallons per minute. Typically, the
actual yield of most of the shallow wells has been slightly higher. Baker (1999b) estimated
that during the last six months of 1998, the combined yield of the five operating shallow
wells was between 20 and 40 gallons per minute. Based on estimates of the contaminant
plume’'s size and the volume of water extracted in the last half of the year, the shallow well
network flushed approximately 0.35 pore volumes of groundwater through the plumein
1998. However, the location of four extraction wells, SRW02 to SRWO05, near the apparent
edge of the plume results in the removal of significant volumes of relatively
uncontaminated groundwater.

During the five quarters that ended in December 1998, the extraction well field was
operational approximately 77.5% of the time; uptime improved to 92% in the last quarter
of 1998. However, during the last quarter of 1998, shallow extraction well SRW02 was not
operational due to maintenance problems.

Pumped Water Quality

Historical datafrom the treatment plant indicate that the mean VOC concentration
of the influent from the shallow extraction wellsis approximately 1.54 mg/L. However,
severa peaksin the record contribute to a higher mean VOC concentration of 1.77 mg/L.
Excluding the peaks, the influent concentration has exhibited arelatively flat trend. The
relatively low influent concentration over the period of record is expected because all but
one of the shallow extraction wells are located near the downgradient edge of the plume
and not within the areas of highest contamination. As noted previously, a downgradient
extraction well network is the least effective configuration for achieving groundwater
restoration, because contaminants must travel along the entire length of the plume to reach
the wells. More effective well placement requires installing extraction wells in the areas of
highest contamination; along the plume axis; and within areas of the least mobile
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contaminants to collectively maximize mass removal, reduce the pumping of clean water,
and minimize contaminant travel time and distance.

The influent concentration combined with the shallow extraction well system’s
pumping rate has resulted in moderate contaminant mass removal from the surficial
aquifer. Between January 1997 and December 1998, the shallow extraction wells removed
approximately 365 pounds of VOCs at an average rate of 15.7 pounds per month.

Contaminant Concentration and Distribution

No monitoring wells are located downgradient of the extraction wells to indicate if
plume migration has been contained.

The estimated areal extent of total VOCsless than 100 ppb in the surficial aquifer
is depicted in Figure 7-2a. 1soconcentration contours illustrating the shallow plume extent
at concentrations less than or equal to ROD-specified cleanup levels cannot be reliably
drawn based on the density of the current monitoring well network. However,
concentrations of COCsin the influent, aswell asin the individual monitoring and
extraction wells, appear relatively stable and well above remediation levels. Consequently,
little progress toward achieving groundwater restoration is demonstrated by the data.

7.5.2.2 OU2 Deep Extraction and Monitoring Well Network Performance

Data Gaps

The following data gaps were identified in evaluating the performance of the deep
extraction and monitoring well networks at OU2. The significance of these datagapsis
addressed in the following sections.

The number and location of LTM sampling points is inadequate to estimate the
limits of the contaminant plume; and

| soconcentration contour maps for individual COCs are not available to
illustrate the compl ete extent of the plume.

Hydraulic Head and Gradients

Water levels measured at OU2 in July 1998 suggest that the deep extraction well
network has established a capture zone within the Castle Hayne aquifer. The measurements
indicate that hydraulic gradients toward the extraction wells have been established and that
groundwater within the Castle Hayne aquifer flows toward the deep extraction wells.
However, thereis no evidence that the upward gradient is of sufficient magnitude to
overcome potential downward DNAPL migration.

Water levels measured at two well cluster locations (wells 6-GWO01 and 6-GW40)
installed within the contaminant plume indicate that an upward gradient exists between the
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upper and middle portions of the Castle Hayne aquifer. The upward gradient suggests that
the dissolved VOC plumeis contained vertically at least in these two locations. It does not
suggest that contaminants, which may have migrated down into the aquifer prior to the
implementation of remediation, are within the capture zone.

Pumping Rates

The basis of design report (Baker, 1994) for OU2 estimated that each of the three
proposed deep extraction wellswould yield 150 gallons per minute. However, the pumping
rate of well DRW-1 isonly 30 gallons per minute, and the pumping rates of DRWO02 and
DRWO3 are approximately 40 gallons per minute each. Only the pumping rate of well
DRWO04 achieved or exceeded its design estimate of 150 gallons per minute. Baker
(1999Db) estimated that during the last six months of 1998, the combined yield of the four
deep extraction wells was between 254 and 274 gallons per minute. Based on estimates of
the contaminant plume' s size and the volume of water extracted in the last half of the year,
the deep extraction well network flushed approximately 0.26 pore volumes of groundwater
through the plume in 1998, compared to a recommended design minimum of 0.3 pore
volumes per year. Although adding wells would increase flushing rates, potential DNAPL
in the subsurface is along-term source of dissolved contaminants that could preclude
achieving restoration levels.

During the five quarters that ended in December 1998, the extraction well field was
operational approximately 77.5% of the time, although uptime improved to 92% in the last
quarter of 1998. In addition, well DRWOL1 is being pumped below its design rate to limit
sand entry into the well because of incomplete filter pack emplacement. The diminished
pumping rate of DRWO1 is limiting mass removal, because the well islocated in the most
highly contaminated area of the plume.

Pumped Water Quality

Historical datafrom the treatment plant indicate that the mean VOC concentration
of the influent from the deep extraction wellsis about 16.3 mg/L. However, a peak of
concentration early in the record resultsin amean VOC concentration of 20.5 mg/L. The
influent concentration is the result of locating the extraction wellsin, or near, areas of high
V OC contamination within the plume. In general, the influent concentration shows a slight
upward trend suggesting that dissolved VOCs continue to be drawn toward the extraction
wells from highly contaminated areas.

The influent concentration combined with the shallow extraction well system’s
pumping rate has resulted in high contaminant mass removal from the Castle Hayne
aquifer. Between January 1997 and December 1998, the deep extraction wells removed
approximately 37,125 pounds of VOCs at an average rate of 1,283 pounds per month.
Contaminants continue to migrate toward the extraction wells from more distant “hot
spots.” A large mass of contaminant remains in the aquifer in the dissolved phase and
potentially asresidual and free phase DNAPL.
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Contaminant Concentration and Distribution

Results from two monitoring wells (6-GW35D and 6-GW37D) that are located
regionally downgradient of the extraction wells provide inconclusive information
regarding plume containment in the Castle Hayne aquifer at OU2. No VOCs were detected
in two samples collected from well 6-GW35D in 1998, but several VOCs were detected at
concentrations exceeding remediation levelsin four consecutive samples collected from
well 6-GW37D between October 1997 and July 1998. The apparent trend in concentration
of the four samples was upward.

The estimated areal extent of total VOCsless than 1000 ppb in the Castle Hayne
aquifer is depicted in Figure 7-2b. Aswith the OU2 shallow zone, the current density of
the monitoring well network prevents the production of a plume contour depicting the
extent of the deep zone plume at concentrations less than or equal to ROD-specified
cleanup limits. In addition, concentrations of COCsin the influent, as well asin the
individual monitoring and extraction wells, are level or increasing, and above remediation
levels. Consequently, little progress toward achieving groundwater restoration is
demonstrated by the data.

Verticaly, the highest concentration of VOCs has been detected in monitoring
wells screened at depths between approximately 100 and 115 feet. Shallow monitoring
wells, screened to approximately 35 feet, typically exhibit lower VOC concentrations.
Deeper monitoring wells, screened below 220 feet, exhibit VOC concentrations that
approach trace levels. In comparison, deep extraction wells DRW02 and DRWO3 are
screened between 80 and 110 feet, generally coinciding with the depth interval that
exhibits the maximum V OC concentrations detectable by the existing monitoring network.
Extraction well DRWOL1 is screened from 81 to 101 feet, dightly above the interval
exhibiting maximum VOC concentrations, whereas DWO04 is screened below the interval
at 124 to 154 feet. However, there is an absence of monitoring points within the
contaminant plume at depths from 35 to 75 feet and from 120 to 220 feet. These
unmonitored intervals could conceivably exhibit higher VOC concentrations than have
been measured. Therefore, while the screen placements in the extraction wells are effective
in contaminant removal, the available data offers no assurance that the well screens target
the most contaminated depths within the plume.

7.5.3 OU2 Aboveground Treatment Train Perfor mance—Since operation began in
January 1997, the aboveground treatment train for the plant at OU2 has been performing at
alevel that meets requirements of the design basis. In 1997 and 1998, the plant has
operated at an average flowrate of 297 gpm, 60% of its design flow of 500 gpm. Most of
the equipment at the plant is functioning as designed. However, according to the

equi pment operator, the polymer pump has required excessive maintenance to keep in
operation.

Over the last 27 sampling events (January 1997 to March 1999), effluent from the
GAC exceeded the effluent standards for perchloroethylene (PCE) on three occasions
(February, March, and May 1998). Over this same time period, only six effluent samples
(February to July 1998) from the air stripper contained concentrations over the effluent
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standards for PCE in Table 7-6. The air stripper packing was cleaned in March/April 1998,
improving the air stripper removal efficiencies during this period from 62 to 99.9% for
PCE. However, exceedance still occurred, primarily due to the PCE effluent standards
being very low (0.8 pg/l).

Two 8,000-pound GAC units are currently used to provide polishing of the
groundwater effluent prior to discharge to Wallace Creek. Cartridge filters are used to
remove fines from the groundwater prior to the GAC unitsto avoid clogging the units.
However, the amount of contaminant removal by these unitsis minimal, as most of the
VOCs are removed by the air stripper. When PCE is not present in the waste stream, the
GAC units (and cartridge filters) are not necessary for the removal of contaminants from
the effluent, but are required by the current NPDES permit.

Although the GAC effluent concentrations were below NPDES requirements in
1997, for the majority of the time, concentrations of VOCsin the GAC effluent were
higher than the air stripper effluent. Thisindicates that the GAC may have been fully
loaded and contributing VOCsto the effluent stream.

The detection limit for mercury (0.1 pg/l) in the performance sampling is higher
than the effluent discharge limit (0.025 ug/l), making it difficult to determine if discharge
limits are being exceeded on aregular basis. However, two known exceedances did occur
in August and September 1997.

Based on records beginning in January 1997, the O& M contractor has performed
all routine monthly, quarterly, and annual maintenance on the OU2 Treatment Plant as
required in Tables 2.2 and 2.3 of the Operations and Maintenance Manual for Camp
Lejeune, Groundwater Treatment System (OHM, 1996). During 1997, the treatment plant
operated atotal of 316 days, for an annual operating percentage of 87%. Whilein 1998, the
treatment plant operated atotal of 285 days, for an annual operating percentage of 78%.
The main reason for the decrease in operation in 1998 was due to maintenance of the air
stripper (pressure washing of packing) in March and April 1998. Delays during 1997
included malfunction of the pressure switch on the air stripper blower, cartridge filters
being unavailable, and replacement of the flow transmitter.

A review of the existing sampling and analysis plan for OU2 indicates that the
individual effluent from each well is not analyzed separately. However, this sampling has
been occurring for several quarters.

The annual operations and maintenance costs for the OU2 Groundwater P& T
system are provided in Table 7-9. The capital coststo construct the OU2 P& T system were
$4,660,000. Itemized capital, and operation and maintenance costs were not available for
review.
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Table 7-9. Annual Operation and Maintenance Costs
for the OU2 Groundwater P& T System
Annual
Annual Maintenance and Annual Total

Fiscal | Operations | Enhancements Utilities Annual Monthly

Y ear Costs Costs Costs Costs Costs

1999 $350,000 $50,000 $37,906 $437,906 | $36,492

1998 $341,192 NA $42,665 $383,857 | $31,988

1997 $266,646 NA $33,668 $300,314 | $25,026

1996 $275,000 $38,196 $2,800 $315,996 | $26,333

NA = Not applicable
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8.0 CONCLUSIONS AND RECOMMENDATIONS
FOR OU2 SYSTEM

The number, location, and pumping capacity of the shallow extraction wells at
OU2 are inadequate to achieve groundwater restoration. Hydraulic containment of the
plume may be occurring, but cannot be demonstrated by the monitoring network. Mass
removal to date has been moderate compared to other P& T systems. However, the
likelihood of restoring groundwater quality to cleanup standardsis unlikely. A major
obstacle to meeting remediation levelsis the probability that DNAPL is present at the site
and will be along-term, high concentration source of contaminants to groundwater.
Consequently, while increasing the number of extraction wells may improve mass removal
and plume containment, there is no evidence that site closure will be any more achievable.

Similarly, the current network of deep extraction wells at OU2 isinadequate to
achieve groundwater restoration. A zone of hydraulic containment has been established,
and mass removal to date has been high relative to the performance of other P& T systems.
However, the likelihood of restoring groundwater quality with the existing systemis
minimal. A maor obstacle to meeting remediation levelsis the probability that DNAPL is
present at the site and will be along-term, high concentration source of contaminants to
groundwater.

Based on the information reviewed and presented in Section 7.0, several
recommendations for the OU2 P& T system can be made. The most strategic
recommendations are considered a priority for consideration and are presented below. As
with OU1, complete implementation of these recommendations will require an ESD or
ROD amendment to the current OU2 ROD.

Implement aremedial strategy for OU2 which addresses the source areas and
dissolved phase portions of the plume with separate but integrated approaches
asdiscussed in Section 8.1 below;

Define the lateral and vertical extent of contamination for the source areas and
dissolved phase plumes in both the shallow and deep aquifers as discussed in
Sections 8.2.1 and 8.2.2; and

Determine whether natural attenuation processes are occurring at acceptable
ratesin the shallow and deep aguifer zones as discussed in Section 8.1.

8.1 Long-Term Remedial Strategy Consider ationsfor OU2

An appropriate remedial strategy at DNAPL sites should address the DNAPL zone
and the “ dissolved phase’ portion of the plumes with separate, but integrated approaches.
Typically, thisincludes aggressive source removal and containment in the DNAPL zone,
along with active and/or passive treatment of the “dissolved phase” portion of the plume. A
recommended approach specific to OU2 should combine and integrate both active and
passive treatment options, and include the following elements:
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To the extent practicable, delineate the extent of the DNAPL source areasin the
shallow and deep groundwater zones. Per the detailed recommendationsin
Section 8.2.2, thiswould require additional site investigation activities.

Continue and enhance aggressive mass removal in the DNAPL source areas for
both the shallow and deep groundwater zones. This recommendation could
require the installation of additional targeted extraction wells.

Should state guidelines allow risk assessment in the future, consider revising
the baseline human health risk assessment assumptions and cleanup level
calculationsto reflect industrial land use as the most probable future exposure
scenario.

Evaluate the applicability of natural wetland biodegradation processesin
treating dissolved phase VOC contamination in the shallow groundwater zone
at OU2. The wetland area downgradient of the shallow VOC plume may prove
to be an effective passive treatment option for OU2.

Evaluate the occurrence of MNA in both the shallow and deep groundwater
zones for the treatment of dissolved phase VOCs. Thiswill require an
assessment of MNA “lines of evidence” along with predictive plume migration
modeling for both the shallow and deep groundwater zones in accordance with
applicable MNA guidance documents. However, treatment of the dissolved
phase portion of the plume with MNA would be more cost effective than trying
to contain/treat the plume with conventional P& T options. In addition, MCB
Camp Lejeuneis already pursuing MNA as part of feasibility studies being
conducted at other sites. Upcoming RODs for sitesat OU No. 6 and OU No. 14
are under negotiation and propose MNA asthe final remedy. These RODs are
expected to be signed in calendar year 1999. MCB Camp Lejeune should use
this opportunity to pursue MNA for OU2 as well.

8.1.1 Establishment of Alternate Concentration Limits (ACLs) — Given the
observation that aquifer restoration to ROD-specified cleanup levels at OU2 isunlikely, it
isrecommended that MCB Camp L g eune pursue discussions with the regulatory agencies
to establish less stringent groundwater cleanup criteria known as Alternate Concentration
Limits (ACLSs). This recommendation should be implemented as a parallel action to the
strategies outlined previously. Per SARA Section 121(d), ACLs can be established when it
can be shown that groundwater discharging to a surface water body does not measurably
degrade the surface water body; and, there are no known points of human exposure to the
contaminated groundwater prior to it reaching the surface water body. This appears to be
the case for OU2, where some portion of the contaminated groundwater currently
dischargesto Wallace Creek.

If the above conditions are met, then the allowable ACL for the plumeisthe
groundwater contaminant concentration discharging to the surface water body without
degrading its water quality. It is expected that this allowable concentration would be
significantly higher than MCLs and/or current State of North Carolina standards.
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Typically, supporting data requirements to establish ACL s include simple mixing
zone model results and/or sampling results from the surface water body. Similar to the
approach described in Section 8.2.2, passive diffusion samplers could be placed in the bed
of Wallace Creek to evaluate whether groundwater discharge from OU2 measurably
impacts Wallace Creek.

8.1.2 Innovative Technology Enhancementsfor OU2 — As discussed earlier, thereis
evidence of DNAPL associated with the OU2 plume. Pump and treat remediation in this
area has been effective in removing contaminant mass, but it has been ineffective at
reducing dissolved contaminant concentrations. The pump and treat system has removed
over 40,000 pounds of contaminant mass over the past three years. During that time,
dissolved contaminant concentrations have averaged 19.8 mg/L and remained steady .
Essentially, DNAPL provides a continuing source of contaminants and continually
replenishes the dissolved phase. One potential long-term remedia strategy to mitigate the
effects of DNAPL on OU2 isto evaluate and implement innovative technology
enhancements targeted at DNAPL reduction.

Aninnovative technology screening evaluation has been performed on the
following types of technologies and their application to OU2:

Flushing;

Volatilization;

Thermal Processes; and

Other Treatment Technologies.

This screening evaluation is presented in detail in Appendix A. However, the primary
conclusion is that none of the technologies discussed in Appendix A are well suited for
remediation of DNAPL in the lower aquifer at OU2. The contaminated groundwater in that
aquifer occupies a volume of over 7,000,000 cubic yards. The implementation of any of
these technologies in avolume of this size would be prohibitively expensive. In addition,
the location of specific pockets of DNAPL within this zone is unknown, making it
impossible to focus the remedial activitiesin smaller target areas.

8.1.3 Decision Criteriafor Remedial Strategy for OU2—Asiillustrated in Figure 8-1,
the remedial strategy for OU2 isto continue to operate the OU2 treatment plant to
aggressively treat the source areain the shallow aquifer and the DNAPL areain the deep
zone, while simultaneously implementing actions to gain more complete delineation of the
dissolved phase and DNAPL portions of the plume. In addition, data should be gathered to
assess natural attenuation and biodegradation processes for the shallow and deep plumes.
Detailed recommendations for the extraction well field and aboveground treatment plant
areincluded in Sections 8.2 and 8.3.
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8.2 0OU2 Extraction and Monitoring Well Networ k Recommendations

The following sections provide recommendations for the extraction and monitoring
well networksin the shallow and deep aquifers at OU2. Although the shallow and deep
zones are discussed separately, the recommendations should be considered in light of the
fact that the site is characterized by a single plume that extends through two aquifer
intervals and which apparently originates from a common source. The recommendations
focus on monitoring performance during continued operation of the pump and treatment
systems, in conjunction with further site characterization to estimate DNAPL distribution
and assess dissolved contaminant stratification. All recommendations are summarized in
Table 8-1.

8.2.1 Shallow Zone at OU2 —To provide an adequate database for evaluating the
progress of the shallow zone extraction well network in achieving groundwater restoration,
the following recommendations should be implemented.

Continue to collect water quality samples from the extraction wells and analyze
for COC concentrations to monitor mass removal at specific locations and near
its apparent downgradient extent.

Install several monitoring wells downgradient of extraction wells SRW02
through SRW06. Measure water levels in these new monitoring wellsand in all
adjacent monitoring wells to determine if hydraulic gradients toward extraction
wells are being maintained and if the plumeis hydraulically contained. Water
quality samples should also be collected from these new monitoring wells and
analyzed to evaluate VOC migration affected by active hydraulic containment,
or natural attenuation processes.

On the basis of the regular sampling results, prepare maps that illustrate the
concentration and extent of individual COCsin groundwater relative to their
remediation levels. Plotting total VOC concentration provides a general
perspective of the plume, but cannot provide comparison with individual COC
remediation goals.

Prepare time series graphs of individual COC concentrations over time to
examine trends in water quality within and outside the plume.

Also, prepare graphs of cumulative mass removed relative to time and to
cumulative pore volumes extracted.
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Table 8-1. OU2 Evaluation and Optimization Summary

System Component

Consideration

Cost Impacts

Effectiveness | mpacts

Shallow Zone Improve monitoring network for Labor and contractor cost of Determineif system
Extraction System evaluating the P& T system's progress $10,000 for installing 2 performance is achieving
toward achieving groundwater monitoring wells. objectives; if modifications are
restoration. Increase monitoring labor and warranted; or, if alternative
Install two shallow monitoring analytical costs by $2,100/year. remedies such as monitored
wells downgradient of the plume. natural attenuation or
Measure water levelsin any phytoremediation should be
inactive extraction wellsand in considered.
adjoining monitoring wells.
Add the two new monitoring wells
and any inactive extraction wells to
the current groundwater monitoring
network.
Shallow Zone Perform groundwater screening to Labor, analytical, and contractor Identify "hot spots" that may

Extraction System

characterize contaminant distribution
within the plume.

cost of $20,000.

warrant install ation of
additional extraction wells for
more aggressive mass removal.

Deep Zone
Extraction System

Raise pump intakes above well screens.

Cost varies with degree of access

constraints. May be performed in

conjunction with other well/pump
mai ntenance.

Protect well screens and filter
packs from damage due to
improper pump placement.
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Table 8-1. OU2 Evaluation and Optimization Summary (continued)

System Component

Consideration

Cost Impacts

Effectiveness | mpacts

Deep Zone
Extraction System

Perform additional site characterization
to evaluate stratigraphy, vertical
contaminant distribution, and potential
source areas and “ hot spots,” including
DNAPL occurrence.

Cost depends on the complexity
of the work plan. Estimated range
of $300K to $600K .

Determine the locations and
screen intervals for potential
extraction wells; and, develop
data to support supplementary
technologies or a Technica
Impracticability waiver.

Shallow and Deep
Zone Extraction
Systems

Improve performance evaluation

database.
Prepare isoconcentration contour
maps for individual COCs.
Prepare graphs of individua COC
concentration changes over time.
Prepare graphs of cumulative mass
removed relative to recovery time
and cumulative pore volumes
extracted.

Increase data presentation and
evaluation costs by $1,600/year
per system.

Contribute to database
necessary for evaluating P& T
systems.

OuU2 Aboveground
Treatment Plant

Use the OU1 polymer pumps to replace
existing polymer pump at the OU2
plant. If maintenance is not reduced by
borrowed pump, purchase new make of
polymer pump.

Potential decrease in maintenance
cost for OU2 if borrowed pump is
low maintenance.

Potential increase in cost by
$6,000 if new pump is needed.

Reduced labor associated with
rebuilding existing polymer
pump at OU2.
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Table 8-1. OU2 Evaluation and Optimization Summary (continued)

System Component

Consideration

Cost Impacts

Effectiveness | mpacts

OuU2 Aboveground Modify NPDES permits to allow GAC Decrease filter cartridge Air stripper effluent samples
Treatment Plant bypass for normal operation. replacement cost of $20,000/year. will need to be monitored
Decrease in GAC replacement closely to ensure that effluent
cost of $9,000/year. discharge standards are met.
Decrease in labor cost of Influent sampleswill need to be
$5,700/year. closely monitored for PCE, so
Decrease in analytical costs by that GAC may be brought on
$1,200/year. line as needed.
Decreased costs associated with
back washing, GAC
replacement, and filter
replacement.
The bypass will eliminate the
need to perform VOC analysis
at one point in the process
stream.
OU2 Aboveground Monitor air stripper and GAC effluent No cost impact. Ensure that GAC is not fully
Treatment Plant results. loaded and contributing VOCs
to the effluent stream.
OU2 Aboveground Achieve alower detection limit for Unknown if cost will be incurred Ensure that effluent stream is
Treatment Plant mercury on performance sampling to achieve lower detection limit. meeting effluent discharge

and/or modify effluent discharge
standards.

standards for mercury.
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Table 8-1. OU2 Evaluation and Optimization Summary (continued)

System Component

Consideration

Cost Impacts

Effectiveness | mpacts

OuU2 Aboveground
Treatment Plant

Individual well influent flow meters
have recently been installed (OHM,

2000).

None.

Determine flow from deep and
shallow aquifers.

Determine the effectiveness of
removal from the deep and
shallow aquifers separately.
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On the basis of the data evaluation, consider implementing the following
modifications to the pump and treat system.

Install additional shallow extraction wells within the plume to supplement mass
removal from “hot spot” well SRWO01. Any additional wells should be located
in the areas of highest contamination, along the plume axis, and within areas of
the least mobile contaminants. If hydraulic containment can be maintained by
extraction wells located within the plume, terminate pumping of downgradient
extraction wells SRW02 through SRWO06 to preclude transporting contaminants
from the source area across the entire plume.

To assist in the placement of additional extraction wells, information regarding
the distribution of contaminants in the shallow zone should be refined through
groundwater screening combined with the sampling of the existing extraction
wells and selected monitoring wells. Discrete groundwater samples should be
collected using a screen point sampler advanced by direct push technology and
anayzed for VOCs. Potential screening locations areillustrated on Figure 8-2.
If possible, two samples should be collected from each screening location,
preferably from 15 and 30 feet below land surface. Concurrently, samples
should be collected from the six extraction wells (SRWO01 through SRW06) and
from the monitoring wells (6-GWO01, 6-GW28, 6-GW33, and 82-MW-30).

8.2.2 Deep Zone at OU2 — The following recommendations should be implemented to
evaluate and maintain or improve current pump and treat performance.

Continue operation of the deep extraction wells to maintain hydraulic
containment. Installation of additional wells to increase dissolved mass removal
is not advised until source control measures are implemented.

Raise the pumps in the deep wells so that the intakes are not located in the well
screens. Intake placement within the screens increases water entrance velocities
and may contribute to higher rates of corrosion, incrustation, and sand
pumping. Because drawdown in the pumping wellsis currently only about

10 feet, sufficient well casing is available above the screensto raise the pump
intakes without decreasing yield.

On the basis of the regular sampling results, prepare maps that illustrate the
concentration and extent of individual COCsin groundwater relative to their
remediation levels.

Prepare time series graphs of individual COC concentration over time to
examine trends in water quality within and outside the plume.

Prepare graphs of cumulative mass removed relative to time and to cumulative
pore volumes extracted.

MCB Camp Lgjeune RAO 8-10 January 2000
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Section 8 FINAL

The following recommendations should be implemented to isolate production
intervalsin existing extraction wells, to locate and screen additional deep extraction wells,
and to identify contaminant source areas.

Use cone penetrometer testing (CPT) and direct push technology (DPT) to
develop athree-dimensional model of the site stratigraphy and to identify
source areas, including the presence of residual and free DNAPL.

Obtain information regarding the vertical distribution of dissolved contaminants
and DNAPL to optimize the pumping interval for the extraction wells such that
aquifer zones containing the highest concentrations of COCs are targeted, and
dilute or clean zones are avoided.

One method of implementing the second recommendation is to collect discrete
groundwater samples using a screen point sampler advanced to selected depth intervals by
DPT. Another possible method of accomplishing thistask isto use an United States
Geological Survey (USGS)-patented passive diffusion sampling technigue in deep
extraction wells, DRWO01 and DRWO04. The technique uses polyethylene bags filled with
deionized water as a means of passively sampling contaminants in groundwater. The bags
are suspended in the wells and any contaminants present diffuse through the polyethylene.
After agiven period (approximately 2 weeks), an equilibrium concentration in the bagsis
reached.

At wells DRW01 and DRWO4, it is possible to suspend a number of these
polyethylene bags in the wells and determine the depth of the contaminants. After
identifying the depth intervals that exhibit the highest concentrations of contaminants, well
packers could be used to isolate these zones in existing wells, and screens for any new
wells could beinstalled at the optimum depths. The net effect of isolating these zones
would be improved contaminant extraction and a potential reduction in the volume of
cleaner water pumped to the treatment system.

Balanced against isolating the highly contaminated zonesis the need to sustain
adequate pumping rates to maintain a capture zone in the Castle Hayne aguifer. A
significant limitation to this sampling technique is the effect of vertical groundwater
gradients on the sample obtained. Vertical gradients can mask or even confound the
determination of vertical contaminant distribution, because contaminants can diffuse
vertically, aswell as horizontally, through the bags. Consequently, it isimportant to
determine groundwater gradients prior to implementing this technique. More importantly,
to eliminate induced gradients, pumping would have to be suspended in the deep extraction
wells while testing proceeded in DRWO01 and DRWO0A4.
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8.3 0OU2 Aboveground Treatment Train Recommendations

The following are recommendations for the OU2 aboveground treatment train.
These recommendations are also summarized in Table 8-1.

According to the equipment operator, the existing polymer pump at OU2 has
been rebuilt severa times. Thisindividual pump may be faulty or the pump
may not be appropriate for use at OU2. We recommend using the unused
polymer pumps at OU1L. If these pumps also require extensive maintenance, we
recommend purchasing another brand of pump. A new polymer pump is
estimated to cost $6,000.

Based on the air stripper and GAC effluent performance discussed in

Section 4.0, we recommend requesting that carbon polishing be modified in the
NPDES requirements for discharge to Wallace Creek. We recommend that the
GAC and cartridge filters be bypassed during normal operation. The GAC will
be readily accessible if effluent sampling indicates that GAC is needed to
reduce effluent concentrations. The GAC may be used to remove PCE when
PCE is present in the waste stream. When PCE is not present in the waste
stream, the GAC may be bypassed asthe air stripper adequately removes other
VOCs.

This recommendation will save labor and cost by reducing the amount of back
flushing and eliminating the need for cartridge filter and GAC replacement. It is
estimated that the annual replacement cost of cartridge filtersis $20,000, and
the annual replacement cost of GAC is $9,000. A decrease in labor
(approximately 125 hours) to change filters, backwash carbon and manage
sludge generated by back washing will represent annual cost savings of $5,700.
This recommendation will also reduce the analytical cost by removing the VOC
analysis of GAC effluent for annual savings of $1,200.

Recommend continued evaluation of air stripper and GAC effluent resultsto
ensure that the GAC is not loading contaminants into the effluent stream. This
loading appeared to be occurring in 1997. No cost impact is expected.

The detection limit for mercury (0.1 pg/l) for the performance sampling is
higher than the effluent discharge limit (0.025 ug/l), making it difficult to
determine if discharge limits are being exceeded. We recommend trying to
achieve alower detection limit to ensure effluent standards are being met. If a
lower detection limit cannot be achieved, we recommend modifying effluent
discharge standards.
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Installing flow meters for the shallow aquifer influent and backwash streamsis
recommended. This recommendation will help determine removal effectiveness
of the shallow and deep aquifers separately. Note that individual well flow
meters were recently installed at OU2 (OHM, 2000) and this recommendation
is completed.

84 QU2LifeCycle Cost Analysis

A life cycle cost analysis was conducted for each of the RAO optimization
recommendations for OU2 Aboveground Treatment Train. Thelife cycle cost analysis
provides a net present value (NPV) for costs or savings incurred over the life of the
operation. The NPV was calculated for operations of 5, 10 and 15 years, assuming a 6%
interest rate. Results of the life cycle cost analysis are presented in Table 8-2.

MCB Camp Lgjeune RAO 8-14 January 2000



GT-8 Ovdaurek1dwe)d gOIN

0002 Arenuer

Table 8-2. Life Cycle Costsfor OU2 Aboveground Treatment Train

Annual Costs Net Present Value

Recommendations Capital L abor Analytical Total S5years 10years 15years
Continue operation of existing P& T “asis $932,881 $3.920 634 $6,866,085 $9,060,373
Discontinue operation of P& T and implement MNA $10500] $32,250]  $32,250  $75,000 $315,927 $552,007 $728,419
Use unused polymer pump & OU1 ($6,000) $0 $0|  ($6,000) ($25,274) ($44,161) ($58,273)
;ﬁf:&tg;\%c and cartridgefiltersfor dischargeto | o9 500)|  ($5,700)  ($1.200) (§35.900)  ($151224)  ($264.227)  (§348,670)
Evaluate air stripper and GAC effluent results to NO Cost impact i red
ensure contaminant loading is not occurring O costimpact 1S expec
Achieve lower detection limits for mercury Unknown if costs will be incurred
Improve monitoring network for evaluating the P& T $10,000
system (Shallow Zone Extraction System) $2,100 $12,100 $50,970 $89,057 $117,518
Exe::gét'}‘oarg’/gm?a screening (Shallow Zone $20,000 $20,000 $84,248 $147,202 $194,245
Eif:cz%rr?g/giﬁ)ﬁ above well screens (Deep Zone Cost varies with degree of access constraints
Exertfrggtr?oidg;;’eﬂ) site characterization (Deep Zone Estimated range of $300 to $600K $1.26- $2.53 M| $2.21- $4.42 M| $2.91- $5.83 M
Improve performance evaluation database $1.600 $1.600 $6.740 $11.776 $15,540

(Figuresin parenthesis indicate cost savings)
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Section 9 FINAL

9.0 DATA ANALYSIS, TREND EVALUATION,
AND REPORTING

A review of the existing monitoring reports for the OU1 and OU2 P& T systems
indicates that several steps may be taken to optimize the data analysis, trend evaluation,
and reporting for these P& T systems. Each of the following items should beincluded in
the semi-annual monitoring reports.

9.1 PeformancePlots

We recommend plotting the monthly operation and cost data on performance plots
similar to those found in Sections 3.0, 5.0, and 7.0 of thisreport (i.e., Figures 3-5to 3-9,
5-2to 5-5and 7-6 to 7-9). These plots will help to visualize the cost and performance
trends for each system as well as help in making appropriate optimization and remedial
strategy decisions. More explanation of these plots as they relate to the past performance at
the OU1 and OU2 systems are included in Sections 3.5, 5.5, and 7.5. The recommended
performance plots are:

Influent VOC Concentrationsvs. Time;
Cumulative Mass Recovered vs. Time;
Cumulative Costs vs. Cumulative VOCs Recovered; and

Average Cost Per Pound Recovered vs. Time.

9.2 Contaminant Migration Tracking and Plume Contours

By periodically tracking the migration of contaminants, the performance of the
OU1 and OU2 remedial actions may be assessed. In addition, optimization decisions may
be made as the plume changes in size or shape, or stabilizes. Use of an interactive
geographic information system (GIS), aong with other graphic packages will increase the
visual impact of large amounts of data and will allow for data queriesto easily track trends
in plume and contaminant migration. Currently, the analytical database at Camp Legeuneis
in the process of being linked to a GIS package so that data can be spatially displayed and
analyzed. A more detailed discussion of GIS asit relatesto Camp Lejeuneis presented in
the Marine Corps Base Camp Lejeune Long-Term Monitoring Optimization Case Study
(NFESC 1999).

Secondly, Camp L ejeune should plot contaminant plume contours for the
individual COCs. Thiswill allow Camp L g eune to assess how well the remedial actionis
addressing each contaminant compared to their individual cleanup goals. These plots
facilitate optimization of remedia systems based on the most problematic COCs.
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9.3 Zoneof Capture

We recommend presenting the zone of capture of each extraction well operating in
OU1 and OU2 in the semi-annual monitoring reports. Graphically depicting the zone of
capture for each well will help determine how effective each well and the entire systemis
at containing and removing contaminants from the aquifer.

9.4 Operational and Performance Reporting

Currently, the semi-annual monitoring reports for OU1 and OU2 contain the
following operation and performance related items. a short summary of operations, atable
of performance monitoring analytical results, and atable with flow and operation time
information. In addition to the information already provided, we recommend that the
following information be included in the semi-annual monitoring report:

Performance plots as mentioned above;

Summary of operations and maintenance costs including maintenance, repairs,
capital improvements, and utility costs;

A more detailed summary of system downtime/repair actions;
Discussion and analysis of system, plant, and extraction well performance;

Discussion and analysis of whether the effluent is meeting discharge
requirements,

Detailed maintenance logs included as an Appendix; and
Present individual well influent flow analytical data and mass removal.
Presentation of thisinformation will allow the Camp L gjeune team membersto have a

better understanding of the performance of the P& T systems. It will also helpin
identifying problematic operation and maintenance issues.
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Appendix A
Innovative Technologies for Removing DNAPL Contamination

Technology Description

General Applicability to DNAPL
Sour ce Zone Remediation

Applicability to OU2

Flushing Technologies

Alcohol or A mixture of water and one or more
Co-solvent solventsis pumped viainjection wells
Flushing through the contaminated zone to

remove contaminants by dissolution
and/or mobilization. (The solvent
increases the solubility of hydrophobic
organic compounds and causes a
reduction in interfacial tension,
drawing contaminants, such as
DNAPLSs, into solution.) The dissolved
contaminant is then recovered with the
groundwater in extraction wells and
can be treated.

Capable of rapid DNAPL removal at
sites with moderate to good
permeability; extraction efficiency
will be lower in low permeability
zones and at heterogeneous sites.
Reagent costs may be a factor
because co-solvent flushing requires
high concentrations of reagents and
solvents recycling methods have not
yet been demonstrated.

Co-solvents lower interfacial tension
with DNAPL, raising the potential for
downward mobilization.

No controlled field tests have been
conducted to determine the ultimate
cleanup potential for the technology.

The permeability of the
lower aquifer isfavorable.
The volume of the
potentially contaminated
zone would result in ahigh
cost for co-solvent.

In-Stu Oxidation An oxidizing compound (e.g.,
potassium permanganate, hydrogen
peroxide) isinjected into a DNAPL
source zone to react with organic
compounds and ultimately destroy
them. Excess oxidizer is extracted by
flushing water through the treatment
zone.

Can rapidly destroy readily oxidized
contaminants (e.g., PCE and TCE).
Performance may be limited by the
presence of oxidation-resistant
contaminants, large amounts of
oxidizable material in the soil, low
permeability, and subsurface
heterogeneities.

Effectiveness may be limited in
carbonate-rich units.

Field data are insufficient for
determining cleanup levels or the
range of conditions under which the
technology is suitable; however,
additional field tests are underway.

The permeability of the
lower aquifer isfavorable.
The volume of the
potentially contaminated
zone would result in ahigh
cost for chemical oxidants.
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Innovative Technologies for Removing DNAPL Contamination

Technology Description

General Applicability to DNAPL
Sour ce Zone Remediation

Applicability to OU2

Surfactant Flushing A water/surfactant mixture is injected
into the source zone to remove
contaminants via dissolution and
displacement. (The surfactant lowers
interfacial tension and increases the
solubility of hydrophobic organic
compounds, allowing them to dissolve
into solution.) The extracted

groundwater is treated aboveground.

Several field tests have demonstrated
the technology’ s effectiveness for
rapid mass removal of DNAPL at
sites with good to moderate
permeability.

Recycling of surfactants has been
demonstrated.

Extraction is less efficient in low
permeability or heterogeneous sites;
mobility control using polymer or
foam can lessen the effect of
heterogeneties.

Attainable groundwater cleanup
levels have not yet been established.
Since surfactants lower the interfacial
tension between water and DNAPL,
the risk of vertical mobilization of
DNAPL must be assessed at each site.

The permeability of the
lower aquifer isfavorable.
The volume of the
potentially contaminated
zone would result in ahigh
cost for surfactant.

Volatilization Technologies

Soil Vapor Extraction  Air is pumped from the vadose zone

(SVE) via extraction wells using vacuum
pumps. (Air or oxygen may also be
injected to stimulate aerobic
biodegradation.) The gases emitted
typically must be treated aboveground
to remove/destroy the volatilized
contaminants. SVE is a proven
technology for NAPL mass removal in
the vadose zone and has been widely
implemented.

Can provide rapid, relatively
inexpensive mass removal of volatile
DNAPL components in permeable,
relatively homogeneous, low water
content soils.

Performance limited by low
permeability, high soil water content,
and heterogeneities.

May be augmented by thermal
techniques to remove semivolatile
compounds and increase effectiveness
for low permeability layers.

When used in conjunction with
biodegradation, removal of
hydrocarbons and other aerobically
degraded compounds can be enhanced.

Not appropriate for
remediation of
contaminants below the
water table.
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Innovative Technologies for Removing DNAPL Contamination

General Applicability to DNAPL

Technology Description Sour ce Zone Remediation Applicability to OU2
Air Sparging A variant of SVE, air sparging injects Capable of reducing dissolved volatile  The permesability of the
air below the water table. (In SVE, the compounds to target levelsin the lower aguifer is
air isinjected at the ground surface.) saturated zone. favorable. The low
The air then flows upward through the Performance is optimum in moderately permeability of the
contaminated groundwater, extracting permeable conditions; results are not surficial aquifer is
contaminants as they are volatilized. asgreat in low and high permesbility unfavorable. The volume
The offgas may be captured with an units and under heterogeneous of the contaminated zone
SVE system in the overlying conditions. islarge and the locations
unsaturated zone for treatment; in this Due to the tendency of DNAPLsto of DNAPL pockets are
manner, contaminants in both the accumulate on low permeability unknown.
vadose and saturated zones can be lenses, it is unlikely that an entire
treated. DNAPL source zone would be
effectively sparged, although
significant success has been reported
inonefield test.
Better performance occurs in thicker
saturated zones.
In-well Stripping This type of air sparging technique Treats only dissolved, volatile The permeability of the

strips contaminated groundwater in
trestment wells instead of in situ.
Water from the contaminated zoneis
pumped into awell, whereit is sparged
by pumping air from the surface,
removing the contaminants by
volatilization within the well casing.
The water is then pumped out through
separate screens higher in the wall.

compounds; consequently, DNAPL
removal would only occur indirectly
by dissolution as the dissolved phaseis
stripped.

Long treatment times would probably
be necessary.

lower aguifer is
favorable. The volume of
the contaminated zone is
large and the locations of
DNAPL pockets are
unknown.

Thermal Processes

Electrical Heating

A number of techniques for heating
soils has been demonstrated, including
resistance heating, microwave heating,
and radio frequency heating. In each
method, electrical energy is applied to
heat the soil. Heat increases the
volatility of contaminants, which are

Volatile compounds and perhaps
semivolatile compounds (depending
on the temperatures achieved) can be
volatilized; to volatilize DNAPLS, the
soil must be heated to near the
DNAPL boiling point.

Most applicable to fine-grained soil.

The volume of the
contaminated zone is
large. Costs would be
prohibitive.
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Technology

Description

General Applicability to DNAPL
Sour ce Zone Remediation

Applicability to OU2

then driven out of the source zone by
volatilization and thermally induced
vapor phase transport. The technology
isnormally coupled with other
technologies (e.g., SVE or steam
flushing) to recover the volatilized
contaminants.

No data are available to determine
ultimate cleanup levels at DNAPL
sites; the results will depend on site
heterogeneities.

In-Stu Vitrification

Electrical energy is applied to soil (via
electrodes), heating it to atemperature
high enough to vitrify (greater than
1,100°C). Upon cooling, the soil forms
aglass-like substance.

Soil vitrification technology has been
demonstrated; however, no controlled
results for DNAPL destruction have
been reported.

Operation at or near the water table
may pose prablems.

The volume of the
contaminated zone is
large. The contaminated
zone is below the water
table. Costs would be
prohibitive.

Steam Injection

Steam isinjected viainjection wells
into the contaminated zone. The steam
volatilizes and mobilizes contaminants,
including DNAPLSs, and the condensed
steam/contaminants are recovered in
extraction wells for treatment. The
technology has been widely used in
enhanced oil extraction with
considerable success.

Can provide rapid DNAPL mass
removal in either the vadose or
saturated zones if permeability is
adequate and DNAPL mobilization is
not a concern or can be controlled.
May be used to remove lower
volatility compounds that can be
extracted with soil vapor extraction.
Limitations included poorer
performance in low permeability
units and at heterogenous sites; the
technology can be used in
conjunction with electrical heating of
fine-grained layers to improve
performance at heterogeneous sites.

The volume of the
contaminated zone is
large. Costs would be
prohibitive.
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Technology

Description

General Applicability to DNAPL
Sour ce Zone Remediation

Applicability to OU2

Risk of DNAPL mobilization due to
vapor condensation at the thermal
front is not well known.

Several feet of overburden are
required to provide adeguate

containment; otherwise, some type of

seal may be necessary.

Other Treatment Technologies

Bioremediation

Use of biologically mediated reactions
to break down contaminants. It may
occur under existing conditions or with
the addition of oxygen, nutrients,
and/or other chemicals.
Bioremediation may be used in
addition to other technologies (e.g.,
steam injection, SVE, air sparging) to
optimize remediation.

Demonstrated to be effective for
treating the most common DNAPL
compounds (except PCBs) in the
dissolved phase; however, it is
unlikely to be effective for
remediating DNAPLS, because
DNAPL treatment is indirect, by
dissolution, asthe dissolved phaseis
degraded.

Extensive treatment times would
probably be required.

More appropriate for
dissolved phase treatment
and zones of lower
contaminant
concentrations. Time to
achieve cleanup would be
lengthy.

Electrokinetics

An electric potential is applied across
the contaminated zone by electrodes in
the ground. This mobilizes water and
contaminants and allows them to be
recovered at the electrodes.
Alternatively, the process can be
coupled with an in-situ treatment
method.

Promising technology for removing
DNAPLSs from low permeahility,
fine-gained soils; however, more
information is needed to determine
effectiveness for DNAPL source
ZONes.

Achieves mobilization of dissolved
phase contaminants (and possibly
DNAPLSs) when used in conjunction
with aremoval or destruction
technology.

More research and
development is needed to
design and implement this
technology in full-scale
applications.
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General Applicability to DNAPL

Technology Description Sour ce Zone Remediation Applicability to OU2
Pilot test suggests DNAPLSs can be
treated.
Mechanism for DNAPLs can be
treated.
Reactive Barrier As groundwater flows through these - Reactive Barriers using zero-valent More appropriate for
Walls treatment walls, dissolved iron have been proven effective for downgradient interception
contaminants are destroyed or sorbed treating dissolved plumes of some of migrating dissolved
to the wall surface. chlorinated solvents, especialy TCE.  contaminants. The depth
Only dissolved phase contamination ~ of OU2 contaminants
istreated; thus, DNAPL source zones (>150 feet) is prohibitive
cannot be directly addressed. for construction barrier
The effective life of treatment walls ~ walls.
has not been determined.
DNAPL = densenonagueous phase liquid
NAPL = nonagueous phase liquid
Oou = Operating Unit
PCB = polychlorinated biphenyl
PCE = tetrachloroethylene
SVE = soil-vapor extraction
TCE = trichloroethylene

Source: Adapted from J. Fountain, December 1998.
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