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Shaw Environmental, Inc. (Shaw) has been contracted by the U.S. Army Corps of Engineers
(USACE) Tulsa District to complete the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) response at LHAAP-46, Plant 2 Area at the
former Longhorn Army Ammunition Plant (LHAAP) near Karnack, Texas. This Remedial
Design (RD) for LHAAP-46 is a part of the response. Subsequent work plans will be
prepared to provide more details of the implementation of this remedial design (i.e., well
installation details). This work is being performed under the Louisville District’s Multiple
Award Remediation Contract (MARC) No. W912QR-04-D-0027, Task Order DS02, with
oversight by the USACE, Tulsa District.

1.1 LHAAP Background

LHAAP is located in central-east Texas in the northeastern corner of Harrison County,
approximately 14 miles northeast of Marshall, Texas (see Figure 1-1). The facility occupies
approximately 8,416 acres between State Highway 43 in Karnack, Texas, and the western
shore of Caddo Lake. Caddo Lake is a large freshwater lake that bounds LHAAP to the
north and east. The eastern fence of LHAAP is 3.5 miles from the Texas-Louisiana state
border.

1.1.1 LHAAP-46 Description

LHAAP-46 (Plant 2 Area) is in the north-central portion of LHAAP in an industrial area as
shown on Figure 1-2 where pyrotechnic and illumination devices were produced until 1997.
LHAAP-46 is approximately 190 acres and is triangular in shape, bounded by Avenue “P” to
the southwest, the LHAAP property boundary fence to the north, and LHAAP-47 to the
southeast. The surface features at LHAAP-46 are a mixture of asphalt-paved roads, parking
areas, building foundation remnants, old buildings, and overgrown wooded and grassy
vegetation-covered areas. The topography in this area is relatively flat with the surface
drainage flowing east into tributaries of Goose Prairie Creek. Runoff from the site enters
Caddo Lake via Goose Prairie Creek.

Preliminary field investigations were conducted at the Plant 2 Area between 1991 and 2001,
with subsequent site investigations in 2003, 2006, 2007, and 2008 (soil, groundwater and pit
sampling for site characterization). The investigations showed that there had been impacts to
groundwater in the shallow and intermediate zones, but soil and pit residues posed no threat
to human health or the environment (Shaw, 2009). There have been no previous remedial
actions at LHAAP-46.

LONGHORN ARMY AMMUNITION PLANT 1-1 1.0 INTRODUCTION
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The remedial action alternative to be implemented at LHAAP-46 was developed and selected
in accordance with the CERCLA, as amended by the Superfund Amendments and
Reauthorization Act of 1986, and the National Oil and Hazardous Substances Contingency
Plan (NCP) (40 Code of Federal Regulations Part 300). The selected remedy finalized in the
Record of Decision (ROD) (U.S. Army, 2010) was developed based on the assumption that
future land use will be industrial/recreational (e.g., national wildlife refuge). The remedial
action assumes that land use notification will be recorded at the Harrison County courthouse
to indicate that the property is suitable for nonresidential use. It is also assumed that this
remedial action will be the final action at the site.

1.1.2 Remedial Action Objectives

A remedial action at LHAAP-46 must protect human health and meet applicable or relevant
and appropriate requirements. As noted in the Final Feasibility Study (Shaw, 2009), there is
no ecological risk at LHAAP-46. Therefore, the proposed remedial action addresses human
health risk. The threat that must be addressed at LHAAP-46 is groundwater contamination
that could adversely affect human health via ingestion, inhalation, and direct contact (Shaw,
2009).

The remedial action objectives (RAOs) for LHAAP-46, consistent with the reasonably
anticipated future use as a national wildlife refuge, are:

Protection of human health by preventing human exposure to the contaminated
groundwater;

Protection of human health and the environment by preventing contaminated
groundwater from migrating to nearby surface water; and

Return of groundwater to its potential beneficial uses as drinking water, wherever
practicable.

The above RAO recognizes the U.S. Environmental Protection Agency’s (USEPA) policy to
return all groundwater to beneficial uses based on the non-binding programmatic expectation
in the NCP and is consistent with the NCP regulations requiring the lead agency, the U.S.
Department of the Army (U.S. Army) in this case, to establish RAOs specifying
contaminants and media of concern, potential exposure pathways, and remediation goals.

1.1.3 Planned Remedial Action

The RAOs were the basis for formulating and evaluating removal alternatives and selecting a
remedial action (U.S. Army, 2010). The U.S. Army will implement the following response
at LHAAP-46:

LONGHORN ARMY AMMUNITION PLANT 1-2 1.0 INTRODUCTION
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Land Use Control. Land use control (LUC) in the impacted area will ensure the
protection of human health by restricting the use of groundwater. The LUC for
groundwater restriction will remain in place until the cleanup levels are met.

Monitored Natural Attenuation (MNA). MNA will be implemented to verify that
the trichloroethene (TCE) plume is stable and will not migrate to nearby surface water
at levels that may present an unacceptable risk to human health and the environment.
MNA will return groundwater to its potential beneficial use, wherever practicable.

Performance objectives will be evaluated after two years of MNA. During those two
years, groundwater monitoring will be performed quarterly. If MNA is found to be
ineffective, a contingency remedy to enhance MNA will be implemented.

Long-Term Monitoring/Five-Year Reviews. If MNA is found to be effective, it will
be continued, and long-term monitoring (LTM) will begin at a semiannual frequency
for three years. In subsequent years, LTM will be annual until the next five-year
review. The LTM and reporting associated with this remedy will be used to track the
effectiveness of MNA and will continue at least once every five years until cleanup
levels are achieved. Based on preliminary calculated attenuation rates for LHAAP-46,
groundwater cleanup levels are expected to be met through natural attenuation in 23 to
30 years. This time frame will be re-evaluated as part of the MNA evaluation and
periodic reviews.

1.2 Cleanup Levels

Cleanup levels were established to meet the RAOs as included in the ROD (U.S. Army,
2010). Table 1-1 presents the cleanup levels for LHAAP-46.

Chemical Concentration Basis

(Lg/L)
Trichloroethene 5 MCL
cis-1,2-Dichloroethene (daughter product) 70 MCL
trans-1,2-Dichloroethene (daughter product) 100 MCL
Vinyl Chloride (daughter product) 2 MCL

Notes and Abbreviations:
Mg/l micrograms per liter
MCL  Safe Drinking Water Act maximum contaminant level

1.3 Areas of Contamination

Based on available sampling data, the groundwater at LHAAP-46 has been identified as a
medium of concern due to the presence of TCE concentrations exceeding the U.S. Safe

LONGHORN ARMY AMMUNITION PLANT 1-3 1.0 INTRODUCTION
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Drinking Water Act maximum contaminant level (MCL) value of 5 micrograms per liter
(ng/L) in both the shallow and intermediate groundwater zones. Based on the sampling
results, the area of TCE contaminated shallow zone groundwater exceeding the MCL is
estimated to be approximately 5 acres (1.41 million gallons). This area of contaminated
shallow groundwater bounded by the 5 pg/L concentration contour is illustrated on
Figure 1-3. The area of TCE contaminated intermediate zone groundwater exceeding the
MCL is estimated to be approximately 16 acres (7.85 million gallons). This area of
contaminated intermediate groundwater zone bounded by the 5 pg/L concentration contour is
illustrated on Figure 1-4.

1.4 Hydrogeology

Groundwater at the site was encountered approximately 13 to 28 feet below ground surface
(bgs) in the shallow groundwater zone, approximately 27 to 37 feet bgs in the intermediate
zone, and approximately 33 feet bgs in the deep zone. The groundwater flow in the shallow
zone at the site is generally to the east and in the intermediate zone is generally to the
northeast. When there is no apparent separation between the zones or sand layers, the layers
are considered interconnected. This occurs at LHAAP-46 near wells LHSMW23 and
LHSMW26 and the groundwater bearing zone has been designated as a composite
shallow/intermediate zone. A new set of groundwater elevations were collected on
April 15,2011 and are shown on Figure 1-3 and Figure 1-4. Figure 1-3 shows groundwater
elevation contours in the shallow zone and Figure 1-4 shows groundwater elevation contours
in the intermediate zone. The tabular form of the data is shown in Table 1-2.

LONGHORN ARMY AMMUNITION PLANT 1-4 1.0 INTRODUCTION
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Top of Casing Groundwater
Depth to Total Well Elevation Elevation
Well ID Zone Water (feet) Depth (feet) (feet MSL) (feet MSL)
46WWO01 Shallow 25.02 26.75 212.82 187.80
46WW02 Intermediate 33.93 47.40 212.21 178.28
46WW03 Deep 38.30 103.35 212.47 174.17
46WW04 Shallow 21.80 27.70 215.39 193.59
46WWO05 Intermediate 35.42 45.00 208.24 172.82
46WWO06 Intermediate 36.86 52.20 213.84 176.98
LHSMWO08 Intermediate 27.80 35.49 207.85 180.05
LHSMW09 Shallow 22.29 26.30 210.68 188.39
LHSMW11 Shallow 24.94 26.95 212,91 187.97
LHSMW12 Shallow Dry 16.85 209.02 Dry
LHSMW13 Shallow Dry 18.00 209.50 Dry
LHSMW14 Shallow 13.17 20.10 244.78 231.61
LHSMW15 Shallow 23.20 24.90 226.65 203.45
LHSMW16 Shallow 18.92 24.60 232.19 213.27
LHSMW17 Shallow 26.55 26.80 214.58 188.03
LHSMw18 Shallow 23.53 28.70 215.35 191.82
LHSMW19 Shallow 22.83 29.80 212.96 190.13
LHSMW20 Shallow 22.87 24.80 209.29 186.42
LHSMW21 Shallow 18.35 29.55 207.67 189.32
LHSMW22 Shallow 27.97 28.80 209.60 181.63
LHSMW23 Shallow-Intermediate 29.55 47.00 208.82 179.27
LHSMW24 Shallow 25.07 28.60 203.84 178.77
LHSMW?25 Intermediate 27.28 42.41 201.97 174.69
LHSMW26 Shallow-Intermediate 28.25 37.47 204.72 176.47
LHSMwW27 Shallow Dry 20.00 202.10 Dry
Notes:

MSL mean sea level
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The objective of the LUC at LHAAP-46 is to prevent human exposure to residual
groundwater contamination presenting an unacceptable risk to human health and ensure that
there is no withdrawal or use of groundwater beneath the sites for anything other than
environmental monitoring and testing until cleanup goals are met Notification of the
groundwater use restriction will accompany all transfer documents and will be recorded at
the Harrison County Courthouse in accordance with Texas Administrative Code (TAC) Title
30, §335.566. Appendix A provides sample LUC compliance certification documentation.

The LUC addresses the area of LHAAP-46 that includes two groundwater plumes at
LHAAP-46 with levels of contamination that require implementation of a remedy (see
Section 1.3). The U.S. Army is responsible for implementing, maintaining, monitoring,
reporting on, and enforcing the LUC.

U.S. Army and regulators will consult to determine appropriate enforcement actions should
there be a failure of an LUC objective at this site after it has transferred. U.S. Army shall
obtain USEPA and Texas Commission on Environmental Quality (TCEQ) concurrence prior
to termination or significant modification of the LUC, or implementation of a change in land
use inconsistent with the LUC objectives and use assumptions of the remedy. Although not a
remedy, the land use assumption for LHAAP-46 forms the basis for the remedy. The future
use of the site as part of a national wildlife refuge is consistent with an industrial risk
exposure scenario. Notification of the land use assumption of this site will be made in
transfer documentation and will be recorded in the Harrison County Courthouse in
accordance with TAC Title 30, §335.566. Compliance with the use assumption will be
documented in the five-year review reports.

LONGHORN ARMY AMMUNITION PLANT 2-1 2.0 LAND USE CONTROL
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As part of the remedy, monitoring will be conducted of the groundwater and surface water.
The groundwater monitoring system was designed to evaluate and monitor natural
attenuation in both the shallow and intermediate plumes and the surface water system was
designed to evaluate any potential migration of groundwater to surface water. Generally the
MNA performance monitoring network will be designed to provide at least two wells along
the axis inside the plume boundary to evaluate MNA effectiveness; four wells to evaluate
lateral plume expansion; and at least one well to evaluate vertical migration. This section
discusses the rationale of MNA performance monitoring program designed to meet the
following objectives:

Obijectives for Performance Monitoring of MNA (USEPA. 1999)

1. Demonstrate that natural attenuation is occurring according to expectations

2. Detect changes in environmental conditions (e.g., hydrogeologic,
geochemical, microbiological, or other changes) that may reduce the efficacy
of any of the natural attenuation processes

Identify any potentially toxic and/or mobile transformation products,
Verify that the plume(s) is not expanding downgradient, laterally or vertically,

Verify no unacceptable impact to downgradient receptors,

AN

Detect new releases of contaminants to the environment that could impact the
effectiveness of the natural attenuation remedy

7. Verify attainment of remediation objectives.

3.1 MNA Performance Monitoring Well Locations

In November 2007 a full set of groundwater elevation readings were collected of the entire
northern area of LHAAP including LHAAP-46. Each existing well completion was
evaluated and wells were assigned to a shallow, shallow-intermediate, or intermediate zone.
Based on these designations, the groundwater contamination is located in two zones at
LHAAP-46, shallow and intermediate. @A deep groundwater zone also exists, but
contamination has not been observed in the deep zone. The coordinates and well information
are located in Table 3-1.

3.1.1 Shallow Groundwater Plume

The site hydrogeology is important when designing a monitoring system. The shallow
groundwater elevations are approximately 13 to 28 feet bgs. Generally the groundwater flow

LONGHORN ARMY AMMUNITION PLANT 3-1 3.0 MONITORING SYSTEM DESIGN
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is in an easterly direction as documented in groundwater flow assessments. The current
shallow zone wells are completed in the sand interval that is approximately 15 to 25 feet bgs.

The shallow zone plume boundary has shrunk over time and currently has one well within
the plume boundary. The plume is bounded; however, the exact shape and boundary of the
plume may be smaller than depicted. A direct-push rig will be used to further delineate the
edges of the plume, especially the eastern edge, as well as optimize the selection of a second
well location within the plume. Approximately 10 grab samples will be collected using well
points and analyzed for volatile organic compounds (VOCs). Based on these results,
additional locations may be selected for optimal locations of the performance monitoring
wells. Figure 3-1 indicates possible locations of four additional monitoring wells based on
the current data and groundwater elevations. Use of existing wells will be maximized as they
provide historic data that can be used in the MNA evaluation. Table 3-2 provides the
rationale for the selection of wells in the proposed monitoring well system for the shallow
zone as shown on Figure 3-1. The cross sections have been shown on Figure 3-3.
Additional cross sections are presented in the LHAAP-46 Feasibility Study (Shaw, 2009) and
Remedial Investigation report (Jacobs, 2002).

3.1.2 Intermediate Groundwater Plume

The site hydrogeology is important when designing a monitoring system. The intermediate
groundwater elevations are approximately 27 to 37 feet bgs. Generally, the groundwater
flows in a north-easterly direction as documented in groundwater flow assessments. The

current intermediate zone wells are completed in the sand interval that is approximately 36 to
43 feet bgs.

The intermediate zone plume has two wells within the plume. The February 2007 sampling
event indicated TCE concentrations at 46WWO05 above the MCL at 5.9 pg/L. New
monitoring wells will be installed and sampled to delineate the edges of the plume, especially
the northern, north-eastern and north-western edge. A third well location will also be
installed within the plume. The samples will be analyzed for VOCs. Figure 3-2 indicates
possible locations of four additional monitoring wells based on the current data and
groundwater elevations. Use of existing wells will be maximized as they provide historic
data that can be used in the MNA evaluation. Table 3-3 provides the rationale for the
selection of wells in the proposed monitoring well system for the intermediate zone as shown
on Figure 3-2. The cross sections have been shown on Figure 3-3. Additional cross
sections are presented in the LHAAP-46 Feasibility Study (Shaw, 2009) and Remedial
Investigation report (Jacobs, 2002).

LONGHORN ARMY AMMUNITION PLANT 3-2 3.0 MONITORING SYSTEM DESIGN
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3.1.3 Vertical Well Cluster

Well cluster 46WWO01, 46WWO02 and 46WWO03 have been completed close to the highest
concentration wells. 46WWO03 has been installed in the deep zone and will be monitored as
part of the MNA network to assess any vertical migration.

3.2 MNA Evaluation

The schedule for groundwater monitoring for MNA will be quarterly for two years. This
data will be used to evaluate seasonal variation, and attenuation rates. Historical data will be
used to evaluate MNA effectiveness and determine if monitoring should continue or a
contingent action should be implemented. All collected groundwater samples will be
analyzed for VOCs and field parameters (pH, dissolved oxygen [DO], and oxidation
reduction potential [ORP]). A subset of the groundwater samples, those from wells
historically within the groundwater plume, will also be tested for MNA parameters
(dehalococcoides [DHC] (optional), alkalinity, chloride, nitrate/nitrite, sulfate/sulfide, total
organic carbon [TOC], carbon dioxide, ferric iron, dissolved manganese and iron, and
phosphorus). After the first two years, the effectiveness of MNA will be evaluated
(Section 6.1). LTM will begin if the MNA evaluation determines MNA to be effective.

3.3 Long-Term Monitoring

LTM will be initiated in the following year after the 2 years of MNA evaluation. For LTM,
the analytical suite will be VOCs, and the frequency of sampling will be semiannual for three
years, then annually until the next five-year review. Further reductions in sampling
frequency will depend on results of five-year reviews, but sampling will continue at least
once every five years until cleanup levels are achieved. Based on the LTM results, a
reduction in the number of wells to be sampled may be included in the five-year review.
Recommendations for reducing the number of wells will be included in monitoring and/or
five-year reports.

3.4 Five-Year Reviews

Reviews will be conducted every five years to ensure that the remedy continues to provide
adequate protection of human health and the environment. Groundwater sampling will
continue for VOCs once every five years or as determined in the five-year review.
Groundwater monitoring results, site inspections, regulatory changes, and other information
will be considered to determine whether the current remedy should continue or if a change is
required. U.S. Army shall obtain regulatory concurrence prior to termination or significant
modification of LTM activities.
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3.5 Thallium Monitoring

In addition to monitoring the chemicals of concern (COCs) at LHAAP-46, monitoring for
thallium will also be conducted every quarter for the first year (U.S. Army, 2010). Thallium
was detected at LHAAP-46 above its MCL of 2 ug/L during the remedial investigation phase
and during subsequent monitoring for a geochemical evaluation of metals. Historically the
highest thallium concentration was observed in LHMW27. However this data has not been
reproducible in the following sampling events (Jacobs, 2002). Shaw will monitor all the
monitoring wells in the shallow, intermediate and deep zone. Even though the conclusions
of the geochemical evaluation were that thallium was naturally occurring, it was decided that
additional groundwater sampling for thallium would be conducted at all monitoring wells to
confirm this decision (U.S. Army, 2010).

3.6 Surface Water Monitoring

To ensure that groundwater at LHAAP-46 is not contaminating nearby surface water, semi-
annual monitoring of Goose Prairie adjacent to LHAAP-46 will be conducted at one location
(Figure 3-4). A new surface water sampling location (46SWO01) will be added to monitor for
contaminant contributions from the groundwater at LHAAP-46. Evaluation of this data will
be included in the annual reports. The frequency and location of sampling may be modified
after evaluation of data. If TCE levels in the creek are consistently above TCEQ
groundwater MSC for residential use after two years of monitoring, then additional
evaluation will be conducted and any proposed actions will be included in the annual
evaluation report to be submitted after Year 2. The need to continue creek sampling will be
evaluated during the five-year reviews.
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Approximate Ground Top of
Groundwater depth 2 Location Elevation Casing
Well Zone (ft bgs) Northing Easting (ft MSL) (ft MSL)
46WWO01 Shallow 24 6962839.74 3306046.3 209.75 212.82
46WW02 Intermediate 45 6962842.6 3306068.17 209.16 212.21
46WW03 Deep 100 6962841.67 3306057.06 209.8 212.47
46WWO04 Shallow 24 6962709.27 3305584.77 212.47 215.39
46WW05 Intermediate 44 6963454.92 3306300.8 205.59 208.24
46WW06 Intermediate 52.20 6962687.89 3305588.7 211.24 213.84
*46WWO07 Intermediate TBD TBD TBD TBD TBD
*46WWO08 Intermediate TBD TBD TBD TBD TBD
*46WW09 Intermediate TBD TBD TBD TBD TBD
*46WW10 Shallow TBD TBD TBD TBD TBD
*A6WW11 Shallow TBD TBD TBD TBD TBD
*A6WW12 Shallow TBD TBD TBD TBD TBD
*46WW13 Shallow TBD TBD TBD TBD TBD
*46WW14 Intermediate TBD TBD TBD TBD TBD
LHSMWO08 Intermediate 33.8 6961325.2 3306617.02 204.49 207.85
LHSMW11 Shallow 24 6961100.93 3305792.93 209.89 212.91
LHSMW12 Shallow 13.6 6961387.04 3306021.93 205.98 209.02
LHSMW14 Shallow 174 6962600.77 3303935.98 241.67 24478
LHSMW15 Shallow 21.6 6962630.67 3304451.98 223.68 226.65
LHSMW16 Shallow 21.6 6962728.61 3304181.02 229.3 232.19
LHSMW18 Shallow 245 6962572.94 3305918.42 212.38 215.35
LHSMW19 Shallow 26.6 6962939.93 3305863.42 209.8 212.96
LHSMW20 Shallow 22 6963272.98 3306305.05 206.21 209.29
LHSMW21 Shallow 26.6 6963621.13 3306499.52 204.66 207.67
LHSMW22 Shallow 25.5 6962766.71 3306377.68 206.41 209.6
Shallow/
LHSMW23 Intermediate 38.4 6962446.76 3306469.07 205.8 208.82
LHSMW24 Shallow 25.6 6963099.29 3307057.41 200.52 203.84
LHSMW25 Intermediate 39.2 6963255.59 3307259.52 199.07 201.97
LHSMW27 Shallow 17.6 6962173.9 3307262.99 199.2 202.1

Notes and Abbreviations:

Coordinate system is Texas State Plane, NAD 1983
*  Proposed Monitoring Well
a  Approximate depth is the bottom of the screen interval

ft bgs
ft MSL

feet below ground surface
feet mean sea level

TBD to be determined
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Performance
Monitoring Well Monitoring Well Location Relative
Location to Plume Well ID Utility
In plume Highest concentrations in plume; Extreme LHSMW19 | Evaluate presence of any toxic and mobile daughter products, geochemical and
drought has caused this well to be dry at microbiological changes of the dissolved plume to evaluate monitored natural
times, but the well is completed with 10-foot attenuation (MNA) processes
screen over the 2.5-foot sand interval
where contamination was found.
In plume Downgradient from highest concentrationin | New Well | Evaluate presence of daughter products, geochemical and microbiological
same sand zone 46WW11 | changes of the dissolved plume to evaluate MNA processes; calculate distance
based attenuation rate; evaluate plume stability
Downgradient Existing well near eastern plume edge 46WWO01 | Evaluate downgradient plume stability (expansion/contraction), evaluate seasonal
(near plume edge) variations and effects on plume boundary, and evaluate MNA processes
Downgradient Near eastern plume edge New Well | Evaluate downgradient plume stability (expansion/contraction), evaluate seasonal
(near plume edge) 46WW12 | variations and effects on plume boundary, and evaluate MNA processes
Downgradient Near eastern plume edge New Well | Evaluate downgradient plume stability (expansion/contraction), evaluate seasonal
(near plume edge) 46WW13 | variations and effects on plume boundary, and evaluate MNA processes
Downgradient Existing well downgradient of eastern LHSMW?22 | Evaluate downgradient expansion; Verify no unacceptable impact to downgradient
plume edge receptors; Demonstrate groundwater to surface water contamination will not occur
since plume is stable
Crossgradient — North side | Existing well outside plume to the north LHSMW20 | Evaluate lateral expansion
Crossgradient — South side | Existing well outside of the plume boundary [ LHSMW18 | Evaluate lateral expansion; evaluate seasonal variations if it is determined that
(near/outside plume edge) | to the south this well is on the plume boundary - if not on the plume boundary, this will be the
primary cross gradient well.
Crossgradient — South side | Existing well outside of the plume boundary | LHSMW17 | Evaluate lateral expansion of the plume. If direct-push technology (DPT)
(outside plume edge; to the south investigation determines that the plume boundary is not near LHSMW18, than this
optional location) well will not be part of the monitoring network and LHSMW18 would be the used
as the cross gradient well.
Upgradient Well outside the plume boundary to the New Well | Detect any new contamination flowing into plume area; Evaluate lateral plume
west 46WW10 | expansion
Upgradient (optional Existing well outside the plume boundaryto | 46WWO04 | Detect any new contamination flowing into plume area; Evaluate lateral expansion
location) the west
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Performance
Monitoring Well Monitoring Well Location Relative
Location to Plume Well ID Utility

In plume Highest concentrations in plume; 46WW02 Evaluate presence of any toxic and mobile daughter products, geochemical
and microbiological changes of the dissolved plume to evaluate monitored
natural attenuation (MNA) processes

In plume New monitoring well to be installed within the | New Well Evaluate presence of any toxic and mobile daughter products, geochemical

plume 46WW09 and microbiological changes of the dissolved plume to evaluate MNA

processes

In plume (near north Downgradient from highest concentration in 46WWO05 Evaluate presence of daughter products, geochemical and microbiological

boundary edge) same sand zone changes of the dissolved plume to evaluate MNA processes; Calculate
distance based attenuation rate; evaluate plume stability; Evaluate seasonal
variations and effects on plume boundary

Cross-gradient (near/outside | Existing well near south-western plume edge | 46WW06 Evaluate lateral expansion (expansion/contraction) and evaluate seasonal

the plume edge) variations and effects on plume boundary

Downgradient (outside the Existing well downgradient of the plume LHSMW?25 | Evaluate downgradient expansion; Verify no unacceptable impact to

plume edge) downgradient receptors

Downgradient (outside the New monitoring well to be installed outside the | New Well Evaluate downgradient expansion; Verify no unacceptable impact to

plume edge) plume to the north 46WWO07 downgradient receptors; Demonstrate groundwater to surface water
contamination will not occur since plume is stable

Downgradient (outside the New monitoring well to be installed outside the | New Well Evaluate downgradient expansion; Verify no unacceptable impact to

plume edge) plume to the north-west 46WW08 downgradient receptors; Demonstrate groundwater to surface water
contamination will not occur since plume is stable

Upgradient (outside the Existing well outside plume to the south. LHSMW23 | Detect any new contamination flowing into plume area; Evaluate lateral

plume edge) Well has 20-foot screen; screened over €xpansion

shallow-intermediate and intermediate sands.

Downgradient (outside the New monitoring well to be installed outside the | New Well Evaluate downgradient expansion; Verify no unacceptable impact to

plume edge) plume to the north-east 46WW14 downgradient receptors; Demonstrate groundwater to surface water
contamination will not occur since plume is stable; Evaluate MNA processes
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4.0 LAND USE CONTROL DESIGN AND
IMPLEMENTATION PLAN

This section describes the LUC design and implementation activities for LHAAP-46. The
activities will result in a surveyed and recorded groundwater use restriction boundary and an
operation and maintenance plan for the LUC.

The objective of the LUC at LHAAP-46 is to prevent human exposure to residual
groundwater contamination presenting an unacceptable risk to human health and ensure that
there is no withdrawal or use of groundwater beneath the sites for anything other than
environmental monitoring and testing until cleanup goals are met. Notification of the
groundwater use restriction will accompany all transfer documents. The U.S. Army is
responsible for long-term implementation, maintenance, inspection, reporting, and
enforcement of the LUC.

The LUC will address the area of LHAAP-46 that includes two groundwater plumes with
levels of contamination that require implementation of a remedy (see Section 1.3). The Land
Use Control Operation and Maintenance (LUC O&M) Plan will identify the measures
required for the monitoring and enforcement of the groundwater use restriction.

Upon review and concurrence of this RD, the LUC O&M Plan will be coordinated with
regulators, finalized and distributed as part of the Comprehensive LUC Management Plan.

4.1 Land Use Control Implementation

The U.S. Army will undertake the following actions to implement the groundwater
restriction LUC for LHAAP-46:

Define the Area of the Groundwater Use Restriction. The groundwater use restriction
boundary will be defined based on the review of the first round of groundwater
sampling data in conjunction with historic data. The extent of plume will be bounded
by a buffer and may extend to natural groundwater and surface water boundaries.

Survey the LUC Boundary. The proposed boundary will be finalized after all wells
are installed and sampled. Concurrence by USEPA and TCEQ will be obtained, and
the LUC boundary will be surveyed by a State-licensed surveyor. A legal description
of the surveyed area will be appended to the survey plat.

Record the LUC in Harrison County. The LUC plat, legal description and
groundwater use restriction language will be recorded in the Harrison County
Courthouse in accordance with TAC Title 30, §335.56.

LONGHORN ARMY AMMUNITION PLANT 4-1 4.0 LAND USE CONTROL DESIGN AND
IMPLEMENTATION PLAN
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Notify the Texas Department of Licensing and Regulation of the LUC. The Texas
Department of Licensing and Regulation will be notified of the groundwater
restriction which includes the prohibition of water well installation for any purpose
other than environmental monitoring and testing without prior approval from the U.S.
Army, the USEPA, and the TCEQ. The survey plat, legal boundary and description
of the groundwater restriction, in conjunction with a locator map, will be provided in
hard and electronic copy.

Develop the LUC O&M Plan. A LUC O&M Plan for LHAAP-46 will be developed.
It will include the elements presented in Section 4.2 below, the county recordation of
the LUC survey plat, legal description and restriction language and the annual
inspection/certification form.

4.2 Land Use Control Operation and Maintenance

The U.S. Army or its representatives will be responsible for the operation and maintenance
of the LHAAP-46 LUC. This includes certification, reporting and enforcement activities.
The U.S. Army shall address LUC problems within its control that are likely to impact
remedy integrity and shall address problems as soon as practicable. To facilitate long-term
operation and maintenance of the groundwater use restriction LUC remedy, U.S. Army will
develop a plan that will encompass the elements described in the following subsections.

4.2.1 Site Certification and Reporting

Beginning with finalization of this RD and approval of the annual inspection form, the U.S.
Army will undertake annual inspections and certify continued compliance with the LUC
objectives. The U.S. Army, or the transferee after transfer, will retain the annual LUC
Inspection/Certification documents in the project files for incorporation into the Five Year
Review Reports, and these documents will be made available to USEPA and TCEQ upon
request. In addition, should any violations be found during the annual certification, the U.S.
Army will provide to USEPA and TCEQ along with the document, a separate written
explanation indicating the specific violations found and what efforts or measures have or will
be taken to correct those violations. The need to continue annual certifications will be
revisited at five year reviews.

4.2.2 Notice of Planned Property Conveyances

The U.S. Army shall provide notice to USEPA and TCEQ of plans to convey the LHAAP-46
acreage. The notice shall describe the mechanism by which the LUC will continue to be
implemented, maintained, inspected, reported, and enforced. @ Upon transfer, such
responsibilities may shift to the transferee via appropriate provisions placed in the
Environmental Condition of Property (ECP) or other environmental document for transfer.
Although the U.S. Army may transfer responsibility for various implementation actions, the
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U.S. Army shall retain its responsibility for remedy integrity. This means that the U.S. Army
is responsible for addressing substantive violations of the LUC performance objective that
would undermine the U.S. Army’s CERCLA remedy. The U.S. Army also will be
responsible for incorporating RD information and outlining the transferee’s LUC obligations
into property transfer documentation.

4.2.3 Opportunity to Review Text of Intended Land Use Controls

U.S. Army will provide a copy of the groundwater use restriction notification to TCEQ for
review and approval prior to its recordation in Harrison County. USEPA will also receive a
copy for review. In addition, the U.S. Army will produce an ECP or other environmental
document for transfer of LHAAP-46, but before executing transfer, the U.S. Army will
provide USEPA and TCEQ with a copy of the ECP or other environmental document for
transfer so that they may have reasonable opportunity, before transfer, to review all LUC-
related provisions.

4.2.4 Notification Should Action(s) which Interfere with Land Use
Control Effectiveness be Discovered Subsequent to Conveyance

Should the U.S. Army discover after conveyance of the site any activity on the property
inconsistent with the LUC performance objective, the U.S. Army shall notify USEPA and
TCEQ within 72 hours of such discovery. Consistent with Section 4.2.5 below, the U.S.
Army will then work with USEPA, TCEQ and the transferee to correct the problem(s)
discovered. This reporting requirement does not preclude the U.S. Army from taking
immediate action pursuant to its CERCLA authorities to prevent any perceived risk(s) to
human health or the environment.

4.2.5 Land Use Control Enforcement

Should the LUC remedy reflected in this LUC RD fail, the U.S. Army will coordinate with
USEPA and TCEQ to ensure that appropriate actions are taken to reestablish its
protectiveness. These actions may range from informal resolutions with the U.S. Fish and
Wildlife Service or its lessee, to the institution of judicial action against nonfederal third
parties. Alternatively, should the circumstances warrant such, the U.S. Army could choose
to exercise its response authorities under CERCLA. Should the U.S. Army become aware
that any future owner or user of the property has violated any LUC requirement over which a
local agency may have independent jurisdiction, the U.S. Army may notify those agencies of
such violation(s) and work cooperatively with them to re-achieve owner/user compliance
with the LUC.
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4.2.6 Modification or Termination of Land Use Controls

The U.S. Army shall not, without USEPA and TCEQ concurrence, make a significant
modification to, or terminate a LUC, or make a land use change inconsistent with the LUC
objective. Likewise, the U.S. Army shall seek prior USEPA and TCEQ concurrence before
commencing actions that may impact remedy integrity. In the case of an emergency action,
the U.S. Army shall obtain prior USEPA and TCEQ concurrence as appropriate to the
exigencies of the situation.

The LUCs shall remain in effect until such time as the U.S. Army and USEPA agree that the
concentrations of COCs have met cleanup levels. When this occurs, the LUC will be
terminated as needed. The decision to terminate the LUC will be documented consistent with
the NCP process for post-ROD changes, potentially including an explanation of significant
differences or a remedial action completion report. If the property has been transferred and a
determination by the U.S. Army and USEPA has been made to terminate the LUC, the U.S.
Army shall provide to the owner of the property an appropriate release for recordation
pertaining to the site and will also timely advise other local stakeholders of the action.

4.2.7 Comprehensive Land Use Control Management Plan

Upon finalization of the LUC O&M Plan a copy will be inserted into the Comprehensive
LUC Management Plan for Longhorn. The Comprehensive LUC Management Plan figure
and table will be updated to reflect the inclusion of LHAAP-46.

The Comprehensive LUC Management Plan consists of LHAAP RD documents and a survey
plat showing the locations where LUCs being implemented at LHAAP are applied. The
purpose of this Comprehensive LUC Management Plan is to ensure all site-specific LUCs
are compiled into one comprehensive location for both pre-transfer use by the installation
and for post-transfer use by the transferee. This document will be provided to USEPA and
TCEQ, and will also be accessible to the local government and the public. The
Comprehensive LUC Management Plan is located in the Marshall Public Library to
accompany LHAAP’s Administrative Record.

The land use assumption of industrial reuse as part of a national wildlife refuge forms the
basis for the remedy at LHAAP-46 and this land use assumption will be in included in the
Comprehensive LUC Management Plan with supporting documentation.
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This section describes the field activities planned at LHAAP-46. General activities would
apply to any site with similar characteristics. Site-specific activities are described in
associated subsections. The field activities to be conducted under this RD are outlined below:

Pre-Mobilization Activities
Preliminary Activities/Mobilization
Site Clearing

Monitoring Well Installation
Groundwater Sampling

Surface Water Sampling

Waste Management
Decontamination

Well Abandonment
Demobilization

Health and Safety

Quality Assurance/Quality Control

The field activities will be conducted in accordance with the Site-Specific Supplement to
Health and Safety Plan (HASP) in Appendix B. The work will be routinely inspected in
accordance with the Contractor Quality Control Plan (CQCP) in Appendix C. Additional
information regarding these tasks can be found in Appendix C, Chemical Data Acquisition
Plan (CDAP), and Appendix D, Field Procedures of the Final Installation-Wide Work Plan
(Shaw, 2006).

5.1 Pre-mobilization Activities

A pre-construction meeting will be held for the U.S. Army, USEPA, (TCEQ), and Shaw
prior to the initiation of field activities.

The survey to determine the metes-and-bounds for the LUC and the notification of non-
residential use will be conducted. The survey will be a state-licensed surveyor and the
coordinate system will be Texas State Plane, NAD 1983.

Prior to mobilization, Shaw will secure any applicable permits and notifications. These may
include federal, state and local requirements. Shaw will also secure utility clearance for
water, sewer, gas, electric, and communication if any intrusive work is needed. At this time,
no intrusive work is planned at LHAAP-46.
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Shaw will inspect LHAAP-46 to identify overhead electrical lines that may restrict
groundwater monitoring activities. As necessary, Shaw will either shut down power, reroute
power, remove poles, and/or ensure that the poles are guy-wired for stability. If power must
be shut down, the power outage will be coordinated with groundwater treatment plant
(GWTP) and fire station operations.

5.2 Preliminary Activities/Mobilization

Shaw anticipates mobilizing the following personnel:

Quality control/safety manager
One laborer/sample technician

Those personnel will utilize the following equipment:

Pickup trucks
Groundwater monitoring field parameters test equipment
Groundwater sampling pumps

Additional equipment will be mobilized as necessary if the field conditions or planned
activities merit additional site clearing or well installation.

5.3 Site Clearing

Site maps and a Global Positioning System will be used to locate and identify monitoring
wells selected for sampling as shown on Figure 5-1 and Figure 5-2. Monitoring wells to be
sampled will be cleared of vegetation and biohazards (e.g., poison ivy, stinging insects) to
ensure safe access for groundwater sampling.

5.4 Monitoring Well Installation

Shaw will add five monitoring wells in the shallow and intermediate zone as shown in
Figures 3-1, 3-2, and 5-1. Up to 10 DPT groundwater samples will be collected prior to
installing the monitoring wells to better define the shallow and intermediate plumes.

5.5 Groundwater Sampling

Groundwater sampling will be performed in accordance with the requirements presented in
the CQCP (Appendix C). Additional details for sampling and analysis are found in the
Final Installation-Wide Work Plan, Appendix C, CDAP and Appendix D, Field Procedures
(Shaw, 2006).
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5.5.1 Monitored Natural Attenuation

The monitoring portion of the MNA will be accomplished by collecting groundwater
samples from the seventeen wells shown on Figure 5-1. Eight of these wells are located in
the shallow zone, seven are located in the intermediate zone, one in the shallow-intermediate
zone and one in the deep groundwater zone. These wells were selected for their placement
relative to the TCE plumes to monitor the effectiveness of natural attenuation at LHAAP-46.
Groundwater levels will be measured in these and several surrounding wells to evaluate
groundwater flow direction.

The electronic interface probe used to measure depth to groundwater in monitoring wells and
pumps used for well development, purging and sampling will be decontaminated prior to use
at each well. The equipment will be decontaminated using a non-phosphate detergent (such
as Alconox, Liquinox, or equivalent), followed by two potable water rinses, one deionized
water rinse, and air dried. Decontamination fluids will be containerized for subsequent
disposal. Clean single use disposable equipment (tubing or bailers) may be used for
sampling a well without this decontamination process.

The schedule for groundwater monitoring for MNA will be quarterly for two years. All
seventeen collected groundwater samples will be analyzed for VOCs and the following field
parameters: pH, temperature, ORP, DO, conductivity, and turbidity. A subset of the
groundwater samples (LHSMW19, 46WW11, 46WWO02, 46WWO05 and 46WW09), those
from wells historically within the groundwater plume, will also be tested for the following
MNA parameters: alkalinity, common anions (chloride, sulfate, nitrate, nitrite), sulfide, TOC,
dissolved iron and manganese, total phosphorus, carbon dioxide and dissolved gases
(methane, ethane, ethene), total iron, and ferric iron. Also, the following MNA parameters
are optional in the MNA analysis, and may or may not be collected: DHC, hydrogen and
volatile fatty acids. Table 5-1 indicates the analytes for each well. Table 5-2 lists the
analytes, test methods, and other sampling information.

Any performance monitoring well found to be dry during any quarter of the MNA
performance monitoring will be replaced in the same quarter. The location of the
replacement well will be installed adjacent to the dry well.

5.5.2 Thallium

Groundwater samples will be collected from all monitoring wells for thallium as shown on
Figure 5-2. Samples will be analyzed for thallium at an off-site lab, for the field parameters
listed in Section 5.5.1, and for an additional field parameter, ferric iron. Sampling for
thallium will be conducted concurrently with MNA sampling for the first year (4 quarters).
If any well has concentrations below the MCL for four quarters, it will be dropped from the
thallium sampling program. The data will be evaluated to determine if the thallium
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monitoring will continue until the first five-year review. If it is determined that thallium
monitoring will continue, the wells and frequency will be selected. A letter report
documenting the conclusions and transmitting the analytical data reports will be produced.

5.5.3 Long-Term Monitoring

After the first two years, the effectiveness of MNA will be evaluated (Section 6.1). If the
MNA Evaluation determines MNA to be effective, the analytical suite will be reduced to
only VOCs for the wells indicated on Figure 5-1, and the frequency of sampling will be
reduced to semiannual sampling for three years, then annually until the next five-year
review. Further reductions in sampling will depend on results of five-year reviews, but
sampling will continue at least once every five years until cleanup levels are attained.

5.6 Surface Water Sampling

Semi-annual performance monitoring of Goose Prairie Creek adjacent to LHAAP-46 will be
conducted at one location as shown in Figure 3-4. Surface water sampling will be conducted
as described in Section 3.6.

5.7 Waste Management

This section specifies methods and procedures to be implemented by Shaw to verify that
waste generated during site activities are handled, transported, stored, and disposed in
compliance with applicable federal, state, and local rules and regulations. @ Waste
management activities will be conducted in accordance with the requirements presented in
Task 3 of the CQCP (Appendix C).

Description of Wastes. Groundwater sampling activities at LHAAP-46 are expected to
generate the following waste streams:

Waste Type Estimated Quantity

Decontamination and Purge Water 330 gallons [(6) 55-gallon drums]

Miscellaneous Wastes (personal protective equipment, —
paper towels, rags, well casings, etc.)

Waste Handling. The liquid waste will be disposed at the GWTP at LHAAP-18/24. If at
some point in the future when the GWTP may cease its operations, water will be handled in
accordance with current regulations at that time, and will be transported and disposed of off-
site. Additional details for disposal sampling are found in the Final Installation-Wide Work
Plan, Appendix C, CDAP and Appendix D, Field Procedures (Shaw, 2006).
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The non-hazardous decontamination and purge water will be stored in 55-gallon drums until
disposal at the LHAAP GWTP. The miscellaneous wastes will be placed in plastic bags until
disposal.

The miscellaneous wastes will be disposed of at an off-site municipal solid waste facility.

Waste Type Disposal Method
Decontamination Water-Non-Hazardous Waste LHAAP Groundwater Treatment Plant (GWTP)
Miscellaneous Wastes Municipal Solid Waste

5.8 Decontamination of Equipment and Personnel

A permanent decontamination station is located at the on-site GWTP at LHAAP-18/24 and
can accommodate large equipment. Temporary decontamination pads will be constructed at
an approved on-site location as needed to decontaminate equipment and prevent cross-
contamination between well locations. The decontamination pad will be approximately
15 feet in length and width, bermed, and covered with high-density polyethylene sheeting.
Wash water will be contained and transported to the GWTP for disposal when necessary.
Reusable equipment will be decontaminated between groundwater sampling locations and
prior to leaving the site. Further information on decontamination procedures are found in the
Final Installation-Wide Work Plan, Appendix D, Field Procedures (Shaw, 2006).

5.9 Well Abandonment

Wells that have been dry, are not needed to gather groundwater level measurements, or are
not part of the planned monitoring system, will be abandoned. Tentative wells planned to be
abandoned are indicated on Figure 5-3. LHSMW12, LHSMW15, and LHSMW27 will be
monitored for thallium in the first four quarters and abandoned after one year, if thallium
concentrations are below the MCL. Final recommendation for well abandonment will be
submitted as part of the LTM recommendations in the MNA Performance Evaluation Report.
Well abandonment will follow the well abandonment procedures in the Final Installation-
Wide Work Plan, Section 3.9 (Shaw, 2006). These abandonment procedures were developed
in reference to and conform to the requirements of 16 TAC 76.1004.

A separate mobilization will be made for well abandonment activities. The waste generated
from these activities (concrete, well casings, etc.) will be disposed off site at an approved
solid waste landfill.
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Once the well abandonment has been completed, Shaw will restore the areas and demobilize.
Areas disturbed in the course of well abandonment will be regraded to blend with the
surrounding topography.

5.10 Demobilization

Upon completion of well abandonment operations, Shaw will remove any temporary
facilities, perform final equipment decontamination, and demobilize personnel and
equipment.

5.11 Health and Safety

The HASP (the latest revision of Appendix A of the Final Installation-Wide Work Plan
[Shaw, 2006]) incorporates health and safety policies and safe operating procedures for
individual project site activities. These procedures allow work activities to be carried out in

a controlled, effective manner, consistent with Shaw policies and USACE requirements
(USACE, 2008).

Information specific to the groundwater monitoring activities at the LHAAP-46 is provided
in Appendix B. This information includes personnel protective equipment levels, air
monitoring requirements, and activity hazard analyses. These items supplement the HASP;
they do not replace it. This information is not addressed by the site-wide HASP because the
hazards are unique to the proposed work.

Prior to initiating work at the facility for any site, workers will have signed the HASP in the
designated area to indicate they have read and understood the document. Also, daily safety
meetings will be held with all field crew members prior to starting work each day in order to
review the day’s scope of work, any site conditions expected, and any hazards that need to be
addressed or acknowledged.

5.12 Quality Assurance/Quality Control

The CQCP provides information on quality assurance/quality control (QA/QC) procedures
for this project. The CQCP identifies personnel, procedures, controls, instructions, tests,
verifications, documents, and forms to be used and the types of records to be maintained.
The CQCP addresses quality control requirements specific to each major feature of work,
including special steps that apply to LHAAP-46. The CQCP is provided in Appendix C.

The USACE Three-Phase QC process will be used to enforce QA/QC requirements and
include preparatory inspections, initial inspections, and follow-up inspections. The three-
phases of inspections will target each definable feature of work during the execution of
project activities.
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Well ID VOCs Thallium Field Parameters MNA Parameters

Shallow

46WW01 v

46WW04

*46WW10

*46WW11

*46WW12

N ENANENENEN

*46WW13

LHSMW11

LHSMW12

LHSMW14

LHSMW15

LHSMW16

LHSMW18 v

LHSMW19 v

LHSMW20 v

LHSMW21

LHSMW22 v

LHSMW24

N ENENENEN AN AN NS ENENENENENENENENEN
NENENENEN AN N AN S ESENENENENENENENEN

LHSMW27

Shallow/Intermediate

<\
<\
<\

LHSMW23 \

Intermediate

46WW02

46WW05

46WWO06

*46WWOQ7

*46WWO08

*46WW09

N RYAIRRA

*46WW14

LHSMWO08

N ENENENENENENENEN
N ENENENENENENENEN

<

LHSMW25

Deep

46WW03 I | v |

Notes and Abbreviations:

Field parameters for all wells: pH, temperature, oxidation reduction potential, dissolved oxygen, conductivity, turbidity, and ferrous
iron. In addition, for wells analyzed for thallium: ferric iron.

MNA parameters (only first two years): alkalinity, common anions (chloride, sulfate, nitrate, nitrite), sulfide, total organic carbon,
dissolved iron and manganese, total phosphorus, carbon dioxide and dissolved gases (methane, ethane, ethene), total iron, and
ferric iron. Optional parameters: hydrogen, volatile fatty acids, and dehalococcoides,.

* Proposed monitoring wells to be installed

MNA monitored natural attenuation
VOCs  volatile organic compounds (i.e., trichloroethene, cis-1,2-dichloroethene, trans-1,2-dichloroethene, vinyl chloride)
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Reporting will consist of annual reports, an MNA evaluation report at the end of the eight
quarters of sampling, and a five-year review report. Annual reports will be prepared at the
end of each calendar year for every year in which groundwater samples are collected. The
MNA evaluation will be prepared once, using the eight episodes of quarterly sampling results
from the first two years combined with historical sampling results. The five-year reviews
will be prepared once every five years for so long as groundwater sampling is required (until
cleanup levels are achieved, see Section 3.0).

6.1 MNA Evaluation

After eight quarters of groundwater monitoring has been completed, an MNA evaluation will
be conducted and an MNA Evaluation Report prepared. MNA performance criteria are listed
in Table 6-1 Compilation of the information for the evaluation will occur throughout the first
two years of quarterly groundwater monitoring. The MNA Evaluation Report will include:

Figures of the site, wells, and groundwater level contours
Tables of groundwater and surface water sample results

Comparison of plume extent and concentration over time (Table 6-1, Performance
Criteria 1)

Consideration of the first and second lines of evidence for MNA and the third line of
evidence if necessary (Table 6-1, Performance Criteria)

An evaluation of the effectiveness of MNA at the site

A recommendation for continued MNA, in situ bioremediation, or another remedy

6.1.1 Migration/Expansion

For the evaluation of MNA at LHAAP-46 to be favorable, the MNA evaluation should
demonstrate plume stability. A groundwater plume is stable when pollutant concentrations
and the plume’s footprint are stable. A stable plume shows that pollutant migration in
groundwater is under control. The determination of plume dynamics should be performed
for all relevant contaminants and their biodegradation daughter compounds.

A decreasing plume is diminishing in concentration and its location is not migrating or
expanding. This occurs when the attenuation rate of dissolved-phase pollutants exceeds their
generation rate from all sources. Sources that are sustaining the dissolved-phase plume may
include pollutants sorbed to fine-grained, low-permeability materials located throughout the
plume. A decreasing plume supports natural attenuation as a viable remedial alternative.
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Performance
o Type Expected Performance Commentary
Criteria
T An expanding or migrating plume

1) Migration/Expansion Qualitative S(t)asli)tli(e;r:)r shrinking size, stable indicates MNA should not be
P continued

2) Concentrations Quantitative Falling concentrations or mass in First Line of Evidence
the majority of performance wells

3) Aquifer Conditions Qualitative Condltlops favorable for natural Second Line of Evidence
attenuation

4) Microcosm Studies Qualitative Detectaple presence Of. Third Line of Evidence
appropriate microorganisms

Monitoring must occur over a time period sufficient to demonstrate plume stability or
decrease under natural conditions. This may take up to several years depending on site-
specific conditions, including the monitoring data trend analysis, potential threats to
beneficial uses, and other uncertainties. Specifically, the TCEQ recommends the non-
parametric Mann-Kendall statistic be used to evaluate solute plume stability (with null
hypotheses tested at a=0.10 and o =0.20). If monitoring data do not demonstrate plume
stability/decrease, this may indicate that further plume remediation is necessary. The two
years of quarterly sampling, combined with historic sampling data, will provide sufficient
data for stability and trend analysis. MNA cannot continue as a sole remedy if the plume is
clearly migrating.

6.1.2 First Line of Evidence

The first line of evidence is to evaluate historical groundwater data seeking to demonstrate a
clear and meaningful trend of decreasing contaminant mass and/or concentration over time at
appropriate monitoring or sampling points. In the case of a groundwater plume, decreasing
concentrations should not be solely the result of plume migration. Thus, other performance
wells will be evaluated to determine if the plume is migrating.

Concentrations of COCs can be evaluated at individual wells to calculate a time-based
attenuation rate. They can be evaluated across multiple wells through the centerline of a
plume to calculate a distance-based attenuation rate. Average plume concentrations or mass
can be evaluated if a consistent set of wells is sampled over multiple sampling episodes.
These calculations will be performed using the methods contained in the Technical Protocol
for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (USEPA, 1998).
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Time-based attenuation rates will be calculated for any monitoring well that shows consistent
COC concentration exceedances of cleanup levels during the eight episodes of quarterly
sampling.  Distance-based attenuation rates will be calculated through the highest
concentration wells along the direction of groundwater flow. Attenuation rates based on
average plume concentrations or mass will be calculated if the dataset will support the
process. Monitoring wells LHSMW19, 46WWO05, and 46WWO02 are expected to be the
primary focus of analysis at LHAAP-46 because they show the highest COC concentrations.
Thus, the data from these wells will be evaluated to determine if there is a clear and
meaningful trend of decreasing concentrations and/or mass.

6.1.3 Second Line of Evidence

Decreasing concentration trends by themselves are not sufficient evidence that COCs are
being destroyed. The second line of evidence uses chemical analytical data in mass balance
to show that decreases in contaminant and electron acceptor/donor concentrations can be
directly correlated to increases in metabolic end products or daughter compounds. The
evidence can be used to show the groundwater conditions are sufficiently favorable to natural
attenuation so that degradation of chlorinated solvent contaminants can occur.

The second line of evidence evaluates parameters such as nitrates, sulfates, ferrous iron,
dissolved oxygen, ORP, nitrate, ferrous iron, sulfate, methane, ethane and ethene, chloride,
TOC, carbon dioxide, alkalinity, pH and phosphorous. The results of tests for these analytes
will be interpreted using the Technical Protocol for Evaluating Attenuation of Chlorinated
Solvents in Ground Water (USEPA, 1998).

For the MNA evaluation, if the groundwater conditions in the plume area are favorable to the
occurrence of degradation, then MNA may continue to be applied at the site. If groundwater
conditions are unfavorable to the extent that any decrease in concentrations must be
attributed to migration, then more aggressive treatment should be evaluated as a contingency
remedy.

6.1.4 Third Line of Evidence

The third line of evidence consists of data from field or microcosm studies (conducted in or
with actual contaminated site media) which directly demonstrate the occurrence of a
particular natural attenuation process at the site and its ability to degrade the contaminants of
concern (typically used to demonstrate biological degradation processes only).

For the MNA evaluation, the presence of microorganisms (DHC) in the groundwater capable
of degrading the COCs would be favorable to continued MNA. If such organisms are
completely absent, and the first two lines of evidence are not favorable, then more aggressive
treatment should be evaluated as a contingency remedy. General microcosm studies are
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time-consuming and expensive. Performing analyses related to general microcosm studies
will be deferred until such time as the initial two-year groundwater monitoring program is
concluded and such a study is found to be necessary.

6.1.5 MNA Performance Evaluation Report

The completed Preliminary Draft Monitored Natural Attenuation Evaluation Report will be
submitted to the U.S. Army for review and comment. Following this, a Draft Final
Monitored Natural Attenuation Evaluation Report will be submitted to the regulatory
agencies for review and comment. A Draft Final Monitored Natural Attenuation Evaluation
will address the regulatory comments and will be submitted for review. When regulatory
agency comments have been resolved, the Final Monitored Natural Attenuation Evaluation
Report will be issued. The Final Monitored Natural Attenuation Evaluation Report will
determine whether MNA continues to be the remedial action applied at LHAAP-46, or
whether another more aggressive treatment should be evaluated as a contingency remedy.

The first and second lines of evidence will be evaluated for decreasing COC concentrations
and optimal geochemical conditions to demonstrate MNA. The third line of evidence will be
evaluated if necessary. If the MNA evaluation determines that MNA is not an effective sole
remedy, then an explanation of significant difference will be prepared and an amendment to
this document will be made to design and implement a contingency remedy. This
contingency remedy is expected to be a form of bioremediation as included in the ROD, but
the final design of the contingency remedy will be determined by the results of groundwater
samples collected during the MNA performance monitoring period. The MNA Performance
Evaluation Report will also include recommendations for future LTM and well
abandonments.

6.2 LTM Annual Reports

An annual report will be prepared at the end of each year of LTM to present groundwater
sample results, a description of field activities, and to document other relevant information
that may be considered useful for the five-year review. The annual report will include:

A narrative of field activities

Figures of the site and wells and groundwater levels

Tables of groundwater and surface water sample results
Copies of field paperwork, including disposal documentation
Relevant photographs

Perimeter well data will be evaluated for plume migration while the data from wells within
the plume areas will be evaluated for MNA performance.
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6.3 Five-Year Review Reports

Five-year reviews will be performed for LHAAP-46 (U.S. Army, 2010). While the intent is
to perform these reviews every 5 years after the implementation of the remedy (i.e., remedy
in place), the performance of the first five-year review will be aligned with the first base-
wide five-year review. The five-year review report will present summaries of information
from the annual reports as from the five-year sampling event, evaluate that information, and
recommend the future course of action. The five-year review will include:

A narrative of field activities for the past five years
Figures of the site and wells locations

Summary of groundwater and surface water sample results
Results and summary of the annual LUC inspections

Site inspection with relevant photographs

Evaluation of progress toward cleanup levels

Revisions to the LUC or monitoring schedules
Recommendations for future actions

The progress toward cleanup levels will be evaluated in the five-year report. The five-year
review offers the periodic opportunity to declare the site successfully and completely
remediated, progressing satisfactorily toward remediation, or in need of more aggressive
remedy. When cleanup levels are reached, monitoring may cease as recommended in the
five-year review.
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The estimated length of time for groundwater monitoring activities including site setup,
clearing, groundwater sampling, waste management and site restoration is approximately one
week for each sampling episode. The estimated length of time to complete eight quarters of
groundwater sampling and prepare the MNA evaluation report is approximately two and one
half years. Table 7-1 shows the anticipated duration for each of the major site activities.
Shaw’s mobilization to LHAAP-46 for the first round of MNA performance sampling is
anticipated to begin in June 2011 after final approval of the ROD and this document.

Activities Duration Elapsed Time
Establish land use control 1 month 1 month
First quarterly sampling episode 3 months 3 months
Mobilization / Site setup 1 day —
Monitoring well installation 3 days —
Groundwater and surface water sampling 4 days —
Demobilization 1 day —
Estimated duration 6 days per episode —
Second / third / fourth quarterly sampling 9 months 1 year
Second year of quarterly sampling 1 year 2 years
MNA Evaluation (final document) 0.5 year 2.5 years
Well Abandonment 1 day —
Three years of semi-annual sampling 3 years 5 years
Five-year review 0.5 year 5 years
Annual sampling (years 5 through 10) 5 years 10 years
322?&(; (I):Vc;se;?ery n?e)t/)ears (repeated until . 15, 20, 25, 30 years
Achieve cleanup levels — 2310 30 years

Notes:

Does not include pre-mobilization activities or rerouting of utilities.

Includes expectation of favorable MNA Evaluation.

Schedule revision expected after MNA Evaluation and Five-Year Review.
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Jacobs Engineering, Inc. (Jacobs), 2002, Final Remedial Investigation Report, Sites 35A,
35B, 35C, 46, 47, 48, 50, 60 and Goose Prairie Creek, Longhorn Army Ammunition Plant,
Karnack, Texas, January.

Shaw Environmental, Inc. (Shaw), 2006, Final Installation-Wide Work Plan, Longhorn
Ammunition Plant, Karnack, Texas, January.

Shaw, 2009, Final Feasibility Study, LHAAP-46, Plant 2 Area, Group 4, Longhorn Army
Ammunition Plant, Karnack, Texas, October.

U.S. Army, 2010, Record of Decision, LHAAP-46, Plant 2 Area, Group 4, Longhorn Army
Ammunition Plant, Karnack, Texas, September.

U.S. Army Corps of Engineers (USACE), 2008, Safety and Health Requirements Manual,
EM 385-1-1, September.

U.S. Environmental Protection Agency (USEPA), 1998, Technical Protocol for Evaluating
Natural Attenuation of Chlorinated Solvents in Groundwater, EPA/600/R-98/128,
September.
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Sample Annual Land Use Control Compliance Certification Documentation

In accordance with the Remedial Design dated for LHAAP-46 a certification of
site was conducted by [indicate transferee] on

A summary of land use control mechanisms is as follows:
Groundwater restriction — restriction of the use of groundwater to
environmental monitoring and testing until cleanup goals are met [Indicate
whether groundwater restrictions are still required at LHAAP-46]

A summary of compliance with land use and restriction covenants is as follows:

No use of groundwater, installation of new groundwater wells, or tampering
with existing wells at LHAAP-46

I, the undersigned, do document that the certification was performed as indicated above, and
that the above information is true and correct to the best of my knowledge, information, and
belief.

Date:

Name/Title:

Signature:

Annual compliance certification forms shall be completed no later than March 1 of each year
for the previous calendar year.
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Attachments

* Metes and Bound Survey of Area for LUC Implementation
* Monitoring Well Logs
* Notice of Filed Land Use Controls for LHAAP-46
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The attachments will be submitted once the surveys are
completed; the well system is defined and wells are
installed; and the notification is filed.
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Appendix B

Site-Specific Supplement to Health and Safety Plan
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Appendix C
Contractor Quality Control Plan
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