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ABSTRACT

This document has been prepared as part of a time-critical removal action being undertaken by General
Electric Company (GE) and United Nuclear Corporation (UNC) at the Northeast Church Rock Mine Site
near Gallup, NM. In 2009, while conducting a shallow soil removal action to address radionuclide impacts
on the Navajo Nation, GE/UNC found petroleum-impacted soil/bedrock associated with the former mining
activities. The subsurface extent of the petroleum-impacted soil/bedrock was better defined in 2010 through
an extensive drilling program conducted at the site. A portion of the impacted soil/bedrock was present
under the mine site. However, the majority of the impacted area was located north of the mine site on
Navajo Nation land. The following work plan, which has been prepared under an Administrative Order on
Consent (AOC) entered into by GE/UNC and the United States Environmental Protection Agency
(USEPA) on July 27, 2012, presents GE/UNC’s strategy for addressing the petroleum-impacted soil/bedrock
present on Navajo Nation land north of the NECR-1 pad. The remedial remedy described in the
Administrative Order on Consent, Time Critical Removal Action (Eastern Drainage) for Northeast Church Rock Mine Site
(effective on July 27, 2012) (AOC) will consist of the following elements:

e Installation of approximately 66 air injection wells on the Navajo Nation land immediately north of
the NECR-1 pad where petroleum has been detected in soil and bedrock. Air will be injected into

the subsurface in order to aerobically biodegrade the petroleum in-place.

e Air will be injected by means of a low pressure compressor that will deliver sufficient air to the
subsurface soils in order to maintain aerobic conditions. This process is known as “bioventing” and
has been utilized at hundreds of sites across the United States for remediation of fuel releases to soil.
It is an established approach and is a preferred remedy for organizations such as the US Air Force

when dealing with its own fuel-impacted soils.
¢ GE/UNC will monitor the active remediation atea and periodically report progtess to the USEPA.

e GE/UNC will monitor the site for three years after the active bioventing period as natural
biodegradation continues to reduce the remaining petroleum content in the subsurface. This

monitored natural attenuation approach will also be utilized outside the active bioventing area.
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1.0 INTRODUCTION

This document presents a work plan for remediation of petroleum-impacted soil/bedrock on the Navajo
Nation lands adjacent to the United Nuclear Corporation (UNC) Northeast Church Rock (NECR) Mine site
near Gallup, New Mexico. The site is located approximately 16 miles northeast of Gallup in McKinley
County, New Mexico, as shown on Figure 1, Size Location Map. The overall site layout is shown on Figure 2,
Site Layout. Consistent with the requirements of the Adwministrative Order on Consent, Time Critical Removal Action
(Eastern Drainage) for Northeast Church Rock Mine Site (effective on July 27, 2012) (AOC), shallow soil
excavation, active in-situ bioventing, and a program of monitored natural attenuation (MNA) will all be
implemented in order to remediate subsurface petroleum impacts. The proposed area of remediation is
shown on Figure 3, Subsurface TPH-DRO Concentrations and Extent of Active Remediation. The excavation of
shallow soil, which is also partially impacted by radium 226 (Ra-226), is covered separately in the Eastern
Drainage Construction Work Plan (MWH, 2012). The current work plan describes the design and installation of
a bioventing system and the implementation of MNA for addressing deeper diesel impacts.

11 BACKGROUND

In connection with soil excavation and grading activities conducted in 2009 during the Interim Removal
Action (IRA), hydrocarbon impacts were observed in soils and bedrock along the southern edge of the IRA
excavation area, adjacent to the north side of the NECR-1 pad (MWH, 2010a). Petroleum impacts were also
observed during the Removal Site Evaluation (RSE) at the northern edge of the NECR-1 pad (MWH, 2007).
Analytical testing and evaluation of chromatograms from soil samples demonstrated that the petroleum
impacts were predominantly total petroleum hydrocarbons - diesel range organics (TPH-DRO) (C10-C28)
that appear to be highly weathered (MWH, 2010b). With only one exception, none of the soil samples
analyzed contained detectable levels of benzene, toluene, ethylbenzene, and xylenes (collectively referred to as
BTEX). One sample did contain trace levels of xylenes. The initial excavation of the TPH-DRO impacted
soil was in November 2009. This effort revealed that the impacts extended laterally and vertically beyond the
capabilities of the excavator. Approximately 4,000 cubic yards of soil and rock impacted with TPH-DRO
and Ra-226 were excavated and placed on plastic sheeting located adjacent to the south end of the NECR-1
pad on the NECR mine site. The pile was also covered with plastic sheeting.

In April 2010 GE/UNC conducted an investigation to evaluate the nature and extent of TPH-DRO impacts.
A total of 22 soil borings were advanced to depths between 16 and 78 feet below ground surface (bgs), as
shown on Figure 3. The results of the investigation were presented in the document titled: Petrolenns
Investigation Results and Bioventing Pilot Study Plan, Northeast Church Rock Mine Site (MWH, 2010b). TPH-DRO
concentrations ranged from non-detect to a maximum concentration of 18,900 mg/kg. Of the 63 samples
analyzed for TPH-DRO, only six exceeded 1,000 mg/kg.

TPH-DRO levels are highly sporadic and dispersed within interbedded siltstone/claystone and sandstone
units. The vertical extent of TPH-DRO greater than 1,000 mg/kg is approximately 40 feet bgs, almost
entirely within weathered bedrock zones. The average thickness of the interval with TPH-DRO greater than
1,000 mg/kg is approximately 15 feet, but ranges from less than 5 feet to as much as 30 feet thick. The area
containing TPH-DRO greater than 1,000 mg/kg appears to be approximately 400 feet from the NECR-1

pad, as shown on Figure 3.
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Migration of the TPH-DRO appears to have been influenced primarily by surface topography and bedding
planes within the geologic units beneath the site. Subsurface materials were observed to consist of
interbedded fine grained silty sand, siltstone/claystone, and other fine-grained, sandstone units. Groundwater

was not observed in any of the boreholes drilled at the site.

A bioventing pilot study was performed in October and November 2010 (MWH, 2011). The pilot study was
conducted in order to evaluate the feasibility of utilizing bioventing to degrade TPH-DRO impacts in-situ.
The results of the bioventing study were summarized in the document titled: Bioventing Pilot Study Results
Northeast Church Rock Mine Site (MWH, 2011). This study found that: 1) biodegradation of the diesel-impacted
soil/bedrock is already occutting in the impacted ateas; and 2) that aeration can successfully increase the

biodegradation rate at this site.

1.2 OVERVIEW OF ACTIVE REMEDIATION PLUS MNA APPROACH

Consistent with the AOC, the removal action will consist of excavating shallow soils containing Ra-226 above
the action level and TPH-DRO at or above 500 mg/kg; bioventing the area on the Navajo Nation with TPH-
DRO concentrations at or above 1,000 mg/kg; and performing MNA for the adjacent Navajo Nation land
with TPH-DRO present at concentrations less than 1,000 mg/kg. As discussed above, the excavation
portion of the removal action has been developed separately in the Eastern Drainage Construction Work Plan

(MWH, 2012).

The bioventing remedy will consist of injecting ambient air into approximately 66 venting wells, in order to
aerate the impacted zones within the soil and bedrock. This aeration will enhance the rate of in-situ
biodegradation. Performance monitoring will be conducted to verify subsurface air distribution and track the
progress of the remedy. MNA will consist of regular soil gas monitoring and soil sampling in order to track
continued degradation of residual, low level TPH-DRO impacts. The details of how the bioventing and
MNA remedy will be implemented are described in the remainder of this work plan.
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2.0 BIOVENTING SYSTEM DESIGN

This section presents further description of the bioventing remedy and the specific design criteria developed
for this site. The system design is then presented, including details of the remedial layout, the bioventing well

construction, the injection system and its controls, the distribution piping, and related earthwork.

2.1 TECHNOLOGY DESCRIPTION

Bioventing is an in-situ remediation technology that uses indigenous microorganisms to aerobically
biodegrade organic constituents in the unsaturated zone. Bioventing utilizes air injection into the subsurface
to enhance natural biodegradation. A sufficient supply of oxygen is the most critical factor in the success of a
bioventing system (Leeson et al, 1995a). Airflow rates need to be sufficient to provide oxygen to the
microorganisms, which are usually oxygen limited, but slow enough to allow efficient utilization of the
oxygen. In addition to oxygen, aerobic biodegradation requires adequate concentrations of nutrients and
moisture, but these are normally present at sufficient levels and are infrequently the limiting factors.
Bioventing is moderately easy to implement, the cost to implement is low to moderate, and the operation and

maintenance costs are moderate.

2.2 DESIGN CRITERIA

The goal of the in-situ soil bioventing system is to reduce TPH-DRO impacts to a maximum concentration
of 1,000 mg/kg. The main factors affecting the success of a bioventing system can be generally divided into
microbial, physical, and environmental parameters. The petroleum investigation results (MWH, 2010b) and
the bioventing pilot test results (MWH, 2011) yielded the information used to design the full-scale bioventing
system, including: air permeability, air injection radius of influence (ROI), oxygen utilization rates,

hydrocarbon biodegradation rates, contaminant distribution, moisture content, and nutrient content.

Microbial Parameters/Expected Degradation Rates — The primary microbial parameters for a bioventing

system are whether or not the indigenous microorganisms at a site are active and if they will degrade the
contaminants in a reasonable length of time. Baseline soil gas measurements were collected before the in-situ
respiration test, which showed depleted oxygen levels ranging from 4.6% to 17.4% in monitoring points
within the proposed remediation zone. In these monitoring points, the carbon dioxide levels, which are often
an indicator of microbial respiration, ranged from 3.9% to 23.9%. The depleted oxygen levels indicate viable

microbial activity, while the increased carbon dioxide levels indicate hydrocarbon degradation had occurred.

In order to estimate potential hydrocarbon biodegradation rates, in-situ respiration tests were conducted
during the bioventing pilot study (MWH, 2011). The results from intervals with elevated hydrocarbon
impacts had high oxygen utilization rates: 1.32% to 8.83% oxygen/day, correlating to estimated
biodegradation rates of 0.64 mg/kg-day to 4.26 mg/kg-day, which were within the range of reported results
of 0.64 to 30 mg/kg-day (Leeson et al, 1995a), and provide an initial estimate for aerobic biodegradation rates
in the contaminated zones at the site. These biodegradation rates suggest a wide range of potential remedial
timeframes, depending primarily on the initial TPH-DRO concentrations and bedrock permeabilities, which
are highly variable (MWH, 2011). Detectable TPH-DRO ranged from 7.2 mg/kg to 18,900 mg/kg, and only
30% of the samples exhibited TPH-DRO concentrations exceeding 1,000 mg/kg. Based on vatrying TPH-
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DRO concentration ranges, varying hydrocarbon biodegradation rates, and a target TPH-DRO concentration
of 1,000 mg/ke, biodegradation rates could range anywhere 0.64 mg/kg-day to 4.26 mg/kg-day. The
maximum biodegradation rate reported in Leeson et al., 1995b was 1.7 mg/kg-dy. The bioventing pilot study
results suggested that microbial activity and biodegradation is readily occurring at the higher rates within the
more impacted zones. Furthermore, observations made during the petroleum investigation and pilot study
indicated that the most impacted zones tend to correspond with higher permeabilities, which are the zones
with higher biodegradation rates. As this discussion serves to illustrate, it is not practical to try to accurately
predict degradation rates or redial timeframes at this point. Actual degradation rates will be monitored as part

of the performance monitoring program discussed in Section 4.0.

Physical Parameters — Key physical parameters affecting a bioventing system include air permeability of the
subsurface and the air (oxygen) injection ROI. Relatively low air permeabilities were calculated for the
formation (66.7 to 80.1 millidarcy) during the pilot study. Therefore, conventional methods (i.e., active air
injection, as opposed to passive barometric pumping) were employed in the design for the full-scale

bioventing system.

The 2010 permeability tests (MWH, 2011) indicated an aeration ROI of 29 to 37 feet within the primary zone
of impact (weathered siltstone/claystone/sandstone). The tests used a range of flow rates (3.0 to 8.8 standard
cubic feet per minute, or scfm), injection pressures (14 to 19 pounds per square inch gage (psig)), and
screened lengths (5 to 10 feet). For design purposes, the calculated formation permeabilities, which were
consistent in a tight range of 66.7 to 80.1 millidarcy, may be used to estimate the required injection pressure
for a selected flow rate and screen length. The test that yielded the lower ROI of 29 feet was conducted at
AP-02, with a flow of 3.0 to 4.2 scfm and a screen length of 5 feet. Based on the petroleum investigation
results (MWH, 2010b) and the bioventing pilot test study (MWH, 2011), the anticipated screen lengths will
vary between 5 to 30 feet. Therefore, the full-scale design will utilize a flow rate of approximately 9 scfm per
well or approximately 3 scfm per each five (5) feet of screen. Realistically, it is expected that the achievable
injection flow rate will vary due to the inherent heterogeneity of the bedrock. For a venting rate of 9 scfm, a
15-foot screened interval, and a 29-foot ROI, the required injection pressure ranges from approximately 14.2
to 15.4 psig (using the average and minimum calculated permeabilities respectively). A design wellhead

pressure of 15 psig will be utilized for the full-scale system.

Based on a target treatment area of approximately 150,000 square feet and the 29-foot design ROI, 66
bioventing wells are proposed for the full-scale bioventing system, as depicted on Figure 4, Proposed Bioventing
System Layont Overview. With a design flow rate of 9 scfm per well, injection will only be required for a few
hours each day in order to achieve the recommended venting rate of 0.25 to 0.5 pore volumes per day
(Leeson et al, 1995b). For the design treatment zone thickness of 15 feet and an air-filled porosity between
0.1 and 0.2 (based on a total porosity of 0.3 and an estimated moisture content of 5 to 10%), the total
required daily air flow per well (for 0.5 pore volumes) would be 1,679 to 3,358 actual cubic feet. Nine (9)
scfm corresponds to approximately 11.6 actual cubic feet per minute (acfm) under the design subsurface
conditions; thus the required venting time for 0.5 pore volumes would be 145 to 289 minutes per well. Four
hours (240 minutes) would easily provide sufficient daily aeration; thus allowing for cycled operation (which
will be further described in Section 2.5).
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It is noted that the selected airflow scenario (9 scfm for 4 hours per well each day) will provide enough
oxygen to sustain an average degradation rate of approximately 2.1 mg/kg/day. Depending on the results of
performance monitoring, aeration capacity can be balanced between areas in order to maintain optimal
degradation rates. Due to the limited formation permeability, it would likely be the case that zones requiring
additional aeration would be set up to receive air during several (or longer) cycles each day. This type of

optimization will be part of the ongoing operation, maintenance, and monitoring of the system.

Environmental Parameters — Environmental parameters affecting a bioventing system, other than oxygen
availability, include soil moisture and available nutrients. In most cases, natural soil moisture contents and
nutrient levels are sufficient for microbial activity. Soil samples collected during the petroleum investigation

were analyzed for soil moisture, nitrogen, and phosphorus content.

Soil moisture is required for microorganisms to live. Leeson et al (1995a) reported microbial activity at
bioventing sites with moisture contents ranging from less than 5% to greater than 25%. The average moisture
content of 52 soil samples collected during the petroleum investigation was 13 percent (%) by weight, with a
range of 6.9 to 19.3% (these moisture contents are thought to be biased high due to the use of water during

drilling; hence the 5 to 10% moisture range used to conservatively estimate pore volumes above).

With respect to bioventing, a water balance calculation was performed, incorporating both the drying factor
of air injection and generation of water from oxidation (biodegradation) of contaminants. First, using
assumptions of a 150,000 square foot area of contamination, 15 feet screened injection intervals, 5% soil
moisture content, air filled porosity of 0.2, soil bulk density of 1860 kg/m3, bone dry injection air (very
conservative), an injection flow rate equivalent to 0.5 pore volumes per day, and an assumption of no
infiltration or water generation from biodegradation, the change in soil moisture content was calculated as a
loss of 0.2% by weight after 7 years (i.e., final soil moisture content of 4.8%). If the water generated by the
aerobic biological activity is included (stoichiometrically, 1.5 kg of water is generated per kg of hydrocarbon
degraded), even at a modest degradation rate of 1.04 mg/kg-day (from ML-01-MD), the water evaporation is
entirely off-set and the final soil moisture is estimated to be 5.2%. Therefore, drying is not anticipated to be
an issue. If system monitoring activities suggest that drying is emerging as a site-specific issue, the injected air

may be adjusted or possibly humidified in order to mitigate this phenomena.

Nutrient content of the soils may also play a role in the success of a bioventing system, particularly nitrogen
and phosphorus content. Nitrogen and phosphorus testing were performed on six soil samples collected
from soil borings in April 2010. Total Kjeldahl nitrogen concentrations ranged from 168 to 560 mg/kg, with
an average of 308 mg/kg. Phosphorus concentrations ranged from 2 to 11 mg/kg, with an average of 4.5
mg/kg. Leeson et al (19952) provide a calculation for the estimation of nitrogen and phosphorus
requirements, based on a need to maintain a 100:10:1 ratio of biomass to nitrogen to phosphorus for
microbial activity to be sustained. The biomass concentration can be estimated based on the biodegradation
rates and several typical parameters relating microbial respiration to biomass (Leeson et al, 1995a). Using the
ML-01-MD biodegradation rate of 1.04 mg/kg-day, the minimum requirement for nitrogen is 1.04 mg/kg
and for phosphorus is 0.104 mg/kg. The subsurface conditions at the site currently provide an excess of
nitrogen and phosphorus for biodegradation.
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2.3 LAYOUT

The full-scale bioventing system layout is shown on Figure 4. A total of 66 air injection bioventing wells are
planned for the full-scale bioventing system. The area with TPH-DRO concentrations greater than 1,000
mg/kg is also approximately shown on Figure 4. The layout of the bioventing wells is based on an estimated
ROI of 29 feet and coverage out to the edge of the 1,000 mg/kg TPH-DRO area. Approximately 66 new
bioventing wells will need to be drilled. Pilot test wells AP-01 and AP-02, which are screened across different
intervals, will be connected to the system via a common lateral pipe and effectively function as a single air

injection “well”.

The bioventing system enclosure, which will house a compressor and the flow distribution manifolds, will be
located near the southwestern corner of the active remediation area. Individual, small diameter compressed
air mains will run underground from the system enclosure to each injection well. Proposed trenching routes
from the system trailer to the injection wells are shown on Figure 4. The treatment area layout is shown with
additional detail callouts on Figure 5, Proposed Bioventing System Layout. Referenced earthwork and piping
details are included on Figure 6, Trenching and Piping Details.

2.4 WELL CONSTRUCTION

The bioventing wells will be constructed as shown on Figure 7, Bioventing Well Details. Screen locations for the
bioventing wells will be determined in the field based on the observed impacted interval in the vicinity of
each bioventing well. It is anticipated that screened intervals will range from 5 feet to 30 feet. The thickness
of the impacted media appears to be greatest just north of the NECR-1 pad and diminishes toward the north.

After construction of the bioventing wells, a temporary wellhead completion will be utilized in order to
perform an injection pressure test at each bioventing well. During the piping installation phase of the system
construction, the wellheads will be completed per the final wellhead detail (including the concrete pad, piping

connection, and threaded access cap suitable for pressure service).

The existing 4-inch-diameter bioventing test wells AP-01 and AP-02 will be connected to a single air supply
lateral pipe. The combined wells have 15 feet of total screen and will reasonably cover the known impacted

strata in their immediate vicinity.

Additional system monitoring points will be installed at the time the bioventing wells are drilled. The
construction of these monitoring points is shown on Figure 9, Typical Monitoring Point Construction, and detailed

in Section 4.0 as part of the monitoring program.

2.5 BIOVENTING SYSTEM DESCRIPTION

The proposed bioventing system described in this work plan includes approximately 66 biovent injection
wells within the area of TPH-DRO greater than 1,000 mg/kg (see Figure 4), based on a venting ROI of
approximately 29 feet per well. The air injection process is presented on Figure 10, Proposed Bioventing Systens
Process and Instrumentation Diagram, and Figure 10, Proposed Bioventing System Symbols and Nomenclature. — As
described eatlier, the wells will, on average, each be supplied with approximately 9 scfm at a pressure of
approximately 15.5 psig. The total discharge pressure at the compressor will be as high as 19.5 psig including

a head loss of up to 4 psig in the system components and conveyance lines.
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The total air requirement for the bioventing process is approximately 108 scfm. This amounts to
approximately 140 inlet cfm at the site conditions (elevation of 7,050 feet above mean sea level; mean annual
temperature of 50 °F). This compressor load will supply 11 to 12 wells air for 4 hours, sufficient for daily
aeration demand. The system will cycle through the six groups of wells each day. Because of the relatively
high pressure, three types of positive displacement air compressors were evaluated, including the rotary vane
type made by Becker, the rotary screw type made by Quincy, and the rotary claw type made by Busch. These
compressors can provide a relatively constant flow rate irrespective of fluctuations in the discharge pressure.
Of the compressors reviewed, the Becker DXLF 2.250 rotary vane compressor provided an optimal mix of
sizing, oil-free operation, performance characteristics, and life-cycle cost. This type of compressor will
require vane replacements every 2 to 3 years. The system will utilize either this compressor or, as applicable,
a similar unit from another manufacturer (i.e., the final model selection will be made during the procurement

phase of the project).

The average power requirement to operate the Becker DXLF 2.250 (or similar) compressor at the specified
design conditions is approximately 9 kW. Minor additional power loads will be required for control devices

and ancillary equipment such as seasonal ventilation fans.

The bioventing wells will be routed to six distribution manifolds inside the system enclosure referred to as A,

B, C, D, E, and F on Figure 10. This arrangement serves several purposes:

e Injection wells in different areas would reasonably be expected to encounter different levels of
formation resistance to air flow. The injection pressure to wells would accordingly be expected to
vary. This design provides the ability to manifold similar-flowing wells together, minimizing energy
waste (and the associated greenhouse gas emissions) resulting from continuously operating a
compressor at its highest working pressure solely due to a minority of the tightest injection wells.
Flow testing of each well will be conducted as described in Section 3.3., allowing for the intelligent

grouping of wells during piping installation activities.

e  With six manifold groups available and operating sequentially, it will be feasible to spread the air flow
around the site and eliminate the possibility of dead zones that could form when several adjacent
wells operate at the same time. By grouping wells that are not adjacent to each other, each well will
behave like a single injection point, and the airflow paths through the formation will shift as different

well groups alternately operate and then rest.

The compressor and various control components will be installed in a modified cargo container or similar
secure enclosure. Dual air intakes for the compressor will be located inside and outside the enclosure, for
operation in different seasons (it is beneficial to draw air from outside during summer in order to prevent
overheating). Though the air compressor will be supplied with a pre-installed inlet air filter, a secondary air
filter will be installed on the intake line to perform the bulk of the filtration, reducing maintenance on the
compressor itself. Differential pressure indicators across this intake filter will monitor the pressure drop, and
alarm messages on the control panel will provide indication of when the maximum allowable pressure drop is

reached.

As shown on Figure 9, the compressor discharge will be routed through an aftercooler and a downstream

filter. As with the intake filters, a differential pressure indicator and switch across this discharge filter will
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monitor the pressure drop and trip an alarm message when the maximum allowable filter occlusion has been
reached. The after-cooler will reduce the net temperature increase of the compressed air to no more than 15
degrees Celcius. This will help protect the downstream conveyance lines, which will be made of high-density
polyethylene (HDPE), which could be compromised by high temperature compressed air. The after-cooler
and discharge air filter, shall be sized to provide minimum head loss (not to exceed 1-3 psig combined) to

maintain overall system efficiency.

As mentioned earlier, six motorized butterfly valves will be utilized to sequentially direct air to each of six well
manifolds. The timing will be dictated by the main control panel, which will include a programmable logic
controller (PLC) and a human-machine interface (HMI).

As shown on Figure 9, other control and monitoring elements include an averaging pitot tube for total
compressor flow measurement, temperature and pressure indicators, and a basic set of pressure and thermal
interlocks. Alarm messages will be displayed on the HMI to provide indications of problematic process

conditions.

Each of the distribution manifolds will provide connections for 11 to 12 wells and an air bleed vent. Each leg
of the manifold will be equipped with a variable area flow meter, a basic control valve, and a pressure gauge.
Drain lines will be installed at a low spot on each manifold to allow for periodic removal of condensed
humidity. The air bleed vent on each manifold will be fitted with a globe valve and a check valve. The six air

bleed legs will be routed to a common discharge silencer and outlet.

The bioventing system specifications are included in Appendix A. The intent of the specification is to
provide a typical remediation system integrator with the necessary equipment characteristics and control
strategies such that they can develop bids and shop drawings for review and approval. As such, detailed
drawings of the system layout, enclosure characteristics, electrical loads, and mechanical features will be

developed by the integrator during the procurement process.

2.6 PIPING AND RELATED EARTHWORK DESIGN

The compressed air will be distributed to the wells via an underground system of 1-inch HDPE laterals.
Figures 5, 6, and 7 show the design details for this piping system; and the earthwork and piping specifications
are included in Appendix A. The active remediation area will be fenced off, with surface traffic restricted to
occasional operator trucks. As such, the piping design utilizes a shallow depth of one foot and a tight spacing
between pipes of only a few inches. The design emphasizes that the contractor carefully embeds the piping
such that the design loads are adequately handled with only acceptable pipe deflection occurring. The dense
pipe spacing also helps to minimize surface disturbance and the additional efforts related to larger trenching.

The one-inch sizing on the HDPE pipe is sufficient for efficient air distribution. The losses through the

piping are less than one (1) psig at a flow rate of nine (9) scfm.

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 8§79-6260



October 2012 GE/UNC * Area North of NECR-1 Remediation Work Plan 3-1

3.0 BIOVENTING SYSTEM CONSTRUCTION

This section provides details regarding the installation of the in-situ bioventing system. Key topics include
site preparation, well installation, piping work, mechanical system installation, electrical installation, system

startup, and site restoration.

3.1 SITE PREPARATION

Major site preparation activities will include the following items:

e Survey and mark well locations and trench alignments
e Ultility clearance

e Grade and prepare ground surface for well and piping installation and system building

These activities will proceed per industry standards and the applicable laws and regulations.. In particular,
GE/UNC will abide by the following requitements before (as applicable) and during the site preparation
phase of the project:

e GE/UNC previously completed a cultural survey of the work area (Martin and Begay, 2009),
tulfilling Section 5.7 of the AOC Scope of Work. This survey was previously submitted to and
approved by the Navajo Nation Historic Preservation Society.

e GE/UNC will follow the provisions of the Storm Water Pollution Prevention Plan submitted with
and approved as part of the Eastern Drainage Construction Work Plan (MWH, 2012).

e GE/UNC will follow the provisions of the Dust Control Plan submitted with and approved as part
of the Eastern Drainage Removal Action Construction Work Plan (MWH, 2012).

3.2 OVERALL DRILLING AND SAMPLING PROGRAM

As discussed in this section, Bioventing System Installation, Section 4.0, Bioventing Monitoring Program, and
in Section 5.0, Monitored Natural Attenuation, a total of 74 boreholes will be advanced in the area, not
including boreholes advanced in later years to evaluate MNA, as discussed in Section 5.0. These 74 borehole

locations are shown on Figure 5 and are described as follows:

e (06 bioventing wells within the active remediation area
e 4 performance monitoring points within the active remediation area
e 2 vapor migration points outside the active remediation area

e 2 MNA monitoring points outside the active remediation area

Approximately 10 of these locations, including the four (4) performance monitoring points, will be
continuously sampled during drilling for detailed observation of the material and collection of samples for
laboratory analysis. These approximate ten locations will be drilled first and used to optimize the selection of

screened intervals in the remaining bioventing wells. Additionally, samples collected from the four
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performance monitoring locations will be sampled over two-foot intervals across the impacted interval, and
then these samples will be composited and analyzed as one sample per borehole for TPH-DRO. The results
of the analyses from the performance monitoring points will be used as a baseline and compared to the
results from samples collected during Performance Monitoring confirmation sampling, as discussed in
Section 4.1.4. Discrete samples will also be collected from the Performance Monitoring points, as well as
from the remaining boreholes that will be continuously sampled for direct comparison to the investigation

and pilot study analytical results.

The 10 locations to be continuously sampled will be drilled with a rig capable of using hollow-stem augers
fitted with a continuous split-barrel sampler (CME or equivalent) for drilling and sampling in the alluvium,
and rotary drilling fitted with a wire-line coring device for drilling and sampling in the bedrock. The rotary
drilling and coring requires the use of water, which will be minimized by reducing the amount of water used
during drilling and using air rotary where samples are not required. The remaining approximately 64
boreholes in which sampling will not be performed will be drilled with hollow-stem augers across the
alluvium and/or air rotary across the bedrock. While drilling where continuous samples are not collected,

grab samples of the soil cuttings will be collected.

Soil and bedrock continuous cores and cuttings will be logged, screened, and sampled, as applicable. Soils
will be logged in accordance with the Unified Soil Classification System (USCS) protocol. Bedrock will be
logged using general geological descriptions including lithology, rock quality, weathering, and observations of
TPH-DRO impacts upon recovery of cuttings or core.

Core samples and cuttings will be screened via visual observations and bag headspace gas screening. The
basic approach will be to fill two Ziploc® bags with representative soil or rock from a given two-foot
interval. One of the Ziploc® bags will be allowed to sit at ambient temperature for a minimum of 20 minutes
and then screened with an organic vapor analyzer equipped with a photoionization detector (PID). The PID
will be equipped with a standard 10.6 eV lamp, calibrated to an isobutylene standard, and capable of detecting
hydrocarbon vapors down to 0 patts pet million (ppm) with a resolution of 0.1 ppm. The second Ziploc®
bag will be held on ice pending determination of which interval to submit for analysis, based on the visual and
PID observations. Samples collected for laboratory analysis of TPH-DRO will be collected across two-foot
intervals within the most impacted portion of the borehole, based on the field screening techniques (e.g.,
visual observations and PID readings). Soil samples for laboratory analysis will be immediately placed into
laboratory-prepared sample jars, labeled, and placed on ice to maintain a storage temperature of
approximately 4 degrees Celsius (or less). The samples will be shipped via overnight delivery under chain-of-
custody control to Energy Laboratories, Inc. (ELI) for analysis of TPH-DRO (C10-C28) by USEPA’s Test
Methods for Evaluating Solid Waste, Physical/Chemical Methods (USEPA SW-846) Method 8015B. The
sampling and analysis activities will follow the Standard Operating Procedures (SOPs) included in Appendix
C and the Quality Assurance Project Plan included in Appendix D.

A portion of the cuttings from the drilling activities will be impacted by TPH-DRO. The Contractor will be
required to transport the drill cuttings to the TPH-DRO Stockpile located south of the NECR-1 pad. The
stockpiles will be covered and UNC/GE proposes to manage the cuttings as part of the final removal action
for the NECR Mine site.
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3.3 WELL INSTALLATION

This section details procedures and scope elements related to the bioventing well installations. Key topics

include drilling, sampling, wellhead construction, and waste disposal.

Figure 7 depicts the bioventing well construction details, and Figure 8, Cross-Sections A and B, depicts the
strategy of screening the wells across the impacted strata encountered during drilling. The bioventing wells
will be constructed out of 2-inch diameter Schedule 40 PVC casing. The screened sections will vary from
approximately 5 to 30 feet in length (average of 15 feet) and will be 0.04-inch slot. The bioventing wells will
be installed to the total depth of impacts. The exact screen lengths and depths will be selected based on the
tield observations during drilling. A 6-9 sieve silica sand will be used to fill the annulus from the base of the
boring to approximately 2 feet above the top of the well screen. The remainder of the annulus will be filled
with hydrated bentonite chips and then grouted with a cement-bentonite grout to within 24 inches of the
surface. The initial shallow backfill (i.e., at the time of well completion) will be soil or clean cuttings. The
well casing will be initially capped per the detail shown on Figure 7 to facilitate air injection testing (discussed
in Section 3.3). Subsequently, during the system construction phase, the 1-inch HDPE conveyance lines will
be connected to the bioventing wells and the final wellhead completions will be constructed per the details
shown on Figure 7. At the time of final wellhead completion, a neat cement grout will be used to seal around
the well casing and the protective cover and a 2-foot square concrete pad will be constructed around each

well.

3.4 INJECTION PRESSURE TESTS

Following well construction, a 30-minute air injection pressure test (less time if stable) will be performed at
each bioventing well in order to gauge the approximate wellhead pressures required to achieve the desired air
injection flow rate. The design injection flow rate of 3 scfm per every 5 feet of screen will be the test target;
however, if the wellhead pressure reaches 15.5 psig and this flow rate has not yet been attained, the achievable

flow rate at that pressure will be utilized.

The injection pressure will be monitored at the wellhead. The pressure ROI will also be evaluated by
monitoring induced pressures at nearby bioventing wells and monitoring points. The results of the injection
pressure testing will be used to assess the relative permeability of the screened formation interval for each
well, allowing for logical groupings of wells into low and high permeability categories (and spread out laterally
if possible). This information may even be utilized to optimize system characteristics prior to final assembly

by the remedial system integrator.

3.5 EARTHWORK AND PIPING INSTALLATION

The 1-inch HDPE conveyance piping between the bioventing system enclosure and the bioventing wells will
be run underground along the trench routes shown on Figure 4. Trench and piping details are shown on
Figures 6 and 7, and the associated specifications are included in Appendix A. The contractor will excavate
shallow trenches for the conveyance piping. The trenches will be no deeper than 20 inches and will be cut as
wide as necessary to accommodate all conveyance piping in a shared trench, where possible. The minimum
piping depth will be one (1) foot. Multiple pipes in the same trench will be spaced a minimum of two (2)

inches apart horizontally and 2 inches apart vertically, in order to facilitate proper compaction of haunching
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materials (i.e., the smooth, coarse-grained materials emplaced above the pipe bedding and around the lower
half of the piping) and final backfill. In general, the piping will not be exposed to significant loads, as the
trenches will be shallow and surface traffic will be minimal during operations. In order to restrict vehicular
traffic, a fence will be installed around the work area, as depicted on Figure 5 and detailed on Figure 12, Fence
Details.

During trench excavation, the soils will be screened and, at the Engineer’s discretion, used as bedding
material and pipe zone backfill. If necessary, bedding sand and pipe zone backfill will be imported. Excess
trench spoils will be screened via visual and PID techniques for hydrocarbon content to confirm they are
unimpacted. Then the excess trench spoils will be spread around the work atea in a thin layer, prior to site
restoration, which is described in Section 3.9. If hydrocarbon-impacted trench spoils are encountered (not
likely, as the bioventing system installation will be conducted subsequent to the shallow soil excavation work
in this area), these materials will be transported to the covered stockpiles on the NECR mine site south of the

NECR-1 pad and stored for future management.

3.6 BIOVENTING EQUIPMENT INSTALLATION

The bioventing equipment and enclosure will be fabricated off-site as a turnkey module and shipped to the
work area. Upon arrival, it will be off-loaded and positioned per Figures 4 and 5 on a level pad area finished
with crusher fines. Due to the size of the system, offloading may require a crane to move it into place. The
system will be inspected for obvious signs of damage to the equipment or the enclosure. Once in place and
inspected, the connections to the lateral piping stub-up can be made via camlock quick-connect fittings.
These fittings allow for flexibility in manifold selections over the life of the system, as warranted. The
manifold connections will be selected based on the pressure tests (i.e., group wells that will require a similar
injection pressure), the well locations (i.c., avoid adjacent wells being on one manifold), and individual well
design flows (i.e., minimize air bleed and utilize the blower capacity as fully as possible for the 11 to 12 wells

routed to each manifold).

3.7 ELECTRICAL INSTALLATION

Three-phase 480-volt power is available near the entrance to the NECR mine site, approximately 650 feet
southeast of the system location (as shown on Figures 4 and 5). Electrical feeder lines will be installed per the
National Electric Code. As depicted on Figure 5, the new lines will be run overhead across the NECR-1 pad
and then underground to the system via the southernmost bioventing piping trench. Figure 13, Electrical
Details, presents additional electrical details. Soil cuttings generated from the installation of poles will be
screened for gamma activity and if above the correlated action level, they will be added to the covered

stockpile on the NECR mine site. Otherwise soil cuttings will be spread on the ground surface.

3.8 EQUIPMENT COMMISSIONING AND STARTUP

Equipment commissioning and startup will incorporate the following elements:

e Conduct baseline soil gas monitoring in the performance, vapor migration, and vapor intrusion
monitoring points (see Section 4.0 for a description of the monitoring program) shall be completed
in accordance with procedures specified in the Area North of NECR-1 Operation and Maintenance
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Plan (O&M Plan). This plan will be submitted to USEPA for review concurrent with construction
of the system, once operating equipment is selected. Note that the vapor intrusion and vapor
migration monitoring program requires three to five rounds of sampling at varying barometric
pressures to establish the expected range in baseline conditions. This program may take several

weeks to complete so scheduling of these activities is critical prior to startup.

e Tollowing the acceptance by the project engineer of the baseline monitoring data sets, conduct

blower startup per the manufacturer’s operating instructions.

e Test the pressure and temperature interlocks by altering their respective set points and the process

operation in order to cause the switches to trip.
e Set the high pressure switch to open at a pressure of 19.5 psig.
e Set the high temperature switch to open at a temperature of 130 degrees Fahrenheit.
e  Test the thermostatically controlled ventilation fan to check for proper functioning,

e  Set-up the system manifold by manifold to deliver the design flow rate of air to each well. For each
manifold group, start with its bleed line and well flow control valves fully open. Then, begin to close
off the bleed air, keeping track of well flow rates and the system pressure. Utilize the well injection
test data in order to understand what to expect from a given manifold of wells. Once bleed air has
been minimized, begin closing down the flow control valve for any wells that are flowing beyond
their selected design rate. In this way, balance, to the extent possible the wells on a given manifold.
Repeat for each of the six manifolds. Record the system operating temperatures, pressures, and well

flow rate readings during the operation of each manifold.

e Barometric pressure and wellhead pressures will be measured prior to startup, during startup, and
then daily for the first three days of system operation. Pressures collected at each injection wellhead

will serve as a check on the air distribution piping.

e Set the cycle times for each manifold on the control panel’s HMI. The initial operating scenatio is to

switch manifold every 240 minutes.

e To document the required system operation and maintenance including settings for the motor
actuators, the operator will maintain an ongoing logbook. Data forms will also be filled out and

stored in the engineer’s project files.

Following system start-up and commissioning, system operation and maintenance will continue per the
procedures developed in the O&M Plan, which will be submitted under separate cover for approval under the
AOC. This plan will incorporate the manufacturer manuals, custom procedures, and construction drawings

provided by the remediation system integrator.

3.9 SITE RESTORATION

Subsequent to the completion of drilling and construction activities, all construction equipment, materials,
and miscellaneous waste articles (e.g., pipe shavings, leftover concrete/grout, trash, etc.) will be removed

from the site. Vehicle and equipment ruts will be graded, and the disturbed areas will be revegetated in
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accordance with the previously approved revegetation plan for this work area (Cedar Creek Associates, Inc.,

2010).

3.10 CONSTRUCTION QUALITY ASSURANCE PLAN

A Construction Quality Assurance Plan (CQAP) has been prepared for the bioventing construction activities,
in accordance with Section 6.11 of AOC Appendix C. The CQAP is included as Appendix B to this work
plan. The CQAP explains the Construction Quality Assurance procedures and requirements to be used to
assure that the completed remediation system meets or exceeds all design criteria and specifications. The
CQAP includes the roles and responsibilities of those completing the construction work, personnel
qualifications, inspection activities, sampling requirements, and documentation sheets for the system

installation

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 8§79-6260



October 2012 GE/UNC * Area North of NECR-1 Remediation Work Plan 4-1

4.0 BIOVENTING MONITORING PROGRAM

The bioventing remedy will be monitored via a three element program, with each element having different

goals. The three monitoring elements are as follows:

e Bioventing Performance Monitoring
e Vapor Migration Monitoring

e Vapor Intrusion Monitoring

Each element of the monitoring program is detailed in this section. In general, procedural details of the
monitoring work will be incorporated into the Area North of NECR-1 Remediation Operation and
Maintenance Plan, which will be submitted separately for approval under the AOC. This section focuses on
describing the monitoring goals, strategies, and implementation details, such as well locations, well

construction, and monitoring frequencies.

4.1 BIOVENTING PERFORMANCE MONITORING

A performance monitoring program will be undertaken to demonstrate the efficacy of the remediation and
compliance with the cleanup goals. The objectives of the performance monitoring program will be to assess
microbial rates of reaction, evaluate parameters affecting microbial processes, and gather data to estimate
compound removal rates (i.e., hydrocarbon biodegradation rates). Periodic in-situ soil gas monitoring and in-
situ respiration tests will be conducted to monitor system performance and microbial degradation. The soil
gas monitoring will provide an indication that the bioventing area has an adequate volume and distribution of
oxygen (i.e., system performance). In-situ respiration tests will be used in conjunction with confirmation soil

sampling as the primary indicators for completion of the active remediation effort.

Four (4) additional soil gas monitoring points will be installed within the active remediation area (see Figures
4 and 5). These new performance monitoring points will be constructed as shown on Figure 9, Typical
Monitoring Point Construction (see detailed discussion in Section 4.3). In addition, the four existing soil-gas
monitoring points (SG-01, ML-01, ML-02, and ML-03) and the pre-existing background soil gas monitoring
point (BG-01) will also be utilized for performance monitoring.

41.1 SOIL GAS MONITORING

Soil gas monitoring will be conducted in the performance monitoring points prior to system start-up and
ptior to each in-situ respiration test. The monitoring parameters will include: barometric pressure, total
volatile hydrocarbons, oxygen (%), carbon dioxide (ppmv), methane (%), and humidity (%).The soil gas
monitoring points within the bioventing area will be located where the anticipated radii of influence (ROI)
from adjacent bioventing wells overlap. These locations were selected to enable oxygen distribution
monitoring of the subsurface at midpoints between adjacent bioventing wells. If oxygen levels are adequate
at these monitoring locations, then oxygen levels should be adequate at locations closer to the bioventing
wells. The soil gas monitoring equipment and procedures are described in the Area North of NECR-1

Remediation Operation and Maintenance Plan.
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41.2 IN-SITU RESPIRATION TESTING

In-situ respiration tests will be conducted one month after start-up and then annually thereafter until the
bioventing system is shut down. The in-situ respiration test equipment and procedures will be described in
the Area North of NECR-1 Remediation Operation and Maintenance Plan (MWH, 2012).

In-situ respiration testing provides rapid field measurement of in-situ biodegradation rates. This information
will be utilized to assess the hydrocarbon biodegradation rates and will serve in conjunction with rebound
monitoring and confirmation soil sampling as a primary indicator for removal action completion. A good
indication of significant remedial progress is when the in-situ respiration rates in the contaminated area are

similar to that in the uncontaminated area (e.g., background monitoring point BG-01).

Measured in-situ respiration rates are expected to vary over time. Over longer periods, contaminant
reduction will reduce rates due to the Monod kinetics (i.e., that at low substrate concentrations, the
degradation rate becomes first order with respect to the substrate concentration). The calculated
biodegradation rates for each soil gas monitoring point will be compared to pilot study values, as applicable,
and historical values to assess a comparative rate of biological activity through time. These biodegradation
rates also will be compared against background bio-respiration rates. As biodegradation rates reduce and/or
become similar to the background bio-respiration rates, a substantial reduction in contaminant mass is

indicated and cessation of bioventing operations in that area will be considered as described below.

4.1.3 AIR INJECTION CESSATION AND REBOUND MONITORING

As the performance monitoring data indicate declines in respiration rates and PID readings, bioventing wells
will be inactivated, as appropriate. After inactivation and prior to confirmation soil and bedrock sampling, a
30-day soil gas equilibration period will be observed. PID readings from the monitoring points will be
monitored to check for significant vapor-phase contaminant rebound. These PID readings will be compared
to baseline PID readings to assess the degree of contaminant degradation. After verifying that significant
vapor-phase contaminant rebound is not occurring, confirmation soil and bedrock sampling will commence
in that area. If the results indicate an attainment of the action levels, the bioventing wells in that area will
remain shut down. This process will be repeated until sampling has confirmed that acceptable hydrocarbon

removals have been attained across the bioventing area.

41.4 CONFIRMATION SAMPLING

Confirmation sampling will be conducted biennially during active remediation (or as warranted by the
petformance monitoring program, as desctibed above) for compatison to the action level of 1,000 mg/kg.
Confirmation samples will be collected from boreholes located adjacent to the four performance monitoring
locations. In accordance with the Soi/ Screening Guidance: User’s Guide (USEPA 1996), the basic approach for
assessing subsurface impacts is by measuring the mean TPH-DRO concentrations per borehole and
comparing that to the action level. This will be accomplished by collecting continuous samples across the full
extent of the impacted interval at each location and collecting samples across each two-foot interval within
the impacted zone. These two-foot samples will then be composited into one sample per borehole for
analysis of TPH-DRO. The results of these analyses will be compared to the action level of 1,000 mg/kg as
well as to the TPH-DRO concentrations measured during the baseline sampling to evaluate changes in TPH-
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DRO concentrations. Soil sampling will be conducted consistent with the procedures described in Section
3.2 and the SOPs included in Appendix C.

4.2 VAPOR MIGRATION AND VAPOR INTRUSION MONITORING

In response to the April 5, 2011 USEPA comment letter discussing the bioventing pilot study results,
GE/UNC will conduct vapor migration and intrusion monitoring while active bioventing is being conducted.
Neither vapor migration nor intrusion are anticipated to be issues, as the system is addressing a weathered
diesel fuel and will inject a partial pore volume of air per day into the active treatment area. Nevertheless,
because of the proximity of a nearby residence (approximately 450 feet from the treatment area), monitoring

will be conducted.

The compounds of interest for the remedy are the C10 to C28 range fuel constituents. In general, as the
molecular weight of a compound increases, its vapor pressure decreases and; therefore, its ability to volatilize
into the pore space decreases. Therefore, the lighter TPH-DRO compounds (e.g., C10 through C12) are the
primary focus for vapor-intrusion monitoring due to their relative volatility and mobility in the pore space

over the heavier carbon compounds in the diesel range organics range.

42.1 MONITORING PROGRAM DESCRIPTION

One vapor migration monitoring point and one vapor intrusion monitoring point will be installed outside the
active remediation area, as shown on Figures 4 and 5. A vapor migration monitoring point installed mid-way
between the active bioventing area and the nearest residence will be utilized to assess potential vapor
migration from the bioventing area. A vapor-intrusion monitoring point will be placed approximately 25 feet
south from the nearest residential yard, at a point that is out of the residents’ way and readily accessible.

Construction details for these wells are described in Section 4.3.

Prior to startup of the bioventing system, baseline data will be collected from the baseline vapor migration
and vapor intrusion soil-gas monitoring points. Since the natural fluctuations in barometric pressure, caused
by both diurnal and weather-related events, likely will cause a vatiation in background/baseline data, it is
critical to obtain several (e.g., three) baseline soil gas samples at varying barometric pressures. After baseline
vapor migration and vapor intrusion soil-gas monitoring is complete and an action level is established,

bioventing activities can commence.

Vapor migration soil-gas monitoring will be conducted on a weekly basis during the first month of operation.
Thereafter, this monitoring will follow the same schedule as in-situ respiration tests (i.e., annually until
completion of active bioventing). Detections of hydrocarbon vapors in the vapor migration point will be
followed by sampling of the vapor intrusion monitoring point. The sampling method is summarized next in
Section 4.2.2. Detections of hydrocarbons at the vapor intrusion monitoring point above background may

suggest that additional measures should be conducted to assess the health and safety of the residents.

422 SAMPLING METHOD

Samples from these soil vapor monitoring points will be analyzed via the Massachusetts Department of
Environmental Protection (MassDEP) Air-Phase Petroleum Hydrocarbon (APH) Method which was
finalized in December 2009, as it is the most applicable methodology for the project data quality objectives.
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The entire method description for the determination of ait-phase petroleum hydrocatrbons can be found on

the web at http://www.mass.gov/dep/cleanup/laws/aphsop09.pdf, pertinent excerpts from which are

included below. The APH method is designed to measure the gaseous-phase concentrations of volatile
aliphatic and aromatic petroleum hydrocarbons in air and soil gas. With respect to weathered diesel impacts,
volatile aliphatic hydrocarbons are quantified for the carbon number range C9 through C12. Volatile
aromatic hydrocarbons are quantified within the C9 to C10 range.

The APH method is based on the collection of whole air samples in passivated stainless steel canisters, with
subsequent analysis by gas chromatography/mass spectrometry (GC/MS). This whole-air method is based
upon EPA Compendium Method TO-15 (gas chromatograph/mass spectrometer, stainless steel canisters)
and reports aliphatic/aromatic hydrocarbon ranges specifically associated with petroleum products
(MassDEP, 2009, http://www.mass.gov/dep/cleanup/laws/aphsop09.pdf, referenced 4/11/11).

4.3 MONITORING POINT INSTALLATION DETAILS

This section provides installation details for the various new monitoring points that will be utilized in the
monitoring program. Figures 4 and 5 show the proposed locations of these monitoring points. The
monitoring points will be installed at the time of bioventing well installation, and drilling wastes and site
restoration will be managed as specified previously in Section 3.0. Monitoring points will be drilled and

sampled as discussed in Section 3.2

Eight (8) additional soil gas monitoring points will be installed at the locations shown on Figures 4 and 5.
Four (4) of these will be used for bioventing performance monitoring; one (1) will be used for vapor
migration monitoring; one (1) will be used for vapor intrusion monitoring; and two (2) will support the MNA
program (discussed in Section 5.0.) Monitoring points will be installed as shown on Figure 9. FEach
monitoring point will include a 12-inch section of 1-inch diameter Schedule 40 PVC, 0.02-inch slotted screen,
with a bottom cap and a top coupling that reduces to Ya-inch. The screen will be connected to a Yi-inch
inside diameter PVC or HDPE riser tube that extends to the surface. The well annulus outside of the screen
will be filled with 6-9 sieve silica sand. A neat cement-bentonite grout will be used to seal the remainder of

the annulus between the screened intervals.

In the case of the performance monitoring points and the monitored natural attenuation points, the screened
interval will be designed to monitor the impacted interval within either the interbedded/laminated
siltstone/claystone or the upper, weathered sandstone. The screen interval will be selected in the field
primarily based on previous drilling, sampling and analytical results, the results of drilling and sampling from
the initial boreholes drilling for this program (whether bioventing wells or performance monitoring wells, as

discussed in Section 3.2), and PID readings and observations made during drilling.

The vapor migration and intrusion monitoring points will be constructed similar to the soil gas monitoring
points, but these points will be screened within the shallow alluvium in order to monitor for vapors
potentially impacting near surface receptors. These will be screened at depth of approximately five (5) feet
bgs, which is appropriate for screening potential vapor intrusion into slab-on-grade residential structures

while maintaining a competent bentonite seal to prevent atmospheric air from getting into the sample.
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5.0 MONITORED NATURAL ATTENUATION

5.1 DESCRIPTION OF APPROACH

Microbial degradation of diesel fuel impacts will proceed gradually even without active subsurface aeration.
There are numerous documented anaerobic degradation pathways available, depending on the site
geochemical conditions and microbial speciation. A monitored natural attenuation (MNA) approach will be
implemented to address diesel-impacted soils in areas containing TPH-DRO concentrations less than 1,000
mg/kg. MNA will also be utilized within the bioventing area after the 1,000 mg/kg action level has been

attained. Key indicators of natural attenuation to be monitored within the MNA area will include:

e TPH-DRO concentration trends in soil;

e Carbon dioxide/oxygen ratios (CO2/Oy) in soil vapors;

e Methane concentrations in soil gas;

e Total volatile petroleum hydrocarbon concentration in soil gas; and,

e Baseline populations of petroleum degrading bacteria identified via plate counts.

The general procedures and rationale for the individual elements of the MNA monitoring program are
described below. The specific number and layout of required soil gas monitoring points (will need to be
installed), repeat soil borings (to show a decreasing TPH-DRO trend), and the frequency of routine
monitoring activities is presented below. The intent of the following discussion is to present the basic

technical framework for the MNA component of the site remedy.

5.2 INITIAL EVALUATION OF SITE CONDITIONS

The following initial data that will be collected for evaluating MNA:

e Bascline carbon dioxide/oxygen (CO2/O») ratios in soil gas;
e  Baseline methane concentrations in soil gas; and,

e Soil samples for plate counts to speciate and quantify the populations of petroleum degrading

microorganisms.

Along with plate counts, laboratory analysis of soil moisture, ferric iron, nitrate, and manganese (IV)
concentrations will also be performed. These data together will facilitate understanding of the predominant

degradation mechanisms anticipated to be active during the MNA period.

Two (2) new monitoring points will be installed per the description in Section 4.0 in order to provide
monitoring in the impacted areas outside the active bioventing area. Impacted MNA area soil and soil gas
samples will be obtained to the extent possible at the time of well installation. Soil collection, preservation,
and shipping procedures associated with the petroleum degrading microorganism evaluation program will
follow those utilized for the TPH-DRO sampling (see Section 4.0). Sample containers will be provided by
the analytical laboratory.
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5.3 MNA BASELINE DATA SETS

Baseline data are those initial data from which future trends will be evaluated. Baseline data for the MNA

program will consist of soil and soil gas data as described below.

e Previous soil sampling results for TPH-DRO (USEPA SW-846 Method 8015B) collected from areas
located outside the proposed active treatment area. The baseline data set will also include relevant
laboratory results from new soil samples to be collected during the monitoring point installations

described in Section 4.0.

e Baseline soil gas concentrations of total volatile hydrocarbons, methane, carbon dioxide, and oxygen
in the soil gas will be measured per the procedures in the Area North of NECR-1 Operation and

Maintenance Plan.

These data will be collected in the impacted area monitoring points located outside the active bioventing area
prior to system start-up. These data will provide a snapshot of soil and soil gas quality in these areas. They
will be used to demonstrate that conditions amenable to natural attenuation are present and that biological
activity is occurring. For example, if oxygen levels are low and methane is being generated, there is evidence
of methanogenesis, which is a relatively slow but prevalent and effective mechanism for the long-term

degradation of petroleum hydrocarbons.

5.4 PERIODIC SOIL AND SOIL GAS SAMPLING

Biennial sampling and analysis of soils and soil gas within the MNA area will be performed and compared to
baseline levels. Sampling be conducted at locations MNA-1 and MNA-2, during active remediation, and
from those two points plus the four Performance Monitoring points after cessation of active remediation.

The parameters to be monitored include:

o TPH-DRO soil concentrations
e CO,/O; ratios in soil gas
e Methane concentrations in soil gas

e Total volatile petroleum hydrocarbon concentrations in soil gas

Soil sampling and analysis will follow the procedures for confirmation sampling described in Section 4.1 of
this work plan and the SOP’s in Appendix C. Soil gas samples will be collected and analyzed per the
procedures in the Area North of NECR-1 Operation and Maintenance Plan (MWH, 2012).

Natural attenuation at the site will be indicated by decreasing mean TPH-DRO concentrations in soil and soil
gas over time. CO,/O; ratios and methane concentrations in soil gas may remain at baseline levels until the
mass of hydrocarbons in the subsurface can no longer support the microbial population. Interpretation of
future trends in the site CO,/O ratios and methane concentrations will be made in light of all available MNA
monitoring data. As with the baseline monitoring data, evidence of microbial activity will be used to
demonstrate that conditions are amenable to long-term continued degradation of the petroleum hydrocarbon

impacts.
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5.5 COMPLETION OF MNA ACTIVITIES

The MNA program will begin in the area outside of the bioventing area. Data collection will continue until
three (3) years after the bioventing system has been shut down, biannually during active remediation, once at
the cessation of active bioventing, and once at the end of the 3-year period. The goal is to demonstrate that
conditions are amenable for continued biodegradation of the remaining diesel fuel impacts. This analysis will
depend on the results of the monitoring; however, amenable conditions will be considered to be conditions in
which evidences of one or more typically accepted biodegradation pathways are present (e.g., the sulfate

reduction, nitrate reduction, and/or methanogenic pathways for oxidizing hydrocarbons).

At the conclusion of the MNA program, the monitoring points will be abandoned in accordance with the
New Mexico regulations as outlined in the State Engineer’s document entitled, Rules and Regulations Governing
Well Drillers Licensing; Construction, Repair and Plugging of Wells. Abandonment requirements for non-artesian
wells are established in NMAC 19.27.4.30. 'The procedures will mirror those utilized for the active
remediation portion of the project. Section 6.0 of this work plan provides additional details regarding well

abandonment.
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6.0 DECOMMISSIONING AND SITE RESTORATION

Once the in-situ bioventing activities are complete, decommissioning of the system will involve abandonment
of wells, removal of piping, backfill and compaction of the soils, removal of aeration equipment, and then

revegetation of the site. These activities are described below.

6.1 WELL ABANDONMENT

Abandonment of air injection wells and vapor monitoring points will be performed in accordance with the
New Mexico regulations as outlined in the State Engineer’s document entitled, Rules and Regulations Governing
Well Drillers Licensing; Construction, Repair and Plugging of Wells. Abandonment requirements for non-artesian
wells are established in NMAC 19.27.4.30.

Air injection wells constructed as shown in Figure 7 will be abandoned by first breaking up a two foot square
concrete pad and disposing of the steel man-way. The well casing will be filled from the bottom up using a
tremie pipe and injecting Portland Type II cement containing approximately three percent bentonite by
weight of dry cement. The bentonite cement will extend from the bottom of the well to 1.5 feet below
ground surface. The PVC casing will then be cut using an internal pipe cutter and the hole then topped off
with native soil. The native soil will be compacted to prevent future settlement and ponding during heavy

precipitation.

Vapor monitoring points constructed as shown in Figure 9 will be abandoned by first removing the steel
man-way lid. The “4-inch diameter tube in each vapor monitoring point will be cut and then a 30 percent
solids bentonite grout injected into them using a syringe. The water tight well box (or other protective cover)

and the surrounding concrete will be removed, and the area will be backfilled as needed with clean topsoil.

6.2 PIPING REMOVAL AND SOIL COMPACTION

Air supply piping and fittings used to deliver air to each well shall be removed. The trenches will be
backfilled and compacted to match native soil conditions and then the piping disposed of or recycled as
appropriate. The trenches will be backfilled with native soil or, when necessary, clean imported fill and then
compacted until soils are stable as assessed by the engineer. The final grade across the former pipeline
trenches shall be level or slightly above existing grade.

6.3 EQUIPMENT REMOVAL

The equipment for the in-situ bioventing system will be constructed within a modified cargo container or
similar secure enclosure. To decommission this equipment, the electrical power will be disconnected from
the container in accordance with local electrical code and mine site requirements. The equipment will be

decontaminated and the system will be removed from the site. The pad materials will be removed.

6.4 REVEGETATION

Site revegetation will be completed in accordance with the approved Revegetation Plan (Cedar Creek
Associates, Inc., 2010).
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7.0 REPORTING

This section outlines the reporting structure for the remediation activities. The basic structure is defined in
the AOC, Appendix C (Scope of Work), Section 8.0. The reporting program will be adjusted, as warranted.
In accordance with Paragraph 30 of the AOC, three copies of each report (i.e., the Final Report) will be
submitted — two to USEPA and one to NNEPA. When feasible, submittals will be provided electronically as
directed by the USEPA.

7.1 WEEKLY TECHNICAL CALLS

During installation of the bioventing system, GE/UNC will participate in biweekly calls, or as needed, with
the USEPA project manager, USEPA consultants, and/or Navajo Nation representatives. GE/UNC will
provide updates on all tasks and raise issues that may need to be resolved in order to maintain the schedule

for completion of the remedy.

7.2 MONTHLY REPORTING

Subsequent to the effective date of the AOC (July 27, 2012), GE/UNC will provide a monthly report to the
two USEPA Region 9 on-scene coordinators (OSC) / remedial project managers (RPM) via e-mail. These
reports will include a complete update on all field, analytic, and planning activities. The reports will be
submitted no later than the last day of each month, starting in August 2012. Monthly reporting will continue
throughout the installation of the bioventing system operation.

7.3 PETROLEUM AREA REMEDY REPORTS

During the first year of operation of the bioventing system, GE/UNC will provide a quartetly report to the
USEPA Region 9 OSC/RPM’s. These quartetly reports will include a complete update on all field, analytic,
and planning activities. The reports will be submitted via e-mail no later than 30 days after the last day of
each quarter, starting in the first full quarter after system startup. After the first year of operation, GE/UNC
will report on a semiannual basis. Remedy reporting will continue until the submittal of the draft Final

Report described in Section 7.5 below.

7.4 LABORATORY RESULTS

A copy of all laboratory results will be provided to USEPA within 5 days of receipt of such results. These
results will not necessatily be validated prior to submittal to USEPA. GE/UNC will provide the laboratory
data and reports electronically in a format agreeable to the OSC/RPM’s.

7.5 FINAL REPORT

GE/UNC will provide a comprehensive final report within 90 days after all field work has been completed
and all validated analytical data results have been received. The final report will integrate all data used, both

existing and newly collected, into a single, coherent report deliverable.
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8.0 IMPLEMENTATION SCHEDULE

This section presents an implementation schedule for the construction and start-up phases of the bioventing
system. The project timeline is referenced to approval of this work plan and any other referenced work plans
submitted in accordance with Section 6.0 of the AOC Scope of Work (Appendix C). Where seasonal
considerations such as winter-time construction difficulties warrant, the schedule should be understood as
including appropriate delays; and such delays would be communicated in writing (and, if possible, during the
technical calls) to the USEPA OSC/RPM’s. Assuming work plan approval is obtained by February 2012, we
anticipate starting the drilling program in April or May 2013. The system implementation items and their
schedules are listed in the following table:

TABLE 8-1: BIOVENTING SYSTEM IMPLEMENTATION SCHEDULE

Start Week Completion
(Beginning | Duration Week (End
Implementation Item of Week) (Weeks) of Week) Comments
Approval of Work Plans 0 0 0 All applicable work plans
must be approved.
Preparation of Contractor 3 3 5
Bid Documents
Bidding Phase 6 4 9 A.wa'rd contracts at close of
bidding phase.
Well Installation 14 8 21 Allow 4 weeks from time
contract awarded.
Allow 4 weeks for verification
Earthwork/Piping 26 6 31 of drilling completion and

scheduling earthwork/piping
contractor

Off-Site System
Construction / PLC 14 16 29
Programming

Allow 4 Weeks from time
contract awarded

System Shipping and

Placement 30 2 31

Start during trenching work
Electrical Connection 26 2* 33 and complete final work within
2 weeks of system placement

Allow one week for
35 2 36 confirmation of connection
and scheduling / mobilization

Commissioning and Start-
Up
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APPENDIX A

DESIGN SPECIFICATIONS
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APPENDIX B

CONSTRUCTION QUALITY ASSURANCE PLAN

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 8§79-6260



October 2012 GE/ United Nuclear Corporation * Area North of NECR-1 Remediation Work Plan Appendices

APPENDIX C

STANDARD OPERATING PROCEDURES

MWH * 1475 Pine Grove Road, Suite 109 * Steamboat Springs, CO 80487 * (970) 8§79-6260



October 2012 GE/ United Nuclear Corporation * Area North of NECR-1 Remediation Work Plan Appendices

APPENDIX D

QUALITY ASSURANCE PROJECT PLAN
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