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1.0 INTRODUCTION

11 BACKGROUND

Bridgeton Landfill LLC (Bridgeton Landfill) is located on a 214-acre parcel, of which
approximately 52 acres has been permitted for municipal solid waste disposal under the
conditions of Permit #118912. In accordance with the permit, waste was placed in former
limestone quarries which were reportedly about 240 feet deep. The landfill ceased accepting
waste at the end of 2004.

In December 2010 Bridgeton Landfill detected changes in gas extraction well conditions;
specifically, elevated temperatures and elevated carbon monoxide levels. Further investigation
indicated that the landfill was experiencing an exothermic subsurface reaction which, among
other effects, increases fugitive emissions and odors from the facility.

Since the time that the subsurface reaction was confirmed, Bridgeton Landfill has worked with
the Missouri Department of Natural Resources (MDNR) along with other local, state and federal
agencies to respond. The State has defined this reaction as a “subsurface smoldering event”
(SSE), and that term shall be adopted in this Plan to refer to the subsurface reaction.

1.2 PREVIOUS EVALUATIONS AND RESPONSES

The shared goals of Bridgeton Landfill and MDNR are that sufficient information be collected
and evaluated to provide a basis for planning and response, and that plans be prepared and
implemented to minimize and mitigate negative impacts. In addition, it is agreed that the SSE
should be prevented from entering radiologically-impacted material in West Lake OU-1 Area 1.

Consistent with those goals, MDNR directed Bridgeton Landfill in July 2012 to develop plans to
“‘conduct adequate monitoring, develop adequate data to assess the depth, extent and
progression of the SSE, and respond proactively to the situation.” Hence, Bridgeton Landfill has
worked under the direction of the regulating agencies to evaluate, develop, and implement
extensive measures including gas extraction, covering and capping, and heat removal as
described in Section 3 of this Plan.

Previously, Bridgeton Landfill has submitted the following relevant documents: “North Quarry
Heat Barrier System,” dated January 4, 2013 (submitted in DRAFT form), “Bridgeton Landfill —
Gas Interceptor Well Design,” dated January 10, 2013, “Gas Interceptor Well Design —
Expanded System” dated February 6, 2013, and a letter-report submitted to Ms. Charlene Fitch
of the MDNR on March 29, 2013. In those reports, Bridgeton Landfill evaluated numerous
additional options for the control and mitigation of the SSE. These plans are attached to this
Plan as Appendix A. This North Quarry Contingency Plan is intended to incorporate and
supersede these prior plans and form the basis for agreed evaluation and response processes
moving forward.
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1.3 CURRENT EVALUATION AND RESPONSE EFFORTS

On May 13, 2013, Bridgeton Landfill entered into an Agreed Order with the State of Missouri
which requires actions to address the SSE. One of the requirements of the Agreed Order is the
preparation of a “North Quarry Contingency Plan” (Plan). The Plan is intended to build from the
prior contingency and response evaluations and put in place defined triggers and response
actions to allow prompt and proactive response to the SSE. The Plan, when finalized, will
become part of the obligations under the Agreed Order and is intended to guide Bridgeton
Landfil's response moving forward to meet the shared goals of ongoing assessment and
effective response. The Agree Order requirements are:

Part 1 — Agreed Order Section 22.A

A) Within forty-five days of entry of this Agreed Order, Bridgeton Landfill shall submit Part 1
which shall include:

i) Establishment of trigger criteria for installation of additional Temperature Monitoring
Probes in the North Quarry, along with a plan and schedule for such installation, if
triggered;

i) Establishment of trigger criteria for installing interceptor wells within the North Quarry
to control further migration of the Subsurface Smoldering Event, along with a
schedule for such well installation, if triggered; and

iii) Establishment of trigger criteria for capping the North Quarry with an EVOH
geomembrane cap, along with a schedule for such capping, if triggered.

Part 2 — Agreed Order Section 22.B

B) Within seventy-five days of entry of this Agreed Order, Bridgeton Landfill shall submit

Part 2 which shall include:

i) Construction Plans for the installation of additional interceptor wells in the North
Quarry, if triggered,;

ii) Construction Plans for installation of an EVOH geomembrane cap over the North
Quarry, if triggered;

iif) Establishment of trigger criteria for an isolation break between the North Quarry and
radiological materials contained in West Lake Landfill Site OU-1 Area 1, along with a
schedule for such break, if triggered.

This Plan is intended to meet the requirements of the Agreed Order Section 22.A. In addition,
as a voluntary measure, Bridgeton Landfill has incorporated the requirements of Agreed Order
Section 22.B.iii (establishment of trigger criteria for an isolation barrier between the North
Quarry and the OU-1 Area 1) into this Plan so that all triggers and actions are defined in one
document.

Bridgeton Landfill understands that approval of this Plan will result in mutually-agreed triggers
and response actions intended to further the shared goal of proactive response and allow
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Bridgeton Landfill to mobilize quickly to address any changed conditions and prevent or mitigate
resulting negative impacts.

This Plan is presented in sections as described below:

2.0 Current Conditions at the Bridgeton Landfill

3.0 Isolation, Containment, and Monitoring Features
4.0 Evaluation of Potential Trigger Criteria

5.0 Proposed and Contingent Future Actions

The Plan and its requirements will be part of the Bridgeton Landfill closure and post closure
operations until it is determined that the SSE is no longer presenting operational challenges or
Bridgeton Landfill has been released from the requirements of the Agreed Order.

A DRAFT of this Plan was submitted on June 27, 2013. Following that submission, Bridgeton
Landfill participated in several meetings and discussions with the MDNR to further evaluation
and assessment of mutually-agreed triggers and response actions. Bridgeton landfill also
received and reviewed MDNR'’s written comments, a response to which is submitted concurrent
with this revised Plan. This document comprises a revised Plan that is submitted as a FINAL
form document.

Part 2 of the North Quarry Contingency Plan was submitted on July 26, 2013 and contained
construction plans and implementation schedules as directed by the Agreed Order Section
22.B. The purpose of Part 2 of the Plan is to confirm that approved work plans are prepared,
approved, and available in advance of any triggering conditions.
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2.0 CURRENT CONDITIONS AT THE BRIDGETON LANDFILL

2.1 LANDFILL AREAS

The permitted landfill is generally described in two sections which refer directionally to the
landfilled areas: the North Quarry, and the South Quarry which comprise approximately 52
acres of the property. The remainder of the 214 acre site includes several inactive landfill units,
including the West Lake Landfill Operational Unit 1, where soils contaminated with
radiologically-impacted materials were deposited in 1973. See Figure 1 for a general overview
of the facility.

The North and South Quarry areas are contiguous and waste material that was placed therein is
connected by a relatively thin “neck” area which is about 300 feet wide at the top and narrows
as it approaches the bottom at a depth of about 250 feet. A 3-D rendering illustrating the
relationship of these two areas is presented on Figure 2. West Lake OU-1 Area 1 abuts the
North Quarry area but not any of the other landfill areas. The depth of the waste material
shallows significantly moving from the South Quarry toward West Lake OU-1 Area 1 as seen on
the cross section on Figure 2.

2.2 EXISTING SUBSURFACE SMOLDERING EVENT (SSE) AREA

Bridgeton Landfill has been addressing an SSE that is occurring in the South Quarry portion of
the landfill and which has resulted in elevated temperatures and accelerated decomposition of
waste. The impacts have included increased rate of settlement along with odorous emissions.
Efforts have focused on establishing the necessary infrastructure to isolate, contain, and
monitor the SSE, with an emphasis on preventing the SSE from moving into the North Quarry
area.

For these efforts, the facility has implemented extensive modifications to the gas collection and
control system (GCCS) and leachate collection system, and installed an additional capping
system over the South Quarry. Additionally, Bridgeton Landfill has installed monitoring and
containment features at the northwest edge of the impacted area including temperature
monitoring probes (TMPs) and Gas Interceptor Wells (GIWs). These measures can be seen in
Appendix B which contains drawings that show their extensive nature.

As discussed in more detail in Section 3 and in the approved plans included in Appendix A, the
gas interceptor well system is designed to remove heat energy from the SSE zone in order to
limit the propagation. Monitoring of the gas interceptor well system is part of ongoing site
activities and results are included in the recent reports included in Appendices C and D.
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2.3 CONDITIONS CAUSED BY THE SSE

The Bridgeton quarry fills are deep and, as a result, contain dense, compact waste with very
little pore space. This results in: slow heat dissipation (heat is retained much in the same way
insulation holds heat), confinement of pressure caused by water to vapor phase changes, and
resistance to conveyance of heat front and propagation of the SSE.

At the Bridgeton Landfill, the primary manifestations of the SSE include:

e Curtailment of methane production in portions of the waste mass where
temperature is elevated above 160° F (which exceed conditions survivable by the
bacteria responsible for methanogenesis);

o Elevated temperatures (currently recorded up to about 300° F) which require
special construction materials for gas and liquid handling features;

e Production of hydrogen, carbon dioxide, volatile organics, and carbon monoxide;
some of which migrate outward and away from the reacting waste materials;

e Creation of odorous emissions;

e Generation of pressure within the waste mass resulting from the phase change of
liquid entrained in the waste mass to vapor phase;

e Increased gas capture complexity due to the pressure increases at depth that
release upward within the waste mass due to the increasing density of the waste
with depth;

o Heating of waste which results in a steam/water vapor front moving out, up, and
away from the SSE, which then condenses in the cooler surrounding waste mass
and gas extraction wells resulting in higher localized leachate generation;

o Leachate characteristic changes including elevated constituents such as BOD,
volatile organic compounds, and dissolved and suspended solids that result from
liberation of constituents from the as-received waste material and from thermal
degradation of biological material; and

e Greater than normal settlement at the location of and/or proximate to reacting
waste mass (see Figure 2 for the current area of greater than normal settlement
caused by the SSE). This settlement results from the significantly reduced
volume of waste mass.

The above-listed manifestations are monitored and are reported in a Weekly and/or Monthly
Data Submittal; recent reports are included as Appendices C and D of this Plan.

24 PROGRESSION OF THE SSE

Subsurface smoldering events caused by reactions within a landfill begin at a point of origin,
and then spread slowly into adjacent areas until conditions cease to be favorable for the SSE to
continue.
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Visual evidence of a deep SSE appears as surface settlement. The surface settlement occurs
because the liquid entrained within the waste mass is converted to steam and removed from the
waste while the waste undergoes volume reduction as a result of pyrolysis (thermochemical
decomposition of organic material at elevated temperatures in the absence of oxygen). The
material that exists above the pyrolyzing waste settles into the resulting void such that it is
readily evident at the surface. In fact, when the settlement is due to a deep pyrolysis event the
cone-like shape of settlement causes the surface manifestation to be wider than the zone of
actual settlement, as illustrated below:

SETTLEMENT CAUSED BY PYROLYSIS AND SETTLEMENT FRONT
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While settlement has been monitored for some time at the Bridgeton Landfill, in January 2013
the facility developed a more detailed, repeatable, grid-point settlement monitoring approach so
that comparable monthly settlement evaluations can be developed. Figure 3 shows the
progression of a surface boundary line referred to as the “settlement front.” The settlement front
has been defined as the outward boundary of the rate of vertical settlement of 1.35 feet over a
one-month period. This rate of vertical settlement has been assigned based on analyses (see
Appendix A) so that the settlement front is near the estimated limits of volume-reduction
mechanisms (i.e. pyrolysis) as shown on the illustration above.

Examination of settlement front movement suggests that heat generated by the SSE is
expanding radially outward, including movement at a very slow rate toward the North Quarry. It
is possible that this slow movement may continue, and it is possible that the SSE may slow
even further or cease as the mitigative measures succeed and conditions in the area become
unfavorable to sustain the SSE; these phenomena have been observed at other sites
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experiencing similar issues. Based on the recent twenty weeks of settlement front movement
(January 31 to June 21, 2013), the corresponding rates of movement of the settlement front and
SSE toward the North Quarry have been calculated for three vectors toward the North Quarry
area as provided in Appendix H.

As can be seen in Appendix H, settlement front location and rate of advancement appears to
fluctuate. While it is likely that variable subsurface conditions produce some of these
fluctuations, there are many factors that may influence the apparent settlement, and therefore
settlement front interpretation at each measurement. Some of these variables are due to
ground surface conditions (including events where soil material is added to, or cut away from, a
monitored area), barometric pressure and/or pressure conditions in the landfill, precipitation, or
other factors. So, when determining rate of movement, it can be useful to look at several
months previous data to eliminate the month-to-month variables. Based on the above analyses
the overall average settlement front advancement toward the North Quarry is about 0.49 feet
per day.

However such averaging may not provide the best assessment of future advancement.
Measurements taken after the newly installed control features such as the GIWs and expansion
of the GCCS, as illustrated by the period April 15, 2013 to June 21, 2013, show no forward
movement of the settlement front along two of the three northern vectors. Additionally, the
recently-completed capping system will provide for enhanced operation of the liquids and gas
collection systems, which may help further reduce the rate of movement. As such, relying upon
the average rate from January31-June 21, 2013 should provide a conservative calculation of the
rate of migration.
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3.0 ISOLATION, CONTAINMENT, AND MONITORING FEATURES
The main strategies for responding to an SSE include:

e Isolation — Physical separation or conditional separation of the waste that is experiencing
the SSE from other potentially-impacted areas;

e Containment — Actions that are designed to collect and prevent the negative
manifestations of the SSE from impacting the environment; and

e Monitoring — Observation of the SSE to determine its direction and rate of movement so
that appropriate isolation and containment features can be implemented.

At the present time, Bridgeton Landfill has implemented and considered several isolation,
monitoring, and containment features as described in the following sections.

3.1 ISOLATION FEATURES
In cooperation with MDNR and the Missouri Attorney General’s Office, Bridgeton Landfill
assessed both the existing and previously-evaluated isolation features in order to select the

elements best suited for inclusion in the North Quarry Contingency Plan.

3.1.1 Existing Isolation Features

Heat removal can be used to isolate pyrolysis associated with an SSE. If the amount of heat
removed from a particular portion of the landfill can balance the heat added by local subsurface
reaction, the advancement of the SSE can be curtailed and effectively isolated.

At the Bridgeton Landfill, special gas extraction wells, known as Gas Interceptor Wells (GIWs)
have been installed specifically to stop movement of heat and to disrupt the subsurface
migration of SSE-impacted gas. The GIWs are positioned in a manner that allow for removal of
gas heat and pressure that is exerted laterally. See Figure 2, and the drawings contained in
Appendix B for location and details of the existing GIWs. These features are constructed with
high temperature-resistant materials as they are expected to draw significant heat energy.
Appendix A includes the detailed GIW work plans approved by MDNR. Monitoring of this
system’s operation is part of ongoing efforts and results are included in the weekly and monthly
reports attached as Appendices C and D.

3.1.2 Screening of Additional Isolation Options

As part of the extensive evaluation of isolation and containment options, Bridgeton Landfill has
prepared two prior reports (which are contained in Appendix A). These reports considered three
primary types of isolation options: physical barriers, excavated isolation barriers, and heat
removal.
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Physical Barriers

As discussed in more detail in the reports contained in Appendix A, deep, thin barriers of
material (soil, concrete, or slurry) can prove to be ineffective when settlement caused by
pyrolysis on the SSE side of the barrier creates deformations and breaches in the barrier. This
situation is exacerbated by depth because the bending and overturning stress increase rapidly
with increasing depth.

Depending on the type of physical barrier, construction at the neck area would take from one to
two years and result in associated challenges related to managing odors, minimizing
environmental impacts, and controlling nuisance issues like birds and truck traffic. Physical
barrier construction in the “neck” area of the landfill is also complicated by the need to
accommodate certain airport covenants given the extensive volume of waste that would be
disturbed by construction of a barrier to that depth. Therefore, a physical barrier at the neck
area between the South and North Quarry areas, at depths of 250 feet for a full barrier, is
extremely problematic and is not being considered for further development.

A physical barrier between the North Quarry and OU-1 Area 1 where waste may be about 40
feet thick may be feasible as discussed in the next section.

Excavated Isolation Barriers

Complete, excavated breaks, or “isolation barriers” can be created by excavating completely
through waste materials resulting in a full, structurally-stable permanent feature which isolates
the reacting waste mass; this has been effectively employed at another facility where conditions
(waste thickness, moisture conditions, and geometry of non-waste materials) were favorable.

A deep excavated isolation barrier between the South and North Quarry would not be feasible
due to many of the same issues as discussed for a physical barrier. Excavation at the neck
area would take a substantial amount of time and involve handling large quantities of
decomposed and wet waste with associated challenges related to managing odors, minimizing
environmental impacts, and controlling nuisance issues like birds and truck traffic. Additionally,
a large open excavation would not allow passive drainage of surface water and would require
perpetual pumping of accumulated precipitation. A large excavation in the neck area of the
landfill is also complicated by the need to accommodate certain airport covenants given the
extensive volume of waste that would be disturbed by construction of a barrier to that depth.

Bridgeton Landfill has evaluated the possibility of an excavated isolation barrier to prevent the
SSE from advancing into the radiologically-impacted material in West Lake OU-1 Area 1.
Specifically, Bridgeton Landfill evaluated the excavation of waste to create an isolation barrier
south of the southern limit of radiologically-impacted material. Such an approach would also
limit the volume of waste excavation, consistent with concerns raised by the Airport Authority.
Unlike an isolation break or physical barrier at the neck, this location would also serve to protect
the radiologically impacted material from an SSE originating in the North Quarry. Finally the
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relative speed of construction allows such a system to be implemented quickly. This isolation
barrier would provide the physical barrier that MDNR has requested.

Therefore, the northern isolation barrier contingency as directed by the Agreed Order is
preferable to physical barrier systems located in the “neck area of the landfill” because it offers
superior protection with reduced construction time that can be organized to more easily comply
with the airport easement and covenants.

Heat Removal

It is known that pyrolysis requires added heat energy to exist. If more heat can be removed
from the location of pyrolysis than is added, the advancing front may be effectively stalled.
Three types of heat removal have been considered at the Bridgeton Landfill as described below.

Landfill Gas Extraction

As discussed in Section 3.1.1, Bridgeton Landfill has already implemented heat removal
as an isolation measure in the form of gas interceptor wells (GIWs) and, to date, these
appear to be having the desired effect (refer to Section 2.4). Additional GIWs could be
provided to increase heat removal.

Inert Gas Injection

Bridgeton Landfill has considered the viability of an injection system wherein cold
material (typically inert gas like carbon dioxide or nitrogen) would be injected to crowd
out oxygen and/or absorb heat. Since there is currently no evidence of free oxygen at
depth, the only effect of inert gas injection would be to remove heat.

There are no reported uses of inert gas in landfills other than at fires that are quite
shallow (less than 50 feet) and isolated in nature. There is no evidence that such
injections could enter the waste mass at the depths of this SSE due to the high density
of the waste material and pressures that exist at depth as described in Section 2.3.

Discussions with technology application specialists with Airgas, Inc. (Airgas is the United
States' largest supplier of industrial, medical, and specialty gases, products and services
to industrial and commercial markets) revealed that they were not aware of any
applications in a similar setting (i.e. depth and composition of material). Further, they
acknowledged that cryogenic gas injection may not be possible in the conditions that
exist and would not be necessary unless the target temperature was below freezing (the
MDNR has indicated that the target temperature is in the 150° F to 170° F range.)

Given this level of uncertainty and the demonstrated success of the gas interceptor
wells, and the lack of need to cool to very low temperatures, inert gas injection systems
for large-scale heat removal have not been selected for further evaluation. However,
certain applications (temporary and local spot cooling or extinguishment of a local
subsurface SSO) may still be considered and implemented as appropriate.
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Cooling within Existing Gas Collection Wells

Near the SSE front, most of the gas extraction wells (GEWs) and gas interceptor wells
(GIWs) have some accumulation of liquid within the well due to condensation from warm
gasses. The level of liquid in these wells is maintained as low as practical using pumps.
Cooling within existing gas collection wells could be performed by cooling the remaining
liquid that exists in the lower portions. Tubing inserted in a gas well would circulate
cooled water in a closed-loop system, lowering the temperature of the liquid in the gas
well and correspondingly lowering the temperature of the surrounding waste in contact
with the cooled liquid. Appendix | of this Plan includes preliminary design and analyses
demonstrating the viability of cooling within existing gas collection wells.

Dedicated Cooling Points

Special, new, dedicated cooling points could be added as spot treatment for warm
areas, and/or as a large multi-point deployment to arrest movement of the SSE. These
points would consist of drilled or driven sealed steel casings that are used for circulation
of cooled water. Cooled water in the sealed casings would conduct heat from the
surrounding waste mass. Appendix | of this Plan includes preliminary design and
analyses demonstrating the viability of the use of dedicated cooling points.

3.2 CONTAINMENT FEATURES

Bridgeton Landfill has constructed a number of containment features directed at preventing the
negative manifestations of the SSE from impacting the environment. These features are shown
in detail on the drawings contained in Appendix B and include:

o Expanded and enhanced gas collection and control systems (GCCS) including additional
gas extraction wells and gas destruction devices (flares), to allow for a greater removal
of gas and pressure that is exerted upward by the SSE and enhance the preferential
upward motion of the steam such that less pressure is exerted laterally;

e Synthetic capping to prevent fugitive emissions from the landfill cover and help improve
operation of gas and liquids collection systems; and

e Subcap liquid and gas collection systems.

Successful use of these three containment measures at other facilities experiencing subsurface
reactions validates continued employment at the Bridgeton Landfill.

3.3 MONITORING FEATURES

Bridgeton Landfill utilizes numerous features to observe, monitor, and to determine its direction
and rate of movement of the SSE so that appropriate isolation and/or containment features can
be implemented:
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e Monitoring of the gas temperature and composition at gas extraction wellheads
(primarily the Gas Extraction Well or GEW series);

e Measurement of in situ waste temperature with buried thermocouples (known as
Temperature Monitoring Probes or TMPs); and

o Mapping of landfill surface settlement.

These features are shown in detail on the drawings contained in Appendix B and monitoring
results are contained in Appendices C and D. Successful use of these three monitoring
measures at other facilities experiencing deep subsurface reactions validates continued
employment at the Bridgeton Landfill. Detailed discussion of data that results from these
monitoring efforts, and selection of the most appropriate monitoring for continued use at the
facility is presented in Section 4 of this Plan.

3.4 CONTINGENT ISOLATION, CONTAINMENT, AND MONITORING FEATURES

As contemplated by the Agreed Order, isolation, containment, and monitoring features to be
deployed on a contingent basis include:

¢ Installation of additional temperature monitoring probes (TMPs);

¢ Installation of additional gas interceptor wells (GIWSs);

e Construction of EVOH cap over the North Quarry; and

e Construction of an isolation barrier between the North Quarry and the West Lake OU-1
Area 1 radiologically-impacted material.

In addition to these, and consistent with recent discussions with the MDNR, other features

which were not specified in the Agreed Order may be deployed on a contingent basis as
described in Section 5 of this Plan.
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4.0 EVALUATION OF POTENTIAL TRIGGER CRITERIA

The intent of trigger criteria is to identify where the SSE is occurring and the rate at which it is
advancing toward a pre-agreed location in order to evaluate the appropriateness and best
timing for contingent isolation, containment, and monitoring features. Properly established and
utilized, such triggers should allow Bridgeton Landfill to determine when an additional mitigative
measure should be initiated to help prevent adverse impacts (further movement of the SSE,
odor, and fugitive emissions) from developing in the North Quarry, and to prevent the SSE from
ever being able to affect waste contained in the West Lake OU-1 Area 1.

4.1 CHARACTERISTICS OF RELIABLE TRIGGERS

Data used as a trigger should have the following characteristics:

e Readily obtained —Data that is measured with field instruments is preferred;

o Easily confirmed — Unusual or questionable results can be quickly confirmed with a
follow-up reading; and

o Confidently interpreted — Results should directly reflect a physical condition that is
known to be associated with the SSE or related heat generation.

4.2 POTENTIAL TRIGGER PARAMETERS

The primary candidates for trigger parameters, along with current monitoring frequency are
listed below.

Measure

Parameter Comments
Frequency

Obtained with handheld field instrument. Results

Wellhead Gas . : . .
Weekly immediately available. Obtains average gas temperature of
Temperature flowi .
owing gas in a well column.

Methane, oxygen, carbon dioxide, and "balance gas."

Field Gas Quality Weekly Obtained with handheld field instrument, immediately

available.

Carbon monoxide, hydrogen, methane, oxygen, carbon
dioxide. Takes three weeks to get results after decision to
sample.

Lab Gas Quality Monthly

Buried thermocouples referred to as temperature

In Situ Waste Weekly monitoring probes (TMPs). Results immediately available.
Temperature . .
Gives discrete temperature data.
Monthly Takes up to one week to compile and analyze results.
Ground Settlement or Provides direct physical evidence of location and direction
Quarterly of movement of SSE.
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Triggers can be made using any of these parameters independently, or in combination, or as
ratios of one parameter with another. A detailed assessment of these parameters and their
applicability for use as triggers is presented in Appendix E.

4.3 EVALUATION OF POTENTIAL TRIGGER PARAMETERS

Data has been collected for each of the items listed in Section 4.2 at the site in the past, so the
efficacy of the various data at predicting the onset and motion of the byproducts of the SSE can
be evaluated specifically for the Bridgeton Landfill. The following data evaluation is divided into
those values that are point measurements, and those that represent larger zones of waste (non-
point measurements).

4.3.1 Point Measurements

Point measurements at the Bridgeton Landfill consist of in situ waste temperatures using
thermocouples, referred to as temperature monitoring probes or TMPs. The TMPs are
comprised of thermocouples installed at 20-foot intervals typically through the full depth of
waste. Temperature data that is obtained is representative of a zone of waste around an
individual thermocouple at a particular depth. Recent TMP data is included in Appendix C of
this Plan.

As a direct temperature measurement at a specific location, TMPs are very effective. However,
there are some shortcomings of the TMPs and these include:

e The units are adversely affected by the lateral strains associated with settlement in the
adjacent areas. This results in the thermocouples’ wire being strain-hardened, causing
the resistance to rise and making the readings inaccurate;

e The design of the TMPs results in the Kevlar sleeve acting as a conduit when the
temperature exceeds the stable temperature of the bentonite grout used in the unit
placement. This can result in false indications of rapid vertical temperature migration;

o Teflon insulation on the wires can abrade, causing the units to be in electrical contact
with the waste and leachate, making the readings not valid; and

e The units are impacted by minor RFI (radio frequency interference) causing reading
fluctuations.

Nevertheless, as long as they are intact, TMP readings provide a very good indicator of specific
subsurface conditions at a specific location. When aberrant readings are suspected, or when
certain measurements need to be confirmed or verified, there are procedures to verify the data
and to determine if the TMP is compromised as presented in Appendix F.
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4.3.2 Non-Point Measurements

Landfill Gas System Measurements

Non-point measurements include any data collected from gas wells, gas collection headers, or
other common points. The types of data available from gas wells are listed as the first three
items in the table contained in Section 4.2.

Data values from gas wells represent a composite value for a zone from which the gas well is
collecting. Given that the flow of gas into the well can occur along variable pathways, and that
the performance of a gas well depends on many factors, it is not possible to attribute data
collected therein as a strong indicator of temporal, specific conditions. Instead, the gas well is
useful as an effective indicator of temporal, general conditions. At Bridgeton Landfill, the
denser-than-normal spatial distribution of gas extraction wells allows these indicators of
temporal general conditions to be used in comparison to one another for site wide assessments
of trends.

Experience at other sites where subsurface reactions are occurring has shown that some SSE
process-related gasses, such as hydrogen and carbon monoxide, can occur in gas wells far in
advance of significantly elevated temperatures within the waste. This is attributable to the
“projection effect”, or “halo effect” wherein warmed vapor produced at the SSE front is pushed
ahead and carries with it the gasses associated with the SSE. This has been observed to occur
well over 100 feet from the SSE area.

Elevated levels of carbon monoxide and hydrogen have been observed in gas wells where the
maximum temperature in proximate TMP devices indicate that temperature in the nearby waste
mass is lower than that which can cause pyrolysis. Examples of these phenomena are provided
in Appendix E. Gas well head temperatures are also subject to variables of this type.

Gas well head temperatures and laboratory-analyzed gas constituents were examined to look
for trends and correlations. The data, as presented in Appendix E, indicates that well head
temperature, hydrogen and the carbon monoxide (CO) can be easily used to rule out the
presence of alteration of waste by heat generated by the SSE, but are less helpful to confirm the
location of an SSE.

Comparisons of settlement rate to CO levels or the ratio of CO,/CO show that either measure
can be a good predictor of temperature levels high enough to cause waste alteration by heat.
However, these measures can over predict the presence of high in situ temperature due to the
projection effect. The data also suggests that, in the case of a slowly advancing heat front, the
length of time that a well is proximate to the heat front increases the over prediction using gas
constituents.

Other gas ratios, such as those using methane, can be effective at evaluating conditions where
in situ temperature approaches 165° F but do not appear to be useful in predicting the
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occurrence of temperatures above that (as methane ceases to be generated at about 160° F).
As such, wells within the areas between TMP 13 and the TMP 1 through 4 line collect very little
methane yet show no predictable relationship in gas ratio, well head temperature, or TMP
temperatures (see Appendix E).

Settlement Front Data

Waste which has been heated to temperatures in excess of 220 °F is found at depths of
between 80 feet and 150 feet deep at the Bridgeton Landfill (see TMP data in Appendix A).
When heated to these temperatures, pyrolyzation and significant reduction in volume of the
waste occurs. The surface expression of this volume reduction extends beyond the limit of
significant volume reduction (as previously discussed and illustrated in Section 2.4 of this Plan).

The term “settlement front” refers to a zone where settlement rate is exceeding a selected value
expressed in feet per month. The selected rate was identified using statistical analysis of the
monthly surveys performed in 2012. The rate, while it could be adjusted from the current value
of 1.35 feet of vertical settlement per month, is a measure of the leading edge of volume
reduction associated with the pyrolizing of waste. An illustration of the settlement front was
provided in Section 2.4 of this Plan.

Advantages of the settlement front as a measure of the location of the heat front are:

e Strongly correlated to all indicators of an SSE;

e Can be easily observed at the ground surface;

¢ Does not require insertion of devices and can be measured whenever the need arises;

e Large areas of the site can be covered in the survey for a complete record;

e Correlation to the subsurface conditions can be re-assessed and re-demonstrated by
using gas well and or TMP data at routine intervals; and

e Rate of movement and direction of movement can be determined.

Starting in January 2013, settlement front data collection methods were modified from the use of
general topographic surface comparisons based on monthly GPS surveys to the use of point-
specific location GPS surveys. The change to a point to point comparison method has greatly
reduced the scatter of data and indicated a more consistent settlement front diagram. Plots of
settlement rate, gas constituents and wellhead temperatures are included in Appendix E. The
data shows that the settlement rate associated with the settlement front limits is a good
predictor of the rise in CO and CO,/CO ratios.

Settlement front limits since January 3, 2013 are also shown to enclose the majority of wells that

show CO values above 4,500 ppm (or CO,/CO ratio of less than 132). This information is
included in Appendix E.
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4.4 SELECTION OF TRIGGER PARAMETERS

4.4.1 Data-Supported Triggers

Based on the site-specific evaluation of potential trigger criteria, and the discussion contained in
Appendix E, Bridgeton Landfill proposes three parameters for identifying the presence, location,
and estimating the rate and direction of movement of the SSE. These trigger parameters and
associated values have been demonstrated to meet the criteria described in Section 4.1: readily
obtained, easily confirmed, and confidently interpreted, and are representative of a proximate
SSE. Based upon this evaluation of data, the proposed parameters and trigger values are:

o TMP maximum temperature above 220° F,

e Location and velocity of movement of the settlement front (defined as the line at which
settlement equals 1.35 feet per month); and

e Combination of wellhead temperature greater than 170° F and laboratory carbon
monoxide (CO) above 3,000 ppm.

4.4.2 MDNR Suggested Triggers

In a June 17, 2013 report prepared by Todd Thalhamer, Table 5 - Proposed Sentry Criteria for
the Construction of the Isolation Break” was provided “as a starting point for the criteria
discussion.” This table only addressed trigger criteria for installation of a contingent isolation
barrier and did not consider trigger criteria for the other contingent actions contemplated by the
Agreed Order.

The trigger parameters included the use of TMP maximum temperature, and gas wellhead
carbon monoxide and temperature data. Recommended trigger values were used in different

combinations and varied depending on detection in one well or multiple wells.

4.4.3 Selected Trigger Parameters

Selected trigger parameters and associated values have been chosen after considering both the
data-supported triggers, MDNR suggested triggers, the July 24, 2013 MDNR comment letter,
and discussions and meetings held since the June submittal of this document. As such,
settlement monitoring has been dropped as a trigger, while maximum TMP temperature,
wellhead carbon monoxide values, and wellhead temperature readings have been selected.

Proposed values, locations, and uses for these trigger criteria, including validation procedures to
prevent false or inadvertent triggering, are described in Sections 5.0 of this Plan.
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5.0 PROPOSED AND CONTINGENT FUTURE ACTIONS
Based on the discussions of the previous sections, we propose future actions categorized as:

e Proposed Non-Triggered Actions — Certain actions are proposed that either improve the
strength of monitoring or provide additional isolation capabilities. These could be
implemented as soon as practical for greatest desired effect.

e South Quarry Monitoring Triggered Actions — Monitoring in the South Quarry will provide
information for triggered installation of cooling capacity (enhanced GIWs and/or
dedicated cooling points as well as capping with enhanced GCCS actions in the North
Quarry.

e North Quarry Monitoring Triggered Actions — Monitoring in the North Quarry will provide
information for triggered capping with enhanced GCCG and construction of an isolation
barrier between the North Quarry and radiologically-impacted material in the OU-1 area.

These three different categories of actions are described in the following sections.

5.1 PROPOSED NON-TRIGGERED ACTIONS

5.1.1 Additional Temperature Monitoring Probes (TMPs)

Based on verbal comments from the MDNR regarding possible coverage gaps in the existing
lines of TMPs, we proposed to install three new TMP locations near the quarry wall edges as
shown on Figure 3. These TMPs could be installed within four weeks of MDNR approval of their
location.

5.1.2 Enhancement of Existing Gas Interceptor and Gas Extraction Wells

The DRAFT version of this report proposed installation of additional gas interceptor wells
(GIWs) as required by the Agreed Order. However, subsequent discussions and comments
from the MDNR have indicated that installation of similar additional GIWs would not be
approved.

Although the existing GIWs appear to be effective and performing as designed to date, the
MDNR is requiring that additional forms of heat removal be implemented. As discussed in
Section 3.1.2 of this Plan, other than by adding more GIWs for additional gas collection
capacity, additional heat removal can most effectively and practically be accomplished by heat
exchange using cool water in contact with conductive piping in gas well casing.

It is proposed that two existing GEWs and/or GIWs be selected for near-term enhancement with
the installation of cooling mechanisms. Selection of appropriate existing gas wells for this

purpose will be made by mutual agreement between Bridgeton Landfill and the MDNR. The
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enhancement will be performed as described in Appendix | of this Plan. Data gathered from
implementation of this enhancement will be used for detailed design of potential future GIW
enhancement or design of dedicated cooling points.

5.2 SOUTH QUARRY MONITORING TRIGGERED ACTIONS

The trigger parameter of maximum TMP temperature will be monitored along a Trigger Line 1
as shown on Figure 3. The trigger line, associated mitigative actions, and schedules for
implementation are described in the following sections. A schematic diagram of the steps in this
process is provided as Table 1 of this Plan.

Trigger Line 1 is formed by an arc connecting TMP-6, -14, -13, and -5. When a verified
(procedures for reading and verifying readings are provided in Appendix F) maximum TMP
temperature at any of these TMPs exceeds 200° F, Bridgeton Landfill will notify the MDNR
SWMP Engineering Section Chief within one business day. The MDNR may wish to observe
confirmatory testing or perform independent testing to confirm the trigger reading.

When Bridgeton Landfill and the MDNR mutually agree that the trigger has been reached, the
triggered actions may be implemented as required by the MDNR. These actions include
installation of additional enhanced GIWs and/or cooling points south of the neck area and
construction of additional cap and enhanced GCCS (North Phase 1A) as shown on Figure 4.

A detailed plan for location and construction features of the new enhanced GIWs and/or cooling
points will be submitted with a revised Part 2 of the Plan; an approximate location for a series of
dedicated cooling points is indicated on Figure 4 of this Plan. A set of construction plans for the
installation of EVOH geomembrane cap and enhanced gas collection system over the North
Quarry area was provided with the July 27, 2013 submittal of Part 2 of the North Quarry
Contingency Plan. Approximate location of the proposed cap is shown on Figure 4.

The timeline for constructing the new enhanced GIWs and/or cooling points and North Phase
1A cap and enhanced GCCS is presented on Table 1.

5.3 NORTH QUARRY MONITORING TRIGGERED ACTIONS

Conditions will be monitored in the entire North Quarry area using gas wellhead temperature
and carbon monoxide (CO) values as appropriate. If any gas extraction well exhibits wellhead
temperature greater than 145°F, monthly CO laboratory testing and weekly field Draeger tube
testing will be performed on that gas well.

Then, a combination of wellhead temperature greater than 180° F and CO greater than 1,500

ppm, at any GEW gas well in the North Quarry will initiate a verification and further investigation
process as indicated below:
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1. Carbon monoxide shall be resampled and sent to a laboratory for expedited testing and
results within one week of receipt of the initial Draeger tube or laboratory CO data that
indicated over 1,500 ppm;

2. Daily wellhead temperature readings will be made at the GEW to confirm the initial
reading over 180° F and observe trends;

3. Procedures to address the possibility of a common, localized subsurface oxidation
(SSO) event will be implemented as set forth in the “Standard Operating Procedure for
Management of a Local Subsurface Oxidation Event” which is included in Appendix G of
this Plan.

If the above steps confirm sustained readings above 180° F and CO greater than 1,500 ppm at
the GEW well, and suggest that the readings are not the result of a localized SSO that can be
managed and controlled to that specific location, then Bridgeton Landfill will notify the MDNR
SWMP Engineering Section Chief within one business day. The MDNR may wish to observe
confirmatory testing or perform independent testing to confirm the trigger reading.

When Bridgeton Landfill and the MDNR mutually agree that the trigger has been reached, and
whether the triggered occurred north or south of Trigger Line 2, the triggered actions may be
implemented as required by the MDNR. These actions include capping and enhanced GCCS
and/or construction of an isolation barrier depending on the location of the verified trigger gas
well (north or south of Trigger Line 2), as indicated on Table 1 and Figure 4 of this Plan.
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TABLE 1

NORTH QUARRY CONTINGENCY PLAN ACTIONS

South Quarry Monitoring North Quarry Monitoring
e
£
w CO > 1,500 ppm and
g)) > wellhead <
o T>180°FinaGEWin |
Install Three New TMPs 2 North Quarry
and Enhance Two S >
Existing GIWs % 5 ] YES
g’ C:! Is this an isolated (local) 1
o E SSO? (Use procedures in
GE, -g Appendix G)
Triggerm at or beyond ;E P
Trigger Line 1 2 \L NO
S
c GEW located North of
v % Trigger Line 2?
Install Enhanced GIWs o
and/or Cooling Points NO YES
and Phase 1A Cap with
Enhanced GCCS within 3
months of triaaer
Complete Phase 1A and
Complete Phase 1A and 1B Cap with Enhanced
1B Cap with Enhanced GCCS within 6 months of
GCCS within 6 months of trigger and comp|ete
trigger Isolation Barrier from
Radiologically Impacted
Materials®

(1) Any verified TMP interval > 200°F
(2) After completion of Isolation Barrier, Complete Phase 2 of Cap with Enhanced GCCS
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EXECUTIVE SUMMARY

This report presents an evaluation of barrier systems that could be employed to prevent the migration of
the subsurface heating activity in the South Quarry section of the Bridgeton Landfill (Landfill) from
progressing beyond the entry of the North Quarry section of the Landfill. Due to the complexity in
assessing and addressing the migration of the underground heat generating reaction, evaluations are
ongoing and Bridgeton Landfill, LLC reserves its right to modify or supplement this report as appropriate
based upon additional information and evaluation.

Evaluation and Selection of Barrier System

The evaluation considered a number of barrier types including:

e Physical separation using open excavations or structurally supported open space,
o Insertion of significant thicknesses of inert materials,

e Thin barriers of non-combustible materials, and

o Heat dissipation barriers.

The report provides a general description of each type of barrier, a discussion of the design elements
required, and the performance goals. Examples of specific design elements are included in the general
descriptions. The post installation performance requirement of the barriers is used to evaluate the ability
of the barrier types to be successfully employed at the Landfill. In addition to the actual ability of the
barrier type to prevent heat migration or combustion progress in theory; the ability to be installed in the
required time frame, maintained and remain intact under the anticipated conditions as well as the demands
on stormwater, leachate and gas management were considered for each barrier type.

The evaluation of the barrier types concluded that only heat dissipation type barriers were technically
feasible and could be installed within a short enough time frame to be effective at achieving the goal with
limited impacts. Barriers consisting of removal of significant amounts of waste materials and replacing
them with inert fills were evaluated but were not considered due to the inability to construct in a
reasonable time frame. Barriers requiring removal and replacement of significant amounts of waste also
had significant issues with respect to air emissions, odors, vectors, and traffic that made them highly
undesirable.

At this time the heat dissipation/barrier system has been selected as the preferred alternative for use at the
Landfill on the basis of the evaluation of all barrier types.

Design of Heat Barrier

The heat barrier system was designed based on an analysis of the advance rate of the heat front, as
reflected in settlement of the landfill, and the amount of energy associated with advancing the front. This
information was used to develop a range of heat flow in the northern direction in the depth range
indicated by the in-waste temperature monitoring to be the heat generating zone. Cooling pipe elements
have been designed to maintain temperatures below 170 °F on the north side of the barrier. Heat is
extracted in this system by circulating water in the closed system cooling points at temperatures as low as



a few degrees above the wet bulb ambient air temperature using an evaporative cooler system. The
design includes an initial insertion of approximately 42 cooling points across the narrow section of the
q