Bridgeton Landfill, LLC

September 16, 2014

Mr. Chris Nagel

Missouri Department of Natural Resources
1738 East Elm Street

Jefferson City, Missouri 65101

Dear Mr. Nagel:

Thalhamer Data Review
Bridgeton Landfill, Bridgeton, Missouri
Permit No. 0118912

On September 4, 2014, you provided Bridgeton Landfill with an August 29, 2014, memo from Todd
Thalhamer. The memo summarized Mr. Thalhamer’s interpretation of data (from the weekly and
monthly data packages of July and August 2014) and his conclusions relative to the location and
movement of the Subsurface Smoldering Event (SSE). Bridgeton Landfill is providing this response to
Mr. Thalhamer’s most recent interpretations and concerns because we believe the reliance on only
limited data results in assessments that are misleading and, in some instances, incorrect. As we noted in
our response to Mr. Thalhamer’s June report, and in our regular update meetings, we continue to deem
it critical that the SSE be evaluated based upon a comprehensive assessment of the extensive data
collected pursuant to the Agreed Order monitoring and reporting requirements. For that reason we
engaged Civil Environmental Consultants (CEC) to perform a comprehensive evaluation of relevant data
in response to Mr. Thalhamer’s report, and we are enclosing that assessment with this letter.

First, we must address the concern contained in the third paragraph of Mr. Thalhamer’s letter that
recent proactive steps proposed by Bridgeton Landfill somehow contradict our consistent assessment of
the current condition of the SSE. Bridgeton Landfill does not believe that the SSE is moving into and
through the neck area, nor does the data support this conclusion, as shown in the enclosed CEC
evaluation. Mr. Thalhamer’s unsupported “concern” unfairly attacks Bridgeton Landfill for its efforts at
being proactive and innovative in its ongoing management of the SSE.

The use of flowable fill has nothing to do with conditions in the neck area but is—instead—proposed as
a means to improve safety at the facility and conduct necessary safety repairs in a manner that
minimizes odors. Using flowable fill will prevent the need to remove EVOH geomembrane to make
minor subcap repairs in the southern portion of the South Quarry. The most recent proposal, which has
been approved by MDNR, resulted from months of discussion with MDNR with the shared goal of
effective repair techniques that minimize odor.

Also, the proposal to add cooling to some of the Gas Interceptor Wells (GIWs) is a reflection of Bridgeton
Landfill’'s commitment to explore new technologies and to provide a proactive implementation of
innovative technology in the neck area. It is not a reaction to any new knowledge, interpretation, or
concern. We initiated a smaller cooling pilot study within just GIW-4 many months ago, which has been
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the subject of regular reports to and discussion with MDNR. We used that small scale pilot to develop

the broader pilot study which was first proposed to MDNR in meetings this spring and formalized in our
July submittal.

The enclosed CEC assessment provides comment on the specific observations and comments of Mr.
Thalhamer. Based upon their experience at the Bridgeton Landfill and assisting on the response to
subsurface reactions at other landfills, CEC has extensive knowledge regarding the assessment,
monitoring and mitigation of these events. We agree with the assessment they have provided and
continue to conclude — as we asserted in our July response to Mr. Thalhamer’s last report — that the
reaction is moving to the south, away from the neck. Further the data continues to demonstrate that
the aggressive control measures are effective at mitigating the effects of the reaction and promoting the
effectiveness of the landfill's control systems. This is recorded and reflected in the extensive data
collected pursuant to our several agreements with the State, which is regularly reported to you.

With regard to the four recommendations at the end of Mr. Thalhamer’s letter:

1. The MDNR has already approved Bridgeton Landfill's request to install an Expanded Heat
Removal Pilot Study and we have started material procurement and installation of some
components.

2. We agree to perform CO sampling and analyses of the GIW system, as South Quarry wells, in

exchange for elimination of a corresponding number of other South Quarry well CO sampling
and analyses.

3. Bridgeton Landfill will accommodate MDNR’s requested on-site review of chain-of-custody and
QA data for the CO testing.

4. Bridgeton Landfill will not replace the requested TMPs, but will—as agreed with the MDNR—
begin weekly wellhead temperature reporting for the 10 designated neck area wells as part of
the Weekly and Monthly Report Streamlining discussed with MDNR, once approved.

If you need additional information, please contact me at (314) 744-8165.

Sincerely,
Bridgeton Landfill, LLC

Brian Power
Environmental Manager

Attachments: CEC SSE Data Evaluation
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September 16, 2014

Mr. Brian Power

Bridgeton Landfill, LLC
13570 St. Charles Rock Road
Bridgeton, MO 63044

Dear Mr. Power:

Subject: Comments on Thalhamer Data Review Memo
Bridgeton Landfill, Bridgeton, Missouri
CEC Project 131-178

Bridgeton Landfill, LLC (Bridgeton Landfill) has requested that Civil & Environmental
Consultants, Inc. (CEC) review and provide comment on the August 29, 2014 Memorandum
from Todd Thalhamer, P.E. to Brenda Ardrey of the MDNR. As you know, CEC personnel have
experience at Bridgeton Landfill as well as four other landfills which are undergoing similar
subsurface reactions. The experience at these other facilities allows events at the Bridgeton
Landfill to be put into context and understood relative to trends and observations at the other
similar facilities.

In CEC’s opinion, the latest data does not change the following conclusions which were made in
the July 17, 2014 letter from Bridgeton Landfill (the July 17 letter supporting Bridgeton Landfill’
position is include with this letter as Attachment A):

e The SSE is confined to the South Quarry;

e The active SSE is not expanding, but is moving to the south;

e While temperatures in the neck area are warming slowly, this is not an indication that the
SSE is moving into the neck area, let alone through the neck area;

e The SSE is not prone to “daylighting under the flexible membrane cap.”

While some gas extraction wells (GEWS) in the vicinity of the Gas Interceptor Wells (GIWs)
have indicated higher carbon monoxide (CO) levels and temperatures, CEC believes that this is
due to transient conditions and/or improvements in gas collection efficiency as well as
conduction and convection of heat as explained later in this letter.

Mr. Thalhamer’s memo was divided into five different sections, each of which is addressed in
the subsequent portions of this letter.
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Smolder Event Movement Data

Based on observations at other facilities, and supported by observations at the Bridgeton
Landfill, CEC believes that all three of the following things need to be present to indicate the
presence and movement of an active SSE:

e Substantial levels of carbon monoxide (CO);
e Elevated subsurface temperatures; and
e Higher-than-normal settlement with movement of a settlement “front.”

A detailed description of the relationship of these three parameters is included as Attachment B
of this letter (this document was submitted to the MDNR in August 2013 as part of a North
Quarry Contingency Plan submittal).

As recently as October 2013 the “settlement front” included a northward advancement. Since
that time, the settlement front has pulled away from the neck area indicating that the
advancement of the SSE is currently entirely to the south (see the Map with Direction of SSE
Movement included in Attachment A). Therefore, since only two of the three necessary
indicators are present, CEC believes that the SSE is not active in the neck area and is hot moving
northward in the neck area.

Elevated CO and temperatures do exist in the vicinity of the neck area and these are further
discussed below.

Elevated CO in the Neck Area

The GIWs were put into operation in February 15, 2013 to supplement the existing gas collection
in the South Quarry neck area and to improve removal of heat being conducted from the SSE,
which was—at the time—active in the northern portion of the South Quarry. The GIWs were
deliberately positioned through an area that already had elevated temperatures and high levels of
CO; in fact, elevated temperatures and CO were present north of the GIW locations prior to
operation of the GIWs. Examples are given below:

Pre-GIW CO Current CO
Gas Well Number Jan. 23-Feb. 13, 2013 Aug. 11, 2014
GEW-10 340 ppm 33 ppm
GEW-38 3200 ppm 3300 ppm
GEW-109 2800 ppm 2500 ppm

As shown, CO in the area north of the GIWs has been present for a long time, fluctuates
significantly, and does not indicate SSE currently moving into or through the area.

Civil & Environmental Consultants, Inc.
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Elevated Temperature in the Neck Area

In its July 17, 2014 letter, Bridgeton Landfill correctly noted that “temperature in the neck area is
gradually warming” and “the warming in the area is likely the result of conduction and
convection of heat.” The GIWs remain at elevated temperatures even in absence of an active,
proximate SSE because the process of pulling heat out of the former SSE front is a slow one.
CEC believes that continued operation of the GIWSs and neck area wells, together with further
retreat and diminishing of the SSE in the South Quarry, will eventually result in temperature
drop in the neck area.

Data Variability in the Neck Area

In a typical landfill, gas extraction wells are spaced approximately 150-200 feet apart—usually
one to two wells per acre. In the neck area at Bridgeton Landfill there are 23 gas extraction wells
(including the GIWSs) within a two-acre area resulting in over 11 wells per acre. This extremely
high density of wells facilitates removal of SSE-affected (low-methane, high-CO) gas and heat
out of the northern portion of the South Quarry.

The large number of closely-spaced gas extraction wells in the neck area makes uniform
operation and resulting consistent gas well quality difficult to achieve. For instance, GIW-8 is
only 10 feet from GEW-38, and GIW-12 is only 23 feet from GEW-56R. As a result, these wells
compete for the same gas and—based on the transient vacuum or exposed perforation conditions
that exist—exhibit larger-than-normal fluctuations in gas temperature and carbon monoxide
levels. Month-to-month comparisons of values in these wells need to be undertaken with
caution, and an emphasis should be placed on trends observed over many months to provide
meaningful interpretations. Attachment C presents graphs showing wellhead temperature for the
GEW wells referenced in Mr. Thalhamer’s letter. The variability caused by the interference
between the closely-spaced wells and by the transient operating conditions in the wells is
evident.

Carbon Monoxide at the Flare Inlet

Mr. Thalhamer notes that CO levels have increased at the flare inlet. He does not note, however,
that flow volume at the flare compound has increased from approximately 7,000 cfm to 9,000
cfm since April 2014 as shown on Attachment D. This increase in flow is the result of
continuing efforts to improve vacuum distribution and expose gas well perforations where the
SSE is most active and where CO levels are the highest. Therefore, a significant increase in CO
level at the flare inlet is expected. In fact, rather than being an indicator of concern, this reflects
successful operation of the gas extraction system to collect the heated reaction gases.

Civil & Environmental Consultants, Inc.
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Temperature Readings in GEW and GIW for the Period July to August 2014

Neck Area

Elevated and variable gas well temperatures in the neck area were discussed in the previous
section of this letter as due to the conduction and convection of heat from the south, slow process
of heat removal, and the extremely dense well spacing.

North Quarry

The North Quarry wells GEW-53, and -54 have a long history of temperatures over 131°F; there
is no evidence of a changing temperature trend in these wells or any association with the SSE in
the South Quarry. In fact, when these same concerns were raised about these wells in June 2013,
due to temperatures greater than the current temperatures, Bridgeton Landfill performed CO
testing as an added confirmation of the lack of impact. GEW-54 was monitored for CO until its
temperature dropped below 140°F. Subsequent CO testing events have continued to confirm the
absence of CO at levels of concern; a key indicator relied upon by Mr. Thalhamer.

South Quarry

Mr. Thalhamer’s point here is unclear. All of the listed wells are located in the South Quarry; far
south of the neck area and are expected to be in the indicated temperature range. General
temperature and carbon monoxide increases in the South Quarry appear to be related to
improvements such as the late June installation of ten additional GEW liquid pumps which
helped increase gas flow in the reaction area.

CO Readings for the Period of April 2014 to July 2014

Neck Area

See discussion in previous section “Smolder Event Movement Data.” Elevated CO was present
in the neck area even before installation of the GIWSs and is expected to remain elevated due to
the extremely high density of gas wells in the neck area pulling SSE-impacted gas toward them.
The CO in neck area wells fluctuates but does not yet exhibit a strong, confirmed upward trend.

North Quarry
We agree that the low levels detected in these wells are not of concern.

South Quarry

Improvements in gas removal volume and efficiency (see previous discussion on CO levels at the
flare inlet) may increase CO levels in the South Quarry wells.

Civil & Environmental Consultants, Inc.
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Flare Inlet

See previous discussion on CO levels at the flare inlet. Increased CO levels at the flare inlet are
attributed to significant improvement gas collection volume from the South Quarry which has
increased the volume of gas containing elevated CO.

Oxygen Readings for July 2014

Mr. Thalhamer identifies wells that exhibit maximum oxygen readings over 5% at the wellhead.
These oxygen levels do not represent elevated oxygen in the waste mass, but are due to well
operational issues that result in zero landfill gas flow so that the readings are not obtained on
flowing gas removed from the waste mass. Such a condition is referred to in the industry as a
“deadheaded” gas well. A deadheaded gas well can result from a collapsed gas well, or a gas
well casing which has been “watered in” and has no perforations available from which to extract
gas out of the waste mass, or a well that had been completely turned off by closing the valve
connecting it to the header system. The Bridgeton Landfill technicians are instructed to restore
flow to deadheaded gas wells, but this often requires placement or repair of a pump, or possibly
redrilling the gas well—both of which may take some time.

When a gas well is deadheaded, the vacuum that is applied to the top of the gas well cannot
remove gas from the landfill but may pull in very minor amount of ambient air through fittings,
joints, connections, and sampling ports that exist in the wellhead. This ambient air contains up
to 20% oxygen, so when no landfill gas is flowing, a wellhead may exhibit up to 20% oxygen
depending on the nature of the pathways that allow the minor amounts of air to be drawn into the
wellhead. All of the wells that exhibit oxygen at the wellhead over 5% are fully- or partially-
deadheaded. In addition, all of these wells are in the South Quarry that is covered by a flexible
membrane liner which prevents oxygen from being pulled into the waste mass. Therefore, these
oxygen levels do not represent elevated oxygen in the waste mass.

TMP Concerns

As Mr. Thalhamer notes, many of the TMP intervals have been adversely affected by the landfill
conditions. Thermocouples and their fragile wire leads were not intended and are not suited to
survive on a long-term basis buried in solid waste material that settles and shifts and contains gas
and liquid.

Temperatures of some of the shallower TMP intervals have increased in recent months. This is
likely due to shallow migration of warm gas that is moving through the upper waste layer —
which is the most gas permeable waste layer. CEC believes that the SSE is not expanding or
moving into the neck and that the SSE is not a fire. It has been our experience that the SSE
requires an adjacent high temperature zone to propagate; therefore, the natural cooling sink of
the landfill surface will mitigate the possibility of the SSE coming to the surface or the surface
down to the SSE. Experience at other sites with similar reactions has shown that this has never
occurred.

Civil & Environmental Consultants, Inc.



Bridgeton Landfill, LLC
CEC Project 131-178
Page 6

September 16, 2014

Mr. Thalhamer specifically mentions TMP-2, -8, -9, -12, and -14 in his letter. Attachment E
contains the most recent graph illustrating the long-term trend of maximum TMP temperature.
Although some of the intervals may be warming gradually, we do not agree that there is a
dramatic increase that suggests SSE activity in the area. Rather, any warming in the area is
likely the result of conduction and convection of heat from the active reacting area further south
in the South Quarry. Further, the warming in this area has been gradual over time — very
different from sudden and larger temperature increases observed in areas affected by the active
SSE (see Attachment A).

Due to MDNRs concern with the number of invalid TMP intervals, Bridgeton Landfill and
MDNR have agreed in principle to implement weekly wellhead temperature monitoring in the 10
designated neck area GEWSs. CEC believes that this will provide sufficient data to evaluate
conditions—together with CO and settlement data—even of all if the TMP intervals fail.

Comments on Thalhamer’s Recommendations

1. CEC supports Bridgeton Landfill’s Expanded Heat Removal Pilot Study. Although there
is no evidence that additional heat removal is necessary, the testing of another potential
heat removal technology is considered potentially beneficial.

2. CO testing of the GIW wells in the South Quarry is not necessary because there are
already 10 gas wells sampled in the same two-acre area. A clearer understanding of
conditions in the South Quarry neck area will not result from this additional testing.

3. CEC understands that the chains-of-custody and final lab reports, including all data, are
always available for MDNR inspection on site.

4. CEC does not support replacement of any of the compromised TMPs. The original
purpose of the TMPs was to allow proper placement of the GIW system and to augment
wellhead and settlement data for determining progression of the active SSE. The TMP
data is no longer needed as conditions in the neck area are now well documented and a
very large database of wellhead and settlement data exists—allowing detailed assessment
of conditions without the TMP data. In addition, Bridgeton Landfill and MDNR have
agreed in principle to implement weekly wellhead temperature monitoring in the 10
designated neck area GEWs. CEC believes that this will provide sufficient data in to
evaluate conditions—together with CO data and settlement data—even if all of the TMP
intervals fail.

CEC recommends that the observations made by Mr. Thalhamer be noted, and that they should
be evaluated relative to new data collected in upcoming events. Based on experience at other
similar reactions at other facilities, it is our belief that it may take years for temperature and CO
levels to drop in the neck area, even without active, proximate SSE activity.

Civil & Environmental Consultants, Inc.
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If you have any further questions, please call Michael R. Beaudoin at (248) 374-8610.
Sincerely,

CIVIL & ENVIRONMENTAL CONSULTANTS, INC.

Michael R. Beaudoin, P.E. Kevin T. Kamp, P.E.
Principal Senior Project Manager
Enclosures

Civil & Environmental Consultants, Inc.
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Bridgeton Landfill, LLC

13570 St. Charles Rock Road
Bridgeton, Missouri 63044

Mr. Chris Nagel

Missouri Department of Natural Resources
1738 East EIm Street

Jefferson City, Missouri 65101

July 17, 2014
Dear Mr. Nagel:

Thalhamer Data Review
Bridgeton Landfill, Bridgeton, Missouri
Permit No. 0118912

On June 20, 2014, you provided Bridgeton Landfill with a memo from Todd Thalhamer which was dated
June 15, 2014. The memo summarized Mr. Thalhamer’s interpretation of data (from the June 10, 2014
Weekly Data Submittal and the May and June 2014 Monthly Data Submittals) relative to the location
and movement of the SSE. Bridgeton Landfill believes that it is necessary to provide a response to Mr.
Thalhamer’s interpretations and concerns because we believe them to be misleading and incorrect.

For more than a year and a half Bridgeton Landfill has collected and reported an extensive volume of
data in order to carefully and comprehensively assess the location, extent and impact of the reaction
occurring deep within the South Quarry. We have worked with MDNR to develop this monitoring and
reporting protocol, and to update it as appropriate to ensure that we are able to work together utilizing
the best available information. That extensive data continues to show that the reaction remains a
subsurface reaction, contained in the South Quarry, and that it is not progressing into the North Quarry.
We are discouraged that MDNR or any consultant working for MDNR would issue findings and
conclusions that do not properly account for all available data. We are providing this response in order
to supplement the limited data relied upon by Mr. Thalhamer with the additional data that should be
included as part of any assessment.

The following paragraphs attempt to address his observations, conclusions, and concerns.

“Subsurface Fire/Smoldering Event Continues to Expand in the South Quarry”

The reaction is not a subsurface fire, but rather an exothermic reaction occurring in the absence of
oxygen (a necessary component for fire). The term SSE (subsurface smoldering event) was developed by
MDNR and adopted in the May 2013 Agreed Order, and that term will be used to refer to the reaction
that is occurring.

We disagree that the active SSE is expanding, but believe that it is moving. The direction of movement
of the active SSE is indicated by the movement of the areas exhibiting large settlement. While
settlement may not be a good early indicator of the genesis of an SSE—an ongoing SSE does result in
volume reduction which is reflected as settlement at the ground surface. When the SSE moves, areas



with accelerated settlement (previously defined as greater than 1.35 feet per month) are observed over
or adjacent to the area of the active SSE. The map provided in Attachment A shows locations for the
areas within which accelerated settlement is occurring. It can be seen that the total area affected by
accelerated settlement is shrinking and that the location of the accelerated settlement (and—
correspondingly—the active SSE) is moving away from the North Quarry and further south into the
South Quarry.

Evidence that the SSE is not expanding, enlarging, or intensifying is provided by the rate of settlement
that is occurring. The rate of settlement—expressed as cubic yards per day—is an indicator of the size
and activity level of the SSE. As shown on the graph in Attachment B, the rate of settlement in the past
seven months has been very steady. This suggests that the SSE is not expanding.

“Subsurface Fire/Smoldering Event is Past the Last Line of Gas Interceptor Wells/Temperature Concerns”
We agree that temperature in the neck is gradually warming. We do not agree that the SSE is moving
toward the neck, let alone “through the neck.” The warming in the area is likely the result of conduction
and convection of heat from the active reacting area in the southern portion of the South Quarry. As we
have noted in earlier reports, the compact waste material is a good insulator and maintains and
transfers heat very slowly to surrounding waste. Even if the SSE were to cease reacting today,
temperatures in the neck area—well removed from the SSE—would increase for some period of time
before they started to drop. Further, the warming in this area has been gradual over time — very
different from sudden and larger temperature increases observed in areas affected by the active SSE.

Specific examples referenced by Mr. Thalhamer as “Temperature of Concerns”:

Neck Area:

“GEW-38 above 190° F.” Bridgeton Landfill notes that this well temperature has been pretty steady with
minor fluctuations and a gradual maximum temperature rise from 184° F in October 2013 to 192° F in
May 2014 (eight months). See table in Attachment C.

“GEW-109 above 165° F.” Bridgeton Landfill notes that this well temperature has been pretty steady
with minor fluctuations and a maximum temperature decrease from 172° F in October 2013 to 166° F in
May 2014 (eight months). See table in Attachment C.

“GIW-1, -2, -3, -9, -10, -11, -12, and -13 temperatures above 165° F to 200° F.” Bridgeton Landfill has
observed gradually rising temperatures in these GIWSs; however, many of these wells have had elevated
temperatures since early 2013. We believe that the gradual warming is due to the conduction of heat as
explained prior in this letter. Higher gas temperatures at a given gas flow rate result in more heat being
removed from the landfill in the area of the GIWs—this is the proper function and operation of these
wells. Graphs for these GIWs are provided in Attachment D.

North Quarry
“GEW-53 and GEW-54 above NSPS temperature threshold of 131° F.” These gas wells have historically

operated at temperatures greater than 131° F. This condition exists at many landfills that do not have
an SSE or reaction occurring. The temperatures in these wells have been pretty steady with minor
fluctuations and a gradual maximum temperature decreases from 142° F in October 2013 to 137° F in
May 2014 (eight months) for GEW-53, and from 144° F in October 2013 to 138° F in May 2014 (eight
months) for GEW-54. See table in Attachment C.



South Quarry

“GEW-15, -16R, -18R, -21A, -34A, -57A, -58, -65A, -71, -72RR, -77, -81, -86, and —100. SEW 13, 63, 74
temperatures over 190° F.” Bridgeton Landfill does not understand the nature of the concern with
these wells. They are all located in the South Quarry, south of the neck area and are most definitely
impacted by the SSE. Wellhead temperatures over 190° F have existed in many of these wells for many
months as would be expected based on their location.

Oxygen Readings
Mr. Thalhamer notes several wells that exhibit maximum oxygen readings over 5% at the wellhead. All
of the wells noted by Mr. Thalhamer are in the South Quarry.

On June 24, 2013, Bridgeton Landfill replied in a letter to MDNR regarding Mr. Thalhamer’s previous
concern on this issue (included with this letter as Attachment E). As explained in that letter, these
oxygen levels do not represent elevated oxygen in the waste mass, but are due to well operational
issues that result in zero landfill gas flow so that the readings obtained are affected by ambient air in the
wellhead. It should be noted that all of the gas wells referenced by Mr. Thalhamer are in the South
Quarry which is covered by a flexible membrane liner which prevents air from being pulled into the
waste mass. The Monthly Data Submittals reviewed by Mr. Thalhamer contain these explanations for
such oxygen readings, again stating that they are not representative of oxygen present in the waste
mass.

TMP Concerns

As noted in the Weekly Data Submittals and ongoing discussions with MDNR, many of the TMP intervals
have been adversely affected by the landfill conditions. Thermocouples and their fragile wire leads were
not intended and are not suited to survive on a long-term basis buried in solid waste material that
settles and shifts and contains gas and liquid. In fact TMP-13 that Mr. Thalhamer is “most concerned
about” has experienced compromised intervals all year, as noted in the weekly reports provided to
MDNR. By the time of the June 10, 2014, weekly report, no TMP graph was even included for TMP-13
since it was determined that all intervals had become compromised. Even without these documented
data issues, it is not proper to rely on any one monitoring point alone given the expansive monitoring
network in place at the Bridgeton Landfill.

It is true that reported temperatures of some of the shallower TMP intervals have increased in recent
months. This may be due to compromised or failing units, or may be due to shallow migration of warm
gas that is moving through the upper waste layer — which is the most gas permeable waste layer.
Bridgeton Landfill does not believe, as stated by Mr. Thalhamer in Item 4 of this portion of his letter,
that the SSE is migrating vertically and will result in a “subsurface fire/smoldering event daylighting
under the flexible membrane cap.” Even if this unlikely event were to occur, the facility has developed
an Incident Management Plan that specifically addresses adequate means for responding, controlling,
and rapidly extinguishing such a surface fire; the IMP was developed in concert with first responders and
with Mr. Thalhamer. MDNR acknowledged the sufficiency of these surface fire response procedures in
its June 20, 2014, letter.

Recent Data Not Available to Mr. Thalhamer

The second paragraph of Mr. Thalhamer’s memo states “until additional carbon monoxide sampling is
performed in the neck, | am not able to conclusively state that the subsurface fire/smoldering event is
past the GIW system.” Mr. Thalhamer makes this statement even though three rounds of site-wide
carbon monoxide testing during this calendar year have each confirmed the absence of carbon




monoxide in the North Quarry — including the neck wells in the North Quarry — and reflected the
consistency of current North Quarry conditions with those documented in June 2013 sampling.

Since the time of Mr. Thalhamer’s review, Bridgeton Landfill has received the results of carbon
monoxide sampling on ten gas extraction wells in the “neck area.” Some of these wells are in the North
Quarry and others in the South Quarry. The results continue to indicate very steady levels of carbon
monoxide in the South Quarry neck area, while no carbon monoxide is detected in the North Quarry
neck area wells. See Attachment F for a table with these results.

In conclusion, the data, facility observations, and experience with similar reactions support the following
conclusions:

1. The SSE is confined to the South Quarry.

The active SSE is not expanding, but is moving to the south.

3. While temperatures in the neck area are warming slowly, this is not an indication that the SSE is
moving into the neck area, let alone through the neck area.

4. The SSE is not prone to “daylighting under the flexible membrane cap.” However, Bridgeton
Landfill has an Incident Management Plan—developed in concert with the first responders and
Mr. Thalhamer—that specifically addresses adequate means for responding, controlling, and
rapidly extinguishing a surface fire.

5. The most recent carbon monoxide testing data in the neck area (not available for review by Mr.
Thalhamer before his memo was prepared) indicates that the neck area results are stable.

b

If you need additional information, please contact me at (314) 744-8165.

Sincerely,
Bridgeton Landfill, LLC

beo |, Perr—

Brian Power
Environmental Manager

Attachments:

A — Map with Direction of SSE Movement

B — Graph of Settlement Volume

C —Table with Maximum Monthly Wellhead Temperatures

D - GIW Wellhead Temperature Graphs

E —June 13, 2013 Letter Response to Thalhamer Data Review
F— North Quarry and Neck Area Carbon Monoxide Results
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MAP WITH DIRECTION OF SSE MOVEMENT
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BASED ON THE ANALYSIS OF SURVEY DATA IN 2012.
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SEPTEMBER 23, 2013 AND PLACING A BOUNDARY AROUND THE AREA
THAT SHOWED SETTLEMENT OF 1.35 FT OR GREATER PER 30 DAYS.

3) THE JUNE 15, 2014 SETTLEMENT FRONT WAS DEVELOPED BY
COMPARING THE SURVEY FROM MAY 15, 2014 TO THE SURVEY FROM
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THAT SHOWED SETTLEMENT OF 1.35 FT OR GREATER PER 30 DAYS.
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TABLE WITH MAXIMUM MONTHLY WELLHEAD TEMPERATURES




BRIDGETON LANDFILL

SELECT GAS EXTRACTION WELL TEMPERATURE DATA

Maximum Initial Wellhead Temperature (deg. F)

Well Name | Oct. 2013 |Nov. 2013 Dec. 2013 | Jan. 2014 | Feb. 2014 [ Mar. 2014| Apr. 2014 | May 2014
Neck Area
GEW-38 184 179 181 181 186 190 189 192
GEW-109 172 170 174 162 167 170 122 166
North Quarry
GEW-53 142 133 128 137 132 138 139 137
GEW-54 144 148 136 142 140 138 138 138
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GIW WELLHEAD TEMPERATURE GRAPHS
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GIW-2 Wellhead Temperatures
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JUNE 13, 2013 LETTER RESPONSE TO THALHAMER DATA REVIEW




Bridgeton Landfill, LLC

13570 St. Charles Rock Road
Bridgeton, Missouri 63044

Mr. Aaron Schmidt

Missouri Department of Natural Resources
1738 East EIm Street

Jefferson City, Missouri 65101

June 24, 2013
Dear Mr. Schmidt:

Gas Wellfield Management
Bridgeton Landfill, Bridgeton, Missouri
Permit No. 0118912

At the June 18, 2013 Team Bridgeton meeting, you referred to comments in the report “Data Evaluation
of the Subsurface Smoldering Event at the Bridgeton Landfill” prepared by Todd Thalhammer, P.E. dated
June 17, 2013. The referenced comments are found in the “General Comments and Concerns on the
Landfill Data” section of the report and deal with Mr. Thalhamer’s concern with what he sees as
“overpull” of the gas extraction wellfield.

We do not believe that a systemic condition of overpull exists in the wellfield, but remain open to
discussing this further to answer any questions and offer the following comments in response to the
concerns raised in Mr. Thalhamer’s report:

1. The report references several incidents where inlet gas to the flare contained more than 5%
oxygen and cites that as evidence that the “facility is overdrawing the gas collection and control
system.” However, it should be noted that the gas collected at the flare includes gas from many
locations other than the GEW and GIW wells in the wellfield. About 50 PEW (perimeter
extraction wells) are installed outside the limits of waste in soil and rock materials for the
purpose of limiting methane migration. These wells draw primarily ambient air with high
oxygen levels but do not draw oxygen into the waste material. Also, there are a number of
“odor control” devices that contribute gas to the flare inlet, such as “bubblesuckers” (features
that remove shallow gas from under sections of synthetic liner material), sump collectors,
shallow horizontal trenches, and leachate vessels; each of these allow ambient air into the gas
collection system, without pulling oxygen into waste material.

2. Table 4 of the report lists gas wells from April that had peak oxygen level over 5%. There are
many reasons that this can occur, and the details of these specific incidents can be investigated.
Generally speaking, the presence of a high water level in a gas well can limit or prevent landfill
gas from reaching the wellhead where oxygen is measured. In such cases, the field instrument
pulls a vacuum on the wellhead which may allow air to infiltrate the wellhead causing oxygen
readings that are not representative of oxygen levels in the waste mass. In other cases, It is



possible that settlement causes the solid casing portion of the gas well to pull away from the soil
creating a “short-circuit” of air to migrate down along the casing and to enter the top of the well
screen (which is usually shallow and well above the reaction area); again, this would not be
representative of the oxygen content in the waste mass.

We agree with MDNR and Mr. Thalhammer regarding the importance of minimizing oxygen intrusion
into the waste mass, and will continue to remain diligent while also exerting efforts to maximize gas
removal in an attempt to control odor. We have reinforced our procedures to assure follow-up and
trouble-shooting for GEW and GIW wells that indicate presence of oxygen; these may result in earlier
introduction of a pump into a well, greater attention to surface seals, etc. Addition of the EVOH cap
should allow better surface seal eliminating one of the above-mentioned variables.

If you need additional information, please contact Michael R. Beaudoin of CEC at 248-804-8022 or
myself at 314-744-8195.
Sincerely,

Bridgeton Landfill, LLC

%, / VA '
LA /S 2 o

Craig Almanza
Area Environmental Manager

cc: Mr. Chris Nagel, Chief, MDNR-SWMP
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NORTH QUARRY AND NECK AREA CARBON MONOXIDE RESULTS




BRIDGETON LANDFILL NORTH QUARRY AND NECK AREA CARBON
MONOXIDE ANALYSES

June 6, 2013 | January 24, March 25, May 22-23, |June 25, 2014
Gas Well Sample 2014 Sample | 2014 Sample | 2014 Sample | Sample, Neck

ppm ppm ppm ppm ppm
North Quarry Gas Extraction Wells
GEW-1 ND ND ND ND
GEW-2 ND 180 ND ND
GEW-3 ND ND ND ND
GEW-4 ND ND ND ND
GEW-5 ND ND ND ND
GEW-6 ND ND ND ND
GEW-7 ND ND ND ND
GEW-8 ND ND ND ND ND
GEW-9 ND ND ND ND ND
GEW-40 ND ND ND ND ND
GEW-41R ND ND ND ND
GEW-42R ND ND ND ND
GEW-43R ND ND ND ND
GEW-44 ND ND ND ND
GEW-45R ND ND ND ND
GEW-46R ND ND ND ND
GEW-47R 100 36 ND ND
GEW-48 ND ND ND ND
GEW-49 ND ND ND ND
GEW-50 ND ND ND ND
GEW-51 ND 120 120 ND
GEW-52 ND ND ND ND
GEW-53 44 120 150 ND
GEW-54 44 24 ND ND
GEW-55 ND 32 30 ND ND
South Quarry/Neck Area (closest sampling date to North Quarry event possible)
GEW-10 370 180 300 63 ND
GEW-38 2700 2400 2000 2400 2300
GEW-39 630 260 280 280 260
GEW-56R 230 2900 690 440 ND
GEW-109 1500 1300 1900 1700 1500
GEW-110 920 460 NA NA 880

= Neck Area Well designated June 2014




ATTACHMENT B
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APPENDIX E

CORRELATIONS OF SITE METRICS WITH REACTION PREDICTION
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1 INTRODUCTION

1.1 PURPOSE

The purpose of the work presented in this Appendix was to identify those metrics that can be
obtained at the site on a normal basis to predict the location and rate of movement of the reaction
at the Bridgeton Landfill. Data that has been and will be gathered at the landfill and could
potentially be used to monitor the location and progress of the reaction was examined in detail to
determine how well it predicted behavior to date and how those data could be used for the purpose
of triggering actions in the future.

1.2 SCOPE

The following data was examined:

e Temperature Monitoring Probe Readings (available since late fall 2012)

e (Gas wellhead field monitoring data (available for wells since 2009 and earlier)

e Laboratory Gas Analysis from individual gas wells (available for some wells at dates starting
as early as 2011 but monthly for most south quarry wells beginning in August 2012)

e Settlement rate data (grid survey comparisons beginning in January 31, 2013 and GPS
digital terrain models back to early 2011 on a monthly basis)

The data used and the analyses and predictive capacity and relationships identified are presented
and described in the subsequent sections of this appendix.

2 GENERAL DATA PRESENTATION

2.1 TMP MEASUREMENTS

TMP data has been gathered on weekly basis for each of the TMP units once they were installed. In
some cases, most notably TMP-8, some of the thermocouple units have become inoperable with
time. TMP data has been plotted with time along with the settlement rates for grid based surveys
and gas well data (gas wellhead temperature) to identify correlations between these conditions and
in-ground temperature. The maximum and average values for the TMP plotted were chosen to
represent the TMP readings in the simplest fashion. TMP plots with settlement rate at the TMP are
presented in Figures E-1 through E-14 and TMP plots with gas wellhead temperatures, for gas wells
that are proximate to TMPs, are presented in Figures E-15 through E-22. TMP maximum
temperatures were also included in plots for gas well constituents where they were proximate to
gas wells as described in Section 2.2 of this Appendix. These figures are referred to in subsequent
sections of this Appendix.

2.2 GAS WELL DATA

Gas wellhead data, i.e. well head temperature, and field analyzer measured CO», and CHy4, have been
plotted along with laboratory gas analysis of CO, CO2, H, and CHs with time. Nearby TMP maximum



temperature and settlement rate values at the gas wells have also been included. Figures E-23
through E-47 present plots of gas wells selected to cover a range of behaviors, locations relative to
the reaction, and wells that are proximate to settlement fronts and TMP readings. These figures are
referred to in subsequent sections of this Appendix.

3 ANALYSIS OF DATA

3.1 TMP DATA

The TMP data was analyzed to look at what in-ground temperatures were consistent with other
signs of the reaction. The main indicators of the reaction are typically settlement at the ground
surface, gas wellhead temperatures and CO.

3.1.1 COMPARISON TO SETTLEMENT RATE

Comparison of settlement and maximum temperature measured at a TMP location is illustrated in
Figures E-1 through E-14. Three of the TMP’s, TMP-7R, TMP-8, and TMP-9, as shown on Figures E-
7 through E-9, respectively, have exhibited maximum temperatures in excess of 220 °F. As can be
seen in Figures E-7 and Figure E-8, maximum TMP temperature and settlement rate are closely
linked to the settlement rate having exceeded a value in the range of -0.04 to -0.045 ft per day.
Figure 9, depicting TMP-9, does not show this correlation, but is located where the waste thickness
is approximately 0.4 times the thickness of the other locations, so it is possible the similar rate of
settlement at the location of TMP-9 is on the order of -0.016 to -0.018 ft per day, which appears to
have been exceeded in December or January of this year. It should be noted that settlement at the
TMP-9 location has been limited since those dates and temperatures of late have been falling. When
looking at the Figures it should be noted that the survey data for settlement rate prior to December
12 was not done on a grid basis so actual settlement rates reported in December are considered
less accurate than those reported on or after January 31, 2013, when all data was compared to a
common grid location point to point.

The remaining TMPs have experienced a maximum temperature of 180 °F, as can be seen in the
corresponding Figures.

[t is not surprising that local settlement is related to exceedence of temperatures in excess of

220 °F. At this temperature, paper and other cellulose based materials can begin to pyrolyze,
resulting in volume reduction. It can also be seen looking at Figure 8 that temperatures continued
to rise after the onset of achieving 220 °F, which suggests that pyrolysis-related settlement behind
the front is greater. As described in the March 29, 2013, letter to Mrs. Fitch of MDNR from Craig
Almanza of Bridgeton Landfill! under the heading “Analysis of the Shape of the Zone of Accelerated
Settlement”, the settlement at any point in the area of advancing settlement includes settlement
associated with volume reduction from areas as far away as 150 ft. This may well explain why
there is apparently no substantive time delay between the achievement of the maximum TMP
values of 220 °F and a settlement rate of -0.04 to -0.045 ft/day. This is consistent with mapping of

1 Referred to hereinafter as Reference 1 and included in Appendix A of the North Quarry Contingency Plan
Part 1.



the settlement front as a measure of the reaction advance using the -0.045 ft/day value that has
been presented thus far in the project.

At shallower sections of the quarry it may be appropriate to reduce the level of settlement per day
deemed as accelerated settlement to a value that is consistent with the heated zone in the shallower
area compared to full quarry height locations. This would reflect the fact that settlement rate
associated with the reaction is actually associated with the thickness of the waste being heated to a
level that results in volume destruction, based on the TMP charts of temperature with depth.

3.1.2 COMPARISON TO GAS WELLHEAD TEMPERATURE

Gas wellhead temperature reflects the average temperature of the waste the gas has passed
through for the zone around the well. In areas where the temperature varies significantly with
direction and distance from the well, such as near a temperature front, the gas wellhead
temperature can be very different than the waste temperature at any depth around the well. In
areas that are not experiencing temperature changes in lateral directions, the gas wellhead value
reflects the average temperature typically of the upper 75 feet of waste column, which in a
decomposing landfill is cooler than landfill waste temperatures at greater depths but still well
above the landfill bottom (>40 or 50’above bottom). As such the temperature difference between
maximum and average TMP values compared to the gas wellhead temperature seen in Figures E-15
through E-22 is not unexpected.

For gas wells more than 100 feet from the Settlement Front or apparent heat front, such as GEW-10,
GEW-39, GEW-56R and GEW-109, the wellhead temperature was found to be as much as 30 °F
lower than the average nearby TMP value (GEW-10 and TMP10 - Figure E-15) but more typically
10 to 15 °F lower. Maximum TMP values for these same wells were 12 to 45 °F higher than the
wellhead temperature of nearby wells. No correlation between temperature difference and
distance from the TMP to the well were identified, given the greater differences were observed at
GEW-10 which is within only 10 feet away from TMP-10. Differences between the TMP max and
average values were typically greater if the well was north of the TMP (further from the advancing
heat front) than south of the TMP (closer to the heat front). One could generally conclude that
typically wellhead temperatures removed from the heat fronts could be in the range of 40 °F below
the maximum temperature in the waste, but the data is limited. The significant difference between
the TMP-10 and GEW-10 suggests that the TMP data represents a relatively small distance close to
the TMP.

For gas wells closer than 100 feet from the Settlement Front (or heat front), such as GEW11, GIW?7,
and GIW-11 the variation between gas wellhead temperature and the TMP average values was
typically less than was observed in the wells further away from the front. But the variation from
the maximum TMP value was consistently close to thirty degrees. The only observed exception
was GIW-7 which, being 51 feet away from TMP-7R, did not show a rise in temperature during the
beginning of June 2013, when TMP-7R increased nearly 60 degrees in maximum and 20 degrees in
average. GIW-7 is the only well near the heat front that is also within any proximity of a TMP. A
plot for GIW12 is also included (Figure E-22) just to complete the set of wells close to TMPs.



However, GIW-12 has yet to reach a stable operating condition and therefore no conclusions can be
drawn from it.

Generally speaking, the gas wellhead temperature can be shown not to directly reflect the
maximum temperatures in the waste mass. In general it would be reasonable to suggest that in
areas not within 100 feet of more of a settlement front, the wellhead temperature is likely within 40
to 45 °F of the maximum waste temperature. This would suggest that in the absence of settlement
occurring at an elevated rate or significant CO concentrations, a wellhead temperature of up to 175
°F could, in the absence of other indicators, be acceptable and would indicate maximum waste
temperatures in the vicinity of that well less than 220 °F. A gas wellhead temperature of 175 °F or
higher could indicate the area had been likely been warmed by processes not consistent with
biological degradation processes and would reflect maximum temperatures within the waste in the
area of influence of the well that would exceed 220 °F.

3.1.3 ABILITY TO PREDICT LOCATION AND RATE

TMP data is not able to predict rate or location that is closer than the spacing between TMP points.
For example, if one looks at Figures E-7 and E-8, it is clear that the change in temperature from 180
to 190 to 220 was a gradual change that was consistent with the slope of the temperature line in
advance of the change. It is apparent that some energy consuming activity is associated with this
temperature rise that makes the transition faster, once the temperature transition to 220 °F is
achieved the temperature continues to rise higher. Based on the behavior of TMP-7R and TMP-8 it
appears that all one can conclude is that the front is either at a location or not. The rate of travel is
not apparent from the TMP data alone. Review of data associated with TMP-13 does not indicate
the rate the front may be advancing toward it based on measured temperature. All that could
possibly be concluded is TMP-13 is warming at a very slow rate (See Figure E-13).

3.2 GASWELL DATA

Gas well data was examined to determine what, if any, information was predictive of location and
rate of movement of the reaction. Figures E-23 through E-47 contain gas well measurements and
TMP data, when a TMP is nearby, along with settlement rate data based on the surveys performed
at the site. In addition, a summary of gas well location relative to the settlement front, as currently
defined by rate of settlement of -0.45 ft per day (1.35ft per 30 day month). Settlement rate data
prior to January 31, 2013 is considered less accurate given the surveying methods used.

As explained in Section 3.1.2, the gas well data is influenced by proximity to the heat front, but not
in an easily definable way. To explore the relationship, the locations of gas wells relative to the
settlement front or in proximity to the front were identified. These are summarized in Table E-1 for
settlement front locations as of July 2012 and later. Earlier settlement fronts have not been
determined.

As can be seen in Table E-1, many of the gas wells that are within 50 feet of the settlement front as
of April 15,2013 have been inside of the gas front or within a limited distance of the settlement
front since September 2012 or July 2012. Itis also possible to examine wellhead temperatures
within the settlement zone, as well as other gas make up.



Gas well constituents represent gas being collected at any time, not gas being produced at any
specific location. When the gas being produced is constant with time, the gas collected should be
similar to the gas being produced. When the gas being produced is changing with time, the gas
being collected represents a mixture of gasses produced with gasses that are stored in pore spaces
or diffusing from solids within the area of influence. In addition, as was mentioned in Section 3.1.2,
the gas collected comes from an unknown tributary area and would be expected to include the
gasses from any nearby heat affected zone prior to the heat of the reaction actually causing volume
reduction at the well. Further, since the gas constituents are tracked as percent volume (dry)
constituents not related to methanogenesis are amplified in concentration by the reduction in
methane production that occurs when the waste mass is warmed over 160 °F. Once methane
production is halted to temperature rise, the major gas constituents are typically CO2, H,. CO is also
present but is not a major gas constituent (typically less than 1% or 10,000 ppm). Based on
experience at other sites, CO concentrations are likely to remain elevated for some time even after
temperatures begin to fall and settlement rates reduce. For this reason it is appropriate to examine
well gas concentrations by looking at wells that have been inside or near the reaction area at times
in the past, wells that have only recently been in or near the reaction area and wells that have never
been proximate to the reaction area as separate sets of data. Screening for wells that have never
been in the reaction area has been approximated by those wells not currently within 150 ft of any
of the settlement fronts and wells that, since 2011, are not located in areas that have settled more
than 5 feet, which excludes wells GEW 14a, GEW-18R, GEW-19A ,GEW-112 and GEW-45R possibly
from the wells not within 150 feet of settlement fronts. GEW -244a, through 30 R in the southeast
corner of the South Quarry were also eliminated from this set given their proximity to the reaction
and the likelihood that added fill placed in this area had masked settlements.

Laboratory of gas analysis is available for only south quarry wells and most of that is for periods
following August of 2012. Therefore, only gas wells in the south quarry were included in the
analysis of gas well constituents. Field measurements of gas well constituents were not utilized for
analysis of wells within the vicinity of the reaction area since they do not include any information
on CO or Hoa.

3.2.1 GAS WELLHEAD TEMPERATURE

3.2.1.1.1 Wells Inside or Proximate to the Settlement Fronts

Gas wellhead temperature inside or proximate to the settlement fronts was analyzed by looking at
all data and filtering for CO values higher than a fixed value. The following presents the wellhead
temperatures as they related to CO values. Gas wellhead temperatures below 100 °F were
manually excluded from the analysis as being not representative of gas wells with any flow. It
should be noted that some reported temperatures were as low as 0 °F.

CO Minimum Average Median Standard Sample Count
Deviation

5000 ppm 171.5 180 24.7 109

4000 ppm 170 179 24.8 174

3000 ppm 162 170 26 270

2000 ppm 156 152 25.8 384




The results indicate that a gas well temperature above 170 is identified with CO values on average
of more than 4000 ppm. Gas wellhead temperatures in excess of this value would suggest that
significant waste alteration via heat is occurring. As represented in Figures E-24 through E-47, the
data does have significant scatter, as would be expected given that each data point is a composite of
gas produced from waste within the zone of influence of the well. The significant reduction in
median temperature from CO concentration of 3000 ppm to 2000 ppm indicates that the threshold
indicator is at least 3000 ppm. The minimal change between 4000 and 5000 ppm suggests that
4000 ppm could be used as a threshold for clearly being in the elevated head zone and gas wellhead
temperatures in the range of 170 to 175, which could be considered indication of waste
temperatures having reached 220 °F temperatures. Consistent with the comparisons of TMP values
and wellhead temperatures discussed in Section 3.1.2, CO in excess of this value would suggest that
significant waste alteration via heat is occurring.

3.2.1.1.2 Wells more than 150 feet from Any Settlement Front

An evaluation of the gas wellhead temperatures measured routinely at the site was performed for
all the wells outside the settlement areas. The evaluation is reported in Table E-2. The average
value of wellhead temperature was 107 °F with a maximum value of 155 °F associated with
GEW-54 located in the south end of the North Quarry. Minimum readings of 19 °F were reported.
These low readings bias downward the average value and are certainly not representative of the
gas in the wells but likely a measurement taken with no or little flow in the well. Ignoring
temperatures below 90 °F raises the average temperature to 113 °F. This suggests a temperature of
135 °F (the average plus 1 standard deviation) would represent a temperature at which nothing is
occurring. Higher wellhead temperatures may warrant further scrutiny if other indicators of
reaction are present.

TABLE E-2
FIELD MEASUREMENTS OF
OF GAS WELLS > 150 FT FROM SETTLEMENT

FRONTS
Init
CH4 CcOo2 02 CH2/C0O2 | Temp
Average 40.62092 | 40.11428 | 0.452371 | 1.052027 | 105.0662
Median 43.6 38.9 0| 1.131016 110
Std Dev 12.88234 | 10.44071 | 2.018484 | 0.31617 | 22.67967
Min 0.1 0.2 0 | 0.012422 19
Max 66.9 86.2 21.5 | 2.167857 155
Count 7749 7753 7753 7749 4395
Average
Using
only
t>90deg 113.2069




3.2.2 GAS CONSTITUENTS

3.2.2.1 CO

3.2.2.1.1 Wells Inside or Proximate to the Settlement Fronts

Laboratory gas well sampling data was analyzed for wells inside the settlement front as of March
20, 2013, which represented the largest settlement front area to date. The statistical evaluation of
the CO levels in the wells for gas samples obtained in February through April 2013, is presented in
Table E-3. The CO levels averaged 3300 ppm but ranged from 170 to 6700 ppm. The median value
was 2900 ppm. When compared to the sample set that includes all the data from the same wells
back to August 2012, the average value of the time within the front was lower than the overall
average value, shown in Table E-3, of 4460 ppm with approximately the same minimum value and
8900 maximum value. This clearly did not indicate any significant change with being within the
reaction zone of high heat and not. It suggests either the area was already reacting for the full
period or that wells proximate to the front have quite variable CO concentrations. This would
suggest that CO values in excess of 4000 ppm are indicative, but not definitive of being within the
settlement or heat front zone.

TABLE E-3A
ANALYSIS OF WELL INSIDE MARCH 20, 2013
SETTLEMENT FRONT - SAMPLE DATES 2/13 TO 5/13

co Cco2 H2 CH4 C02/Co CH4/C02
Average 0.332 62.226 20.484 6.845 507.150 0.114
Min 0.017 43.000 0.000 0.150 103.125 0.002
Max 0.670 72.000 34.000 26.000 3176.471 0.433
STD Deviation  0.211  6.220 9.452 8.061 760.966 0.138
MEDIAN 0.290 63.000 23.000 3.700 206.897 0.056
TABLE E-3B

ANALYSIS OF WELLS INSIDE MARCH 20. 2013
SETTLEMENT FRONT - SAMPLE DATES 8/12 TO 5/13

co Cco2 H2 CH4 C02/Co CH4/C02
Average 0.446 61.319 21.304 5.502 276.275 0.100
Min 0.015 35.000 0.000 0.150 78.652 0.002
Max 0.890 73.000 32.000 32.000 3176.471 0.627
STD Deviation 0.209 7.746 7.262 6.532 507.410 0.129
MEDIAN 0.450 64.000 23.000 2.800 132.653 .041

3.2.2.1.2 Wells more than 150 feet from Any Settlement Front
The laboratory gas well sampling data for the wells that had not been within a 150 of settlement
front are presented in Table E-4, shown below.



TABLE E-4

LABORATORY GAS ANALYSIS
GAS WELL NOT WITHIN 150 FT OF
SETTLEMENT FRONTS

STATISTICS Cco2 METHANE | HYDROGEN co C02/CO | METH/CO2
Count 46 46 47 68.00 46 46
Average 54.74 22.90 6.40 0.07 3034 0.478
Maximum 76.00 46.00 28.00 0.33 16296 1.212
Minimum 21.00 3.10 0.00 0.00 185 0.051
Median 56.50 24.00 0.00 0.01 1135 0.450
Standard

Deviation 14.25 14.17 8.51 0.09 3799 0.350

The data shows that CO values within the areas that have not been within or near settlement front
limits in the past are on average approximately 700 ppm, but do have numerous values in excess of
this value. The average plus one standard deviation of data range could be adopted as a reasonable
indication that some heating of the waste, worthy of exploration, is warranted. This would
correspond to a CO value of 1600 ppm. The complete set of well samples used is provided in
Attachment E-1.

3.2.2.2 H;

3.2.2.2.1 Wells Inside or Proximate to the Settlement Fronts

The laboratory gas well sampling data for wells within or proximate to settlement fronts indicates a
wide range of H, partial volumes, as can be seen in Table E-3. The data is so variable that it cannot
be used an indicator, other than to suggest that higher than 20 percent hydrogen seems to be
strongly related with significant warming. However, it does not, as is apparent in Figure E-41
(GEW-38), relate to settlement rate, maximum TMP temperature, CO level, or wellhead
temperature. GEW-38 is within 100 feet of the settlement front. Figure E-34 (GEW 63) also depicts
a well proximate to the settlement front. It is approximately 57 feet from the location of the front as
of May 2013. It does indicate an increase in H;, but it occurred in 2011, well in advance of any
significant increase in well temperature or CO level. This can be compared to Figure E-37 (GEW-
69R) which has been within the settlement front for a significant time and exhibited H; levels
comparable to the previous two wells mentioned. Wells that have moved in and out of settlement
fronts, such as GEW-12A and GEW-32R (Figures E-24 and E-27, respectively), show that H; values
are not related to settlement rate or wellhead temperature.

Average values of H; within the heat front or proximate to, as reported in Tables E-3A and E-3B, are
20% to 21%. but as described above, significant variation exists. A median value of 23% was found
in both the post January 2013 sample subset and the full sample of wells within the March 2013
settlement front limits. A median value of 26% was found for wells within the settlement front
limits as of February through April samples. However no definitive value is apparent.
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3.2.2.2.2 Wells more than 150 feet from Any Settlement Front

The laboratory gas well sampling data for the wells that had not been within a 150 of settlement
front are presented in Table E-4. The data shows that H, values within the areas that have not been
within or near settlement front limits in the past are on average approximately 6.4%, but do have
numerous values in excess of this value. The median plus one standard deviation of data range is
8.5%. This is significant and is not recommended as a target for an indication that no heating is
likely to occur. It is likely that the values of hydrogen are reflective of the ease in which it migrates
within the waste mass and the fact that values are heavily weighted to samples only taken in the
south quarry.

3.2.2.3 CH4

3.2.2.3.1 Wells Inside or Proximate to the Settlement Fronts

Wells near, or within, the settlement fronts exhibit reduced Methane concentrations as the waste is
warmed, which is to be expected given the relatively low temperature at which methanogenesis is
impeded. All of the wells that eventually are in warmed areas exhibit low methane levels. While
this would be predictive of the area eventually being warmed, it does not indicate when that may
occur or if it would eventually be warmed to a temperature that would result in significant volume
reduction of the waste. This is evident in Figures E-31 and E-33, all near but not within settlement
fronts. Methane concentrations in GEW-38 (Fig.E-31) have fallen to less than 5%, while in GEW-
56R (Figure E-33), located about the same distance from the front and exhibiting similar maximum
TMP temperatures, the methane contractions are in excess of 20% at present. The wells have
markedly different behavior and either may or may not be warmed to a maximum waste
temperature of 220 °F.

Laboratory analysis of gas well samples for methane of the same well and date sets described in
Section 3.2.2.1.1 shows the methane content averaged between 4% and 6%, but had significant
deviations from average, with maximum values of 32% and minimum values of 0.15%. The median
value was less than 4%. The data shows no specific trend other than it diminishes with time as the
well spends more time in the heated zone, which, as noted above, is expected given the negative
impact of increased temperature on methanogenesis. The statistical results are presented in Tables
E-3A and E-3B.

3.2.2.3.2 Wells more than 150 feet from Any Settlement Front

The analysis of wells for methane concentration from laboratory gas samples indicated the average
methane content was 23%, with significant variability, as can be seen in Table E-4. The standard
minimum and maximum values were 3% and 46%, respectively. This suggests that methane
content is not a reliable measure for determining if no reaction processes are ongoing. Field
measurements of methane indicated a higher average, 40.6%, but a large range (0.1% to 67%)
suggesting that field measures of methane are not definitive.

3.2.2.4 Gas Ratios
3.2.2.4.1 Wells Inside or Proximate to the Settlement Fronts



As can be seen in Tables E-3A and E-3B, the gas ratios of CO/CO and CHs/ CO> are consistently
lower than those for areas outside any reaction affected areas. However, there is still no clear value
that can be identified. Other screening suggested that CO,/CO below 115 were definitely associated
with wells within the settlement fronts, but wide variation exists inside the fronts. This is apparent
with the lack of significant difference between the well data sets for the periods containing the full
range of data and only the months near or within the March 20. 2013 fronts.

The CH4/ CO; ratio shows similar noisiness with no clear difference between sample sets.

3.2.2.4.2 Wells more than 150 feet from Any Settlement Front

The minimum ratio of CO,/CO, using laboratory gas samples, was 165 and the median value was
480. Average and maximum values were very high given the very low levels of CO measured and
the number of Non Detects (which were assigned 10000 as a ratio). Ratios of less than 115 were
found to be indicative of substantial heating. The geometric mean of the values was 825 suggestive
of a CO value of 700 ppm which is lower than the median 900 ppm measured. It is suggested that
the median ratio of 480 would be more appropriate which suggests a CO value of greater than 1300
ppm would be present.

The ratio of Methane to CO, was also calculated utilizing the field measured values. As can be seen
in Table E-4, the ratio varied from greater than 1.2 to a minimum of 0.045. The average less one
standard deviation would be approximately 0.13. It should be noted that this metric is very noisy
as far as data is concerned, as can be seen in the Figures E-24 through E-47. It is not recommended
for use for any decisions.

Given the noisy nature of the field data and the fact that no field measurement of CO is possible,
field data for gas ratios was not analyzed statistically.

3.3 SETTLEMENT RATE DATA

Settlement rate data has been collected at the site on approximately a monthly basis since 2012.
The data collected prior to December 2012 was analyzed and reported in the January 3, 2013
submittal to the MDNR. This report identified a rate of -0.045 ft per day of elevation change as the
likely measure of accelerated settlement for the site. Changes in the survey method to improve the
comparison month to month were made starting in December 2012 for a portion of the South
Quarry and completed by the January 31, 2013 survey. From that date on, settlement maps have
been prepared on a monthly basis and the settlement front identified as the location of the
boundary between areas settling faster and slower than the aforementioned rate. The demarcation
has been seen to be useful in tracking the expansion of the reaction-affected areas, that is,
expansion of elevated temperature into areas previously not warmed to above 220 °F.

The correlation between the settlement front and temperature is apparent in Figure E-7 and E-8. It
does not appear that there is any significant time lag between the onset of maximum TMP
temperatures of 220 °F and settlement rate increase above the threshold of 0.04 to 0.045 ft per day,
or an equivalent rate at TMP 9 corrected for depth, as described in Section 3.1.1. In addition, while
the data correlating the settlement rate to a TMP maximum temperatures is limited to the three
points where the settlement front has encountered a TMP, it is consistent at all three. At the same
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time the TMPs not indicating temperatures above 220 °F have not experienced high settlement
rates since the use of the more accurate grid survey, which is further support for the correlation at
all TMP locations.

At the present time there are 14 TMPs, of which only three have reached a maximum temperature
of 220 °F. The remaining 11 TMPS are between the North Quarry and the area that has reached
temperatures of 220 °F. The relationship between settlement rate and TMP maximum temperature
will, if the reaction continues to progress to the north, be able to be tested and refined as needed.
The relationship can continued to be tested as a timely indicator of the reaction by the insertion of
TMPs in the apparent path of the progress of the reaction as appropriate based upon progression.

4 CONCLUSIONS

4.1 DETERMINATION OF THE LOCATION OF THE REACTION FRONT

The measurements that best indicate the zone of the reaction front are those measurements of
temperature from the TMPs considered together with the monitoring of surface settlement.
Together, identifying the rate of surface settlement relative to TMPs which have reached 220
degrees Fahrenheit, we can best identify the location of the reaction front. The current data
available identifies the settlement rate for areas that are full depth of the quarry, as an elevation
drop of approximately -0.45 ft per day or -1.35 ft per 30 day period. If the reaction moves into
areas with waste thicknesses that are significantly less than the current 220 to 260 feet, the value
should be adjusted downward to reflect the portion of the waste mass between 50 and 150 feet that
is less than 60 feet above the quarry floor. These above measures are useful in identify advancing
fronts and so have been proposed for the purpose of developing trigger lines for contingent future
actions on site. However it should be noted that these are not relevant for identifying retreating
fronts, because the heat stays in the waste long after the elevated temperatures are reached.

Following review of the extensive data available from gas wells, it appears these values are highly
variable and should be considered useful as general temporal indicators. As an indicator
parameter, the gas well data can be evaluated in conjunction with other relevant data. The best gas
well indicators appear to be CO and wellhead temperatures. It would appear that CO values of
above 4000 ppm and gas wellhead temperatures higher than 175 degrees Fahrenheit are likely
good indicators that wells are within or proximate (within 50 feet of) the heat front.

Other data can be used as indications of trends, such as rising hydrogen concentrations or falling
methane concentrations, but the data does not support any specific values that would be useful as a
trigger mechanism.

In conclusion, the extensive data collected at Bridgeton Landfill throughout the progression of the
SSE has allowed for a site-specific detailed evaluation of predictive, responsive, and trend reflecting
conditions related to the SSE. Based upon this evaluation, a firm basis has been established for the
selection of trigger points for identification of the location and movement of the SSE, as well as
information for the assessment of general trends within the waste mass.
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4.2 AREAS Not INVOLVED IN THE REACTION FRONT OR PROXIMATE TO THE FRONT
Analysis of the available data suggests that gas well CO levels under 1600 and wellhead
temperatures of under 135 are indicative of the conditions at the site that are far removed from the
areas that have been heated to 220 °F. If isolated wells are higher than these values they should be
monitored for trends. If they are within 200 feet or less of the settlement front, then exceeding
these values can be expected.
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GAS WELL LOCATION in or PROXIMATE
to SETTLEMENT FRONTS

September 2012

March 2013

May 2013

February 2013

July 2012

October 2012

February 2013

April

April

November 2012

March

February 2013

March

Name

within 25 ft

inside front

inside front

within 25 ft

within 25 ft

within 25 ft

inside front

inside front, plus 50
ft

inside front

inside front

between front and
25 ft

between 25 and 50
ft of front

between 25 and 50
ft of front

Name

September 2012 - within 25 ft

March 2013 - inside front

May 2013 - inside
front

February 2013 -
within 25 ft

July 2012 - within 25
ft

October 2012 -
within 25 ft

February 2013 -
inside front

April - inside front,
plus 50 ft

April - inside front

November 2012 -
inside front

March - between
front and 25 ft

February 2013 -
between 25 and 50

March - between 25
and 50 ft of front

GEW-104

X

X

X

X

X
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<
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TMP-7R

TMP-8
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TABLE E-1
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2. EDD represents laboratory gas sample analysis.
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4. Well temperatures are field measure data.
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Notes:

1. Concentrations are % Vv/Vy,.

2. EDD represents laboratory gas sample analysis.
3. Multi represenets field measured data.

4. Well temperatures are field measure data.
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Notes:

1. Concentrations are % Vv/Vy,.

2. EDD represents laboratory gas sample analysis.
3. Multi represenets field measured data.

4. Well temperatures are field measure data.

GAS CONCENTRATIONS,
TEMPERATURE, AND SETTLEMENT RATE
BRIDGETON LANDFILL



Temperature (°F)

215

200

185

170

-

(o))

(&)
|

N

N

o
I

125

110

95

80 -

Concentration (CO)

0.8

0.7

0.6

o
(S}
1

<
IS
|

0.3

0.2

0.1

Concentration (CO,, H,, CH,, N,)

GEW-72R

90 -0.09
80 -0.08
] + L
A- + / PROPOSED
70 4 + -0.07 TRIGGER LEGEND
i
| o gle)
| ettlement Rate
60 " -0.06
4 I L
| 5
50 0.05 E LEGEND
e |- - Well Temperature
& ———+—— CO_EDD
'qc: + CO2_EDD
40 -0.04 E ~———+——— Hydrogen_EDD
£ ~———4——— Methane_EDD
] i 2 /\ / o\ I @ ——+— Nitrogen_EDD
| ( N . N /\ e @m— Settlement
I L N o] i
0 | /T SR + -0.03 CO2_Multi
\1| VA sy S O 2 A A i Methane_Multi
Y2 I \J' I
| [
20 — N\ -0.02
M Notes:
~L7 [ 1. Concentrations are % Vv/Vy,.
1 K 2. EDD represents laboratory gas sample analysis.
10 il ( -0.01 3. Multi represenets field measured data.
/ 4. Well temperatures are field measure data.
0 ‘/ h 0
1111 5/1/11 9/1/11 11112 5/1/12 9/1/12 1113 5/1/13

FIGURE E-38

GAS CONCENTRATIONS,
TEMPERATURE, AND SETTLEMENT RATE
BRIDGETON LANDFILL



Temperature (°F)

GEW-76R

215 0.9 90 -0.09
200 0.8 80 -0.08
|
i ] I L
A ”-P PROPOSED
185 0.7 70 ! " + -0.07 TRIGGER LEGEND
/\ - CO
/\ dll ettlement Rate
|
4 | I ~
170 0.6 60 l \_'; s s 0.06
1z M V! —
~ T | A 1! B
(] © | |
1585- 3 05- 550 ' oyl 005 & LEGEND
< X | e |- - Well Temperature
£ 18 ! & —+—— CO_EDD
£ = < + CO2_EDD
3 S g
1404 §04- T 40 004 5 ~————+——— Hydrogen_EDD
s} = z ———+——— Methane_EDD
3 »n )
15 ~—————+——— Nitrogen_EDD
O ‘ —@u— Settlement
125 0.3 30 ' -0.03 CO2_Multi
L Methane_Multi
i | L
JERES _'r_\./,‘_,'x_-ql\;i—-h SN b [ /
[ < | [
104 024 20 oo : L : -0.02
\ | ) ‘\ I\ I J\\I f | “_4
Vo e T 4 Notes:
] 1 \ |\l I, 1 1 " [ 1. Concentrations are % Vv/Vy,.
\ \ ‘\f“ [ ,‘ ! 2. EDD represents laboratory gas sample analysis.
95 0.1+ 10 [ l i " L | -0.01 3. Multi represenets field measured data.
v I\ Iy 4. Well temperatures are field measure data.
\ I
] ] I 1 [ D |
— __« p
80 - 0- 0 +—F I I ‘ =3 0
11111 5/1/11 9/1/11 1112 5/1/12 9/1/12 1113 5/1/13

GAS CONCENTRATIONS,
TEMPERATURE, AND SETTLEMENT RATE
BRIDGETON LANDFILL

FIGURE E-39



Temperature (°F)

215

200

185

170

155

140

125

110

95

80 -

Concentration (CO)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Concentration (CO,, H,, CH,, N,)

90

80

70

60

0
11/11

GEW-79R

-0.09

+ -0.08

* A
Ho W 0.07

-0.06

-0.05

-0.04

-0.03

-0.02

-0.01

11112 5/1/12 9/1/12 1113 5/1/13

FIGURE E-40

Settlement Rate (ft/day)

PROPOSED
TRIGGER LEGEND

wemmmmnse GO

ettlement Rate

LEGEND
fffff Well Temperature
~————t—— CO_EDD

-+ CO2_EDD
~————+——— Hydrogen_EDD
~————+——— Methane_EDD
———+—— Nitrogen_EDD
e @u— Settlement

CO2_Multi
77777 Methane_Multi

Notes:

1. Concentrations are % Vv/Vy,.

2. EDD represents laboratory gas sample analysis.
3. Multi represenets field measured data.

4. Well temperatures are field measure data.
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1. Concentrations are % Vv/Vy,.

2. EDD represents laboratory gas sample analysis.
3. Multi represenets field measured data.

4. Well temperatures are field measure data.

GAS CONCENTRATIONS,
TEMPERATURE, AND SETTLEMENT RATE
BRIDGETON LANDFILL



Temperature (°F)

GIW-05

215 0.9 90 -0.09
200 0.8 80 -0.08
PROPOSED
185 0.7 70 -0.07 TRIGGER LEGEND
e CO
ettlement Rate
170 0.6 60 -0.06
| Z
| £ 5
(@) (@]
1585- 3 05- 550 005 & LEGEND
s « o |- - - = Well Temperature
£ 18 8 ——e—— CO_EDD
£ = < + CO2_EDD
3 S g
1404 §04- T 40 004 5 ~————+——— Hydrogen_EDD
s} = z ———+——— Methane_EDD
3 » )
15 ~—————+——— Nitrogen_EDD
o e @u— Settlement
125 0.3 30 -0.03 CO2_Multi
fffff Methane_Multi
110 0.2 20 -0.02
Notes:
7 1. Concentrations are % Vv/Vy,.
2. EDD represents laboratory gas sample analysis.
95 - 0.1 10 -0.01 3. Multi represenets field measured data.
4. Well temperatures are field measure data.
| 4,
| ),
80 - 0 0 | J‘\‘ AN | 0

17111 5/1/11 9/1/11 1112 5/1/12 9/1/12 1113 5/1/13

GAS CONCENTRATIONS,
TEMPERATURE, AND SETTLEMENT RATE
BRIDGETON LANDFILL

FIGURE E-43



Temperature (°F)

GIW-06

215 0.9 90 -0.09
200 0.8 80 -0.08
PROPOSED
185 0.7 70 -0.07 TRIGGER LEGEND
ammmmm CO
[ ettlement Rate
o
i _ Py
170 0.6 60 hd -0.06
z /
| £ | L/ I 5
—~ \ ©
o o I
1585 8 05- = ‘ 005 & LEGEND
s « o |- - - = Well Temperature
£ 18 8 ——e—— CO_EDD
£ = < + CO2_EDD
3 S g
1404 §04- ® 0.04 & ~———+——— Hydrogen_EDD
s} = z ———+——— Methane_EDD
3 » )
15 ~—————+——— Nitrogen_EDD
o e @u— Settlement
125 0.3 -0.03 CO2_Multi
fffff Methane_Multi
110 0.2 -0.02
Notes:
7 1. Concentrations are % Vv/Vy,.
2. EDD represents laboratory gas sample analysis.
95 - 0.1 -0.01 3. Multi represenets field measured data.
4. Well temperatures are field measure data.
f A
80 - 0 0 Jjﬂ‘l‘.._L M 0

17111 5/1/11 9/1/11 1112 5/1/12 9/1/12 1113 5/1/13

GAS CONCENTRATIONS,
TEMPERATURE, AND SETTLEMENT RATE
BRIDGETON LANDFILL

FIGURE E-44



Temperature (°F)

215

200

185

170

155

140

125

110

95

80 -

Concentration (CO)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Concentration (CO,, H,, CH,, N,)

GIW-07

90 -0.09
80 | | -0.08
70 | | -0.07
60 | | -0.06
| | -0.05
-0.04
-0.03
20 | | -0.02
10 | | -0.01
0 | *— | 0
11111 5/1/11 9/1/11 11112 5/1/12 91112 1113 51113

FIGURE E-45

Settlement Rate (ft/day)

PROPOSED
TRIGGER LEGEND

e CO

ettlement Rate

LEGEND
fffff Well Temperature
——@—— CO_EDD

+ CO2_EDD
~——ef—— Hydrogen_EDD
————+——— Methane_EDD
~—————+——— Nitrogen_EDD
e @u— Settlement

CO2_Multi
fffff Methane_Multi

Notes:

1. Concentrations are % Vv/Vy,.

2. EDD represents laboratory gas sample analysis.
3. Multi represenets field measured data.

4. Well temperatures are field measure data.
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Notes:

1. Concentrations are % Vv/Vy,.

2. EDD represents laboratory gas sample analysis.
3. Multi represenets field measured data.

4. Well temperatures are field measure data.
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2. EDD represents laboratory gas sample analysis.
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4. Well temperatures are field measure data.
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Wells used for Lab Gas Analysis of GAS WELLS not within 150 ft of a reaction

Row Labels Max of CarblMax of MethMax of Hydr{Max of Nitrog|Max of Oxygen/A|Max of Calco2/co |[Meth/CO2
6/7/2013 GEW-01 0
6/7/2013 GEW-02 0
6/6/2013 GEW-03 0
6/7/2013 GEW-04 0
6/7/2013 GEW-05 0
6/7/2013 GEW-06 0
6/7/2013 GEW-07 0
6/7/2013 GEW-08 0
6/6/2013 GEW-09 0
6/13/2012 GEW-10 61 34 4.4 0 0 0.059| 1033.9| 0.557377
7/26/2012 GEW-10 56 32 0 0 0 0.037] 1513.5| 0.571429
8/29/2012 GEW-10 49 45 0 0 0 0.018| 2722.2| 0.918367
9/27/2012 GEW-10 52 42 0 3.5 0 0.028| 1857.1| 0.807692
11/6/2012 GEW-10 47 45 0 6.1 1.7 0.01 4700| 0.957447
12/4/2012 GEW-10 45 38 0 14 1.7 0.013] 3461.5| 0.844444
1/23/2013 GEW-10 52 36 1.8 8.6 0.92 0.034| 1529.4| 0.692308
2/13/2013 GEW-10 38 38 0 20 3.5 0.0042| 9047.6 1
3/5/2013 GEW-10 55 30 0 10 1.5 0.039| 1410.3| 0.545455
4/22/2013 GEW-10 41 30 0 28 0 0.006| 6833.3| 0.731707
5/14/2013 GEW-10 30 19 0 42 8.3 0| 10000| 0.633333
4/22/2013 GEW-110 62 8.8 19 8.8 0 0.094| 659.57| 0.141935
5/14/2013 GEW-110 67 53 21 4.4 0 0.17| 394.12] 0.079104
2/12/2013 GEW-20a 41 17 0 33 8.5 0.02 2050| 0.414634
3/6/2013 GEW-20a 21 6.7 0 57 16 0.017| 1235.3| 0.319048
4/25/2013 GEW-20a 36 4.3 3.7 43 12 0.092| 391.3| 0.119444
5/14/2013 GEW-20a 37 6.3 0 42 11 0.084| 440.48 0.17027
2/12/2013 GEW-22R 76 14 7.6 2 0.53 0.15| 506.67| 0.184211
3/6/2013 GEW-22R 73 13 8.3 4 0 0.17| 429.41| 0.178082
4/25/2013 GEW-22R 53 5.9 8.8 25 7 0.16] 331.25| 0.111321
5/14/2013 GEW-22R 74 8.1 14 0 0 0.19] 389.47| 0.109459
2/12/2013 GEW-23a 65 25 6.6 3.2 0.64 0.084| 773.81| 0.384615
3/6/2013 GEW-23a 65 23 6.9 3.9 0 0.089| 730.34| 0.353846
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4/25/2013 GEW-23a 70 16 10 0 0 0.15( 466.67| 0.228571
5/14/2013 GEW-23a 57 14 8.5 16 4.3 0.091] 626.37| 0.245614
4/27/2011 GEW-39 38 46 0 13 0.83 0 10000| 1.210526
8/29/2012 GEW-39 62 31 0 4.4 0 0.011] 5636.4 0.5
9/27/2012 GEW-39 64 31 0 3.8 0 0.084] 761.9| 0.484375
11/6/2012 GEW-39 44 33 0 20 1.4 0.0027| 16296 0.75
12/4/2012 GEW-39 61 3.1 28 5.7 1.6 0.33] 184.85| 0.05082
1/23/2013 GEW-39 62 35 0 2.7 0.69 0.0098| 6326.5( 0.564516
2/12/2013 GEW-39 60 35 14 2.6 0.6 0.017] 3529.4| 0.583333
3/5/2013 GEW-39 53 43 0 0 0 0.01| 5300| 0.811321
4/22/2013 GEW-39 52 40 0 5.5 0 0.014] 3714.3| 0.769231
5/15/2013 GEW-39 46 33 0 15 3.1 0.023] 2000 0.717391
4/27/2011 GEW-40 33 40 0 22 0.98 0 10000| 1.212121
6/6/2013 GEW-40 0
4/27/2011 GEW-41R 29 32 0 33 1.1 0 10000| 1.103448
6/1/2013 GEW-41R 0 0 0 0
4/27/2011 GEW-42R 33 35 0 32 1.2 0 10000| 1.060606
6/7/2013 GEW-44 0
6/7/2013 GEW-47R 0.01
6/7/2013 GEW-48 0
6/7/2013 GEW-49 0
6/7/2013 GEW-50 0
6/7/2013 GEW-51 0
6/7/2013 GEW-52 0
6/7/2013 GEW-53 0.0044
6/7/2013 GEW-54 0.0044
6/6/2013 GEW-55 0
2/12/2013 GEW-77 68 6.9 20 3.4 0.95 0.29] 234.48| 0.101471
3/6/2013 GEW-77 68 6.4 23 0 0 0.31] 219.35( 0.094118
4/25/2013 GEW-77 67 4.9 25 0 0 0.31] 216.13| 0.073134
5/14/2013 GEW-77 66 4.7 25 0 0 0.29] 227.59| 0.071212
2/12/2013 GEW-80 73 11 11 3 0.85 0.18] 405.56| 0.150685
3/6/2013 GEW-80 74 10 13 0 0 0.21] 352.38| 0.135135
4/25/2013 GEW-80 71 8.1 17 0 0 0.23] 308.7| 0.114085
5/14/2013 GEW-80 71 7.9 17 0 0 0.21] 338.1 0.111268
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|6/6/2013 GIW-13 0.086 |
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ATTACHMENT C

WELLHEAD TEMPERATURE IN SELECTED NECK AREA WELLS




2013 to Present Well Trending - Bridgeton Landfill
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ATTACHMENT D

TOTAL COMBINED FLARE FLOW




Total Combined Flow (scfm)*
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ATTACHMENT E

TMP MAXIMUM TEMPERATURE GRAPHS




MAXIMUM TEMPERATURES
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Note:

No valid readings were obtained for TMP-8 from 8/1 to 10/10/2013. Valid readings from 20' to 40'

resumed on 10/16/2013.

2. A new OMEGA dial was installed at TMP-7R on 6/12/2013 enabling more vaild readings.

3. No valid readings were obtained for TMP-10 and TMP-12 on 7/18/2013 or 7/25/2013.

4. End terminals were replaced just prior to the 8/6/2013 readings with type T Omega connectors
(part # SMPW-CC-T-M) on all TMPs except for TMP-8.

TEMPERATURE VS TIME
BRIDGETON LANDFILL
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1. From 5/22 - 6/12/13, only the TMP-8 reading at 20" depth was operational.
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