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. Summary

A. Introduction

This document is an Addendum to the Final Environmental Impact Report (the “Final
EIR”) (State Clearinghouse No. 2005051145) for the Carson Marketplace Project which
was certified by the City of Carson in 2006 (the “Approved Project”). One component of the
Approved Project is the use of a flare system as part of the Project site’s overall landfill gas
collection system. Since the Final EIR was prepared and certified by the City, the
SCAQMD, for reasons that have nothing to do with the Approved Project, has temporarily
suspended the issuance of permits for flare systems. In light of this temporary
circumstance, the Applicant is proposing an alternate method to the handling of landfill gas
emissions. With the exception of this change, the Modified Project is identical to the
Approved Project. The overall purpose of this Addendum is to analyze this proposed
change and to determine whether implementation of the Modified Project would result in
any new significant environmental impacts which were not identified in the Final EIR or
whether the previously identified significant impacts would be substantially more severe
under the Modified Project. The Final EIR is hereby incorporated by reference.’

B. CEQA Authority for an Addendum

The California Environmental Quality Act (“CEQA”) and CEQA Guidelines establish
the type of environmental documentation that is required when changes to a project occur
after an EIR is certified. Section 15164 (a) of the CEQA Guidelines states that:

“The lead agency or responsible agency shall prepare an addendum to a
previously certified EIR if some changes or additions are necessary but none
of the conditions described in Section 15162 calling for preparation of a
subsequent EIR have occurred.”

Section 15162 of the CEQA Guidelines states that preparation of a subsequent EIR
is required when there are substantial changes proposed to a project, or substantial
changes occur with respect to circumstances, or new information becomes available which

! The Carson Marketplace Final EIR, January 2006, is available for review at the City of Carson, Planning

Division, 701 E. Carson Street, Carson, California 90745.
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I. Summary

could lead to new significant environmental effects or a substantial increase in the severity
of previously identified significant effects. Likewise, California Public Resources Code
(“PRC") Section 21166 states that unless one or more of the following events occur, no
subsequent or supplemental environmental impact report shall be required by the lead
agency or by any responsible agency:

e Substantial changes are proposed in the project which will require major
revisions of the environmental impact report;

e Substantial changes occur with respect to the circumstances under which the
project is being undertaken which will require major revisions in the
environmental impact report; or

¢ New information, which was not known and could not have been known at the
time the environmental impact report was certified as complete, becomes
available.

The analysis in this Addendum evaluates the proposed changes associated with the
Modified Project in order to determine whether any significant environmental impacts that
were not identified in the Final EIR would result or whether previously identified significant
impacts would be substantially more severe. As demonstrated by the analysis herein, the
Modified Project would not result in any additional significant impacts nor would it
substantially increase the severity of previously anticipated significant impacts.

C. Summary of Environmental Effects, Mitigation
Measures, and Level of Significance Mitigation

This Addendum analyzes the Modified Project and describes the modifications to the
Final EIR that are necessary to reflect the Modified Project. For all environmental issues,
the Addendum demonstrates that the Modified Project would not result in new significant
impacts or substantial increases in the severity of previously identified impacts and that, as
a result, no supplemental or subsequent environmental impact report is required.
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Il. Project Description

A. Project Location and Surrounding Uses

The Project site is located in the City of Carson, within the City’'s Redevelopment
Project Area No. 1, Merged and Amended. Located in the South Bay area of Los Angeles
County, this currently undeveloped site is located approximately 17 miles south of
downtown Los Angeles and approximately 6.5 miles east of the Pacific Ocean, as shown in
the regional and vicinity map provided in Figure 1 on page 4. The Project site is comprised
of approximately 168 acres located southwest of the San Diego Freeway (I-405) at and
north of the Avalon Boulevard interchange. The Project site consists of two components.
The majority of the Project site, consisting of 157 acres, is located south of Del Amo
Boulevard, while the remaining 11 acres are located north of Del Amo Boulevard.

The Project site is bounded by a nursery and the Dominguez Hills Golf Course to the
north, the Torrance Lateral Flood Control Channel and residential uses to the south and
west, industrial uses to the west and the 1-405 Freeway to the east. An aerial photograph of
the Project site that also identifies these adjacent uses is provided as Figure 2 on page 5.

B. Summary of the Approved Project and Modified
Project

1. Approved Project

The Final EIR for the Approved Project analyzed the potential environmental
impacts of constructing and operating 1,995,125 square feet (sq. ft.) of commercial floor
area, a 300-room hotel, and 1,550 residential units (1,150 for-sale units and 400 rental
residential units).> The Approved Project allows for a wide range of land uses in order to
create a diversity of on-site activity that responds to the future needs and demands of the
southern California economy. In order to fully respond to these demands, the

2 The total amount of commercial floor area includes 200,000 sqg. ft. for the development of the 300-room

hotel.

City of Carson Addendum to the Final EIR for Carson Marketplace
Matrix Environmental July 2009

Page 3



environmental

Scale in approximate miles

| o RV i i i
rL$ b
g 5 \ N, @
San Gj X
v g E 182ND ST \. 1101 Moy s
::C E:J Sim(i)VaIIey \._ ins
———u:-8 . OChatsworth 210) e
Q =
! v W)
) z 1STHIST | Wogdland Hils ® ,xf;s
z N N
% _ Agogra Hills E O
g [ = 190THS g neino O Glendale
>
Holl! d Pasadena
P 5 l ¢ ; Santa Monica Mtns| PROJECT [0
5 ) < @
A0 < i
-} =
= =
\ E 192ND|ST &
NOT TO SCALE
4 OO .
; “a, N =G
) 22
< a AR
C FRANCISCO ST =y o
7 4
Y, )
® z
@)
)
>
lU—') X z
z
<§( — — <_(|
.
E DEL AMO BLVD - — —— Di
O,
] X ]
{ STAMPS CT 2
- %
| %\ > J
2 %
5 % A
W TORRANCE BLVD ‘};( O'P %
[__l__J O, (A
5 3 A
— UAVELIN §T JAVELIN ST 5
B Q
w w \ S
z z 8
= i g \ o
@ W 212TH ST 2
2
g W CLARIPN DR o
l \ P4 E 213TH ST
§ 11 I
4 2 :
Z s
5 &| DOUBLE ST
4 b
| z 2
B ° e E CARSON ST
W ON ST
- - -
2 z 2
E — W218TH T E E 218TH PL g %
g % — [r4 219TH|ST m
i g z z
= l \ W 220TH ST S
1 g |
i .
matrix ‘ ‘ Figure 1
0 25 .05 Miles

Regional and Project Vicinity Map

Source: Thomas Guide 2004 and Matrix Environmental, 2009




sasn Buipunouns pue
als Jo ydeiboioyd |euay
Z ainbi4

L SR diysisiesg
diysiajesad
- {T2%o)

iﬁm

_m_o._wEEoo
_w:o_mwm

N e
. % ‘mm_to&v

\_m_o‘_wEEo
w. ..m &

T

el I

: i lenuapisoy b
>__Emn_ w_m:_w

|[auueyD [01U0D POOo|
Auno) sejabuy so

Arepunog 91IS 10001 = u n m

nzmmum._

sa|lw ajewixoidde u| ajeos

SOl GZ°

_w;:wv_w.wm__u.

= £\ Emn_ w_m:_w

0

atbdlmnadiieg”

= Jersiiean-

! = Rilasinkls &

2 posruiey,
.. W samla
I ‘!sa

Bl ]

""."!'"".

6002 [2IUBWUOIIAUT XLIBN PUB $00Z 3]0UAa :831n0s

[elUBWUOIIAUS
Xiew _J4

=y _m;:mv_wwm_

>__Emn_ w_m:_w

.11

T

-‘Industnal;.

|

ight

v L,. 8pAIg mOCmto._. M

} s @ E.mr_‘w..wm;v:r_ wmm_u_»m %

/121 WWoD/Y21ny I}

jueoe!

abuey 9010814 pue

9S1n09}|0D

s

_m::.w_o_wwm_“




Il. Project Description

Approved Project included an Equivalency Program that allows the composition of on-site
development to be modified in a manner that does not increase the Project’s impacts on
the environment. For example, office uses might be developed in place of retail uses
subject to the provisions of the Equivalency Program as set forth in the Carson
Marketplace Specific Plan.

(@) Former On-Site Landfill Operations

The 157-acre portion of the Project site that is located south of Del Amo Boulevard
was used as a Class Il landfill under an Industrial Waste Disposal Permit issued to Cal
Compact, Inc. by the County of Los Angeles. Landfilling on the 157-acre site began in
1959, shortly after the banning of incinerators in Los Angeles County in 1957. Landfilling
occurred from April 1959 to December 1964 with an approximate closing date of
February 1965.

As a result of contamination on and adjacent to the landfill, the 157-acre site is listed
by the State of California Department of Toxic Substances Control (DTSC) as a hazardous
substances site. On March 18, 1988, Remedial Action Order No. HSA87/88-040 was
issued for the Project site requiring the implementation of remedial activities.

Due to the size and complexity of the former landfill site, DTSC divided its
remediation into two operable units.>* The Upper Operable Unit (Upper OU) consists of the
site soils, the waste zone above and within the Bellflower Aquitard, and the Bellflower
Aquitard down to but not including, the Gage Aquifer. The Lower Operable Unit (Lower
OU) is composed of the Gage, Lynwood, and Silverado Aquifers, and all other areas
impacted by the geographic extent of any hazardous substances which may have migrated
or may migrate from the aforementioned areas or from the Upper OU. The operable units
are also established to prioritize the remedial response to the areas of known impacts
(Upper OU) versus potential impacts (Lower OU).

Investigations of the Upper OU documented the presence of landfill gases (methane
and carbon dioxide) as well as volatile organic compounds (VOCs) and metals in the
landfill's soil and groundwater. A Remedial Action Plan (RAP) was prepared and approved

Federal regulations at 40 CFR 300.5 define an operable unit as "...a discrete action that comprises an
incremental step toward comprehensively addressing site problems. This discrete portion of a remedial
response manages migration, or eliminates or mitigates a release, threat of release, or pathway of
exposure. The cleanup of the site can be divided into a number of operable units, depending on the
complexity of the problems associated with the site. Operable units may address geographical portions of
a site, specific site problems, or initial phases of an action, or may consist of any set of actions performed
over time or any actions that are concurrent but located in different parts of a site.”

City of Carson Addendum to the Final EIR for Carson Marketplace
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Il. Project Description

by DTSC for the Upper OU in 1995. A RAP for the Lower OU was prepared to address the
Lower OU. The RAP for the Lower OU was approved by DTSC on January 24, 2005.

Implementation of the Upper OU RAP is required to make the site safe for the
Approved Project. Implementation of the Lower OU RAP would be protective of
groundwater resources but is not required to make the site safe for the Approved Project.

(b) Site Remediation

The recommended remedial action set forth in the Upper OU RAP included:
(1) containment of the impacted soil and buried waste through the use of a clay cap;
(2) extraction and treatment of the groundwater; (3) collection and treatment of landfill gas
extraction; and (4) long-term monitoring of the groundwater and landfill gases.

The Applicant proposed to implement the RAP for the Upper OU, with refinements in
certain technologies based on improvements in science and engineering since 1995, but
with the same performance goals of controlling exposure pathways and migration. More
specifically, the Applicant proposed to use a Linear Low Density Polyethylene (LLDPE)
membrane cap rather than a clay cap for the waste prism. In addition, the Approved
Project identified alternative designs that may be used to enhance gas control and
groundwater treatment. The Landfill Gas Extraction and Treatment System identified in the
Final EIR would be similar to the system described in the RAP but would be improved by
adding both horizontal and vertical wells within the site and not just around the landfill site
boundary. The system would be designed to automatically collect condensate and deliver
landfill gas to a treatment facility that would include a flare system.

Based on the size of the landfill site and the need of the perimeter landfill gas
control, the RAP indicated that the landfill gas treatment will likely require the construction
of a flare unit including related collection headers, blowers, and gas sampling and
processing components. The RAP provides that collected landfill gas will be delivered from
the header system to the flare by a blower. The gas is to pass through an automatic shut-
off valve and a flame arrestor to prevent flash back. Landfill gas would be mixed with
dilution air for efficient combustion at the flare burner elements. Dilution is to be
automatically introduced into the flare by a dilution air valve regulated by the combustion
temperature.  Supplemental fuel (natural gas or propane) would be automatically
introduced into the flare to maintain the required combustion temperature and thermal
efficiency. The flare, which is subject to SCAQMD requirements, would be equipped with
standard safeguard controls and other required air emission control devices to monitor
operating conditions and shut down the system when appropriate. The flare would be
constructed or shielded from the traveling motorists to minimize or reduce the potential for
visual distraction.

City of Carson Addendum to the Final EIR for Carson Marketplace
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Il. Project Description

Subsequent to completion of the Final EIR, a permit application was prepared for the
construction and operation of a landfill gas treatment system, which is consistent with the
preferred landfill gas control, collection and treatment system in the Final RAP.* The
permit application and supporting documentation are provided as Attachment 1 of this
Addendum.

The proposed treatment system would consist of the following major equipment:
(1) centrifugal gas blowers; (2) combustion gas blowers; (3) purge blower; (4) flame
arrestors; and (5) Zink Ultra Low Emission Flares. The two enclosed flares would have a
99 percent minimum destruction efficiency for non-methane hydrocarbons (NMHCs) with a
retention time of 0.7 seconds at 1,800 degrees Fahrenheit. Flare 1 would be rated at a
maximum of 250 standard cubic feet per minute (scfm) with a diameter of four feet and
height of 40 feet. Flare 2 would be rated at a maximum of 450 scfm with a diameter of five
feet and also with a height of 40 feet. If extracted landfill gas contains less than 30 percent
methane, the use of supplemental fuel (natural gas or propane) may be required. As such,
provisions would be made to connect a natural gas line or propane tank line to the flare
station.

2. Modified Project

The Applicant is seeking one modification to the Approved Project from what was
previously entitled by the City. This change is discussed in detail below, but generally
consists of introduction of an alternate treatment method to the proposed flare system.

The reason an alternate method to the flare system has been proposed is that the
SCAQMD is required to make substantial changes to its permitting program as a result of a
recent court ruling regarding an invalidated rule.® Because of this decision, the SCAQMD
cannot at this time issue Permits to Construct that rely on credits from Rule 1309.1 Priority
Reserve, or that rely on a Rule 1304 offset exemption. This moratorium on issuance of
certain permits includes thermal destruction treatment systems (flares). The SCAQMD
plans to readopt the invalidated rule, or other appropriate program, but it is expected that it
will likely take at least a year. Since the SCAQMD will only issue a complete permit to
construct/operate, the permit would have to cover both the extraction and collection system
and the treatment system. As a result, if the Applicant proceeds using the original design
with a thermal destruction treatment system, then a substantial delay in the issuance of a
SCAQMD permit could occur. Therefore, the Applicant would be forced to postpone

Bryan A. Stirrat & Associates, Application for Permit to Construct and Permit to Operate Landfill Gas
Treatment System, August 2008.

SCAQMD, Barry Wallerstein, Executive Officer, Memorandum Regarding Moratorium on Issuance of
Certain Air Permits, dated January 9, 2009.
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Il. Project Description

construction of the landfill gas collection and extraction system until the rule change is
complete. The Applicant has worked with both DTSC and SCAQMD to develop an interim
treatment system that would satisfy the requirements of the RAP, but would also not be
impacted by the recent court ruling. The proposed treatment system is a granular activated
carbon and potassium permanganate (GAC) system intended to provide landfill gas
treatment in the interim until the originally proposed flare system can be permitted by the
SCAQMD and installed. The proposed modification to the treatment system will allow the
Applicant to proceed with the construction of the collection and extraction system. Further,
should the SCAQMD not be able to issue permits for flare systems in the future, the GAC
system would be kept operational on an on-going basis.

GAC treatment of landfill gas has proven to be a cost effective method for removal
of toxic air contaminants (TACs), especially on older, inactive landfills where higher British
thermal unit (BTU) landfill gas and flow rates are not possible. Also, due to the phasing of
development of the site and build-out of the gas extraction system, the GAC system is
suited for treatment of the low volume of landfill gas expected to be extracted from the
initial phases of the system.

The GAC treatment system would utilize the same landfill gas extraction and
condensate handling system’s basic elements as those anticipated to be originally used in
support of the Approved Project. The GAC system would be designed to process a
maximum of 350 scfm of landfill gas in comparison to the flare system at 750 scfm. The
inlet of the treatment facility would be equipped with a knockout vessel rated for removal of
particulates and free liquids and would be designed to operate with one blower in
operation, and one blower as a 100 percent backup. These blowers would be designed for
an operational capacity of 500 scfm of landfill gas each as they would also be used for the
future flares or expansion of the GAC as the landfill gas flow increases with gas extraction
system additions.

After the landfill gas enters the suction side of the operating blower, it would be
discharged under positive pressure into a series of four 2,000 pound carbon vessels, each
containing 2,000 pounds of GAC. The flow through these vessels is as follows: the
extracted landfill gas will flow through three canisters connected in series, with the fourth
canister serving as a standby to be utilized when any one of the three primary GAC vessels
is saturated and requires servicing, such as carbon change-out. By use of valves, the
landfill gas can be routed to any or each of these GAC vessels. During normal operation
the landfill gas is routed into the primary GAC vessel, out of the primary and into the
secondary and tertiary vessels. The output from the GAC vessel system is then
discharged to a second series of two 2,000 pound treatment vessels which each contain
2,000 pounds of potassium permanganate. The first vessel will act as the treatment vessel
with the second vessel serving as a standby to be utilized when the primary vessel is
saturated and requires servicing, such as potassium permanganate change-out. The

City of Carson Addendum to the Final EIR for Carson Marketplace
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Il. Project Description

exhaust from the potassium permanganate vessel is discharged through a flame arrestor
with differential pressure indicator and then out to the atmosphere through a vent stack with
a maximum height of 50 feet.

During operations, monitoring of Total Gaseous Non-Methane Non-Ethane Organic
Compounds (TGNMNEOCSs) would be performed at the inlet and outlet of the GAC and
recorded on a routine basis using a Photo lonization Detector (PID). When the monitoring
indicates the primary vessels are approaching saturation with VOCs, the gas stream would
be routed to the backup vessel while the primary vessel is being replenished.

C. Necessary Actions

This Addendum, along with the Final EIR, is intended to cover all discretionary
approvals that may be required to construct or implement the Modified Project. The
following action is addressed by this Addendum, and is added to those approvals listed in
the Approved Project’s Final EIR:

e Approval of an amended Mitigation Monitoring and Reporting Program (City of
Carson, Planning Division).

City of Carson Addendum to the Final EIR for Carson Marketplace
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[1l. Environmental Impact Analysis

This section provides a comparative analysis of the environmental impacts of the
Modified Project with those of the Approved Project as set forth in the Final EIR. As the
proposed modification to the Approved Project is very limited in scope, the analytic part of
this Addendum starts with an analysis which determines which environmental topics are
affected by the Modified Project and require detailed analysis. As such, the following is an
issue-by-issue review of all of the Final EIR’s environmental analysis sections. This
analysis identifies those issues that require further analysis, and where appropriate,
provides the supporting rationale for the determination that no additional analysis is
required in support of the Modified Project.

e |V.A, Land Use: The proposed modifications to the Approved Project would not
result in any changes to the approved land uses. Therefore, the Modified Project
would be consistent with the findings of the Final EIR for the Approved Project
with regard to land use, and no further analysis of the Modified Project is
required.

e |V.B, Visual Resources: The proposed modifications to the Approved Project
would not result in any changes to the approved land uses or other development
parameters that affect visual resource issues. In addition, major equipment
associated with the GAC system would generally fit within the same footprint as
the flare system associated with the Approved Project. Therefore, the Modified
Project would be consistent with the findings of the Final EIR for the Approved
Project with regard to visual resources, and no further analysis of the Modified
Project is required.

e |V.C, Traffic, Circulation, and Parking: The proposed modifications to the
Approved Project would not result in any changes to the approved land uses. As
a result, the Approved Project’'s trip generation, circulation and parking
requirements would not change with the incorporation of the Modified Project.
Therefore, the Modified Project would be consistent with the findings of the Final
EIR for the Approved Project with regard to traffic, circulation, and parking, and
no further analysis of the Modified Project is required.

e |V.D, Hazards and Hazardous Materials: The proposed modification to the
Approved Project would not result in any changes to the approved land uses. As
a result and consistent with the Final EIR, operation of the Modified Project
would involve the limited use and storage of hazardous materials associated with
residential and commercial uses, such as cleaning solvents and pesticides. As
concluded in the Final EIR, the use and storage of such materials would occur in

City of Carson Addendum to the Final EIR for Carson Marketplace
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lll. Environmental Impact Analysis

compliance with applicable standards and regulations. Therefore, the use and
storage of these materials would not pose significant hazards to the public or the
environment through the transport, use, or disposal of hazardous materials.
Based on this conclusion, no further analysis of this aspect of Approved Project
construction and operations is needed. However, as the Applicant proposes an
alternate method to the proposed flare system, potential hazard impacts related
to air toxic emissions are analyzed in detail later on in this Addendum.

e |V.E, Geology and Soils: As with the Approved Project, the Modified Project
would be in compliance with City and State regulations and is not expected to
expose people or structures to any unstable geologic conditions or seismically
related geologic hazards that would result in substantial damage to structures or
infrastructure or exposure of people to risk of loss, injury, or death. Since the
Modified Project would not exceed the thresholds of significance relative to City
and State regulations, or expose persons to geologic hazards, no unavoidable
significant impacts would occur. Therefore, the Modified Project would be
consistent with the findings of the Final EIR for the Approved Project with regard
to geology and soils, and no further analysis of the Modified Project is required.

e |V.F, Surface Water Quality: The proposed modifications to the Approved
Project would not result in any changes to the approved land uses or changes in
construction activities that would alter impacts to surface water quality. As with
the Approved Project, the Modified Project through the implementation of
proposed drainage and erosion control plans, Best Management Practices, and
water filtering and flood control devices, would not increase existing pollution and
contamination, create a nuisance as defined in Section 13050 of the California
Water Code, cause regulatory standards to be violated, or result in a permanent,
adverse change to the movement of surface water sufficient to produce a
substantial change in the current or direction of flow. Therefore, impacts
associated with surface water quality would be less than significant. Therefore,
the Modified Project would be consistent with the findings of the Final EIR for the
Approved Project with regard to surface water quality, and no further analysis of
the Modified Project is required.

e |V.G, Air Quality: The Approved Project included a flare system, which is
considered a combustion source and would generate approximately 11.5 pounds
per day of NOx, 27.5 pounds per day of CO, 9.6 pounds per day of PM;, and
PM,s, and 3.6 pounds per day of SOx.® The alternate treatment method to the
proposed flare system (GAC system), would produce no NOx, CO, SOx, or
measurable PMj;; and PM,s. The calculation for total VOCs is less than
0.5 pounds per day from the vent stack for the system operating at 350 scfm,
which is comparable to the flare system (0.22 Ibs/day of VOCs). The health risk
implications are discussed in Section IV.D, Hazards and Hazardous Materials.

6 Bryan A. Stirrat & Associates, Application for Permit to Construct and Permit to Operate Landfill Gas

Treatment System, August 2008.
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lll. Environmental Impact Analysis

As a result, the Modified Project would not result in air quality impacts that are
greater than those of the Approved Project. Therefore, the Modified Project
would be consistent with the findings of the Final EIR for the Approved Project
with regard to air quality, and no further analysis of the Modified Project is
required.

e |V.H, Noise: The proposed modifications to the Approved Project would not
result in any changes to the approved land uses or potential sources of noise.
Therefore, the Modified Project would be consistent with the findings of the Final
EIR for the Approved Project with regard to noise, and no further analysis of the
Modified Project is required.

e |V.I, Public Services: The proposed modifications to the Approved Project would
not result in any changes to the approved land uses or the required public
services associated with these uses. Therefore, the Modified Project would be
consistent with the findings of the Final EIR for the Approved Project with regard
to public services, and no further analysis of the Modified Project is required.

e [V.J, Utilities: The proposed modifications to the Approved Project would not
result in any changes to the approved land uses or the required utility demands
(e.g., water demand) associated with these uses. Therefore, the Modified
Project would be consistent with the findings of the Final EIR for the Approved
Project with regard to utilities, and no further analysis of the Modified Project is
required.

Based on the analyses presented above, the Modified Project would not result in a
new significant impact or substantially worsen a previously identified significant impact with
regard to all of the environmental issues analyzed in the Final EIR, with one exception. As
such, additional analysis of potential impacts with regard to the issue of hazards and
hazardous materials is required. This additional analysis is presented in the following
section of this Addendum.

City of Carson Addendum to the Final EIR for Carson Marketplace
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A. Hazards and Hazardous Materials

1. Approved Project Impacts

The remediation of the 157-acre landfill is being implemented as part of the
Approved Project in compliance with the approved Final Remedial Action Plans (RAPS).
Due to the size and complexity of the former landfill site, DTSC divided the landfill site
vertically into two principal operable units (subsurface contamination in soil and
groundwater).”®  Remedial Action Plans (RAPs) were approved by the California
Department of Toxic Substances Control (DTSC) for the Upper and Lower Operable Units.
The RAP for the Upper Operable Unit (OU) and the RAP for the Lower OU were both
approved by DTSC in 2005. Copies of the approved RAPs were provided in Appendix E of
the Final EIR. DTSC conducted its own environmental review as part of the approval
process for the RAPs. These analyses concluded that implementation of the RAPs would
result in less than significant impacts with regard to all environmental issues of concern.
As such, the Final EIR did not provide an analysis of the RAPs but instead provided
information regarding the RAPs to place the Approved Project in a context of its existing
regulatory approvals. A summary of the pertinent information regarding the RAPs is
provided below.

a. Remedial Action Plans

(1) Final Remedial Action Plan for the Lower Operable Unit

The Final Remedial Action Plan (Final RAP) for the Lower OU addressed the
potential impact of groundwater contamination in the Upper OU on the Lower OU. The
Lower OU is defined as the deeper hydrostratigraphic unit beginning at the Gage aquifer
and extending down to the Silverado aquifer. Based on groundwater monitoring and

Federal regulations at 40 CFR 300.5 define an operable unit as "...a discrete action that comprises an
incremental step toward comprehensively addressing site problems. This discrete portion of a remedial
response manages migration, or eliminates or mitigates a release, threat of release, or pathway of
exposure. The cleanup of the site can be divided into a number of operable units, depending on the
complexity of the problems associated with the site. Operable units may address geographical portions of
a site, specific site problems, or initial phases of an action, or may consist of any set of actions performed
over time or any actions that are concurrent but located in different parts of a site.”

Impacts to surface water quality are addressed in Section IV.F, Surface Water Quality.
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chemical fate and mobility modeling data, in conjunction with remedial actions for the
Upper OU, the risk posed to the Lower OU was considered to be minimal. The Final RAP
for the Lower OU concluded that additional remedial investigation of the Lower OU was not
warranted since no VOCs were present at detectable concentrations in the Gage aquifer
(Lower OU).° However, because of the potential for contamination of drinking water and to
satisfy the applicable regulatory provisions,’® a response action was selected as the
remedy for the Lower OU as it will provide the necessary controls to detect any future
chemical impacts to the Lower OU. Under the DTSC-approved remedy, the groundwater
monitoring would be conducted on a quarterly basis for a period of two years, followed by
semi-annual monitoring for an additional two years, and annual monitoring every third year
thereafter for up to 50 years. If any VOC is detected in the Lower OU during that period,
the monitoring events would be increased to quarterly for a period of two years.

(2) Final Remedial Action Plan for the Upper Operable Unit

A Final RAP was prepared for the Upper OU and approved by DTSC in 1995. The
Final RAP was based on site-specific data gathered from the Remedial Investigation (RI)
for the Upper OU. The Final RAP summarized the findings of the RI, Baseline Health Risk
Assessment (BRA), and Feasibility Study (FS). The Final RAP described the remedial
alternative chosen for the Upper OU, how the Remedial Action Objectives were to be met,
and an implementation schedule. The primary remedial action objective was to provide
protection for human health and the environment. More specifically, objectives included:
control surface water infiltration into the waste prism to reduce the generation of leachate;
prevent direct contact with contaminated soil or buried waste; capture, control, and treat
on-site contaminated groundwater and the plume that is now off site; and control or prevent
potential releases of landfill gas to the atmosphere.

Based on the Rl and the BRA, the RAP indicated that the remedial action should
include a combination of the following actions:

e Construction of a low-permeability clay cover system for the entire landfill site;**

e Installation of groundwater extraction and treatment systems along the
downgradient side of the landfill site;

e Installation of a perimeter landfill gas extraction, control, and treatment system
along the perimeter of the landfill site within the waste zone;

® URS, Op. Cit, page 7.

% The regulatory provisions include CERCLA, the National Oil and Hazardous Substances Pollution

Contingency Plan (NCP) (40 Code of Federal Regulations [CFR] Section 300.415(b)(2)), and the
California Health and Safety Code section 25323.

' Please note that the type of landfill liner is being revised and reviewed by DTSC.
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e Implementation of long-term monitoring of the groundwater and landfill gases;
and

e Long term maintenance of the cap.

The RAP requires the installation of a landfill gas extraction, control, and treatment
system. The primary objectives of the landfill gas control system are to prevent the
migration and accumulation of combustible gas into enclosed buildings and to prevent off-
site landfill gas migration.

The RAP provides that the preferred landfill gas control, collection and treatment
system consist of (1) a series of vertical gas extraction wells placed within the outer edges
of the waste cells along the perimeter of the landfill; (2) thermal destruction of collected gas
using a flare unit, and (3) other gas monitoring and venting systems, if determined
necessary and applicable.

Based on the size of the landfill site and the need for perimeter landfill gas control,
the RAP indicates that the landfill gas treatment would likely require the construction of a
flare unit including related collection headers, blowers, and gas sampling and processing
components. The RAP provides that collected landfill gas would be delivered from the
header system to the flare by a blower. The gas is to pass through an automatic shut-off
valve and a flame arrestor to prevent flash back. Landfill gas would be mixed with dilution
air for efficient combustion at the flare burner elements. Dilution is to be automatically
introduced into the flare by a dilution air valve regulated by the combustion temperature.
Supplemental fuel (natural gas or propane) would be automatically introduced into the flare
to maintain the required combustion temperature and thermal efficiency. The flare, which
is subject to SCQAMD requirements, would be equipped with standard safeguard controls
and other required air emission control devices to monitor operating conditions and shut
down the system when appropriate. The flare would be constructed or shielded from the
traveling motorists to minimize or reduce the potential for visual distraction.

b. SCAQMD Permit Application

Subsequent to certification of the Final EIR by the City, a permit application was
prepared for the construction and operation of a landfill gas treatment system, which is
consistent with the preferred landfill gas control, collection and treatment system called for
in the Final RAP.*? The permit application and supporting documentation are provided as
Appendix A to this Addendum.

12 Bryan A. Stirrat & Associates, Application for Permit to Construct and Permit to Operate Landfill Gas

Treatment System, August 2008.
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The originally proposed landfill gas treatment system would consist of the following
major equipment: (1) centrifugal gas blowers; (2) combustion gas blowers; (3) purge blower;
(4) flame arrestors; and (5) Zink Ultra Low Emission Flares. The two enclosed flares would
have a 99 percent minimum destruction efficiency for non-methane hydrocarbons (NMHCs)
with a retention time of 0.7 seconds at 1,800 degrees Fahrenheit. Flare 1 would be rated at a
maximum of 250 standard cubic feet per minute (scfm) with a diameter of four feet and height
of 40 feet. Flare 2 would be rated at a maximum of 450 scfm with a diameter of five feet and
also with a height of 40 feet. If extracted landfill gas contains less than 30 percent methane,
the use of supplemental fuel (natural gas or propane) may be required. As such, provisions
would be made to connect a natural gas line or propane tank line to the flare station.

As part of the SCAQMD permit application and in compliance with  SCAQMD
Rules 212 and 1401, a screening risk assessment using SCAQMD guidelines was conducted
for air toxics to evaluate compliance with SCAQMD standards. The flare system would also
result in combustion emissions and, therefore, an air quality impact analysis for criteria
pollutants was also conducted. The full report of the air dispersion modeling and health risk
assessment is included in Appendix A to this Addendum. The health risk screening analysis
was conducted in compliance with the guidelines presented in SCAQMD’s “Risk Assessment
Procedures for Rules 1401 and 212", Version 7.0, July 2005.

The originally proposed landfill gas treatment system would consist of a gas collection
system and two flares which are designed with Lowest Achievable Emission Rate (LAER)
and incorporate Best Available Control Technology for air toxics (T-BACT). The HRA and
air quality impact analyses were conducted based on two flares operating at a maximum
process flow rate of 700 scfm combined (worst case). As shown in Figure 3 on page 18,
the control element of the landfill gas collection and control system would be located in a
small parcel at the southwest corner of the Project site. The system would operate
24 hours per day, 365 days per year.

(1) Emission Rates

Representative emissions of the landfill gas were derived from a combination of
sample gases collected from the Project site.  Eighteen carcinogenic and toxic
contaminants were targeted and analyzed, including the list of contaminants listed in the
Core Group as specified by SCAQMD Rule 1150.1. A copy of the landfill gas analysis is
included in Appendix A to this Addendum. Table 1, as presented below, shows a list of the
contaminants, corresponding CAS numbers, uncontrolled emissions at maximum flow rate,
and controlled emissions calculated based on a control efficiency of 99 percent.
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[ll. Environmental Impact Analysis

Table 1
Air Toxic Emissions from Flare Operations

Emission Data

Uncontrolled 99 Percent Total Max Flares at
Emissions Controlled 700 scfm
Contaminant CAS # (mg/m®) (mg/m®) (gm/sec)
Benzene 71-43-2 26.61 0.27 8.79E-05
1,4-Dichlorbenzene 106-46-7 4.33 0.04 1.43E-05
1,2-Dichlorethane 107-06-2 2.60 0.03 8.58E-06
1,1-Dichloroethylene 75-35-4 130 0.01 4.31E-06
Tetrachloroethylene 127-18-4 39.14 0.39 1.29E-04
Toluene 108-88-3 53.50 0.54 1.77E-04
Trichlorethylene 79-01-6 33.60 0.36 1.11E-04
Vinyl Chloride 75-01-6 13.80 0.14 4.56E-05
Xylenes 1330-20-7 91.18 0.91 3.01E-04
Chlorobenze 108-90-7 67.67 0.68 2.24E-04
1,1-Dichloroethane 75-34-3 0.30 0.003 9.84E-07
Dichlormethane 75-09-2 9.28 0.09 3.06E-05
Hydrogen Sulfide 7783-06-4 4.43 0.04 1.46E-05
Total Contaminants 1.15E-03

Source: E-Tech Environmental, 2008.

(2) Dispersion Modeling and Health Risk Assessment

The U.S. EPA approved ISCST3 model was used in the assessment. SCAQMD
recommends the use of this model, along with a full year of meteorological data, to
estimate the maximum annual average ground-level air pollutant concentrations that could
occur at any point outside the property lines of the landfill operations center. The results of
the dispersion modeling are considered as conservative and tend to over-estimate the
exposure to the population.

Approaches used for the health risk assessment were based on algorithms
developed by Office of Environmental Health Hazard Assessment (OEHHA) and health risk
calculation methodology established by the SCAQMD. Cancer risk caused by each
carcinogenic contaminant was calculated using cancer potency, dose through inhalation,
and daily breathing rate. As recommended by the SCAQMD’s HRA guidelines, an
exposure value factor (EVF) was used for off-site worker receptors of 0.38 based on 245
days per year of exposure over 40 years. Residential receptors used an EVF of 0.96
based on 350 days per year of exposure over 70 years.
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lll. Environmental Impact Analysis

Table 2
Summary of Flare Operation Hazard Impacts

Cancer Risk Chronic Risk Acute Risk
Contaminant Commercial Residential Commercial Residential Commercial Residential

Benzene 4.17E-09 3.72E-09 1.22E-05 2.14E-06 1.08E-05 8.24E-06
1,4-Dichlorbenzene 2.71E-10 2.42E-10 1.48E-07 2.61E-08
1,2-Dichlorethane 2.93E-10 2.62E-10 1.78E07 3.14E-08
1,1-Dichloroethylene 5.11E-07 9.00E-08
Tetrachloroethylene 1.29E-09 1.15E-09 3.07E-05 5.40E-06 1.03E-06 7.88E-07
Toluene 4.89E-06 8.62E-07 7.61E-07 5.82E-07
Trichlorethylene 3.69E-10 3.29E-10 1.54E-06 2.71E-07
Vinyl Chloride 5.84E-09 5.21E-09 4.03E-06 3.09E-08
Xylenes 3.57E-06 6.29E-07 2.18E-06 1.67E-06
Chlorobenze 1.86E-06 3.27E-07
1,1-Dichloroethane 2.66E-12 2.38E-12
Dichlormethane 5.09E-11 454E-11 6.36E-07 1.12E-07 3.48E-07 2.67E-07
Hydrogen Sulfide 1.22E-05 2.14E-06 5.55E-05 4.25E-05

Total Risk 1.23E-08 1.10E-08 6.83E-05 1.20E-05 7.06E-05 5.41E-05

Source: E-Tech Environmental, 2008.

The results of the health risk assessment are included in Table 2 below. The results

of the health risk assessment indicate that the MICRs at the nearest commercial and
residential building are less than the ten in a million (1.0 E-05) threshold*® and the acute
and chronic health indices are less than the 1.0 threshold. The modeled results and risk
assessment show that emissions from landfill gas collection and treatment would not cause
significant cancer risks to the closest receptors and operation of the system would be in
compliance with SCAQMD Rule 1401. It is also important to note that modeled results of
maximum concentrations of each of the criteria pollutants are also well below the regulated
thresholds as specified by both State and federal ambient air quality standards (see
Appendix A to this Addendum).

(3) Landfill Gas Monitoring

The RAP requires quarterly air and soil monitoring of landfill gas. The purpose of
the monitoring is to provide early warning of potential off-site migration and to ensure
proper control of the landfill gases. With regard to air sampling, requirements for the gas
monitoring include the following: (1) the concentration of methane gas must not exceed
1.25 percent by volume in air within on-site structures, (2) the concentration of methane
gas must not exceed 5 percent by volume in air at the landfill property boundary, and

¥ SCAQMD recommends a cancer risk significance threshold of 10 in a million for facilities that implement
best available control technology for toxics (T-BACT).
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(3) trace gases must be controlled to prevent adverse acute and chronic exposure to toxic
and/or carcinogenic compounds. The monitoring data would be used to adjust the gas
collection and treatment measures as necessary so that the gas control and treatment
system would be properly implemented.

The landfill monitoring system would also include a perimeter gas monitoring
network. The monitoring network would use 18 monitoring wells/probes distributed along
the entire landfill property perimeter within the native soil. Spacing of the wells would be
approximately 1,000 feet along the north and east boundaries and 500 feet along the south
and west boundaries near the neighboring residential area. The perimeter gas monitoring
would include the analysis of air contaminants, in particular, benzene, vinyl chloride and
total organic compounds measured as methane. The monitoring program would be
conducted on a quarterly basis for 30 years.

2. Modified Project Impacts

Consistent with the Approved Project, the Modified Project would implement
requirements of the Final RAP, which include the installation of a landfill gas extraction,
control, and treatment system. The primary objectives of the landfill gas control system are
to prevent the migration and accumulation of combustible gas into enclosed buildings and
to prevent off-site landfill gas migration. As discussed above, the Modified Project would
include the use of a granular activated carbon and potassium permanganate (GAC) system
intended to provide landfill gas treatment in the lieu of the originally proposed flare system
on an interim basis, while also recognizing the potential that the GAC treatment system
may also be used in lieu of the flare system in the event the SCAQMD is not able to issue
operating permits for flare systems into the future. Use of a GAC treatment system would
provide the necessary treatment level and would be consistent with the preferred landfill
gas control, collection and treatment system in the Final RAP. The proposed modification
to the treatment system would allow the Applicant to proceed with the construction of the
collection and extraction system until such time the SCAQMD is able to issue operating
permits for flare systems.

The GAC treatment system would utilize the same basic elements of the landfill gas
extraction and condensate handling systems as those for the Approved Project. The GAC
system would be designed to process a maximum of 350 scfm of landfill gas in comparison
to the flare system which would operate at a maximum operating capacity of 700 scfm.
Consistent with the Approved Project, the GAC system would also be located in a small
parcel at the southwest corner of the site. The system would operate 24 hours per day,
365 days per year.
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During operations, monitoring of Total Gaseous Non-Methane Non-Ethane Organic
Compounds (TGNMNEOCSs) would be performed at the inlet and outlet of the GAC and
recorded on a routine basis using a Photo lonization Detector (PID). When the monitoring
indicates the primary vessels are approaching saturation with VOCs, the gas stream would
be routed to the backup vessel while the primary vessel is being replenished.

a. SCAQMD Permit Application

A SCAQMD permit application was prepared for the GAC landfill gas treatment
system.* The permit application and supporting documentation are provided as Appendix
B to this Addendum. Using the laboratory data on samples collected from the GAC system
vent stack outlet during the Pilot Test, the GAC system produced no NOx, CO, SOx, or
measurable PM;o and PMz5. The calculation for total VOCs or TGNMEOCSs indicated less
than 0.5 pounds per day of VOC emissions from the vent stack for the system operating at
350 scfm. This VOC emission rate is comparable to the flare system (0.22 pounds per
day).

As part of the SCAQMD permit application and in compliance with SCAQMD
Rules 212 and 1401, a screening risk assessment using SCAQMD guidelines was
conducted for air toxics to evaluate compliance with SCAQMD standards. The health
screening risk assessment is included in Appendix B to this Addendum and was conducted
in compliance with the guidelines presented in SCAQMD’s “Risk Assessment Procedures
for Rules 1401 and 212", Version 7.0, July 2005.

(1) Emission Rates

As with the Approved Project, representative emissions of the landfill gas were
derived from a combination of sample gases collected from then Project site. Eighteen
carcinogenic and toxic contaminants were targeted and analyzed, including the list of
contaminants listed in the Core Group as specified by SCAQMD Rule 1150.1. A copy of
the landfill gas analysis is included in Appendix B to this Addendum. Table 3 on page 23
shows a list of the contaminants, corresponding CAS numbers, uncontrolled emissions at
maximum flow rate, and controlled emissions calculated based on a control efficiency of 99
percent. Both the concentration of air toxic contaminates in the untreated gas and the
control efficiency of the treatment system would be identical whether treatment includes a
GAC system or landfill gas flare system. However, as the GAC system is limited to a
maximum exhaust flow rate of 350 scfm and the landfill gas flare system is designed at 700
scfm, the emissions of air toxic contaminants from the GAC treatment system would

4 Bryan A. Stirrat & Associates, Application for Permit to Construct and Permit to Operate Landfill Gas

Treatment System—GAC/KMN, February 2009.
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Table 3
Air Toxic Emissions from GAC Operations

Emission Data

Uncontrolled 99 Percent
Emissions Controlled Total Max at 350
Contaminant CAS # (mg/m®) (mg/m®) scfm (gm/sec)

Benzene 71-43-2 26.61 0.27 4.40E-05
1,4-Dichlorbenzene 106-46-7 4.33 0.04 7.15E-06
1,2-Dichlorethane 107-06-2 2.60 0.03 4,29E-06
1,1-Dichloroethylene 75-35-4 130 0.01 2.16E-06
Tetrachloroethylene 127-18-4 39.14 0.39 6.45E-05
Toluene 108-88-3 53.50 0.54 8.85E-05
Trichlorethylene 79-01-6 33.60 0.36 5.55E-05
Vinyl Chloride 75-01-6 13.80 0.14 2.28E-05
Xylenes 1330-20-7 91.18 0.91 1.51E-04
Chlorobenze 108-90-7 67.67 0.68 1.12E-04
1,1-Dichloroethane 75-34-3 0.30 0.003 4.92E-07
Dichlormethane 75-09-2 9.28 0.09 1.53E-05
Hydrogen Sulfide 7783-06-4 4.43 0.04 7.30E-06

Total Contaminants 5.75E-04

Source: E-Tech Environmental, 2008 and Bryan A. Stirrat & Associates, 2009.

represent approximately 50 percent of the emissions associated with the landfill gas flare
system. As the GAC system is intended to be an interim treatment system, 350 scfm
would be adequate. If the GAC treatment system were designed at 700 scfm, toxic air
contaminant emission rates would be anticipated to be the same as the landfill gas flare
system for the Approved Project. As the GAC system does not rely upon combustion as
the means of TAC removal, the system would also not release criteria pollutant emissions
related to combustion. However, methane emissions destroyed during use of the landfill
gas flare system would be released with use of the GAC system and represent
approximately 54 percent of the exhaust stream. The issue of methane gas is discussed
further below.

(2) Health Risk Assessment

A Tier 2 screening risk assessment was conducted for the GAC system in
compliance with the guidelines presented in SCAQMD'’s “Risk Assessment Procedures for
Rules 1401 and 2127, Version 7.0, July 2005. Based on the modeling results presented
below, a more refined analysis using dispersion modeling is not necessary as screening
models generally yield greater, and thus more conservative, impacts than with a dispersion
model (e.g., ISCST3).

City of Carson Addendum to the Final EIR for Carson Marketplace
Matrix Environmental July 2009

Page 23



lll. Environmental Impact Analysis

The results of the screening level analysis indicate that the risk associated with GAC
system operations is approximately 0.03 in one million (see Appendix B to this Addendum)
and thus, well below the screening level significance threshold of one in one million. These
results are generally consistent with the health risk assessment results conducted for the
Approved Project’s landfill gas flare system. Although the health risk impacts identified for
the Approved Project using a detailed HRA were substantially lower, the difference in
impacts are related to the methodology employed (use of dispersion modeling and site
specific parameters) rather than the quantity of TAC emissions released. Given that the
stack height, location, and velocity are similar for both the flare and GAC systems and that
the GAC exhaust emissions of TACs are approximately 50 percent of the flare system, it
would be anticipated that a detailed HRA using ISCST3 would demonstrate that the health
risk associated with the GAC system would also result in approximately 50 percent of the
health risk of the landfill gas flare system. As a result, the use of a GAC system, in lieu of
the originally proposed flare system, would result in a less than significant impact.

(3) Landfill Gas Monitoring

The landfill gas is approximately 53 percent methane. Methane is not toxic.
However, it is flammable and may form explosive mixtures with air. Consistent with the
Approved Project, the Modified Project would implement requirements of the Final RAP,
which requires quarterly air and soil monitoring of landfill gas to provide early warning of
potential off-site migration and to ensure proper control of the landfill gases. The landfill
gas collection system would be the same for both the Approved Project and the Modified
Project. As such, the blowers and ducting systems would have sufficient capacity to vent
the gas through the flare or the GAC system (i.e., overcome pressure drops for either
system) to ensure that the concentration of methane gas would not exceed 1.25 percent by
volume in air within on-site structures and 5 percent by volume in air at the landfill
boundary. In addition, the landfill gas would pass through a flame arrestor with a
differential pressure indicator prior to discharging through a vent stack to further limit the
potential of explosive mixtures with air. Thus, impacts associated with methane emissions
under the Modified Project would be less than significant.

(4) Odor

Potential odiferous emissions from the landfill gas system would primarily be related
to VOC emissions. The VOC content in the untreated gas and the control efficiency of the
treatment system would be identical whether treatment includes a GAC system or landfill
gas flare system. As a result, a 99 percent VOC control efficiency combined with a well
engineered stack height and flow rate would effectively reduce any potential odors such
that noticeable odors would not occur in the surrounding area. In addition, the GAC system
or a landfill gas flare system would be required to comply with mandatory SCAQMD Rules
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(e.g., SCAQMD Rule 402 (Nuisance), which would further limit the potential odor impacts.
Therefore, odor impacts would be less than significant.

3. Mitigation Measures

Mitigation Measures D-1 through D-5 for the Approved Project are required to
ensure that any revisions to the RAP are approved by DTSC and that access to the
necessary areas for monitoring programs required in the RAPs would be provided. As the
Modified Project could include a GAC treatment system or a flare treatment system,
Mitigation Measure D-5 has been revised to remove the specific reference to a flare system
and replaced with a more general description of the treatment system. In addition,
Mitigation Measure D-6 has been included to ensure compliance with the requirements in
the RAP in the event that the GAC system is expanded beyond 350 scfm.

The mitigation measures for the Modified Project are as follows:

Mitigation Measure D-1: To the extent the Applicant desires to refine or modify
requirements in the RAP, the Applicant shall provide documentation
to the City indicating DTSC approval of such refinements or
modifications.

Mitigation Measure D-2: The Applicant shall provide documentation to the City
indicating DTSC shall permit the proposed residential uses in
Development District 1 prior to issuance of any permits for such
residential development in Development District 1.

Mitigation Measure D-3: The Applicant shall provide documentation to the City
indicating both on- and off-site risks associated with RAP
construction have been evaluated to the satisfaction of the DTSC,
and at a minimum, perimeter air monitoring shall be completed for
dust, particulates, and constituents determined to be Constituents of
Concern (COCs).

Mitigation Measure D-4: The Applicant shall provide to the City, documentation
indicating that (1) a post remediation risk assessment has been
prepared by the Applicant and approved by DTSC; and (2) DTSC
has certified that the remedial systems are properly functioning prior
to issuance of a Certificate of Occupancy.

Mitigation Measure D-5: The Applicant shall provide documentation to the City
indicating that applicable remedial systems and monitoring plans,
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including the location of the landfill gas treatment facility are in
accordance with applicable SCAQMD regulations.

Mitigation Measure D-6: To the extent the Applicant desires to expand the GAC

system beyond 350 scfm, the Applicant shall provide documentation
to the City indicating DTSC approval of such refinements or
modifications. In addition, the Applicant shall provide documentation
to the City indicating compliance with SCAQMD requirements and
that both on- and off-site risks associated with modification have
been evaluated to the satisfaction of the DTSC and SCAQMD.

Mitigation Measure D-7: In the event the SCAQMD in the future is able to issue

permits to construct and operate flare stations, the Applicant at that
time, shall process an application with the SCAQMD for the originally
proposed flare unit, in a timely manner, and commence the
installation, and subsequent operation, of the flare unit upon the
issuance of the SCAQMD permit.

4. Conclusion

The Modified Project would not introduce new significant impacts or substantially
worsen previously identified impacts with regard to hazards. Thus, the environmental
impacts of the Modified Project would be consistent with those analyzed in the Final EIR.
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1.0 APPLICATION FOR PERMIT TO CONSTRUCT AND PERMIT TO
OPERATE LANDFILL GAS TREATMENT SYSTEM

1.1 APPLICANT

The Boulevards at South Bay, LL.C
C/o LNR Properties

4350 Von Karman Avenue, #2000
Newport Beach, California 92660

1.2 CONSULTANT

Bryan A. Stirrat & Associates (BAS)
1360 Valley Vista Drive

Diamond Bar, California 91765
Contact: G.E. Andraos., '
Phone: {909) 860-7777, ext. 226

1.3 BACKGROUND

The former Cal Compact Landfill (Figure 1) was operated from its opening in April 1959
through its closure in February 1965. The 157 acre Class Il landfill accepted both
municipal solid waste and specified industrial liquid wastes. Available records indicate
that over 90 percent of the liquid wastes were drilling fluids which consisted primarily
of water and clay mixtures, with minor heavy metal additives and oily residue. Other
wastes received included solvents, oils, sludges, heavy metals, paint sludges, and
inorganic salts. The landfill operations consisted of excavation of trenches and the
placement and covering of wastes in the trenches. A total of five cells were
constructed in the landfiil. An interim soil cap overlies all five cells that comprise the
entire landfill area. The interim landfill soil cap varies in thickness from approximately 2
feet to over 30 feet and averages approximately 11 feet in thickness across the Site.

The site has been approved for development by the California Environmental
Protection Agency’s Department of Toxic Substance Control to become the “The
Boulevards of South Bay”, with requirement of several remedial measures to protect
the public and future users. One of these remedial systems is a landfill gas coliection
and treatment system. The purpose of proposed temporary extraction system is to
develop landfill gas generation and composition data in order to design the required
permanent collection system. The landfill gas collection and treatment system will be
comprised of vertical and horizontal gas wells connected to a header circumscribing
the site (Figure 2). The header will terminate at the flare station where the gas will be
combusted in one or two (as needed) enclosed flares.
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1.4  EQUIPMENT LOCATION

Former Cal-Compact Landfill

20300 Main Street

Carson, California 90745

Contact: Javier Weckmann, VP, TetraTech, Inc.
See Figure 1 and 2

1.5  DESCRIPTION OF GAS TREATMENT EQUIPMENT SKID

This is an application to install a Landfill Gas Treatment Equipment Skid that is designed
to process up to a maximum flow of 700 standard cubic feet per minute {scfm} of
landfill gas at The Boulevards of South Bay site.

The proposed Treatment System will consist of the following major equipment:

s Centrifugal Gas Blowers (B-103, B-104): Mfr.: Houston Service Industries, Inc.
HSI-5105 driven by a 40 HP TEFC motor equipped with VFD. A blower
performance curve is included in Attachment 1. Tests have been performed to
demonstrate no overheating when operating at 50 scfm flow. Also, space is
provided on the blower skid for a third smaller blower, e.g., 25-50 scfm operating
range. This small blower would either be rented or purchased and installed if the
flows from the initial gas extraction area is consistently below 50 scfm.

¢ Combustion Air Blowers (B-200, B-201): Mfr.: TBD. Equipped with 10 HP motor,
maximum flow rate 1785 scfm and 3200 scfm, pressure discharge 15 inches w.c.
{See Attachment 2)

s Purge Blower (B-204): Mfr: TBD. 8” flange size, HP TBD

» Flame Arrestors (FA-107, FA-108); Mfr.: Enardo Flame Arrestors, FA-1, model
Series 7 inline flame arrestor EN certified, FA-2, model free vent flame arrestor
(FVFA) EN certified.

e Zink Ultra Low Emissions Flare (I-1, I-2): Mfr.: John Zink Company LLC. Enclosed
ground flares. Flare -1 maximum flow rate 250 scfm, 6.83 MM BTU/hr, 0.7 sec
retention time at 1800 deg. F, size 4 ft diameter and 40 ft overall height. Flare I-2
maximum flow rate 450 scfm, 12.29 MM BTU/hr, 0.7 sec retention time at 1800
deg F, size 5 ft diameter and 40 ft overall height. Details provided by the
manufacturer are included in Attachment 2,

1-2
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If extracted LFG contains less than 30% methane, the use of supplemental fuel {natural
gas or propane) may be required. As such, provisions will be made to connect a natural
gas line or propane tank line to the flare station. The flare burners will be of the type that
can burn LFG, natural gas or propane efficiently.

A total of four thermocouples (at various elevations) will be installed in the flare stack to
monitor the combustion temperature and to provide information to the temperature
controller, which modulates the combustion air dampers to maintain the pre-selected
flare temperature. Three thermocouples will be installed along the length of the stack,
which will be selectable. This will allow the site engineer to select the most appropriate
thermocouple elevation based on the flow of LFG at that time. One thermocoupie will
be used for high temperature control,

To allow for the system to efficiently operate throughout various flow conditions, a total
of two LFG blowers will be provided, one of them serving as a back-up. Each blower is
capable of processing the full range of the designed gas flows (0-700 SCFM) and up to
100 inch WC vacuum, as shown on the blower curves included in Attachment 1. Each
blower will be equipped with its own Variable Frequency Drive {VFD), which will allow
each blower’s explosion proof motor RPM to be varied by changing the power
frequency. Decreasing the blower RPM reduces the flow rate and also reduces the
required horsepower requirements, resulting in savings of electrical power. The use of a
VFD greatly enhances the degree to which the gas flow can be regulated. For the former
Cal Compact landfill, each blower equipped with the VFD, will allow for an operational
range of approximately 0 to 700 SCFM,

The multi-stage centrifugal blowers and motors will be provided by John Zink as part of a
skid-mounted assembly, which will also include a moisture / particulate separator, various
isolation and check valves, expansion joints and the control panel, as shown on Figure 4.
Blower curves are included in Attachment 1.

The moisture / particulate separator (V-101) is designed to separate 99% of all liquid
droplets, and particulates 10 microns and larger. The separator will be constructed of
HDPE or stainless steel and will include the following:
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Drain connection;

Level gauge (sight glass);

Stainless steel mesh pad for moisture coalescing;
Flanged top for accessibility and maintenance; and

Differential pressure indicator gauge and ports for measuring pressure drop across
the mesh pad.

YV V VYV Y

Collected condensate will be pumped to the condensate storage tank {T-801A/B) for
where itis automatically pumped to the on site liquids treatment plant (see separate
permit application of Condensate Management System for details).

Flare station operations are anticipated to require 480 Volt, 3-phase electric service rated
at an estimated 300 amps. Back-up power will be provided by a 300 kw natural gas
generator to be located at the station. Structural loading for the equipment for pad and
foundation design is included in the attached calculations (Appendix 1).

An evaluation of the heat plume from the flare was completed to aid in stack height
determination and to locate the flares a safe distance from nearby buildings. A fire
hydrant or equivalent water supply wire be provided on site prior to operations of the
flare system. '
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2.0 AIR DISPERSION MODELING AND HEALTH RISK ASSESSMENT

In compliance with SCAQMD Rule 212 and 1401, a screening risk assessment analysis
using SCAQMD guidelines was conducted for air toxics to evaluate compliance with
SCAQMD standards. The full report of the air dispersion modeling and health risk
assessment is included as Attachment 3.

The toxic compounds evaluated in the screening analysis are those listed in the SCAQMD
Rule 1150.1 Toxic Air Contaminant core group and also listed in SCAQMD Rule 1401.

The health risk screening analysis was conducted in compliance with the guidelines
presented in SCAQMD’s “Risk Assessment Procedures for Rules 1401 and 212,” Version
7.0, July 2005.

In an effort to characterize the landfill gas as necessary for the Health Risk Assessment, BAS
installed five separate sample probes, one into the each of the five distinct individual landfill
cells at the site. A summa canister was used to collect a representative sample of each
cell's gas constituents. The collected samples were each tested by a Certified Laboratory
for total gaseous non methane non ethane organic compounds (TGNMNEOCs), TO-15 and
sulfur compounds, as welf as permanent gases which include methane, carbon dioxide,
oxygen and nitrogen. 7 '

The results of the screening risk assessment analysis which includes the Maximum
Individual Cancer Risk (MiCR) screening, and both the chronic and acute toxic screening
show that the health risks associated with the emissions from the proposed treatment
facility are in compliance with SCAQMD’s Rules 1401 and 212.

2-1
The Boulevards at South Bay -~ Permit Application
JACarson Marketplace - Gas\SCAQMD Permits\LFG TREATMENT SYSTEM\Sect 2.doc
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FIGURE 1

SITE LOCATION MAP
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FIGURE 2

LANDFILL GAS EXTRACTION SYSTEM LAYOUT
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THE BOULEVARDS AT SOUTH BAY, LLC

FIGURE 3

FLARE STATION / LFG TREATMENT PROCESS FLOW DIAGRAM
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THE BOULEVARDS AT SOUTH BAY, LLC

FIGURE 4

FLARE STATION / LFG TREATMENT FACILITY
MECHANICAL ASSEMBLY PLAN



CO~1A & 18
COMPRESSORS
WFR: ATLAS £OPCO

: MODEL: GA 30 VED
OVERALL SIZE: LENGTHw4.0" WIDTHmZ 13" HENGHTu4.6"

=1
ENCLOSED GROUND FLARE
MFR: JOHN ZiNK
MODEL: ZULE ULTRA LOW EMISSIONS (5.83MM BTU/hr WAX)
FLOW RATE: 250 SCFM {MAYX)

SiZE; 4'~0° x 40'~0" OVERALL HEIGHT &
WINDLOAD {FER ASCE 795, EXP. €) 110 MPH
SETSMC (PER UBC—1994) ZONE 4 SHEAR AT BASE: 8.0 K
MOMENT AT BASE: 145.0 K—FT
DEADLOAD: 128 K

=2
ENCLOSED GROUND FLARE
NFR: JOHN ZINK
NODEL: ZULE LLTRA.LOW EMSSIONS (12.28MM BTU/hr MAX)
FLOW RATE: 450 SCPM (MAX)
SIZE: 50" K 40'=0" OVERALL HEIGHT &
WINOLOAD (PER ASCE 7-95, EXP, ::) nu MPH
SEISMIC (mﬂwc—tm)

SHEAR AT BASE; 7.0 ¥
MOMENT AT BASE: 130.0 K-FT
DEADLOAD: 1.2 K

20k

PNUEMATIC DIAPHRAGM PUMP

WFR: ARO
MODEL NO.: 8851-—A3--34B-C
INLET: 1% FLANGE

GUTLET: 1° FLANGE
MR INLET: 1/4" NPT {F)
FLOW RATE: 40 GPM MAL.
OPERATING PRESSURE: 120 PSt MAL

Y=101
MOISTURE SEPARATOR
NFR JOHN ZINK

NATERUAL: HI
SiZE: 20" DAMETER X B'-5 1/8" TALL
FIFTRIGS: 6" FLANGED INLET & OUTLET,
2" DRAN LINE, FLANGED TOP, SS DEMISTER PAD,
DP! GAUGE, LEVEL GAUGE

. I-801A/B
CONDENSATE HOLDING TANK
Wi POLY PROCESSING, ING

OVERALL SIZE:; 11'-11" Q0. X 907 TALL
MATERIAL: HIGH DENSTY CROSS LINKED PGLYEI'I'NLENE
FITTIHGS: 4=27 NPT FITNINGS ON TOP OF T
PRIMARY TANK DRAINS, SECONDARY CONTAINMENT TANK BRNN.
LADDER, SKHT GALIGE, SEISMIC RESTRAINT SYSTEM

By F - —

CONSTRUCTION NOTE!

0"

6) FLARE BLOWER (ESIMATION FROM PANEL RACK ELIWER)
F) COMPRESSOR
FLOOR BRIDGE

ELECTRICL PANEL

CONCRETE STHJG'TUML SLAB (PER HPFF DRAWRNGS)
MWOISTURE SEP

9 PNUEMATIC UAPHMH PUMP

) PROPANE TANK

GENERAL NOTES.

b

ANY OF THE COMPDWENTE PROVIDED BY JOHH Tm ARE SHIPPED LOOEE.
THE CONTRACTUR SHALL PROVIDE FINAL ASGEMELY. A9 NEEDED. TU COMPLETE
THE INSTALLATION AD BHOWN.

13 mmnnmmnwmmmmm
FINAL DESION WY JOMN THIC CONPANY AND BAS

NOT FOR CONSTRUCTIO

FORMER CAL GOMPAGT LANDFILL

CARSOM MARKETPLACE LLG,

"AVALON AT 8OUTH BAY

@ TETRA TECH, INC.

THE BOULEVARDS AT BOUTH BAY R

COMSLLTNG TIVL & ENVIRCKMENTAL INGHEDHG
1380 WALLEY VISTA DRNE

DULLDND. BAN, CAUFORNIA fnYES

(oe) Mo-T7r7

]
-]
»

FLARE STATION TREATMENT FAGLITY
MECHAMIGAL ASEEMBLY PLAN

e L (OW\E08 DA JIGAE e FITRLID Troieps! Syviem FRTaT] § RCARGLIeY B/ YODIOL irapmes.




THE BOULEVARDS AT SOUTH BAY, LLC

APPENDIX 1

SUPPORTING CALCULATIONS



CARSON MARKETPLACE
ATTACHMENT A
GAS SYSTEM CALCULATIONS

TABLE OF CONTENTS

SECTION
1.0 LFG DESIGN FLOW

2.0 LFG COLLECTION
2.1 Vertical Gas Extraction Wells
2.2 Horizontal Wells
2.3 Geotextile Flux
2.4  Pipe Flow

3.0 LFG CONDENSATE ESTIMATE

4.0 FLARE STATION STRUCTURAL LOADS

PAGE

1-1

2-1
2-1
2.2
2-3
2-4

3-1

41

F\Carson Marketplace - Gas\35% Submittal-N,O,P,Q\Attachment A~Calcs\Attachment ATOC.doc




1.1

1.2

1.3

1.4

1.0 LANDFILL GAS FLLOW DESIGN BASIS

Problem Statement

To estimate the volume or flow rate of landfill gas (LFG) to be used for the design
of the gas collection system for the former Cal Compact Landfill.

Methodology

A Pilot Test was conducted

The Landfill Gas Emissions Model (LandGEM) method was performed
Judgment was applied to account for site specific conditions

Assumptions and Inputs

Municipal Solid Waste
The following are the input values for the LandGEM:

Lifetime of the landfili 1959-1965

The waste design capacity 2,000,000 short tons
Methane Generation rate, K 0.040 year”

Potential Methane Generation Capacity, Ly 170 m°/Mg

NMOC Concentration 4,000 ppmyv as hexane
Methane Content 25% by volume

Waste Acceptance Rates per year short tons*

*Values in attached LLandGEM Report

Calcutlations and Results

The Pilot Test projected a minimum LFG flow of 14 standard cubic foot per
minute (SCFM) and a maximum of 300 SCFM at 25% methane by volume for
the year 2008.

The Landfili Gas Emissions Model (LandGEM) estimated that the maximum
LFG flow of about 3611 SCFM was reached in the year 1965, and has
constantly decreased over time. In the year 2009, the minimum LFG flow is
estimated to range from 510 SCFM to 650 SCFM. By the year 2100, the
minimum and maximum LFG flow will be as low as 14 SCFM and 18 SCFM,
respectively. See attached model output.

Due to the disposal of a large volume (estimated at 6.3 million gallons) of
liquids in the landfill experience indicates the probability of more LFG (at least
in the early years of operation of the system) than predicted by the Pilot Test
and LandGEM method. Therefore, a LFG flow of 700 SCFM (250 SCFM by
one flare and 450 SCFM by the second flare) is recommended for design.

J:\Carson Marketplace - Gas\CALCS\1.0 LFG Design Flow\LFG Flow Design Basis\1.0 LFG Flow Design Basis.doc




¢ The two flares provide coverage for a range of LFG flow from as low as 50
SCFM to 700 SCFM.

» As the amount of Methane flow declines, natural gas will be added to aliow
flares o continue operating

1.5 References

> U.8. Environmental Protection Agency; Landfill Gas Emissions Model
(LandGEM), Version 3.02; hitp:/fwww.epa.gov/ttnatw01/andfill/landflpg.htmil;
1200 Pennsyivania Avenue, N.W., Washington, DC 20460

» Bryan A. Stirrat & Associates. Appendix D - Estimate of Waste Tonnage for
LFG Modeling. Expert Witness Report, 2003.

> Bryan A. Stirrat & Associates. CM-LFG_Pilot_Test Results Report final
draft-041708. April, 2008.
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Avalon At South Bay-High End.xls 7130/2008

Summary Report

Landfili Name or identifier: AVALON AT SOUTH BAY-HIGH END
Date: Wednesday, July 30, 2008

Description/Comments:

About LandGEM:
M.
“he'j
First-Order Decompaosition Rate Equation: QCH kL e
4
‘Where, =1 J =0. 1
Qg = annual methane generation in the year of the calculation {m®Avear)
i = 1-year time Increment....- M; = mass of waste accepted In the i year {Mag)
n = (year of the calculation) - (initial year of waste acceptance) by = age of the ™ section of waste mass M, accepted in the i year
}= 0.1-year time increment {decimal years, e.g., 3.2 years)

k = methane generation rate ( vear™)
L, = potential methane generation capacity {(m*/Mg)

LandGEM is based on a first-order decomposition rate equation for quantifying emissions from the decomposition of landfilled waste in
municipal solid waste (MSW) landfills. The software provides a retatively simple approach to estimating landfill gas emissions. Modea! defaults
are based on empirical data from U.S. landfilis. Field test data can also be used in place of model defauits when available. Further guidance on
EPA test methods, Clean Alr Act{CAA) regulations, and other guidance regarding landfili gas emissions and control technalogy requirements
can be found at hitp:/fwww.epa.govittnatwi 1Aandfilllandfipg.htmi.

LandGEM is considered a screening tool — the better the input data, the hetter the estimates. Often, there are imitations with the available
data regarding waste quanlity and composition, variation in design and operating practices over time, and changes occurring over fime that
impact the emissions potential. Changes fo landfill operation, such as operating under wet conditions through leachate recirculation or other
liquid additions, will result in generating more gas at a faster rate. Defaults for estimating emissions for this type of operation are being
developed fo include in LandGEM along with defaults for convential landfifls {nc leachate or liquid additions} for developing emission
inventories and determining CAA applicabliity. Refer to the Web site identified above for future updates.
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Avalon At South Bay-High End.xis

Input Review

LANDFILL CHARACTERISTICS
Landfill Open Year 1959
Landfill Closure Year (with 80-year limit) 1965
Astual Closure Year (without fimlf) 1955
Have Model Calculate Closure Year? No
Waste Design Capacity 2,500,000 short tons
MODEL PARAMETERS
Methane Generation Rate, k 0.040 year"
Potential Methane Generation Capacity, L, 170 m? Mg
NMOC Concentration 4,000 ppmv as hexane
Methane Content 25 % by volume
GASES / POLLUTANTS SELECTED
Gas / Pollulant #1: Total landfilt gas
Gas / Pollutant #2: Methane
Gas / Poliutant #3: Carbon dioxide
Gas / Poliutant #4: NMOC
WASTE ACCEPTANCE RATES
Year Waste Accepted Waste-in-Place

(Mg/yean) {short tons/year) (Mg) {short tons)
1959 288,090 316,899 0 0
1960 384,123 422,535 288,080 316,899
1961 384,123 422,535 672,213 739,434
1962 384,123 422,635 1,056,335 1,161,969
1963 384,123 422,535 1,440,458 1,584,604
1964 384,123 422,535 1,824,581 2,007,039
1965 64,024 70,426 2,208,704 2,429,574
1968 0 0 2,272,727 2,500,000
1967 0 0 2272727 2,500,000
1968 0 0 2,272,727 2,600,000
1868 0 0 2,272,727 2,500,000
1970 0 0 2,272,727 2,500,000
1971 Q 0 2,272,727 2,500,000
1972 0 0 2272727 2,500,000
1973 0 0 2,272,727 2,500,000
1974 0 0 2,272,727 2,500,000
1975 0 0 2,272,727 2,500,000
1976 0 0 2272,727 2,500,000
1977 0 0 2272727 2,500,000
1978 Q 0 2,272,727 2,500,000
1979 0 0 2,272,727 2,500,000
1980 0 0 2272727 2,600,000
1981 0 0 2272,727 2,500,000
1982 4] 0 2,272,727 2,500,000
1083 0 0 2,272,727 2,500,000
1984 0 0 2,272,727 2,500,000
1985 0 0 2,272,727 2,500,000
1986 0 i 2,272,727 2,500,000
1087 0 0 2,272,727 2,500,000
1088 0 0 2,272,727 2,500,000
1939 a 0 2,272,727 2,500,000
1080 0 -0 2,272,727 2,500,000
1091 0 0 2,272,727 2,500,000
1992 0 G 2,272,727 2,500,000
1993 0 0 2,272,727 2,500,000
1994 0 0 2,272,727 2,500,000
1995 0 1 2,272,727 2,500,000
1998 0 ¢ 2,272,727 2,500,000
1997 0 0 2,272,727 2,500,000
1998 0 0 2272727 2,500,000
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WASTE ACCEPTANCE RATES (Continued)

Year Waste Accepted Waste-ln-Place
{Mg/vear} {short tons/year} Mg) {short fons)

4999 1] 0 2,272 727 2,500,000
2000 0 0 2,272,727 2,500,000
20014 0 0 2,272,727 2,600,000
2002 0 0 2,272,127 2,500,000
2003 0 0 2,272,727 2,500,000
2004 4] 0 2,272,727 2,500,000
2005 0 0 2,272,727 2,500,000
2006 a 0 2,272,727 2,500,000
2007 0 0 2,272,727 2,500,000
2008 0 0 2,272,727 2,500,000
2009 0 0 2,272,727 2,500,000
2010 0 0 2,272,727 2,500,000
20114 0 0 2,272,727 2,500,600
2012 o 0 2272727 2,500,000
2013 0] 0 2272727 2,500,000
2014 0 4 2272727 2,500,000
2015 0 0 2,272,727 2,500,000
2016 0 0 2,272,727 2,500,000
2017 0 0 2272727 . 2,500,000
2018 a 0 2,272,727 2,500,000
2019 0 0 2,272,727 2,500,000
2020 ¢] 0 2,272,727 2,500,000
2021 0 0 2,272.727 2,500,000
2022 0 0 2,272,727 2,500,000
2023 o] 0 2272727 2,500,060
2024 0 0 2,272,727 2,500,000
2025 0 0 2272727 2,500,000
2026 0 0 2,272,727 2,500,000
2027 0 0 2,272,727 2,560,000
2028 O 0 2,272,727 2,500,000
2029 ¢ 0 2272727 2,500,000
2030 0 0 2,272,727 2,500,000
2031 G 0 2,272,727 2,500,000
2032 O Q0 2,272,727 2,500,000
2033 0 0 2272 727 2,500,000
2034 4] 0 2272727 2,500,000
2035 0 0 2,272,727 2,600,000
20386 0 0 2,272,727 2,500,000
2037 0 0 2,272,727 2,500,000
2038 0 0 2272727 2,500,000
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Pollutant Parameters

Avalon At South Bay-High End.xts

Gas / Pollutant Defauit Parameters:

User-specified Pollutant Parameters:

Concentration Concentration
Compound Molecular Weight

Total {andfili gas 0.00
é Methane 16.04
g Carbon dioxide 44.01

NMOC 86.18

1,1,1-Trichioroethane

{methyl chloroform} -

HAP 0.48 133.41

1,1.2,2-

Tetrachloroethane -

HAP/NOC 1.1 167.85

1,1-Richicroethane

(ethviidene dichloride) -

HARNMOC 2.4 98.97

1,1-Dichloroethene

{vinylidene chicride) -

HAPNOC 0.20 96.94

1,2-Dichloroethane

{ethylene dichloride) -

HAP/NOC 0.41 98.96

1,2-Dichloropropane

(propylene dichloride) -

HAPNOC 0.18 112.98

2-Propanci (isopropyt

alcohol) - VOC 50 60.11

Acetone 7.0 58.08

Acrylonitrile - HAP/VOC 6.3 53.06

Benzene - No ar

Unknown Co-disposal -

HAPNOC 1.9 78.11

Benzene - Co-disposal - .
B HAPNOC 11 78.11
€ |Bromodichioromethane -
5 |VOC 3.1 463.83
3 |Butane - VOC 5.0 58.12
& |Garbon disulfide -

HAP/NOC 0.58 76.13

Carbon monoxide 140 28.01

Carbon tetrachloride -

HAPNOC 4.0E-03 - 153.84

Carbonyl sulfide -

HAPNOC 0.4% 60.07

Chiorohenzene -

HAPNOC 0.25 112.56

Chiorodiflucromethane 1.3 86.47

Chioroethane {athyl

chlorlde) - HAP/ANOC 1.3 64.52

Chioroform - HAPAOC 0.03 118,38

Chioromethane - VOC 1.2 50.49

Dichlorcbenzene - (HAP

for para isomerVOC) 0.21 147

Dichloredifluoromethane 18 120.91

Dichlorofluoromethane -

VOC 26 102.92

Bichleromethane

{methyiene chloride) -

HAP 14 84.94

Dimeathyl sulfide (methyl

sulfide} - VOC 7.8 62.13

Ethane 890 30.07

Ethandl - VOC 27 46.08
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Pollutant Parameters {(Continued)

Gas / Polluiant Default Parameters:

User-specified Pollutant Parameters:

Congentration Concentration
Compaund {ppmv) Molecular Weight {pprv) Molecular Weight
Ethyl mercaptan
{ethanethiol} - VOC 2.3 62.13
Ethylbenzene -
HAPNOC 4.6 106.16
Ethylene dibromide -
HAPNOC 1.0E-03 187.88
Fluorotrichleromethane -
VOC 0.76 137.38
Hexane - HAPNVOC 5.6 856.18
Hydrogen sulfide 36 34.08
Mercury (total} - HAP 2.9E-04 200.61
Mathyl ethyl ketone -
HAPNMOC 71 72.11
Methyl isobutyl ketone -
HAPNVOC 1.9 100.16
Methyl mereaptan - VOO 25 4811
Pentane -~ VOC 3.3 72.15
Perchlorcethylene
(tetrachloroethylens) -
HAP 3.7 165.83
Prapane - VOC 1" 44.08
t-1,2-Dichlaroethene -
VOoC 2.8 06.84
Toluene - No or
Unknown Co-disposal -
HAPNOC 38 02.13
Toluene - Co-disposal -
HAPIVOC 170 92.13
Trichloroethylene
w Htrichlorosthene) -
£ [HAPNVOC 2.8 131.40
3 |Vinyl chioride -
o |HAPNOC 7.3 82.50
£ [Xylenes - HAPIVOG 12 106.16
o e
: E” . - 5
B el
: .
A - -
B i
] . B
e
= i
: b 5 e
. e
i ‘; 3 - : “% 2 =
R = 5
. S
i
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Graphs
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71302008

Results
Year Total landfili gas Methane

(Mg/vear) {m? fyear) {av R"3/min) {Ma/vear) {m* fyear) {av ft3/min)
1959 0 o] 0 0 0 0
1960 8.328E+03 7.697E+0G 5.171E+02 1.2B4E+03 1.924E+06 1.203E+02
1961 1.911E+04 1.766E+07 1.186E+03 2.946E+(03 4,414E+06 2.966E+02
1962 2.046E+04 2.723E+Q7 1.820E+03 4.541E+03 B.807E+06 4.574E+02
1963 3.041E+04 3.642E+07 2.447E+03 6.075E+03 8.106E+06 6.118E+02
1064 4.897E+04 4 526E+07 3.041E+03 7.548E+03 1.131E+07 7.602E+D2
1865 5.816E+04 5.374E+07 3.611E+03 8.964=+03 1.344E+07 9.028E+02
1966 &, 772E+04 5.335E+07 3.684E+03 8.898E+03 1.334E+07 8.961E+02
1967 5.546E+04 5.126E+07 3.444E+03 8,549e+03 1.281E+07 8.610E+(2
1968 5.320E+04 4.925E+07 3.300E+03 8.214E+03 1.231E+07 8.272E+(02
1969 5.120E+04 4. T32E+07 3.179E+03 7.892E+03 1.183E+07 7.948E+02
1970 4.H19E+04 4.546E+07 3.054E+03 7.582E+03 1.136E+07 7.636E+02
1971 A4, 726E+04 4,368E+07 2.935E+03 7.285E+03 1.092E+07 7.337E+02
1972 4.541E+04 4.196E+07 2.820E+03 6.999E+03 1.049E+07 7.049E+02
1873 4.363E+04 4.032E+07 2.709E+03 6.7256E+03 1.008E+(Q7 6. 773E+02
1974 4.192E+04 3.874E+07 2.603E+03 6.461£+03 9.685E+06 6.507E+02
1975 4.027E+04 3.722E+07 2.501E+03 6,208E+03 9.305E+06 6.252E+02
1976 3.869E+H)4 3.576E+07 2.403E+03 5.064E+03 8.940E+06 G.007E+(2
1977 3.718E+D4 3.436E+07 2.308E+03 5.730E+03 8.580E+06 5.7T1E+02
1978 3.572E+04 3.301E+07 2.218E+03 b.b06E+03 8.253E+08 5.545E+02
1978 3.432E+04 3.172E+07 2.131E+03 5.290E+03 7.929E+06 5.328E+02
1980 3.297E+04 3.047E+07 2.047E+03 5.082E+03 7.618E+06 5.119E+02
1981 3.168E+04 2.928E+07 1.967E+03 4.883E+03 7.318E+06 4.918E+02
1982 3.044E+04 2.813E+07 1.890E+03 4.692E+03 7.032E+06 4.725E+02
1983 2.924E+04 2. 7G3E+D7 1.816E+03 4.608E+03 6,.757E+08 4.540E+02
1984 2.810E+D4 2.597E+07 1.746E+03 4.331E+03 6.492E+06 4,362E+02
1985 2. 700E+04 2.4G5E+07 1.676E+03 4,161E+03 6.237E+06 4.191E+02
1986 2.594E404 2.387E+Q7 1.6811E+03 3.988E+03 5.893E+06 4.026E+02
1887 2,402E+04 2.303E+07 1.547E+03 3.841E403 5,758E+06 3.BG9E+02
1988 2.394E+04 2.213E+Q7 1.487E+03 3.691E+03 5.532E+)6 3.717E+02
1989 2,300E+04 2.126E+07 1.428E+03 3.546E+03 5.315E+06 3.571E+02
1990 2.210E+04 2.043E+07 1.372E+03 3.407E+03 5.107E+06 3.431E+02
1691 2.124E+04 1.963E+07 1,319E+03 3.273E403 4.906E+06 3.297E4+02
1992 2 040E+04 1.886E+07 1.267E+03 3.146E+03 4.714E+06 3.167E+02
1883 1.960E+04 1.812E+07 1.247E+03 3.022E+03 4.528E+06 3.043E+02
1904 1.883E+04 1.741E+07 1.170E+03 2.803E+03 4.352E+06 2.824E+02
1995 1.810E+04 1.672E4+07 1.424E+03 2.7B8E+03 4.181E+D6 2.808E+02
1996 1.739E+04 1.607E+07 1.080E+03 2.680E+03 4.047E+H)6 2.G90E+02
1897 1.670E+04 1.544E+07 1.037E+03 2.875E+03 3.850E+06 2.593E+02
1988 1.606E+04 1.483E+07 9.0668E+02 2.474E+03 3.70BE+06 2.492E+02
1899 1.542E+04 1,425E+07 9.575E+02 2.377TE+03 3.563E+06 2_384E+02
2000 1.482E+04 1.369E+07 0.200E+02 2.284E+03 3.423E+06G 2,300E+02
2001 1.423E+04 1,316E+07 8.830E+02 2.184E+(Q3 3.288E+06 2.210E+02
2002 1.368E+04 1.264E+07 8,482E+02 2.108E+03 3.160EHS 2.1235+02
2003 1.314E+04 1.214E+Q7 8.159E+02 2.025E+03 3.036E+06 2.040E+02
2004 1.262E+04 1.167E+07 7.840E+02 1.946E+03 2.917E+0B 1.960E+02
2005 1.213E+04 1.121E+07 7.532E+02 1.870E+03 2.803E+H06 1.883E+02
2006 1,165E+04 1.077E+07 7.237E+02 1.786E+03 2.693E+06 1.809E+02
2007 1.120E+04 1.035E4+07 6.953E+02 1.726E+03 2.587E+06 4. 738E+02
2008 1.076E+04 9.943E+06 6.680E+02 1.658E+03 2.486E4+06 1.670E+02
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Results (Continued)

7/30/2008

Year Total landfill gas Methane

{(Mg/vear) {m? fyear) {av ft*3/min) {Mg/vear) {m* /year) {av ft*3/min)
2008 1.034E+04 9.553E+06 B8.418E+02 1.593E+03 2.388E+H06 1.605E+02
20190 9.931E+03 9.178E+068 6.167E+02 1.531E+03 2.295E+06 1.542E+02
2011 9.542E+03 8.818E+06 5.925E+02 1.471E+03 2.205E+06 1.481E+02
2012 9.168E+03 8.473E+06 5,693E+02 1.413E+03 2.118E+08 1.423E+02
2013 8.80BE+03 8.140E+06 5.469E+02 1.358E+03 2.035E+06 1.367E+02
2014 8.463E+03 7.821E+08 5.255E+02 1.304E+03 1.955E+06 1.314E+02
2015 8.131E+03 7.514E+06 5.049E+H)2 1.253E+03 1.879E+06 1.262E+02
2016 7.812E+03 7.220E+06 4.851E+02 1.204E+03 1.805E+06 1.213E+02
2017 7.506E+03 6.937E+06 4.661E+02 1.157E+03 1.734E+H06 1.165E+02
2018 7.211E+03 B5.665E+06 4.478E+02 1.112E+03 1.666E+06 1.120E+02
2019 6.920E+03 8.403E+08 4.302E+02 1.068E+03 1.601E+06B 1.076E+02
2020 6.657E+03 6.152E+06 4.134E+02 1.026E+03 1.538E+036 1.033E+02
2021 8.396E+03 5.911E+08 3.972E+02 9.859E+02 1.478E+06 9.929E+01
2022 6.145E+03 5.679E+06 3.816E+02 9.472E+02 1.420E+06 9.540E+01
2023 5.004E+03 5.457E+06 3.666E+02 9.401E+02 1.364E+06 9.166E-+01
2024 5.873E+03 5.243E+06 3.523E+H)2 8.7T44E+02 1.311E+068 8.806E+01
2025 5.450E+G3 5.037E+06 3.384E+02 §401E+02 1.259E+06 8.461E+01
2026 5.237E+03 4,840E+06 3.252E+02 B8.072E+(2 1.210E+06 8.120E+01
2027 5.031E+03 4.650E+06 3.124E+02 7.756E+02 1.162E+06 7.811E+01
2028 4.834E+03 4. 468E+06 3.002E+02 7.451E+02 1. 117E+06 7.504E+01
2029 4.844E+03 4.292E+06 2.884E+02 7.159E+02 1.073E+06 7.210E+01
2030 4.462E+03 4.124E+08 2.771E+H2 6.878E+02 1.031E+06 B8.927E+01
2031 4.287E+03 3.962E+06 2.662E+02 6.609E+02 9,906E+05 B8.656E+01
2032 4.119E+03 3.807E+06 2.558E+02 6.350E-+02 8.517E+05 6.395E+01
2033 3.958E+03 3.658E+06 2 A58E+02 6. 101E+02 9.444E+05 6. 144E+01
2034 3.803E+03 3.514E+06 2.361E+02 5.861E+02 8.786E+05 5.903E+(1
2035 3.653E+03 3.376E+06 2.269E+02 5.632E+02 8.441E+05 5.672E+01
2036 3.510E+03 3.244E+06 2.180E+02 5.411E+H02 8,110E+05 5.449E+01
2037 3.373E+03 3. 117E+06 2.084E+02 5.199E+02 7.792E+05 5.236E+01
2038 3.240E+03 2.995E+0B 2.012E+02 4.995E+02 7.487E+D5 5.030E+01
2038 3.1136+03 2.877E+06 1.933E+H02 4.798E+02 7.193E+05 4.833E+01
2040 2.991E+03 2.784E+06 1.857E+02 4.6811E+02 6.411E+05 4.644E+01
2041 2.874E+03 2 B56E-+06 1.785E+02 4.430E+02 6.640E+05 4.461E+01
2042 2.761E+03 2.552E+086 1.715EH02 4.266E+02 6.380E+05 4.287E+01
2043 2.653E+03 2.452E+06 1.647E+02 4.089E+D2 6.130E+05 4.418E+01
2044 2.549E+03 2.356E+06 1.583E+02 3.929E+02 5.880E+05 3.957E+(01
2045 2449E+03 2.263E+06 1.521E+02 3.775E+02 5,658E+05 3.802E+01
2046 2.353E+03 2,175E+05 1.461E+02 3.627E+02 5.436E+05 3.653E+01
2047 2.261E+03 2.089E+06 1.404E+02 3.485E+02 5.223E+05 3.509E+H
2048 2.172E+03 2.007E+06 1.349E+02 3.348E+02 5.018EX05 3.372E+01
2048 2,087E+Q3 1.829E+06 1.206E+02 3.217E+02 4.822E+05 3.240E+01
2050 2.005E403 1.863E+06 1.245E+02 3.091E+02 4.633E+05 3. 113E+01
2051 1.926E+03 1.780E+06 1, 198E+02 2.969E+02 44516405 2.991E+01
2052 1.851E403 1.711E+06 1.149E+02 2.853E+02 4.276E+05 2.873E+1
2053 1.778E+03 1.644E+06 1.104E+02 2. 741E+02 4.109E+05 2.761E+01
2054 1.709E+03 1.579E+06 1,081E+02 2.634E+02 3.948E+05 2.652E+01
2065 1.842E+03 1.517E+06 1.019E+02 2.530E+02 3.793E+05 2.548E+01
2056 . 1.577E+03 1.458E+06 9.794E+" 2.A31E+02 3.644E+05 2.448E+(11
2057 1.515E+03 1.401E+(06 9. 410E+01 2.336E+02 3.501E+05 2.352E+01
2058 1.456E+03 1.346E+06 9.041E4+01 2.244E+02 3.364E+05 2.260E+01
2058 1.399E+03 1.203E+06 8.686E+01 2. 156E+02 3.232E+05 2A72E+(1
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Results (Continued)

7/30/2008

Year Total landfill gas Methane
(Mg/year} {m’ jyear} {av ft*3/min) Mg/year) (m? fyear) {av it"%/min)
2060 1.344E+03 1.242E+06 8.34B6E+1 2.072E+02 3.106E+05 2.086E+01
2081 1.281E+03 1.193E+06 8.018E+01 1.990E+02 2.984E+05 2.005E+01
2062 1.241E+03 1. 147E+H06 1. 704E+Q1 1.912E+02 2.867E+05 1.926E+01
2083 1.192E+03 1.102E+06 T.402E+01 1.837E4+02 2.794E+05 1.851E+01
2064 1.145E+03 1.058E+06 7112E+M1 1.765E+02 2.646E+05 1.778E+01
20865 1.100E+03 1.097E+06 6.833E+01 1.696E+02 2.542E+05 1.708E+01
2066 1.0567E+03 9.771E+05 6.566E+01 1.630E+02 2.443E+05 1.641E+01
2087 1.016E+03 9.388E+05 6.308E+01 1.566E+02 2.347E+05 1.677E+01
2068 9.760E+02 9.020E+05 6.060E+01 1.504E+02 2.255E+H)5 1.515E+01
2068 9.377E+02 8.666E+05 5.823E+1 1.445E+02 2,167E+05 1.456E+01
2070 9.009E+02 8.328E+05 5.594E+01 1.388E+02 2.082E+05 1.389E+01
2071 8.656E+02 8.000E+05 5.375E+01 1.334E+02 2,000E+05 1.344E+01
2072 8.317E+02 7.686E+05 5.164E+01 1.282E+(2 1.922E+05 1.291E+01
2073 7.891E+02 7.385E+05 4.962E+01 1.232E+02 1.846E+05 1.240E+01
2074 7.677E+02 7.085E+05 4.767E+01 1.183E+02 1.774E+05 1.192E4+01
2075 7.376E+02 G.817E+08 4.580E+01 1.137E+02 1.704E+05 1.145E+01
2076 7.087E+02 6.550E+05 4,401E+01 1.092E+02 1.837E+05 1.100E+01
2077 6.809E+02 6.293E+05 4.228E+01 1.060E+02 1.573E+05 1.067E+01
2078 6.542E+02 6.046E+05 4.082E+01 1.008E+02 1.512E+05 1.016E+01
2079 6.286E+02 5.B09E+05 3.903E+01 9.689E+01 1.4B2E+05 9. 758E+00
2080 6.038E+02 5.581E+}5 3.750E+01 9,300E+01 1.395E+05 9.375E+00
2081 5.802E+02 5.362E+05 3.8G3E+1 8.944E+(1 1.341E+05 9.008E+00
2082 5.575E+02 5.152E+05 3.462E+01 8.593E+01 1.288E+05 8.654E+00
2083 5.35B6E+02 4.950E+05 3.326E+01 8.256E+01 1.238E+05 8.315E+00
2084 5.146E+02 4.756E+05 3.196E+01 7.032E+01 1.189E+05 7.989E+00
12085 4.944E+02 4.570E+05 3.070E+01 7.621E+01 1.142E+05 7.876E+00
2086 4.751E+02 4.380E+05 2.950E+01 7.323E+01 1.098E+05 7.375E+00
2087 4.564E+02 4.218E+D5 2.834E+01 7.035E+1 1.055E+05 7.0BGE+Q0
2088 4.385E+02 4.053E+05 2.723E+(1 68.760E+01 1.013E+05 6.80BE+00
2089 4.213E+02 3.804E+05 2.616E+D1 8.495E+01 9.735E+04 6.541E+00
2080 4 048E+02 3.741E+05 2.514E+01 6.240E+01 9.353E+04 8.284E+00
2091 3.889E+02 3.595E+05 2.415E+01 5.995E+01 8.986E+04 6.038E+00
2082 3.737E+02 3.454E+05 2,326E+01 5.760E+01 8.634E+04 5.801E+00
2093 3.580E+02 3.318E+D56 2.229E+01 5.534E+01 8.295E+04 5.574E+0QQ
2094 3.450E+02 3.188E+05 2.142E+01 5.317E+(1 7.970E+04 5.355E+00
2095 3.314E+02 3.083E+05 2.058E+01 5.108E+01 7.658E+04 S M45E+00
2096 3.184E+02 2.943E+05 1.977E+01 4.908E+01 7.357E+04 4.943E+00
2097 3.060E+02 2.828E+05 1.900E+01 4.716E+01 7,068E+04 4. 750E+Q0
2088 2.940E+02 2. 717E+G5 1.825E+01 4.531E+01 6.792E+04 4.563E+00
2009 2.824E+02 2.610E+05 1.764E+01 4.353E+01 6.525E+04 4.384E+00
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Avalon At Scuth Bay-High End.xis

Results {Continued)

7/30/2008

Year Carbon dioxide NMOC

{Mg/year) (m* fyear) fav f3/min) (Meyear} {m? /year) {av ft*3/min)
1959 0 0 Q Q 1] 0
1960 1.057E+04 B.773E+(6 3.879E+(2 1.104E+02 3.079E+04 2.069E+00
1961 2.424E+04 1.324E+07 8.098E+02 2.532E+02 7.063E+04 4. 746E+00
1962 3.738E+04 2.042E+07 1.372E+03 3.904E+02 1.089E+05 7.318E+00Q
1963 5.000E+04 2. 732E+07 1.836E+03 5.222E+02 1.467E+05 9.789E+00
1964 6.213E+04 3.394E+07 2.281E+03 6.489E+(02 1.810E+05 1.216E+01
1965 7.378E+04 4.031E+07 2.708E+03 7.706E+02 2.150E+05 1.444E+01
1966 7.324E+D4 4.001E+Q7 2.688E+03 7.649E+02 2.134E+05 1.434E+01
1967 7.037E+04 3.844E+07 2.583E+03 7.340E+02 2.050E+05 1.378E+01
1868 6.761E+04 3.683E+07 2.4825+03 7.081E+02 1.970E+35 1.324E+01
1969 6.496E+04 3.549E+07 2.384E+03 G.784E+02 1.893E+05 1.272E+1
1970 6.241E+04 3.409E+07 2. 291E+03 6.518E+02 1.818E+05 1.222E+01
1971 5.996E+04 3.276E+07 2.201E+03 6.262E+02 1.747E+05 1.174E+01
16872 5.761E+04 3. 147E+07 2.115E+03 6.017E+02 1.679E+05 1.128E+01
1873 5.535E+04 3.024E+07 2.032E+03 5.781E+02 1.613E+08 1.084E+014
1974 5.318BE+04 2.905E+07 1.852E+03 5.554E+02 1.550E+05 1.041E+01
1975 5.110E+04 2.791E+07 1.876E+03 5.336E+02 1.489E+05 4.000E+01
1976 4.900E+04 2. 682E+07 1.802E+(3 5.127E+02 1.430E+05 9.611E+00
1977 4. 717E+04 2.577TE+07 1.731E+03 4.926E+02 1.374E+05 9.234E+00
1978 4.632E+04 2.476E+07 1.683E+03 4.733E+02 1.320E+05 8.872E+00
1979 4.354E+04 2.379E+07 1.598E+03 4.547E+02 1.269E+05 B8.524E+00
1980 4,184E+14 2.285E+07 1.536E+03 4.360E+02 1.218E+05 8. 150E+00
1981 4.019E+04 2.196E+07 1.475E+03 4.198E+02 1.171E+05 7.869E+00
1982 3.862E+04 2.110E+07 1.418E+03 4.033E+02 1.125E+05 7.560E+00
1083 3.710E+04 2.027E+07 1.362E+03 3.875E+02 1.081E+05 7.264E+00
1984 3.565E+04 1.848E+07 1.309E+03 3.723E+02 1.039E+05 §.979E+00
1885 3.425E+04 1.871E+H07 1.257E+03 3.577E+D2 0.980E+04 6. 705E+00
1986 3.291E+04 1.798E+07 1.208E+03 3.437E+02 9,588E+04 6.442E+00
1987 3.162E+04 1.727E+07 1.161E+03 3.302E+02 9.212E+04 6.190E+00
1988 3.038E+04 1.660E+07 1.118E+03 3.173E+02 8.851E+04 5.947E-+00
1988 2.819E+04 1.595E+07 1.071E+03 3.048E+02 8.604E+04 5.714E+00
1980 2.804E+04 1.632E+07 1.029E+03 2.920E+02 B.171E+04 5.490E+00
1991 2.604E4+04 1.472E+Q7 9.880E+02 2.814E+02 7.850E+04 5.275E+00
1992 2.589E+04 1.414E+07 9.602E+02 2.704E+02 7.542E+04 5.068E+Q0
1993 2.487E+04 1.359E+07 9,128E+02 2.698E+02 7.247E+04 4.869E+00
1994 2.390E+04 1.3056E+07 8.771E+02 2.496E+02 6.963E+04 4.678E+00
1985 2.296E+04 1.254E+07 8.427E+02 2,398E+02 6.6BOE+04 4,485E+00
1996 2.206E+04 1.205E+07 8.007E+02 2.304E+02 B.427E+04 4.318E+00
1997 2.118E+04 1.158E+07 7.780E+02 2.213E+02 8.175E+04 4.149E+00
1898 2.036E+04 1.112E+07 7.A75E+02 2.427E+02 5.933E+04 3.986E+30
1998 1.956E+04 1.069E+07 7.181E+02 2.043E+02 5.7C0E+04 3.830E+00
2000 1.580E+04 1.027E+G7 B8.900E+02 1.963E+02 5.477E+04 3.680E+00
2001 1.806E+04 9.8B67E+06 6.629E+02 1.886E+02 5.262E+04 3.536E+00
2002 1.735E+04 9.480E+06 6.369E+02 1.812E+02 5.056E+04 3.397E+00
2003 1.667E+04 9.108E+08 6.120E+02 1.741E+02 4.858E+04 3-264E+00
2004 1.602E+04 8.751E+06 5.880E402 1.673E+02 4.667E+04 3.136E+00
2005 1.538E+04 B.408E+06 5,640E+02 1.807E+02 4.484E+04 3.013E+00
2006 1.479E+04 8.078E+06 §.428E+02 1.544E+02 4,308E+04 2.896E+00
2007 1.421£+04 7.761E+06 5.215E+02 1.484E+02 4.139E+04 2.781E+00
2008 1.365E+04 7.45TE+06 5.010E+02 1.426E+02 3.977E+04 2.672E+00
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Avalon At South Bay-High End.xis 7/30/2008
Results (Continued)
Year Carbon dioxide NMOC
{Mg/vear) {m’ fyear) {av ft*3/min) {Ma/year) {m* tyear} {av ft*3/min)
2009 1.311E+04 7.165E+06 4.844E+02 1.370E+02 3.821E+04 2.567E+0D
2016 1.260E+04 G6.884E+06 4.625E+02 1.318E+02 3.671E+04 2 467E+00
2011 1.211E+04 6.614E+06 4.444E+Q2 1.264E+(2 3.527E+04 2.370E+00
2012 1.163E+04 8.354E+06 4.270E+02 1.215E+02 3.389E+04 2.277E+00
2013 1.118E+04 6.165E+06 4.102E+02 1.167E+02 3.256E+04 2.188E+00
2014 1.074E+04 5.866E+06 3.941E+02 1.121E+02 3.128E+04 2.102E+00
2015 1.032E+04 5.636E+06 3.787E+(Q2 1.077E+02 3.006E+04 2.020E+00
2016 9.912E+03 5.415E+06 3.638E+02 1.036E+02 2.8B8E+04 1.940E+00
2017 9.523E+03 5.203E+06 3.496E+02 9.846E+01 2.775E+04 1.864E+00
2018 9.150E+03 4.999E+06 3.359E+02 9.556E+01 2.666E+04 1.791E+00
2019 8.791E+03 4.803E+06 3.227E+02 9.181E+01 2,561E+04 1.721E+00
2020 8.446E+03 4.614E+06 3.100E+02 8.821E+01 2,461E+04 1.653E+00
2021 8.115E+03 4.433E+08 2.979E+02 8.475E+01 2.364E-+04 1.589E+00
2022 7.797E+03 4.259E+06 2.862E+02 8.143E+01 2.27T2E+04 1.526E+00
2023 7.491E+03 4.092E+06 2.750E+HJ2 7.824E+01 2,183E+04 1.467E+00
2024 7.198E403 3.932E+086 2.B42E+02 7.517E+01 2.097E+04 1.409E+00
2025 6.915E+03 3.778E+06 2.538E+02 7.222E+01 2,015E+04 1.354E+00
2026 6.644E+03 3.630E+08 2.439E+02 8.9309E+01 1.936E+04 1.301E+00
2027 6.384E+03 3.487E+06 2.343E+0Q2 B.667E+(1 1.860E+04 1.250E+00
2028 6.133E+03 3.351E+06 2.251E+(2 6.405E+01 1.787E+04 1.201E+00
2029 5.893E+03 3.219E+06 2.163E+02 6.154E+01 1.717E+04 1.1564E+00
20390 5.862E+03 3.003E+06 2.078E+02 5.013E+01 1.650E+04 1.108E+00
2031 5.44GE+03 2.8572E+08 1.997E+02 5.8681E+01 1.585E+04 1.065E+00
2032 5.2268E+03 2,855E+06 1.918E+02 5.458E+(1 1.523E+04 1.023E+00
2033 5.022E+03 2.743E+06 1.843E+02 5.244E+01 1.463E+04 8.830E-01
2034 4.825E+H03 2.836E+06 1.771E+02 5.039E+01 1.406E+04 9.445E-01
2035 4.835E+03 2.532E+08 1.701E+32 4.841E+01 1.351E+04 9.075E-01
2036 4.454E+403 2.433E+06 1.635E+02 4.651E+01 1.298E+04 8.719E-01
2037 4.279E+03 2.338E+06 1.571E+02 4.489E+01 1.247E+04 8.377E-01
2038 4.4 MEH03 2.248E+06 1.509E+02 4.204E+01 1.198E+04 8.048E-01
2039 3.950E+03 2.158E+06 1.450E+02 4.125E+01 1.151E4+04 7.733E-01
2040 '~ 3.795E+03 2.073E+086 1.393E+02 3.9645+01 1.106E+04 7.430E-01
2044 3.846E+03 1.992E+06 1.338E+02 3.808E+01 1.062E+04 7.138E-01
2042 3.503E+03 1.914E+06 1.286E4+02 3.659E+01% 1.021E+04 6.858E-01
2043 3.366E+03 1.839E+06 1.236E+02 3.515E+01 9.807E+03 6.589E-01
2044 3.234E+03 1.767E+06 1.187E+02 3.378E+01 9.423E+03 6.331E-1
2045 3. 107E+G3 1.697E+08 1.141E+02 3.245E+(1 9.053E+03 6.083E-01
2046 2.085E+03 1.631E+06 1.086E+02 3.118E+H B8.698E+03 - 5.844E-01
2047 2.BBBE+03 1.567E+06 1.053E+02 2.996E+01 B8.357E+03 5.615E-01
2048 2.756E+03 1.506E+06 1.012E+02 2.878E+01 8.030E-+03 5.386E-01
2049 2.648E+03 1.447E+06 9.719E+01 2.765E+M 7.715E+03 5.183E-01
2050 2.544E+03 1.390E+08 9.338E+01 2.657E+01 7.412E+03 4.980E-01
2051 2.444E+03 1.3356E+06 8.972E+01 2.553E+01 7.122E+03 4.7858E-01
2052 2.348E+03 1.283E+06 8.620E+01 2.453E+(11 6.842E+(3 4.597E-01
2053 2.256E+03 1.233E+06 8.282E+01 2.356E+01 6.574E+03 4.417E-01
2054 2.168E+03 1.184E+06 7.957E+M 2.284E+01 6.316E+03 4.244E-01
2055 2.083E+03 1.138E+06 7.645E+01 2.178E+01 6.060E+03 4.077E-01
2058 2.001E+03 1.093E+06 7.345E+01 2.090E+01 5.831E+03 3.818E-01
2057 1.923E+03 1.050E+06 7.057E+01 2.008E+031 5.602E+03 3.764E-01
2058 1.847E+03 1.009E+06 6.781E+01 1.928E+01 5.382E+03 3.616E-01
2059 1.775E+03 9.696E-+05 6.515E+01 1.854E+01 5.171E+03 3.475E-01
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Avalon At South Bay-High End.xls

Results (Continued)

7/30/2008

Year Carbon dioxide NMOC
{Mg/vear) (m” iyeart (av ft*3/min) {Ma/vear) {m* tyear) {av Fr3/min)

2060 1.706E+03 9.316E+05 6.259E+01 1.781E+HD) 4.969E+03 3.338E-01
2061 1.638E+03 8.951E+05 6,014E+M1 1.7H1E+Q1 4. 774E+03 3.207E-01
2062 1.574E+03 8.600E+05 5.778E+01 1.644E+01 4.587E+03 3.082E-01
20863 1.512E+03 8,263E+05 5.5526+01 1.580E+01 4.407E+03 2.861E-07
2064 1.453E+03 7.939E+05 5.334E+1 1.518E+01 4.234E+03 2.845E-01
2065 1.306E+03 7.627E+05 5.125E+01 1.458E+01 4.068E+03 2.733E-01
2068 1.341E+03 7.32BE+05 4.924E+01 1.401 E+01 3.808BE+03 2.626E-01
2067 1.280E+03 7.041E+056 4. 731E+01 1.346E+01 3.756E+03 2.523E-01
2068 1.238E+03 6.765E+05 4. 545E+01 1.293E+01 3.808E+03 2.424E-01
2069 1.180E+03 6.500E+05 4.367E+01 1.243E+01 3.466E+03 2.320E-01
2070 1.143E+03 6.245E+05 4.196E+01 1.194E+01 3.331E+03 2.238E-01
2071 1.098E+03 6.000E+05 4.031E+01 1.147E+01 3.200E+03 2.150E-01
2072 1.055E403 5,765E+05 3.873E+01 1.102E+01 3.074E+03 2.066E-01
2073 1.014E+03 5.539E+05 3.721E+01 1.059E+01] 2.954E+03 1.0985E-01
2074 B.741E+02 5.321E+05 3.575E+01 1.017E+01 2.838E+03 1.907E-01
2075 9.359E+02 5.113E+05 3.435E+01 9,774E+00 2.727TE+03 1.832E-01
2076 8.992E+02 4.912E+05 3.301E+01 9.391E+00 2.620E+03 1.760E-01
2077 8.630E+02 4. 720E+05 3 71E+01 8.023E+00 2517E+03 1.691E-01
2078 8.301E+02 4,635E+05 3.047E+M1 B.669E-F)Q 2 418E+03 1.625E-01
2079 7.976E+02 4.357E+05 2.927E+01 8.329E+00 2.324E+03 1.661E-01
2080 7.662E+02 4,186E+D5 2.813E+01 8.002E+00 2,233E+03 1.500E-01
2081 7.362E+02 4.022E+05 2.702E+(01 7.689E+00 2 145E+03 1.441E-01
2082 7.073E+02 3.864E+05 2.596E+01 7.387E+00 2.061E+03 1.385E-01
2083 6.796E+)2 3.713E+05 2.4942+01 7.087E+00 1.980E+03 1.330E-01
2084 8.520E+02 3.567E+05 2.397E+01 6.819E+0{) 1.902E+03 1.278E-01
2085 6.273E+02 3.427TE+05 2.303E+01 6.552E+00 1.828E+03 1.228E-01
2086 G.0Z27E+02 3.283E+05 2. 212E+01 6.295E+00 1.756E+03 1.180E-01
2087 5.791E+02 3.164E+05 2.126E+01 5.048E+00 1.687E+03 1. 134E-01
2088 5.564E+02 3.040E+05 2.042E+01 5.811E+00 1.621E+03 1.089E-01
2089 5.346E+02 2 820E+05 1.962E+01 5.583E+00 1.558E+03 1.047E-01
2090 5.136E+02 2.806E+05 1.885E+01 5.364E+00 1.496E+03 1.006E-01
20981 4.835E+02 2.696E+05 1.811E+01 5.154E+00 1.43BE+03 9.661E-02
2082 4. 741E+02 2,590E+05 1.740E+01 4.952E+00 1.381E+03 9.282E-02
2083 4 555E+02 2.489E+05 1.672E+01 4.758E+00 1.327E+03 8.918E-02
2094 4.377E+02 2.391E+05 1.607E+01 4.571E+00 1.275E+03 8.568E-(G2
2085 4.205E+02 2.297TE+Q5 1.544E4+01 4,392E+00 1.225E+03 8.232E-02
2086 4.040E+02 2.207E+05 1.483E+01 4.220E+00 1.177E+03 7.900E-02
2097 3.882E+02 2.121E+05 1.425E+0% 4.054E+030 1.131E+03 7.0598E-02
2088 3.730E+02 2.038E+05 1.360E+01 3.885E+00 1.087E4+(03 7.301E-02
2089 3.583E+02 1.858E+05 1.318E+01 3.742E+00 1,044E+03 7.015E-02
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Summary Report

Landfili Name or ldentifier;: AVALON AT SOUTH BAY-LOW END
Date: Wednesday, July 30, 2008

Description/Comments:

About LandGEM:
iy M

— ] £ —kt; i
First-Order Decomposition Rate Equation: Q - ](TL il 24
Where, =1 j=0.1
Qcrs = annual methane generation in the year of the salculation {m 3/year)
i = 1-year time increment M = mass of waste accepled in the i year (Mg}
n = (year of the catculation) - (Initial year of waste acceptance} ty = age of the 1 section of waste mass M: accepted in the i" year
j = 0.1-year time increment {decimal years, e.g., 3.2 years)

k = methane generation rate (vear™)
L, = potential methane generation capacity (m E/Mg)

LandGEM Is based on a first-order decomposition rate equation for quantifying emissions from the decompositicn of landfilled waste in
municipal solid waste (MSW) landfills. The softwars provides a relatively simple approach to estimating landfilt gas emissions. Model defaults
are based on empirical data from U.S. tandfills. Field test data can also be used in place of model defaults when available. Further guidance on
EPA test methods, Clean Air Act {CAA) regulations, and olher guidance regarding Jandfill gas emissions and control technology requirements
can be found at hitp:/iwww.epa.govittnatwd 1/landfitllandfipg.htmt.

LandGEM is considered a screening tool — the better the input data, the better the estimates. Often, there are limitations with the available
data regarding waste quantity and composition, variation in design and operating practices over time, and changes occurring over time that
impact the emissions potential. Changes to landfill operation, such as operating under wet conditions through leachate recircuiation or olher
liquid additions, will result In generating more gas at a faster rate. Defaults for estimating emisslons for this type of operation are being
developed lo include in LandGEM along with defaults for convential landfills (no leachate or liguid additions) for developing emission
inventories and determining CAA applicabiity. Refer to the Web site identifled above for future updates.
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Avaton At South Bay-Low End.xls

Input Review

LANDFILL CHARACTERISTICS

Landfilt Open Year 1959

Landfill Closure Year (with 80-year limit) 1965

Actual Closure Year fwithout fimif) 1965

Have Model Calculate Closure Year? No

Waste Design Capacity 2,000,000 short tons
MODEL PARAMETERS

Methane Generation Rate, k 0.040 year™

Potential Methane Generation Capacity, L, 170 m3 Mg

NMOC Concentration 4,000 ppmv as hexane
Methane Content 25 % by volume

GASES / POLLUTANTS SELECTED

Gas / Poliutant #1:
Gas / Pollutant #2;
Gas / Pollutant #3;
Gas / Poliutant #4:

Total [andfilt gas
Methane

Carbon dioxide
NMOC

WASTE ACCEPTANCE RATES

Year Waste Accepted Waste-In-Place
(Mo/year] {short tons/year) {®ag) {short fons)

1959 230,474 253,521 0 0
1860 307,298 338,028 230,474 253,621
1961 307,298 338,028 537,772 591,648
19052 307,298 338,028 845,670 929,577
1963 307,208 338,028 1,152,368 1,267,605
1964 307,298 338,028 1,459,666 1,605,633
1965 51,218 56,340 1,766,965 1,943,661
1966 0 0 1,818,183 2,000,001
1967 0 [i] 1,818,183 2,000,001
1968 0 4] 1,818,183 2,000,001
1969 0 0 1.818,183 2,000,001
1870 0 0 1,818,183 2,000,001
1971 4] 0 1,818,183 2,000,601
1972 0 0 1,818,183 2,000,001
1973 0 0 1,818,183 2,000,001
1974 0 0 1,818,183 2,000,001
1975 0l 0 1,818,183 2,000,001
1976 0 0 1,818,183 2,000,001
1977 0 0 1,818,183 2,000,001
1978 4] 0 1,818,183 2,000,601
1979 0 0 1,818,183 2,000,001
1980 i) 0 1,818,183 2,000,001
1981 0 0 1,818,183 2,000,001
1982 ] 0 1,818,183 2,000,001
1983 0 ] 1,818,183 2,000,001
1984 0 0 1,818,183 2,000,001
1985 0 0 1,818,183 2,000,001
1986 0 G 1.818,183 2,000,001
1987 0 0 1,818,183 2,000,001
1988 0 a 1,818,183 2,000,001
1685 0 0 1,818,183 2,000,001
18890 0 0 1,818,183 2,000,001
1081 o] 0 1,818,183 2,000,001
1992 0 0 1,818,183 2,000,001
1993 0 0 1,818,183 2,000,001
1994 0 0 1,818,183 2,000,001
1995 0 0 1,818,183 2,000,001
1006 0 0 1,818,183 2,600,601
1847 0 0 1,818,183 2,000,004
1998 [y 0 1,818,183 2,000,001
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WASTE ACCEPTANCE RATES {Confintied)

| Year

Waste Accepted

Waste-in-Place

(Mo/year) {short tons/year) {Ma) {short tons)
1998 0 4] 1,818,183 2,000,001
2000 4] 0 1,818,183 2,000,001
201 0 0 1,818,183 2,000,001
2002 G 0 1,818,183 2,000,001
2003 0 1] 1,818,183 2,000,001
2004 0 0 1,818,183 2,000,001
12005 1] 0 1,818,183 2,000,001
2006 0 0 1,818,183 2,000,001
2007 0 0 1,818,183 2,000,001
2008 0 0 1,818,183 2,000,001
2009 0 0 1,818,183 2,000,001
2010 0 0 1,818,183 2,000,001
2011 0 0 1,818,183 2,000,001
2012 0 1] 1,818,183 2,000,001
2013 1] 0 1,818,183 2,000,001
2014 0 0 1,818,183 2,000,001
2018 0 0 1,818,183 2,600,601
2016 0 0 1,818,183 2,000,001
2017 0 0 1,818,183 2,000,001
2018 0 Y 1,818,183 2,000,001
2019 0 0 1,818,183 2,000,001
12020 0 0 1,818,183 2,006,001
2021 0 0 1,818,183 2,000,001
2022 0 & 1,818,183 2,000,001
2023 0 4] 1,918,183 2,000,001
2024 0 0 1,818,183 2,000,001
2025 Q0 0 1,818,183 2,000,001
2028 0 ¢ 1,818,183 2,000,001
2027 0 0 1,818,183 2,000,001
2028 0 0 1,818,183 2,000,001
2029 4 0 1,818,183 2,000,001
2030 4] 0 1,818,183 2,000,001
2031] o] 0 1,818,183 2,000,001
2032 1] 0 1,818,183 2,000,001
2033 0 0 1,818,183 2,000,001
2034 0 1] 1,818,183 2,000,001
2035 0 Q 1,818,183 2,000,001
2036 O 0 1,818,183 2,000,001
2037 Q 0 1,818,183 2,000,001
2038 4] 0 1,818,183 2,000,001
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Poliutant Parameters

Gas / Pollutant Default Parameters: User-specified Pollutant Parameters:
Concentration Concenfration
Compound v Molecular Weight mv Molecular Weight

w |Lofal landflll gas e = a.00 S am N S
2 |Methane e = 16.04 e ;
é," Carbon dioxide : 44.01 {""%?% \;

NMOGC 86,18 Gl

1.1,1-Trichloroethane

(methyt chloraform) -

HAP 0.48 133.41

1.1.2,2-

Tetrachloroethane -

HAPNOG 1.1 167.85

1,1-Dichloroethane

{ethylidene dichloride} -

HAP/NOC 2.4 98.97

1,1-Dichlorosthene

{vinylidene chloride) -

HAPNOC 0.20 96.94

1.2-Dichioroethane

{ethylere dichloride} -

HAPNOC 0.41 98.96

1,2-Dichloropropane

{propyiene dichioride) -

HAPNOC 0.18 112.99

2-Propanol {isopropyl

aleohol) - VOG 50 80.11

Acstone 7.0 58.08

Acrylonitrile - HAPA/OC 6.3 53.06

Benzens - No or

Unknown Co-disposai -

HAPAOG 1.9 78.11

Benzene - Co-disposal -
n (HAPNVOC 11 78.11
£ |Bromodichloromethane -
B |VOC 3.1 163.83
3 |Butane-VOGC 5.0 58.12
& |Carbon disuffide -

HAPNOC 0.58 76.13

Carbon monoxide 140 28.01

Carbon tetrachioride «

HAPNOC 4.0E-03 153.84

Carbonyl sulfide -

HAPNOC 0.48 80.07

Chlorobenzene -

HAP/NOC 0.25 112.56

Chlorodiflucromethane 1.3 86.47

Chlorosthane {ethy?

chioride) - HAPVOC 1.3 64.52

Ghloroform - HAP/NVOG 0.03 119.39

Chioromethane - VOO 1.2 50,49

Dichlorobenzene - (HAP .

for para isomerNV/OC) 0.21 147

Dichlorodifluoromethane 16 120.91

Dichiorofluoromethane -

VOG 2.6 102.92

Dichivromethane

{methylene chioride) -

HAP 14 84.94

Dimethyl sulfide {methy]

sulfide) - VOC 7.8 62,13

Ethane 890 30.07

Ethanol - VOC 27 46.08 L
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Pollutant Parameters (Continued}

Avalon At South Bay-Low End.xls

Gas / Pollutant Default Parameters:

User-specified Pollutant Parametors:

106.16

e s

R AT

Concentratlon Congcentration
Compound {(ppmv) Molecular Weight (ppmv) Molsculay Weight
Ethyt mercaptan
ethansthiol) - VOC 2.3 62.13
Ethylbenzene -
HAPNGC 4.8 106.16
Ethylene dibromide -
HAPNOC 1.0E-03 187.88
Flucrotrichioromethane -
VoG 0.76 137.38
Hexane - HAP/VOC 6.6 86.18
Hydregen sulfide 36 34.08
Mercury (total) - HAP 2.8E-04 200.61
Methyl ethyt ketone -
HAPNOC 7.4 72.11
Methyl isobuty! ketone -
HAP/VOC 1.9 100.16
Methyl mercaptan - VOC 25 48.11
Pentane - VOC 3.3 7215
Perchlorosthylene
{tetrachlorosthylene) -
HAP 3.7 165.83
Propane - VOC 11 44.09
1,2-Dichioroethene - ]
VoG 28 96.94
Toluena - No or
Unknown Co-disposal -
HAPNOC 39 82.13
Toluene ~ Co-disposal -
HAP/NOC 170 92.13
Trichicroethylene
n [(Hichloroethene) -
£ HAPNOG 2.8 131.40
_g Vinyl chloride -
° [HAPNOC 7.3 62.50
& [Xylenes - HAPNOC 12
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Graphs
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Resuits
Year Total landfill gas Methane

{Ma/year) {m* /year) {av ft*3/min) {Mg/year) {m® /year) {av ft*¥/min)
1959 0 G [¢] 0 0 1]
1660 8.663E+03 B.157E+06 4.137E+02 1.027E+03 1.530E+06 1.034E+02
1961 1.528E+D4 1.413E+07 8.4A91E+02 2.356E+03 3.531E+06 2.373E+02
1962 2.357E+04 2.178E+07 1.484E+03 3.633E+03 5.446E+06 3.659E+02
1963 3.153E+04 2.914E+07 1.858E+03 4.860E+03 7.2B4E+06 4.894E+02
1964 3.918E+04 3.621E+07 2.433E+03 6.038E+03 9.051E+06 6.082E+02
1965 4.652E+04 4.300E+07 2.8B9E+03 7.471E+03 1.075E+07 7.222E+02
1966 4.618E+04 4.268E+07 2.BEBE+G3 7.118E+03 1.067E+07 7.169E+02
1967 4.437E+04 4.100E+07 2,755E+03 6.839E+03 1.025E+07 6.888E+02
1968 4.263E+04 3.940E+07 2.847E+03 6.571E+03 0.849E+08 6.618E+02
1969 4.086E+04 3.785E+07 2.543E+03 6.313E+03 9.463E+06 6.358E+02
1870 3.935E+04 3.637E+07 2.444E+03 6.066E+03 9.092E+06 B6.109E+02 .
1971 3.781E+04 3.404E507 2.348E+03 5.828E+03 8.735E+H0B 5.860E+02
1972 3.633E+04 3.357E+07 2.256E+03 5.599E+03 8.393E+06 5.639E+02
1973 3.490E+04 3.226E+07 2.167E+03 5.380E+03 8.064E+06 5.418E+02
1974 3.353E+04 3.099E+07 2.082E+03 5.169E+03 7.748E+06 5.206E+02
18975 3.222E+04 2,.978E+G7 2.001E+03 4.966E+03 7.444E+06 5.002E+02
1976 3.095E+04 2.851E+07 1.922E+03 4.T771E+03 7.152E+06 4.805E+02
1977 2.974E+04 2.749E+07 1.847E+03 4.584E+03 6.872E+08 4 .617E+02
1978 2.857E+04 2.841E+07 1.774E+03 4.405E+03 £.602E+06 4.436E+02
1979 2. 745E+04 2.537E+07 1.705E+03 4.232E+03 8.343E+06 4.262E402
1080 2.638E+04 2 A3BE+07 1.638E+03 4.066E+03 6.085E+06 4.0858+02
1881 2.534E+04 2.342E+07 1.574E+03 3.907E+03 5.856E+06 3.934E+02
1982 2.435E+04 2.250E+07 1.512E+03 3.753E+03 5.626E+06 3.780E+02
1983 2.340E4+04 2.182E+07 1.453E+03 . 3.606E+03 5.405E+06 3.632E+02
1884 2.248E+04 2.077E+O7 1.396E+03 3.465E+03 5.183E+06 3.489E+02
1085 2,160E+04 1.996E+07 1.341E+03 3.320E+03 4.990E+06 3.353E+02
1986 2.075E+04 1.H8E+07 1.288E+03 3.198E+03 4.794E+06 3.221E+02
1987 1.004E+04 1.842FE+07 1.238E+03 3.073E+03 4.606E+06 3.0856+02
1988 1.915E+04 1.770E+07 1.189E+03 2.952E+03 4.426E+06 2.974E+02
1989 1.840E+04 1.701E+07 1.143E+D3 2.837E+03 4. 252E+06 2.857E+02
1990 1,768E+04 1.834E+07 1.098E+03 2. 720E+(3 4.085E+06 2.745E+02
1991 1.699E+04 1.570E+07 1.055E+03 2.8619E+03 3.925E+06 2.637E+02
1992 1.632E+04 1.50BE+07 1.014E+03 2.516E+03 3.771E+G6 2.534E+02
1993 1.568E+04 1.449E+07 B.738E+02 2M7E+03 3.623E+06 2 435E+02
1004 1.507E+04 1.393E+07 9.356E+02 2.323E+03 3.481E+06 2.339E+02
1885 1.448E+04 1.338E+07 8.980E+02 2.231E+03 3.345E+06 2.247E+02
1996 1.391E+04 1.285E+07 8.837E+02 2.144E+03 3.214E+06 2.158E+02
1997 1.336E+04 1.235E+07 8.298E+02 2.080E+03 3.088E+(6 2,075E+02
1998 1.284E+04 1.187E+07 7.973E+02 1.979E+03 2.967E+06 1.993E+02
108499 1.234E+04 1.4140E+07 7.660E+02 1.902E+03 2.850E+06 1.915E+02
2000 1.185E+04 1.095E+07 7.360E+02 1.827E+03 2.738E+06 1.840E+02
2001 1.138E+04 1.052E+07 T071E+02 1.755E+03 2.631E+06 1.768E+02
2002 1.094E+04 1.011E+07 B.794E+02 1.68GE+03 2.528E+006 1.698E+02
2003 1.051E+04 9.715E+06 6.528E+02 1.620E+03 2.428E+06 1.632E+02
2004 1.010E+04 9.334E+08 6.272E+02 1.657E+03 2. 334E+06 1.568E+02
2005 D.704E+03 8.968E+06 6.026E+02 1.498E+03 2.242E+06 1.506E+02
20086 9.323E+03 8.617E+06 5.789E+02 1.437E403 2.184E+06 1.447E+02
2007 8.958E+03 8.279E+06 5.562E+02 1.381E+03 2.070E+06 1.391E+02
2008 B.607E+]3 7.954E+06 5.344E+02 1.327E+03 1.989E+06 1.336E+02
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Results (Continued)

Year Total landfill gas Methane

(Ma/year) {m* fyear) (av ft"3/min) (Matyear) (m */year) (av f*3/min)
2008 8.269E+03 7 642E+086 5.135E+02 1.275E+03 1.911E+06 1.284E+02
2010 7.945E+03 73436408 4.933E+02 1.225E+03 1.836E+06 1.233E+02
2011 7.633E+03 7.055E+06 4.740E+02 1.177E+03 1.764E+06 1.185E+02
2012 7.334E+03 8.778E+06 4.554E+02 1.130E+03 1.695E+06 1.130E+02
2M3 7.047E+03 6.512E+08 4.376E+02 1.086E+03 1.628E+06 1.094E+02
2014 6.770E+03 6.257E+06 4.204E+02 1.044E+03 1,664E+06 1.051E+02
2015 6.505E+03 B.012E+08 4.039E+02 1.003E+03 1.503E+06 1.010E+02
2018 8.250E+03 B5.776E+06 3.881E+(Q2 9.633E+02 1.444E+06 9.702E+01
2017 6.005E+03 5.540E+08 3.729E+02 9.256E+02 1.3B7E+06 9.322E+01
2018 5.769E+03 5.332E+08 3.582E+02 8,893E+02 1.333E+086 B8.956E+01
2019 5.543E+03 5.123E+06 3.442E+02 8.544E+02 1.281E+08 8.605E+01
2020 5.326E+03 4.922E4+06 3.307E+02 B8.209E+02 1.230E+086 8.267E+01
2021 5.117E+03 4,729E+06 3.177E+02 7.88TE+02 1.182E+06 7.943E+01
2022 4.916E+03 4.543E+06 3.053E+02 7.578E+02 1.136E+08 7.632E+01
2023 4.723E+03 4.366E+06 2.933E+02 7.281E+02 1.091E+06 7.333E+01
2024 4.538E+03 4.194E408 2.818E+02 6.0995E+02 1.040E+06 7.045E+01
2025 4.360E+03 4.030E+08 2.708E+02 5. 721E+02 1.007E+06 6.769E+01
2026 4.189E+03 3.872E+06 2.601E+02 B.457E+02 9.679E+056 6.503E+(1
2027 4.025E+03 3,720E+06 2.499E+02 5.204E+02 9.200E+05 6.248E+01
2028 3.867E+03 3.574E+06 2 A4G1E+02 5.961E+02 8.935E405 B.003E+01
2029 3.716E+03 3.434E+08 2.307E+02 5.72TE4+02 8.585E+05 5.768E+01
2030 3.570E+03 3.209E+05 2.21TE+(2 5,503E+02 8.24BE+05 5.642E+01
2031 3.430E+03 3.170E+06 Z2A30E+02 5.287E+02 7.925E+05 5.326E+01
2032 3.295E303 3.046E+H08 2.048E+02 5.08B0E+02 7.614E+05 5,116E+01
2033 3.166E+03 2.926E+06 1.966E+02 4.86B0E+02 7.315E+05 4. 915E+01
2034 3.042E+03 2.811E+06 1.889E+02 4.689E+02 7.029E+05 4.722E+01
2035 2.923E+03 2.701E+06 1.815E+02 4.505E+02 B.753E+05 4.837E+01
2036 2.808E103 2.595E+06 1.744E+02 4.329E+02 6.488E+05 4.359E4+01
2037 2.698E+03 2.493E+06 1.676E+02 4.159E+02 6.234E+05 4.188E+01
2038 2.592E+03 2.396E+06 1.610E+02 3.996E+02 5.8B9E+05 4.024E+01
2039 2.491E+03 2.302E+06 1.547TE+(2 3.830E+02 5.754E+05 3.866E+01
2049 2,393E+03 2.212E+06 1.486E+02 3.689E+02 5.529E+05 3.715E+01
2041 2.299E+03 2,125E+06 1.428E+02 3.544E+02 5.312E+05 3.568E+01
2042 2.200E+03 2.042E+06 1.372E+02 3.405E+02 5.104E+05 3.429E+01
2043 2122E+03 1.961E+06 1.318E+02 3.271E+02 4.804E+05 3.285E+01
2044 2.030E+03 1.885E+06 1.266E+02 3.143E+02 4.711E+05 3.166E+01 .
2045 1.958E+03 1.811E+08 1.217E+02 3.020E+02 4.527E+05 3.041E+01
2046 1.882E+03 1,740E+086 1.169E+02 2.902E+(Q2 4.349E+05 2,822E+01
2047 1.809E+03 1.671E+06 1.123E+02 2.788E+02 4.179E+05 2.808E+01
2048 1.738E+03 1.606E+086 1.079E+02 2.678E+02 4.015E+05 2.698E+01
2049 1.670E+03 1.543E+06 1.037E+02 2.573E+02 3.857E+05 2, 582E4+01
2050 1.604E+03 1.482E+06 S.960E+1 2.A73E+02 3. 706E4+08 2.490E+01
2051 1.541E+03 1.424E+06 - 9.570E+(01 2.376E+02 3.561E+D5 2.382E+01
2052 1.481E+03 1.368E+06 S.195E+01 2.282E+02 3A421E+05 2. 208E+01
2053 1.423E+03 1.315E+06 B8.834E+01 2.193E+D2 3.287E+05 2.209E+01
2064 1.367E+03 1.263E+06 8.488E+01 2.107E+02 3.158E+05 2.122E+01
2055 1.313E+03 1.214E+06 8.155E+01 2024E+02 3.034E+05 2.039E+01
2058 1.262E+03 1.166E+06 7.835E+01 1.845E+02 2.915E+05 1.959E+01
2057 1.212E+03 1.120E+06 7.528E+01 1.869E+02 2.801E+05 1.882E+(1
2058 1.185E+03 1.076E408 7.233E+01 1.795E+02 2.691E+05 1.808E+01
2059 1.119E+03 1.034E+08 6.949E+01 1.725E+02 2.586E+05 1.737E+01 ]
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Results (Continued)

7/30/2008

Year Total landfill gas Methane
(My/vear) (m* tyear) {av ft*3/min} {Mg/year} {m> fyear) {av fA23/mim)

2060 1.075E+03 9.937E+05 B8.677E+01 1.657E+02 Z.484E+0b 1.668E+01
2061 1.033E+03 9.547E+05 6.415E+01 1.592E+02 2.387E+05 1.604E-+1
2062 9.926E+02 9.173E+05 6.163E+01 1.530E+02 2.203E+05 1.541E+01
2083 9.5836E+02 8.813E+06 5.822E+01 1.470E+02 2.203E+05 1.480E+01
2064 9.162E+(2 8.468E+05 5.690E+01 1412E+02 2 M17E+05 1.422E401
2065 8.803E+02 8,136E+05 5.466E+01 1.357E+02 2.034E+05 1.367E+01
2088 8.458E+02 7.817E+05 5.252E+01 1.304E+02 1.954E+05 1.313E+01
2087 8.126E+02 7.510E+05 5.046E+01 1.253E+02 1.878E+05 1.262E+01
2068 7.808E+02 7.216E+05 4.848E+01 1.204E+02 1.804E+05 1.212E401
2069 7.502E+02 6.933E+05 4.658E+01 1.186E+02 1.733E+05 1.165E+01
2070 7.207E+02 6.661E+05 4.476E+01 1.111E+02 1.666E+08 1.119E+1
2071 6.925E+02 6.400E405 4.30GE+{(1 1.067E+02 1.600E+05 1.075E+01
2072 6.653E+02 6.148E+05 4.131E+01 1.026E+02 1.537E+05 1.033E+01
2073 8.392E+02 5.008E+05 3.969E+01 9.853E+01 1.477E+05 9.924E+00
2074 6.142E+02 5.676E+05 3.814E+(11 9.467E-+01 1.419E+05 9.534E+00
2075 5.901E+02 5.454E+05 3.664E+01 9.096E+01 1.363E+05 S.161E+00
2076 5.670E+02 5.240E+05 3.521E+01 8.739E+01 1.310E+05 8.801E+D0
2077 5.447E+02 5.034E+05 3.383E+01 8.397E+01 1.259E+05 8.456E+00
2078 5.234E+02 4.837E+05 3.250E+01 8.067E+01 1.200E+05 8.126E+00
2079 5.028E+02 4.647E+05 3.122E+M1 7.751E+01 1.162E+05 7.806E-+00
2080 4.831E+02 4. 465E+05 3.000E+01 7.447E+(1 1.116E+05 7.500E+00
2081 4.642E+02 4.290E+05 2.882E+01 7.155E+01 1.072E+05 7.206E+00
2082 4.460E+02 4. 122E+05 2.769E+01 8.875E+01 1.030E+05 6.923E+00
2083 4.285E+02 3.960E+05 2.661E+01 6.606E+01 9.900E+04 6.652E+00
2084 4.417E+02 3.805E+05 2.556E4+01 6.346E+01 9.512E+04 8.391E+00
2085 3.956E+02 3.666E+05 2.456E+01 6.097E+01 9.138E+04 6.141E+00
2086 3.800E+02 3.512E+05 2.360E+01 5.858E+01 8.781E+04 5.900E+Q0D
2087 3.851E+02 3.375E+05 2.267E+01 5.628E+01 8.436E+04 5.668E+00
2088 3.508E+02 3.242E+05 2,178E+01 5.408E+01 8.106E+04 5.446E+00
2089 3.371E+02 3.115E+05 2.093E+(1 5,196E+01 7.788E+04 5.233E+00
2080 3.239E402 2.993E+05 2.011E+01 4.8992E+01 7.482E+04 5.027E+00
2091 3.112E+02 2.876E+05 1.8932E+01 4. 7T96E+(1 7.188E+04 4.830E+00
2002 2.990E+02 2.763E+05 1.856E+01 4.608E+(1 6.007TE+04 4.641E+00
2093 2.872E+02 2.655E+05 1.784E+01 4.427E+01 6.636E+04 4.4509E+00
2094 2.760E+02 2.550E+05 1.714E+01 4.254E+01 6.376E+04 4.284E+00
2095 2.651E+02 2. 450E+05 1.646E+01 4.087E+01 6.126E+04 4.116E+00
2086 2.548E+02 2.354E+05 1.582E+01 3.927E+01 5.886E+04 3.955E+00
2007 2.448E+02 2.262E+05 1.520E+01 3.773E+HM 5.655E+04 3.800E+00
2008 2.352E+02 2,173E+056 1.460E+01 3.825E+01 5.433E+04 3.651E+00
2089 2.2509E+02 2.088E+05 1.403E+01 3.483E+01 5.220E+04 3.508E+00
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Avalon At South Bay-Low End.xls

Results {Continued)

7/30/2008

Year Carbon dioxide NMOC

{Mg/year) {m>fyear) {av fi*3/min) {Mg/year) {m?* fyear) (av ft'3/min)

11959 0 ] 0 0 1] 1]

1960 8.453E+03 4.618E+06 3.103E+02 8.828E+(M1 2.463E+04 1.855E+00
10861 1.939E+04 1,059E+07 7. 1186+02 2,025E+02 5.650E+04 3.796E+00
1462 2.990E+04 1.634E+07 1.098E+03 3.123E+02 8.713E+04 5.854E+00
1963 4.000E+04 2.185E+07 1.468E-+03 4.178E+02 1.166E+05 7.831E+00
1964 4.971E+04 2. M6E+]7 1.824E+03 5.191E+02 1.448E+05 9.731E+00
1965 5.903E+04 3.225E+07 2.167E+03 8.166E+02 1.720E+05 1.156E+01
1966 5.859E+04 3.201E+07 2.151E+03 6.118E+02 1.707e+06 1.147E+01
1967 5.620E+04 3.075E+07 2.066E+03 5.879E+02 1.640E+05 1.102E+01
1968 5.409E+04 2.955E+07 1.985E+03 5.849E+02 1.576E+05 1.0596+01
19608 5.197E+04 2.838E+07 1.907E+03 5.427E+02 1.514E+05 1.017E+01
19870 4.993E+04 2.728E+07 1.833E+03 5.214E+02 1.455E+05 9.77T4E+00
1871 4. T97E+04 2.621E+07 1.761E+03 5.010E+02 1.398E+05 9.391E+00
1972 4.609E+04 2.518E+07 1.892E+03 4.813E+02 1.343E+05 9.023E+00
1973 4.428E+04 2A19E+07 1.625E+03 4.8206E+02 1.290E+05 8.689E+00
1874 4.255E+04 2.324E+07 1.562F+03 4.443E+02 1.240E+05 8.320E+00
1975 4.088E+04 2.233E+07 1.500E+03 4.260E+02 1.191E+05 8.002E+00
1976 3.828E+04 2.146E+07 1.442E+03 4. 102E+02 1.144E+05 7.880E+00
1977 3.774E+04 2.061E+07 1.388E+03 3.841E+02 1.088E+05 7.387E+C0
1678 3.626E+04 1.981E+07 1.331E+03 3.786E+02 1.056E+05 7.098E+00
1879 3.483E+04 1.903E+07 1.279E+03 3.638E+02 1.016E+08 6.819E+00
1880 3.347E+04 1.828E+07 1.228E+03 3.495E+02 9.751E+04 6.552E+)0
1981 3.218E+04 1.757E+07 1.180E+03 3.358E-+02 9.369E+04 6.295E+00
1982 3.089E+04 1.688E+07 1.134E+03 3.227E+02 9.002E+04 §.04BE+00
1983 2.968E+04 1.622E+07 1.090E+03 3.100E+02 8.640E+04 5.811E+00
1984 2.852E+04 1.588E+07 1.047E+03 2.979E+02 8.309E+04 5,583E+00
1985 2.740E+04 1.497E+07 1.006E+03 2.862E+02 7.984E+04 5.364E+00
1986 2.833E+04 1.4A38E+07 9.664E+02 2.750E+02 7.671E+04 5.154E+00
1987 2.520E+04 1.382E+07 9.28bE+02 2.642E+02 7.370E+04 4.952E+Q0
1988 2.430E+04 1.328E+07 8.921E+02 2.538E+02 7.081E+04 4.758E+00
1889 2.335E+04 1.276E+07 8.571E+02 2.439E+02 6.803E+04 4.571E+00
1980 2.243E+04 1.226E+07 8.235E+02 2.343E+02 6.536E+04 4.392E+00
1921 2.165E+04 1.178E+07 7.912E+02 2,251E+02 6.280E+04 4.220E+00
1982 2.071E+D4 1.131E+07 7.602E+02 2.163E+02 6.034E+04 4.054E+00
1993 1.980E+04 1.087E+07 7.304E+02 2.078E+02 5. 797E+04 3.895E+00
1804 1.912E+04 1.044E+07 7.017E+02 1.997E+02 9.570E+04 3. 742E+00
1995 1.837E+04 1.003E+07 6.742E+02 1.918E+02 5.352E+04 3.596E+Q0
1996 1.765E+04 9.641E+06 6.478E+02 1.843E+02 5.142E+04 3.455E+00
1087 1.696E+04 0.263E+06 6.224E+02 1.771E+Q2 4.940E+04 3.319E+00
1998 1.829E+04 5.900E+06 5.980E+02 1.701E+02 4.746E+04 3.180E+00
1899 1.565E+04 8.551E+06 5.745E+02 1.635E+02 4.560E+D4 3.064E+00
2000 1.504E+04 B.215E+06 5.520E+02 1.571E+H02 4.382E+04 2.944E+50
2001 1.445E+04 7.893E+06 5.303E+02 1.509E+02 4.240E+04 2.829E+00
2002 1.388E+04 7.584E+068 5.095E+02 1.450E+02 4.045E+04 2. 718E+00
2003 1.334E+04 7.286E+08 4.886E+02 1.393E+02 3.886E+04 2.611E+00
2004 1.281E+04 7.001E+06 4. 704E+(2 1.388E+02 3.734E+04 2.509E+00
2005 1.231E+04 8.726E+06 4.519E+02 1.286E+02 3.587E+04 2.410E+00
2006 1.183E+04 8.462E+08 4.342E+02 1.235E+02 3.447E+04 2.316E+00
2007 1.137E+04 6.208E+08 4.172E+02 1.187E+02 3311E+04 2.225E+00
2008 1.092E+04 5.966E+06 4.008E+02 1.140E+02 3.182E+04 2.138E+B0
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Avalon At South Bay-Low End.xis

Results {Continued)

7/30/2008

Year Carbon dioxide NMOC
{Mg/vear) {m? fyear) {av ft*3/min) {Mg/year} {m? fyear) {av ft*3/min)

2009 1.048E+04 5.732E+08 3.851E+02 1.096E+02 3.057E+04 2.094E+00
2010 1.008E+04 5.507E+08 3.70CE+02 1.053E+02 2.937E+04 1.973E+00
2014 9.685E+03 5,291E406 3.555E+(2 1.011E+02 2.822E+04 1.898E+00
2012 9.305E+03 5.084E+08 3.416E+02 9.718E+01 2.7HE+04 1.822E+00
2013 8.941E+03 4.884E+086 3.282E+02 8.337E+1 2.6805E+04 1.756E+00
2014 8.580E+03 4.693E+06 3.153E+02 8.971E+(1 2.503E+04 1.682E+00
2015 8.253E+03 4.509E-+08 3.029E+02 8.619E+01 2.405E+04 1.616E+30
2016 7.930E+03 4.332E+06 2.911E+02 8.281E+01 2.310E+04 1.552E+00
2017 7.619E+03 4.162E+06 2.796E+02 7.957E+01 2.220E+04 1.491E+00
2018 7.320E+03 3.999E+06 2.687E+02 7.645E401 2.133E+04 1.433E+00
2018 7.033E+03 3.842E+06 2.581E+02 7.346E+01 2,048E+04 1.377E+00
2020 6.757E+03 3.691E+06 2.480E+02 7.057E+01 1.969E+04 1.323E+00
2021 6.492E+03 3.547E+08 2.383E+02 6.780E+01 1.882E+04 1.271E+00
2022 6.238E+03 3.408E+06 2.200E+02 6.514E+01 1.817E+04 1.221E+00
2023 5.993E+03 3.274E+06 2.200E+02 8.259E+01 1.746E+04 1.173E+00
2024 5.758E+H03 3.146E+06 2. 114E+02 8.013E+01 1.678E+04 1.127E+00
2025 5.532E4+03 3.022E+06 2.031E+02 5.778E+01 1.612E+04 1.083E+00
2026 5,315E+03 2.804E+06 1.951E+02 5.551E+01 1.549E+04 1.041E+00
2027 5.107E+03 2.790E+06 1.875E+02 5.333E+01 1.488E+04 8.897E-01
2028 4.907E+(33 2,681E+06 1.801E+)2 5.124E+01 1.430E+04 9.6056-01
2029 4.714E+03 2.575E+06 1.730E+02 4.923E+01 1.374E+04 9.229E-01
2030 4.529E403 2.474E+06 1.663E+02 4.730E+01 1.320E+04 8.867E-01
2031 4.352E+03 2.377E+06 1.587E+02 4.545E+01 1.268E+04 B8.518E-01
2032 4.181E+03 2.284E+08 1.635E+02 4.367E+01 1.248E+04 8.185E-01
2033 4.017E+03 2,195E+06 1.475E+02 4.195E+01 1.170E+04 7.864E-01
2034 3.860E+03 2.109E+06 1.417E+02 4.031E+ 1.125E+04 7.556E-011
2035 3.708E+03 2.026E+06 1.361E+02 3.873E+01 1.080E+04 7.260E-01
2036 3.563E+03 1.946E+06 1.308E+02 3721E+01 1.038E+04 8,975E-01
2037 3.423E+03 1.87GE+06 1.267E+02 3.575E+(01 9.974E+03 6.702E-01
2038 3.2809E+03 1.797E+D6 1.207E+02 3.A435E+01 9.583E+03 6.438E-M1
2039 3.160E403 1.726E+06 1.160E+02 3.300E+01 9.207E+03 6.186E-01
2040 3.036E+03 1.659E+06 1.114E+02 3.171E+01 8.846E+03 5.944E-01
2041 2.917E+03 1.694E+66 1.071E+02 3.047E+01 8.499E+03 5.711E-01
2042 2.803E+03 1.531E+08 1.028E+02 2.927E+01 8.166E+03 5.487E-01
2043 2.693E+03 1.A71E+D6 9.884E+01 2.812E+01 7.846E+03 5.272E-01
2044 2.587E+03 1.413E+06 9.497E+01 2.702E+01 7.538E+03 5.065E-01
2045 2 486E+03 1.358E+06 9. 124E+(1 2.596E+01 7.243E+03 4.866E-01
2046 2.388E+03 1.308E+06 8.767E+01 2.494E+01 6.959E+03 4.675E-01
2047 2,205E+03 1.2564E+06 8.423E+01 2.386E+01 8.680E+03 4.492E-014
2048 2.205E+03 1.204E+08 8.093E+01 2.303E+01 B.424E+03 4.316E-(H
2049 2.118E+03 1.157E+06 7.775E+01 2.212E+01 6.172E+03 4.147E-01
2050 2.035E+03 T.112E+06 TATOE+HG 2.126E+01 5.930E+03 3.984E-01
2051 1.955E+03 1.068E+06 7ATTE+)1 2.042E+01 5.697E+03 3.828E-01
2052 1.879E+03 1.028E+06 6.896E+01 1.962E+01 5.474E+03 3.678E-1
2053 1.805E+03 9.861E+05 6.626E+01 1.885E+01 5.250E+03 3.534E-01
2054 1.734E+03 9.474E+05 6.366E+(1 1.811E+01 5.053E+03 3.385E-01
2055 1.666E+03 8.103E+05 8.116E+01 1.740E+01 4.855E-H)3 3.262E-01
2056 1.601E+(3 8.74BE+(5 5.876E+01 1.672E+01 4,666E+03 3.134E-01
2057 1.538E+03 8.403E+05 5.646E+01 1.608E+01 4.482E+03 3.011E-01
2058 1.478E+03 8.674E+05 5.425E+01 1.543E+1 4.306E+03 2.893E-01
2059 1.420E+03 7.757E+05 5.212E+(1 1.483E+01 4.137E+03 2.780E-01
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Avalon At South Bay-Low End.xis

Results (Continued)

7/30/2008

Year Carbon dioxide NMOC
(Mg/year) {m* fyear) {av ftA3/min} {Ma/vear) {m*/year) {av it*3/min)

2060 1,364E+03 7.453E+05 5.00BE+01 1.425E+01 3.975E+03 2,671E-01
2061 1,311E+03 7.161E+05 4.8T1E+01 1.360E+01 3.819E+03 2 566E-01
2062 1.250E+03 6.880E+05 4.623E+01 1.315E+01 3.669E+03 2.465E-01
2063 1,210E+03 6.610E+05 4441E+01 1.264E+01 3.525E+03 2,369E-01
2064 1.163E+03 6.351E+05 4.267E+01 1.214E+01 3.387E+03 2.276E-01
2065 1,117E+03 B.102E+05 4.100E+07 1.166E+01 3.254E+03 2.187E-01
2066 1.073E+03 5.863E+05 3.839E+01 1.121E+01 3.127E+03 2.109E-01
2067 1.031E+03 5.633E+05 3.785E+01 1.077E+01 3.004E+03 2.018E-01
2068 9.006E+02 5.412E+05 3.636E+01 1,035E+01 2.886E+03 1.939E-01
2069 9.518E+02 5.200E+05 3.404E+01 9.040E+00 2.773E+03 1.863E-01
2070 0.145E+02 4.996E+05 3.357E+01 9.550E+00 2 664E+03 1.790E-01
2071 8.786E+02 4.800E+05 3.225E+01 9.176E+00 2,560E+03 1.720E-01
2672 8.442E+02 4.612E+05 3.009E+01 8.816E+00 2.480E+03 1.653E-01
2073 8111E+02 4.431E+05 2.977E+01 BAT1E*00 2.363E+03 1.588E-01
2074 7.793E+02 4.257E+05 2_BBOE+01 8.138E+00 2.270E+03 1.526E-01
2075 7.487E+02 4.090E+05 2.748E+01 7.819E+00 2.181E+03 1.466E-01
2076 7.194E+02 3.930E+05 2.640E+01 7.513E+00 2.006E+03 1.408E-01
2077 6.911E+02 3.776E+05 2.637E401 7.218E+00 2.014E+03 1.363E-01
2078 6.640E+02 3.628E+05 3.437E+07 6.935E+00 1.935E+03 1.300E-01
2079 §.3B0E+02 3.485E+05 2.342E+01 6.663E+00 1.859E+03 1.240E-01
2080 6.130E+02 3,349E+05 2.250E401 6.402E+00 1.786E+03 1.200E-G1
2081 5.890E+02 3.217E+05 2 162E+01 6.151E+00 1.716E+03 1.153E-01
2082 5.659E+02 3.001E+05 2.077E+01 5.910E+00 1.649E+03 1.108E-01
2083 5437E+02 2.970E+05 1.89BE+01 5.678E+00 1.584E+03 1,064E-01
2084 5.224E+02 2.854E+05 1.O17TE+01 5.455E+00 1.522E+03 1.083E-01
2085 5.019E+02 2.742E+05 1.842E+01 5.241E+00 1.462E+03 9.825E-02
2086 4.822E302 2.634E+05 1.770E+07 5.036E+0D 1.405E+03 9.440E-02
2087 4.633E+02 2.531E+05 1.701E+01 4.838E+00 1,350E+03 9.070E-02
2088 4.451E+02 2,430E405 1.634E+01 4.640E+00 1.297E+03 B.714E-02
2089 4.27TE+02 2.336E+05 1.570E+01 4.488E+00 1.246E+03 8 .372E-02
2090 4.109E+02 2.245E+05 1.508E+01 4.291E+00 1.197E+03 8.044E-02
2081 3,948E+02 2.A57E+05 1.449E+01 4.123E+00 1.150E+03 7.720E-02
2002 3.793E+02 2.072E+05 1.392E+01 3.961E+00 1.165E+03 7.425E-02
2093 3,644E+02 1.991E+05 1.338E+01 3.806E+00 1.062E+03 7.134E-02
2094 3.501E+02 1.913E+05 1.285E+01 3.667E+00 1.020E+03 5.855E-02
2005 3.364E+02 1.83BE+05 1.235E+01 3.513E+00 9.802E+02 6.586E-02
2005 3.232E+02 1.766E+05 1.186E+01 3.376E+00 9.417E+02 6.328E-02
2097 3,106E102 1.607E+05 1.140E+01 3.243E+00 8.048E+02 6.079E-02
2008 2.G84E+02 1.630E+05 1.095E+01 3.116E+00 B8.603E+02 5.841E-02
2099 2.867E+02 1 566E+05 1.062E+01 2,994E+00 8.353E+02 5.612E-02
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Waste Volume and Tonnag?:- Overview for LFCi-I Modeling MCz, 16 Feb 06

A lE Cell Volume (cy)

Bottom of waste o efev| Above +0.5 ft ms! o top

Cell +0.5 ft mst of waste Total
From BAS Expert

1 319,842 406,761 726,603 Witness Report, 2003
2 695,340 1,616,661 2,312,001
3 604,021 775,571 1,379,592
4 749,366 1,208,811 1,858,177
5 35,442 237,255 272,697

Totai . 2,404,011 4,245,059 6,648,070

Waste Volume {cy)

Decomposable waste
volume at 100% of
Inert waste volume at | above + 15% of volume

Cell 85% of above helow elev +0.5 msl Total
1 271,868 454,737 726,603
2 591,038 1,720,962 2,312,001
3 513,418 866,174 1,379,502
4 636,961 1,321,216 1,958,177
5 30,126 242 571 272,697
Total 2,043,409 4,605,661 6,649,070

Proportional Total Waste Volume {each sub-volume above to fotal)

 Cell

1 4.1% 5.8% 10.9%
2 8.9% 25.9% 34.8%
3 7.7% 13.0% 20.7%
4 9.6% 18.9% 28.5%
5 0.5% 3.6% 4.1%

Total 30.7% 69.3% 100.0%

| R Proportional Decomposible Waste Volume
Cell

1 9.9%
2 37.4%
3 18.8%
4 28.7%
5 5.3%

Total 100.0%

The volumes above are hased on borings and drawings done many years after waste was placed.

it is logical that waste would have settied from the time it was placed to the time it was defined by the borsholes and drawings.

Therefare, 1o find the begining point of waste volume that would correspond to the start of LFG generation modeling,

we should attempt to estimate the larger volume occupied by the waste in 1965. For the purposes here, assume

30 years duration between completion of waste placement and the definition of its volume by boreholes and drawings.

Landfili settiement is hard to predict, but it is likely to have lost at least 25% of its original waste thickness at sach point

on the landflil surface, However, for our purposes, let's assume that this corresponds to an average of 20% volume loss

over all waste thicknesses. Therefore, the next set of tables are usad to estimate the total waste in place in 1965.




| l

Sl Volume of Decomposible Waste in 1965 (add 20%)

Cell .
1 545,685 9.9%
2 2,065,154 37.4%
3 1,039,409 18.8%
4 1,585,459 28.7%
5 291,086 5.3%
Total 5,526,793 100.0%

Converting volume of airspace consumed to tons of refuse requires an estimate of the in-place density of the refuse achieved

and the raflo of soil to waste used. (Note - inplace density does not include welight of the soil}

Practical ranges for Cal Compact are estimated to be:

800 to 1200 Ibs/cy for in-place density of refuse
3 parts refuse to 1 part soil (75% refuse)
Total volume {cy) occupied by decomposible waste = 5,526,793
In-place Tons of decomposible
Refuse waste In place, using
Density 3 parts refuse
(lbfey) to one part soll
800 1,658,038
900 1,865,293
1000 2,072,547
1100 2,279,802
1200 2,487,057
Therefore -~ For LFG modetling, it is logical to use a range of decomposible waste in place of
2,000,000 to 2,500,000 tons

Using Table & fo proportion these totals to the cells in same proportion as volume:

Decompostble Tons in Place

Low High
1 197,469 245,836
2 747,325 934,156
3 376,135 470,168
4 573,736 717,170
5 105,336 131,870
Total 2,000,000 2,500,000

BAS {2003} refers to prior reports that indicated that cells were developed from northeast to southwest.

BAS (2003} indicates 71 months of landfill operation from April 1958 to February 1965.

At 2,000,000 tons total, this Is an average of 28,169 tons per month, 338,028 tons per year

At 2,500,600 tons total, this is an average of 35,211 tons per month, 422,535 per year.




Therefore, we can assume the following:
TEH JTonnage in Place by Gell and Year {low end)
Period Cell 2 Cell 4 Cellb Cell 1 Cell 3
9 mo -1959 253,521
1960 338,028
1961 165,776 182,252
1962 338,028
1963 53,456 105,336 179,236
1964 18,233 319,795
2 mo -1965 56,340
Total 747 325 573,736 105,336 197,469 376,135
2,600,001
Check
From Table 6 747,325 573,736 105,336 197,469 376,135
Diff 0 0 4] 0 0
T Tonnage in Place by Geil and Year {high end)
Period Cell 2 Cell 4 Cell 5 Cell 1 Cell 3
9 mo -1959 316,809
1960 422 535
1961 194,722 227,813
1962 422,535
1963 66,822 131,670 224,043
1964 22,793 390,742
2 mo -1965 70,426
Total 934,156 717,170 131,670 246,836 470,168
2,500,000
Check
From Table 6 934,156 717,170 131,670 246,836 470,168
Diff ] ] 0 0 Q
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EXECUTIVE SUMMARY

Bryan A. Stirrat & Associates (BAS) was retained by ARCADIS (formerly ARCADIS
BBL) to implement the Landfill Gas Pilot Test Work Plan (work plan) prepared by Tetra
Tech, Inc., dated June 12, 2006. All major tasks of the work plan described in this
report were reasonably completed on behalf of the property owner, Carson
Marketplace, LLC (Carson Marketplace), at the former Cal Compact Landfill located in
Carson, California. The objectives of the Pilot Test were as follows:

» Establish a steady state extraction rate of landfill gas (LFG)

« Determine the size of extraction system equipment
Determine the type of treatment equipment

» Assist permitting the final system

As an initial first step of the Pilot Test, static LFG samples were collected from each of
the five refuse disposal cells at the site, using push probes, to establish a baseline
understanding of the LFG composition and static volatile organic compounds (VOGCs) to
be encountered. ‘

Laboratory testing of the collected samples indicated a relatively high static
concentration of VOCs. Based upon Environmental Protection Agency (EPA) Method
25C guidelines these compounds are not speciated, however they are quantified as
Total Gaseous Non-Methane, Non-Ethane Organic Compounds (TGNMNEOCSs).

After the initial static probe sampling, the Pilot Test extraction and treatment system
were installed. The Pilot Test was initiated and continued over a seven week period in
an attempt to reach a LFG generation/extraction equilibrium (steady state condition).
However, a steady state extraction rate was not determined due to the high volume of
LFG resulting from a static “bubble”, as well as the continued natural production of LFG
from the anaerobic decomposition of refuse.

At the completion of the Pilot Test, the average methane concentration at the
blower/treatment facility had dropped to 48.6 percent (%) by volume. Even though a
clear reduction in the methane content of the LFG was evident, a steady state extraction
of the LFG did not occur within the 7-week duration of the Pilot Test.
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Because a steady state LFG extraction rate was not achieved, theoretical methane
generation models were used to estimate equipment and pipe size, and to determine a
range of anticipated LFG flows (from 14 to 300 standard cubic foot per minute [scfm] at
25% methane by volume). The theoretical methane generation models suggest that
diminishing methane production in the near future may fail to sustain combustion of a
LFG flare. Inclusion of supplemental fuel will be required in the design phase of this
project.

The Pilot Test operation also revealed elevated TGNMNEOCS concentrations. This
data, along with the high methane concentrations, supports the proposed conceptual
design use of an enclosed ground flare versus the use of granular activated carbon
[GAC] system. The function of an enclosed ground flare using the LFG as combustion
fuel is an effective method of treatment for the TGNMNEOCs.

The last objective for the Pilot Test was to obtain real field data and laboratory testing
resuits which can be used in the preparation of the South Coast Air Quality
Management District (SCAQMD) permit to operate health risk assessment for the
permanent system. The data necessary for this task was obtained during the speciated
analysis of LFG performed during the pilot test.
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1.0 BACKGROUND AND INTRODUCTION

On behalf of Carson Marketplace, LLC (Carson Marketpiace) a Priot Testwas '
completed at the former Cal Compact Landfill property located at 20300 Main Street in
Carson, California (Site) by Bryan A. Stirrat & Assocrates (BAS), who was retained by
ARCADIS (formerly ARCADIS BBL). It is anticipated that the Site. w:ll be developed in
the future and will be called Avalon at South Bay. Therfuture devetopment area is
comprised of approximately 168 acres, including 157 acres of the former Cal Compact
Landfill, and 11 acres of undeveloped (non- Iandf ill) property north of Del Amo
Boulevard. Current proposed redeveiopment of the S;te mcludes construction of mixed-
use commercial and residential unrts :

§
tn 1959, Cal Compact, Inc., aCalifo'rnia Corporation, was issued an industrial waste
disposal permit to operate a Class Il landfill on the Site. The facility operated from
approximately 1959 to 1964, with an approxamate closing date of February 1965. The
Cal Compact Landfill was permitted to accept both municipal solid waste and specified
industrial liquid wastes.

The landfill accepted approximately 6 million cubic yards of municipal solid waste and
6.3 million gallons of industrial liquid waste. The liquid waste was predominately water
and clay mixtures. Other wastes received included solvents, oils, sludges, heavy
metails, paint sludges and |norgan1c salts. The landfill is comprised of five separate
cells, divided by haul roads, and i is currently separated by Lenardo Drive and Stamps
Drive. A soil cover which varies in thickness overlies all five cells,

The California Envrronmental Protect;on Agency, Department of Toxic Substances
Control (DTSC) approved a Remedial Action Plan {RAP) in 1995 which permits Site
development provided that an engineered landfill cap is installed to protect human
health and the environment. In accordance with the approved RAP, remedial action
improvements include an enginéered clay landfill cap, a landfill gas (LFG) collection and
treatment system, and a groundwater containment system. Carson Marketplace has
discussed and presented refinements to the currently approved RAP that includes a
linear low-density polyethylene (LLDPE) geomembrane in lieu of a clay landfill cap.

In order to design the permanent LFG collection and treatment system, a Pilot Test was
. conducted fo determlne site-specific design’ parameters. The Pilot Test was developed
fobea dynamlc LFG extraction test over time to establish a steady state extraction rate

1
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of LFG. The Pilot Test was based on procedures developed by the Environmental
Protection Agency (EPA) Method 2E. This included the installation of vertical extraction
wells, shailow pressure probes located adjacent to the extraction well, and deep
pressure probes installed to the depth of the well perforations. The Pilot Test would
provide design and engineering information necessary to determine the best method of
LFG treatment, (i.e., flare or granular activated carbon [GAC]); and to size equipment
and piping to maximize petformance of the permanent system. (Bryan A. Stirrat &
Associates, 2006)

2
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2.0 SITE CONDITIONS AND INVESTIGATION

21 METHANE GENERATION MODELING

Methane generation modeling was performed to generate data needed to obtain the
temporary permits to operate for the Pilot Test, and for the development of initial
conceptual designs. This modeling helped to establish expected baseline flows
necessary in determination of Pilot Test equipment sizing and for the development of
the human health risk assessment. and the temporary permit to operate.

Based on historical data, approximately 3,450,000 tons of waste was placed in the five
distinct landfill cells. It is estimated that approximately 29 percent (%) of the waste
mass was non-decomposable materials. The remaining approximate 2,500,000 tons of
refuse was used to estimate the methane production from the Site (Bryan A. Stirrat &
Associates, 2008). Methane production is a natural process of anaerobic
decomposition of organic matter. When conditions are correct, methanogenic bacteria
consume organics and produce approximately 50% methane and 50% carbon dioxide.
It is this methane that must be collected and controlled to minimize off-site migration
and surface emissions due to its flammability / explosivity and air contaminants
associated with the LFG.

Using this information, BAS estimated methane production using a proprietary methane
generation model (see Figure 2.1). By varying the decomposition rates, distribution of
refuse, and moisture content, BAS was able to estimate theoretical methane generation.

For 2008 the estimated methane generation is between 4 and 83 standard cubic foot
per minute (scfm) (see Appendix A). Using an assumed extraction efficiency of 90%,
the range of methane that can be collected by an extraction system would be between
3.6 and 75 scfm. The assumed extraction efficiency is relatively high due to the fact
that a LLDPE geomembrane cap will be installed over the entire landfill as part of the
future remedy. Using these methane volumes, the expected LFG flow rate would
extrapolate to 14 to 300 scfm at 25% methane by volume.

3
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FIGURE 2.1

METHANE GENERATION MODEL

2.2 PUSH PROBES AND STATIC LANDFILL GAS SAMPLING

In an effort to characterize the static LFG for future baseline comparison, BAS installed
one static LFG sample probe at specific locations in each of the landfill cells. Each
static LFG sample probe was installed using the “direct push” method. The probes
were constructed of % inch diameter, schedule 80 polyvinyl chloride (PVC). Probe
depths are shown in Table 2.1. The pipe casings were connected using a PVC slip
coupling and secured with a screw. The annular space between boring and probe
casing at the perforations was backfilled with coarse sand and a bentonite seal was
placed near the surface. The top of the probe casing was sealed with a pipe cap. To
facilitate sampling, a PVC labcock valve was threaded into the cap. AllPVC
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connections were facilitated by slip fit couplings secured with a self tapping screw to
prevent any contamination of LFG samples from the PVC glue or primer.

After completion of probe construction, BAS purged each casing and pulled a LFG
sample for relative LFG composition and a baseline reference. The initial probe LFG
samples were analyzed using a Landtec GEM 2000 hand held LFG instrument. Initial
fleld sampling results are shown in Table 2.1. Before drawing samples for laboratory
analysis, each of the probe casings were allowed to stand for 24 hours to diffuse/dilute
any residual atmospheric influence caused during construction (i.e., air).

To obtain accurate analytical laboratory data, samples were drawn from each probe the
following day. Samples were collected by a lung sampler in 10-fiter Tedlar bags. The
lung sampler was used to obtain non-contaminated samples by installing the sample
container (Tedlar bag) in a vacuum chamber with an external connection. The chamber
was purged and a vacuum was induced, drawing the sample LFG into the sample
container. To protect the LFG samples from uitraviolet (UV) light degradation, each
sample was placed in a light-proof container and immediately couriered to a certified
laboratory for analyses for LFGs (methane, carbon dioxide, oxygen, and nitrogen),
TGNMNEOCs, and speciated TO-15 compounds. Resuits of the LFG and
TGNMNEOCs testing are shown below in Table 2.2. See Appendix B for laboratory
analytical reports.
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3.0 PERMITTING

BAS prepared three separate South Coast Air Quality Management District (SCAQMD)
permit applications for the Pilot Test. SCAQMD requires a separate permit for the
Condensate Management System, LFG extraction system, and Treatment System.
This report only addresses the SCAQMD specific permit conditions.

After review of each permit application package, SCAQMD granted and combined all
three permits to create one Experimental Research Operations Permit, dated May 18,
2007 (refer to Appendix C for the Permit to Operate). The approved permit conditions
allowed the installation of the following components for the Pilot Test.

Landfill Gas Collection System

¢ Up to 20 vertical extraction wells
¢  Maximum of 240 LFG monitoring probes
¢ LFG headers and collection piping as needed

Landfill Gas Treatment System

» Moisture knockout vessel and drain pump

» Condensate day tank, 300-gallon capacity each

» Landfill gas blower, 7.5 horsepower, 300 scfm maximum flow

¢ Flame arrestor

e Three GAC vesseis containing 2,000 pounds each of activated carbon

¢ One potassium permanganate (KMNQ.) vessel with 4,000 pounds of KMNO,
capacity connected in series with the GAC

Condensate Collection and Storage System

e Six 300-galion day tanks

e One bulk storage tank with a 6,500-gallon capacity, and one drum containing a
minimum of 200 pounds of GAC

7
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Monitoring Reguirements Summary

Permit requirements for monitoring inciude the following elements.

Total volatile organic compound (VOC) concentration shall be measured at the inlet
and at the outlet of all four vessels at least once each week of operation, and at least
once using an EPA Method 21 approved photo ionization detector (PID) calibrated in
parts per million (ppm) by volume as hexane. If other calibrating agent is used, it
shall be correlated to and expressed as hexane. Calibration shall be performed with
each monitoring visit. The measured concentrations shall be recorded during each
monitoring visit.

Whenever the primary carbon breaks through, the absorbers shall be replaced as
follows:

A. Primary absorber shall be replaced with fresh adsorbent and become the
tertiary absorber.
B. Secondary absorber shall be replaced with fresh adsorbent or become the
~ primary absorber.
C. Tertiary absorber shall be replaced with fresh adsorbent or become the
. secondary absorber.

Samples shall be collected and analyzed one each month of operation for total
VOCs and speciated for toxics as follows:

A. Samples shall be collected at least at the inlet and outlet of the primary
carbon vessel and at the inlet and outlet of the KMNO,4 vessel.

B. Sampling and analysis shall be conducted by an independent laboratory per
Rule 304.

At least once each month the LFG at the inlet to the treatment system shall be
monitored for methane, carbon dioxide, and oxygen.

During the entire Pilot Test operations, BAS maintained compliance with all SCAQMD
permit conditions. :
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4.0 PILOT TEST COMPONENTS DESIGN AND CONSTRUCTION

In accordance with the DTSC approved work plan, dated June 12, 20086, the Pilot Test
included design and construction of an extraction system for Cells 1 through 4
(Appendix D), condensate management system, and LFG treatment system.
Construction of the temporary Pilot Test extraction and treatment system began on
June 11, 2007, and was completed on July 6, 2007. See Appendix D for the design
drawings.

41 LANDFILL GAS EXTRACTION SYSTEM

411 VERTICAL EXTRACTION WELLS

The Pilot Test welis consisted of 13 vertical extraction wells: three wells in Cells 1, four
wells in Cell 2, three wells in Cell 3, and three wells in Cell 4. As indicated in the Work
Plan, no wells were placed in Cell 5 which is not included in the Pilot Test operations,
partially due to the low volume of refuse that was placed in Cell 5. For each Cell, wells
were installed in clusters with a 300 foot well to well spacing as specified by EPA
Method 2E.

Each of the 13 wells was drilled by a modified air rotary method. A special device was
attached to the drill head which assisted in keeping the boring open during drilling and
which minimized bore collapse. This device also minimized the amount of drilling spoils
generated as compared to an auger type of rig. Refer to Appendix E for well boring
logs. Each well was fabricated from 2 inch diameter schedule 80 PVC flush thread
pipe, varying in depth from 23 to 48 feet. Due to the Site’s shallow refuse depths, BAS
provided perforations on the bottom one third of each well's casing. This allowed the
wells vacuum to be increased while reducing air infiltration from the surface. Each
well's perforated section was backfilled with permeable gravel pack to allow the
conveyance of LFG, and was sealed with granular bentonite. Soil was backfilled in the
remaining top portion of the well boring. Well construction details are shown in Table
4.1. As indicated in the EPA Method 2E, each well was installed to a minimum depth of
75% of the landfili depth unless water or refusal was encountered (Appendix E).
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Completion of each vertical well included a “meter run” to facilitate pressure,
temperature, and flow monitoring and to allow for required adjustments. Each meter run
consisted of a minimum 24-inch length of straight unobstructed 2-inch diameter
schedule 40 PVC pipe for LFG velocity measurements. A PVC gate valve with sample
ports on each side was installed to allow pressure monitoring on the well and on the
extraction system piping. The gate valve facilitates flow adjustment.

4.1.2 DEEP PRESSURE PROBES

Nine deep pressure probes were installed around each extraction well to determine the
well’s radius of influence in the surrounding refuse. Each deep pressure probe was
installed radially at 50-foot, 100-foot and 150-foot spacing as shown in Figure 4.1.

10
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FIGURE 4.1
DEEP PRESSURE PROBES

Each deep pressure probe was fabricated from 1-inch diameter schedule 80 PVC pipe
and installed to a depth equal to the associated extraction well depth. The bottom two
thirds of each probe was perforated pipe and the top one third was solid pipe. The
annular space around the perforated section was backfilied with sand. Granular
bentonite was then filled to surface grade and hydrated. Each probe was monitored for
pressure and composition throughout the duration of the Pilot Test which is discussed in
greater detail later in this document. Probe construction logs are included in Appendix
F.

4.1.3 SHALLOW PRESSURE PROBES

Around each vertical extraction well, three shallow pressure probes were installed to
monitor air intrusion into each well during the Pilot Test operation. A total of 39 shallow
probes were installed. Each probe was placed 120 degrees apart, and offset 10 feet
from the well casing. See Table 4.2 for construction details. Daily probe construction
logs are provided in Appendix F. The shallow probes weré installed to a depth of 50%
of the deep pressure probes. They were used for monitoring when atmospheric air was
being drawn into the surrounding refuse and soil by the extraction well. Oxygen content
in the LFG was measured by a hand-held gas analyzer. In a radial fashion separated
120 degrees apart (in same fashion as the deep pressure probes shown in Figure 4.1),
nine pressure probes where installed around each extraction well to establish
boundaries of the pressure influence by each of the test wells.
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4.1.4 LANDFILL GAS EXTRACTION PIPING SYSTEM

The Pilot Test extraction piping system was designed and constructed to facilitate
simultaneous LFG extraction from each of the four cells. All 13 extraction wells were
connected to a single extraction system consisting of 2-inch to 4-inch diameter schedule
40 PVC pipe. All piping was above grade except at the intersection of Stamps Drive
and Lenardo Drive where an engineered low point was designed to allow proper sloping
of the piping for condensate drainage. All piping was designed with a minimum of 1%
slope. For each header and lateral segment of pipe, BAS designed the pipe diameter to
be of sufficient size to accommodate potential build-up of condensate and to allow no
more than approximately 1" of water column vacuum loss per 100 feet of pipe length.

12
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The LFG extraction piping system was fabricated entirely from schedule 40 PVC pipe
consisting of approximately 1,100 feet of 4-inch diameter, 3,300 feet of 3-inch diameter,
and 3,000 feet of 2-inch diameter pipe. The overall design of the LFG extraction piping
system used natural grade to the extent possible, however more than 200 Unistrut pipe
supports were installed where necessary to maintain pipe slope to three engineered low
points in the system.

To allow connection of each cell to one extraction and treatment system, a total three
road crossings were instalied to protect the piping from site traffic. One crossing
connected Cell 4 piping to Cell 2 piping. The second crossing connected Cell 2 piping
to Cell 1 piping, and the last crossing connected the treatment system diagonally to Cell
2 piping. These three crossings allowed all extraction system piping to be connected
and operated simultaneously.

4.1.5 CONDENSATE SUMPS

When designing a LFG extraction system, potential condensate formation in the piping
must be addressed to prevent ultimate failure of the extraction system by a condensate
blockage. For design purposes, all LFG is considered to be saturated with water, even
though the level of saturation can vary from site to site and region to region. Formation
of condensate in the extraction system piping is a result of pressure and/or temperature
reduction. At any given temperature and pressure, LFG can hold a finite amount of
moisture. As the LFG pressure or temperature is reduced, the LFG can hold less water
in suspension and condensate is formed in the piping. This particular problem is
exacerbated on landfills because the natural process of anaerobic decomposition
produces LFG temperatures in excess of 150 degrees Fahrenheit (°F). It is not
uncommon for LFG temperatures at the well head to be greater than 120° F,

As hot LFG comes in contact with the much cooler above-ground exiraction system
piping, the LFG quickiy cools, forming condensate within the piping. The condensate
can collect in sufficient quantities to compietely block the pipe cross section at pipe low
points.

Prevention of condensate formation is not economically viable; however controlling the
formed condensate is relatively easy. As previously discussed, all extraction system
piping was engineered to slope in a controlled manner to three low points within the
extraction system. Each low point drained into a condensate sump, each with a
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capacity of approximately 230 gallons. The system was design to be a “closed system”
where the condensate sumps were at the same pressure as the extraction system. This
was accomplished by a pressure equalization pipe that connected the sump to the
extraction system piping. Being a closed system, the condensate can freely flow from
the extraction system piping fo the condensate sumps. Refer to Appendix D for detailed
drawings.

4.2 TREATMENT SYSTEM

The treatment system was a pre-constructed blower trailer with all required controls and
electrical components (Figure 4.2). It was operated in compliance with the SCAQMD
Experimental Research Operations Permit to Construct and Operate (Application Nos.
466496, 466492, and 466491). For mobility of the assemble system, the trailer was
mounted on a roll-off skid with two GAC vessels.

FIGURE 4.2
BLOWER TRAILER AND GRANULAR ACTIVATED
CARBON TREATMENT

Because the blower trailer system operates on 240 volts, 3-phase electrical power, and
does not have its own electrical source, temporary power was required. It was
determined that a portable diesel operated generator (Figure 4.3) would be the most
feasible choice, since the only viable temporary electrical source was more then 800
feet away. Since the blower system was intended to operate uninterrupted, 24 hours
per day, a fueling service was hired to maintain the fuel level without lapse.
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FIGURE 4.3
TEMPORARY POWER DIESEL GENERATOR

4.2.1 CONTROLS

As required by the SCAQMD permit, the blower skid included instruments, controls, and
electrical components necessary for flow monitoring and recording. This skid assembly
utilized an annubar flow element, which is essentially an averaging pitot tube measuring
the velocity pressure of the LFG. By knowing the velocity pressure and subtracting the
static line pressure, and knowing the cross sectional area of the piping, the flow rate of
the LFG is calculated. The annubar was connected to an electronic differential pressure
transmitter where the resultant differential pressure was converted into a 4-20 milliamp
input signal to the panel mounted circular chart recorder.

4.2.2 BLOWER

The skid assembly incorporated a Hauck Manufacturing single stage centrifugal blower
and remote backup blower. These blowers have been used for LEG compression for
over 20 years. This blower (model number TBGB-24-7.5) incorporates an internal 24-
inch diameter aluminum fan mounted in a fiberglass gas proof housing. This direct
drive unit is coupled to a 7.5-horsepower totally enclosed fan cooled (TEFC) motor
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rated for Class 1 Division 2 hazardous environment. TEFC motors are enclosed and
are classified as a non-arcing device suitable for this application. See Figure 4.4 for the
blower performance curve.

BRAKE HORSEPOWER

 TOTAL IRESS IM.W.C.,

VOLUME - SCFM

FIGURE 4.4
BLOWER PERFORMANCE CURVE

The blower performance curve pictured above shows this blower is capable of
conveying up to 600 scfm of LFG at a maximum total pressure of 41 inches of water
column. After correcting the curve for LFG density and the altitude of the Site, the
maximum blower total pressure is approximately 35 inch of water column.

4.2.3 GRANULAR ACTIVATED CARBON

Since this was a short term Pilot Test requiring temporary systems, GAC was
determined to be a cost effective and efficient choice for LFG treatment.

16
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The blower skid assembly incorporated two 2,000-pound GAC vessels mounted directly
on the roli-off skid. Two additional 2,000 pound units were also included with one of the
vessels connecting In series to the two roll-off mounted vessels, totaling three 2,000
pound vessels in series. Each vessel was filled with 2,000 pounds of virgin coconut
shell carbon. The fourth vessel was hot connected and was used as a standby backup.
To facilitate rotation of the vessels when the GAC was saturated, each vessel was
connected in series by use of quick disconnect Camlock fittings and hoses, as shown in
Figure 4.5.

FIGURE 4.5
GRANULAR ACTIVATED CARBON VESSELS

4.2.4 POTASSIUM PERMANGANATE

In addition to GAC, BAS designed and permitted the system to incorporate one 4,000-
pound KMNO, vessel as the outlet vessel. Even thought the vessel sizes are very
similar, the KMNO;, is approximately twice the density of GAC, increasing the mass of
single vessel to 4,000 pounds of media.
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BAS has been permitting, designing, and constructing GAC treatment systems for many
years. These systems have proven to be a cost effective method of treating LFG on
smaller and older landfills where the VOC concentrations are typically fow in
concentration. However, GAC is notoriously inefficient in adsorbing lighter VOCs, which
includes several of the compounds typically found in LFG. The two main constituents of
concern (COCs) are vinyl chloride (CH,CHCI) and hydrogen sulfide (H,S). Each of
these compounds are included in SCAQMD Table 1 Core Group of Compounds and are
some of the most commonly found toxics in LFG. Unlike GAC which captures
compounds by adsorption, KMNOQy is an oxidizer creating a reaction with certain
chemicals rendering them non-toxic. KMNO, works very well with the vinyl chioride and
hydrogen sulfide and is an effective method of treatment for specific isolated
compounds in the LFG. Additionally the KMNO,was required in the permit conditions
for treatment of vinyl chloride and hydrogen sulfide.

18
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5.0 OPERATIONS, MAINTENANCE, AND MONITORING

Pilot Test operations, maintenance, and monitoring (OM&M) activities were initiated on
July 10, 2007 and continued over a seven week period. Initially operations were to be
performed for five weeks; however the program was extended two weeks in an effort to
reach the desired steady state extraction rate of LFG. This information is important to
estimate the landfill's methane generation rate in an effort to narrow the equipment
performance range.

5.1 VERTICAL EXTRACTION WELLS

Each of the 13 vertical extraction wells were monitored during each site visit: typically
three times per week. During the site visit, a BAS technician would monitor each well
for:

« Well pressure

¢ Percent methane

« Percent carbon dioxide

» Percent oxygen

» Nitrogen (balance)

* Landfill gas temperature
» Header pressure

e Valve position

¢ Barometric pressure

» Atmospheric temperature

The LFG flow rate was also measured using a pitot tube and Landtec Gem 2000 LFG
analyzer. For comparison of flow, the LFG velocity was also monitored using a hand
held velocometer. Each data point monitored was recorded on the BAS monitoring form
included in Appendix G. After data were collected, it was evaluated, and flow and
vacuum adjustments were implemented, as necessary, to optimize the pilot testing.

Methane and LFG flow graphs associated with data from each well are included as
Appendix H. As seen on the graphs, all wells show a distinct drop in methane
concentration during the Pilot Test, indicating the extraction of LFG was having an effect
on the "bubble” of LFG that had built up over time, but not establishing a steady state
extraction rate.
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5.2 SHALLOW PRESSURE PROBES

Each vertical extraction welt was accompanied by three shallow pressure probes each
monitored during every well monitoring event. Appendix ! includes well probe graphs
showing the performance of each shallow probe during the duration of the Pilot Test.
Prior to monitoring the composition in each probe, static pressure was measured, which
on average, showed a steady increase in vacuum over the Pilot Test period. After the
pressure measurement, the probe case was purged to evacuate buiit-up static gases.
At that time, the methane, carbon dioxide, oxygen, and nitrogen concentration in each
probe was measured using a L.andTec Gem instrument.

As shown in the Appendix | Probe Graphs, ali shallow probes showed influence from its
adjacent well indicating the induced vacuum on the refuse mass was slowly increasing
over time. This is also evident by the steadily decreasing methane content.

3.3 DEEP PRESSURE PROBES

The deep pressure probes were monitored weekly in the same fashion as the shallow
pressure probes. The static pressure was measured and recorded. The probe casing
was then purged to evacuate the static build up of LFG. After being purged, the
methane, carbon dioxide, oxygen, and nitrogen concentration of each probe was
measured using a LandTec Gem instrument. Deep pressure probe data and graphs are
shown in Appendix I. Data from each of the 117 deep pressure probes were included
on one graph per cell. This data shows methane differential from the beginning to the
end of the Pilot Test was not significant; however, a clear deciine in methane and
reduction in pressure is evident indicating the wells were inducing vacuum influence on
the deep pressure probes in each of the four cells.

5.4 CONDENSATE SUMPS

During each site visit, the three condensate sumps were monitored to make sure that
condensate build-up was not accurring which would potentially block the extraction
system piping. During the entire Pilot Test no condensate was generated, however, a
condensate transfer trailer (Figure 5.1) was maintained on site as a precaution. In
addition, a condensate holding tank (Figure 5.2) was also maintained on site.
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FIGURE 5.1
CONDENSATE TRANSFER TRAILER

FIGURE 5.2
CONDENSATE HOLDING TANK
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2.5 TREATMENT SYSTEM

During the Pilot Test, the blower/GAC treatment system was monitored three times per
week. Each monitoring event included monitoring and recording of all pertinent process
and performance data shown on the monitoring form that is included in Appendix G. As
shown on the monitoring forms, data obtained during each visit included the treatment
system inlet compaosition consisting of percent methane, carbon dioxide, oxygen, and
nitrogen, and VOC concentration of the treatment system inlet LFG; as well as the VOC
concentration between each GAC vessel, and the GAC outlet. As required by the
SCAQMD permit, the treatment system flow was monitored and recorded on a circular
chart recorder.
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6.0 PROBE AND WELL ABANDONMENT

After completion of the Pilot test, ARCADIS coordinated with BAS to dismantle and
remove all Pilot test components to the extent possibie. This included dismantfing and
removal of the following components:

- Blower skid

» GAC vessels

« Condensate holding tank

» Below and above grade condensate sumps
« Pipe supports

+ Well lateral and header piping

» 117 deep pressure probes

« 39 shallow probes

« 13 vertical LFG extraction wells

LFG Extraction Well Abandonment

All 13 Pilot Test LFG extraction wells were successfuily abandoned by the standard
procedure. A bentonite/cement slurry mix was generated by mixing approximately 20%
Portland cement (by weight) and clean water in a grout mixer/pump. After blending to a
uniform consistency the finished grout was pumped until each well casing was filled.
After each well casing was grouted, the area immediately adjacent was excavated to 5
to 6 feet befow ground surface. The well casings were then cut 5 to 6 feet below grade
and capped with a PVC sfip caps. Two sacks (approximately 50 pounds each) of
granular bentonite were poured over the capped well casings and the excavations were
then backfilied with excavated soil.

Deep Pressure and Shallow Probe Abandonment

For abandonment of the deep pressure and shallow probes, the pipe caps and labcock
sampling valves were removed. Each probe casing was then temporarily sealed with
duct tape to prevent LFG emissions from escaping the probe casings. Using a
backhoe, the casings were pulled vertically and removed. Typically the entire probe
casing was successfully removed and the resultant voids left from the probe casing
were filled with granular bentonite. To facilitate filling the void area with bentonite to the
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extent possible, the fine granular bentonite was installed in a non-hydrated manner.
The final top 3 to 4 feet of the probe void was filled with hydrated bentonite to provide a
sufficient seal to prevent surface emissions. The abandoned probe locations were then
covered with several inches of cover soil.
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7.0 TREATMENT SYSTEM COMPLIANCE SAMPLING AND ANALYSIS

As required by the SCAQMD permit, LFG samples were collected from the carbon and
KMNO, vessels on August 6, 2007 and submitted to Acculab, Inc. for analysis of
TGNMNEOCs by EPA Method 25C. Analytical data is included in Appendix B. Results
of the analysis show the outlet concentration of TGNMNEQCsS to be 231 ppm by volume
as methane, 38.5 ppm converted to hexane. This indicated the GAC and KMNO4
canisters were spent and required replacement. To continue operations, and in
compliance with the permit conditions, BAS took the primary canister offine and
positioned the secondary canister as the primary canister, the tertiary canister as the
secondary canister, placed the clean unused backup canister as the tertiary canister,
and maintained the KMNO, vessel as the outlet vessel. While the treatment system
remained online utilizing the unused backup GAC canister, BAS coordinated and
scheduled replacement of the three GAC and KMNQ, canisters. A total 6,000 pounds
of GAC and 4,000 pounds of KMNO,4 was replaced.
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8.0 RESULTS AND CONCLUSIONS

Fundamentaily, the Pilot Test was performed to gather data necessary for the future
design of the LFG extraction and treatment system and consisted of four primary goals:

1. Establish a steady state extraction rate of LFG
2. Determine size of extraction system equipment
3. Determine the type of treatment equipment

4. Assist permitting the final system

The following section describes each of these goals in detail.

Establish a steady state extraction rate of Landfil} Gas: During the first week of the
Pilot Test, the average methane content of the LFG was greater than 58% by volume,
while the oxygen content was zero. Since the initial monitoring, the LFG extraction flow
rate from each of the wells was monitored and gradually increased, when appropriate,
until all manual valves on all wells were completely open. At the completion of the Pilot
Test, the average methane concentration at the blower/treatment facility had dropped to
48.6% by volume. Only wells 1A, 1B and 1C in Cell 1 and well 3B in Cell 3 showed
significant influence from the extraction system, dropping in methane content from the
initial concentrations of 59.8%, 56.3%, 57.6%, and 65.7% by volume; to 34%, 32.6%,
31.1%, and 40.7% by volume, respectively. Even though a clear reduction in the
methane content of the LFG was evident, a steady state extraction of the LLFG did not
occur within the 7-week duration of the Pilot Test. This resulted in the use of theoretical
methane generation models for estimating the methane flow rate, thus overall expected
LFG flow rate from the Site (Figure 2.1).

The estimated methane generation is expected to be within a wide flow range between
4 and 83 scfm in the year 2008. BAS’ approach to estimating the LFG flow rate
incorporates multiple generation curves to establish a large envelope of possible flows
in order to create a wide performance/flow range for the extraction and treatment
system equipment. Based on similar designs, the extraction system will capture
approximately 80% of the |LFG produced at the site. This translates to an estimated
methane extraction rate of 3.6 to 75 scfm. The anaerobic process produces msthane at
approximately 50% by volume; however, achieving 50% concentration of methane is not
likely considering the small volume of trash and age of the fandfill. A methane
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concentration of 25% by volume is a reasonable expectation given these conditions and
thus establishes the high flow design parameter at 300 scfim.

Determine size of extraction system equipment: Since the Pilot Test was unable to
establish a steady state flow rate of LFG within the 7-week period of operation, as
previously discussed, use of theoretical methane generation models was necessary to
estimate the expected methane, and thus LFG generation, from the Site (Figure 2.1).

As shown on the methane generation curves and (Figure 2.1), curve data in Appendix
A, the methane production is quickly diminishing and in the near future the site may not
produce enough methane to sustain combustion within the flare. Even though methane
is flammable between 5% (lower explosive limit) and 15% (upper explosive limit) by
volume in air, substantially higher concentrations are required in the LFG when
combusted in an enclosed ground flare due to the volume of the flare stack and required
retention time needed fo destroy the VOCs in the LFG. Normally the minimum methane
content in LFG fo maintain stable combustion is approximately 25% by volume;
however depending on the oxygen content in the LFG, combustion can be achieved
down to 23% by volume methane. When methane levels (flow and concentration)
approach these values, natural gas supplemental fuel will be required fo aid maintaining
the proper flare temperature and destruction leveis for the VOCs. Inclusion of
supplemental fuel will be required in the design phase of this project.

« Flare Sizing: This Report of Findings and conceptual design activities
recommend the flare performance range to have a maximum LFG flow of 500
scfm with a minimum flow of 80 scfm, with a BTU performance range of a
minimum 3:1 ratio. However, specific design parameters will be developed
during the design phase of this project.

« Flare Quantity: Two — 100% capacity flares (one operational and one 100%
backup) are recommended for this project. The treatment system will be
designed to operate each flare independently or together depending on the
current site conditions. Even though one flare serves as backup it could be
operated simultaneously with the primary flare, effectively providing a
performance range for 80 to 1,000 scfm of LFG. Specific flare BTU
performance will be determined during the design phase of the project.

27
Carson Marketplace LFG, LLC Pilot Test — Report of Findings




- Blower Sizing and Quantity: Blower capacity (turn-down) is often the weak
link when developing a LFG treatment system. It is not practical to expect
blower flow performance turn-down much greater then 3:1. These typical
centrifugal blower limitations will require the design to include three — 50%
capacity blowers. During high flow conditions, two blowers will be operated to
attain the required LFG flow rate. During low flow conditions, one blower will
operate. One blower will serve as backup. One blower may be designed to
operate in paraliel with the other two blowers, should it be necessary. ltis
anticipated that each blower flow design criteria will be a maximum of 250
scfm with a low flow performance of approximate 80 scfm. Using three
blowers, this approach will allow for a blower flow rate range from
approximately 80 scfm to 750 scfm.

« Vertical Well Spacing: Conceptual design of the vertical wells included 3
center to center (c/c) spacing of 120 feet under structures and 300 feet in
parking lot areas. Even though steady state extraction rate was not
determined, the deep probe data (Appendix I) shows influence from their
respective wells as evident in the percent methane reduction in each of the
probes. During the design phase of the project, well spacing will include, at a
minimum, 120 feet cfc spacing under structures and 300 foot c/c spacing in
open parking lot areas.

+ Horizontal Well Spacing: In concurrence with the conceptual design,
horizonta! well spacing will be 120 feet c/c under structures and 200 feet in
parking lot areas.

» Landfill Gas Extraction System Piping: LFG extraction system piping wil
consist of 2” diameter through 10” diameter Schedule 40 PVC and high-
density polyethylene materials, exact sizes will be determined during the
design phase; however, these pipe sizes are consistent with the anticipated
LFG flows, and will allow considerable condensate fiow in the pipe without
unreasonable increases in frictions loss (pressure loss) in the final extraction
system.

Determine the type of treatment equipment: Even though the steady state LFG
extraction rate was not achieved during the 7-week Pilot Test period, BAS was able to
obtain information for the final design consisting of an understanding and expectation of
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the TGNMNEOCs content in the LFG, and the effect of vapor extraction in reducing
pressure and methane concentration in the monitoring probes. Additionally, monitoring
results using a hand-held PID, as well as the laboratory analysis, showed inlet
TGNMNEOC concentrations remained elevated during the duration of the Pilot Test at a
concentration of 4,840 ppm. This resulted in the rapid saturation of all media beds
{GAC and KMNO,), thus substantiating the use of an enclosed ground flare as a cost
effective treatment of the LFG.

Assist permitting the final system: The final objective to the Pilot Test was to obtain
information necessary in developing and procuring the final SCAQMD permit
applications. In this effort, critical information coilected during, or as a result of, the Pilot
Test included:

- Obtaining analytical data of speciated VOC and toxic compounds during
dynamic extraction system operation critical in developing the health risk
assessment and air dispersion modeling.

» Assisted in determining the best method of treatment for the LFG, by showing
that sufficient quality (methane content) and quantity (flow) of LFG is present’
necessary for the sustaining an enclosed ground flare.

- Indication of possible persistently high concentrations of VOCs which
determines and justifies the use of an enclosed ground flare and
supplemental fuel as a long term cost effective method of LFG treatment.

+  Determination/conformation of extraction and treatment system component
sizing.
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2.1.1

2.1.2

2.1.3

2.1 VERTICAL GAS EXTRACTION WELLS
(95% SUBMITTAL)

Background/Statement of Problem

To solve for the radius of influence of vertical gas extraction wells (horizontal
spacing between vertical wells) using an empirical method and a theoretical
approach.

Methodology

» Empirical formula used:
Radius of influence, R,, = fz

» Theoretical formula used:

1G, p rn 1 1
AV = ——MIw | R2In 2 - —pl+ —#? | 0<r<R
Vacuum Head, 3 K ( 7 r 2 2 TS50 ¥ !

Assumptions and Inpufs

Empirical method:

* zis the depth of the well casing, assumed to equal half to two thirds of the total
depth of the vertical well, and measured from the ground surface to the top of
the perforation (or screen). The Carson ASB wells are to be perforated to near
the geomembrane cap. Therefore, a z value of 2/3s the total well depth is
appropriate.

. f is the empirical factor that has been verified by field tests'and confirmed by

field experience and monitoring. Empirical factors ranging from 2 to 6 are
defined below:

J=2 (or less than 2 - The landfill phase has no liner or clay cover.
Some surface emissions and/or subsurface migration have
been detected during monitoring. This factor is usually used
for shallow perimeter vertical wells that have an increased risk
of air intrusion (< 50 feet total depth). The landfill phase has
high LFG production,

=3~ The landfill phase has a clay liner and/or cover with
insignificant surface emissions or subsurface migration. This
factor Is usually used for deeper vertical wells (> 50 feet total
depth) with lower risk of air intrusion. The landfill phase has
low to high LFG production.

Jf=4 - The landfill phase has a clay liner and/or cover with no
detected surface emissions or subsurface migration exceeding
regulatory limits. The landfill phase has low to high LFG
production.
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JS= 35— The landfill phase has a clay liner and/or cover coupled with a
geomembrane liner and/or cover with no detected surface
emissions or subsurface migration exceeding regulatory fimits.
The landfill phase has medium to low LFG production.

JS=6—The landfill phase has a geomembrane liner and cover and
there is no detectable surface emissions and subsurface
migration. The landfill phase has medium to low LFG
production.

The Carson ASB will have a geomembrane cap {over all areas with vertical
wells), a robust gas collection system, and the landfill has a medium to low
LFG production potential, thus an =5 or 6 is appropriate.

Theoretical method:

« Equation is derived for an almost full depth extraction well {installed to almost
the full depth of the landfill), and vields a 51mliar equation for a partial depth
extraction well.

Vacuum head, ¥ ft or inches water column
LFG generation rate/unit mass, G,, 0.05 to 0.10 cf/Ib/yr
Waste density, g, 1500 to 2000 |bs/cy
Landfill permeability, K 5E-05 cmy/s to 5E-03 cm/s
Radial coordinate, # (well bore radius) 6 in. and 12 in.

Radial coordinate, r, Equal to R, ft

2.1.4 Calculations and Results

# The empirical method calculated the radius of influence, for well depths from
11ft to 44 ft, to be 40 ftto 167 ft for z=2/3*D and f = 6. See attached Table 2-1.

-# The theoretical method calculated a range of radius of influence of 40-60 ft at a
vacuum-of 10 in WC, 50-90 ft at a vacuum of 20 inWC, and 60-100 ft at a
vacuum of 30 in WC for 12 inch radius well borings. See attached Table 2-2,

e Aslightly smaller radius of influence was found when the 6 inch radius well
boring was evaluated.

¢ The values from the theoretical method fall within range of the values in the
empirical method for the given depths of the well casings.

-« A model of the volumes of influence (combined horizontal and vertical wells) is
presented in Figures 1 and 2. For the plot, average values from the two methods
were used for the vertical well radii of influence based on well depth and for 12
inch boring radius. Four inch boring radii would be similar. The design well
spacing incorporates a 20% overlap of these theoretical radii of influence.
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Table 2-1
Vertical Gas Well Radius of Inﬂuence_—ﬂ;piricafﬁ‘ormula
T T Radius of Influence, R}, "= 1z
' __7=2/3D
~ Empirical:Factor,
e

| Average
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VERTICAL LANDFILL GAS EXTRACTION WELLS - THE 8CS§ MODEL

Darrin D. Dillah, PhD, PE
8CS Lngineers
Reston, Virginia

Gregory P, McCarron, PE
SCS Engineers
Valley Cotinge, New York

ABSTRACT

Since the beginnings of the {andfill gas (LPG) industry in
the late 1960s to eatly 1970s, the vertical exiraction well
has been the most commorly used LFG collection device.
Because of its wide-spread use, its design is almost always
accepted and never questioned. This has lead to “cookie
cutter” approaches to well designs and wellfield [eyouts.
Fundamentals sometimes are overlooked, and new costly
systems have not performed as cxpeeted. As such, a step
back to the basics is warranted.

Out literature review on this toplc uncovered that the basis
for well designs haz been mostly either proptietary and
unpublished or based on empirical ohservations, This
paper preseris SC8 Engineers’ mathematical model for the
LPG vertical extraction well. It provides the design
engineer with a (heoreticn! basis for establishing the key
systern parameters. Our model addresses radius of
influenee and its relationship to landfill permeability, flow
rvate, well depth, applied vacuum, and other parametees.
Combining this theoreilcaf basis with  empirical
knowledgre, the design engineer can develop a sound,
practical, and cost-effective design for any landfilk

To demansivate the validity and wge of the model, the
paper presents a case study of a recent punip test. Using
field data for model calibrations, we established and
verified parameters such us required well head vacuum,
Tandfill permeability, well depth, well radius of influence,
and well spacing.

INTRODUCTION

Verlical LG extraction wells are the most commionly used
collection device in the indusiry, daling back over 35 years
to the beginning of the LFG industy, With a maturc
industry, typical well construction details have become
available, and we have found that some designers are
simply using these typical details without tailoring them to

Balwinder 8. Panesar, PhD
SCS Engineoers
Reston, Virginia

their particular sitcs, leading to costly systems that do not
perform as expected,

The purposs of this paper is to review the fundamentals of
the vertical EFC extraction well.  An extrnction well
operates under the basic principle that LFG gencrated
within the landfill moves towards the well due 10 a
pressure gradient created by vasuum applied to the well.

We present a siciple mathematical model for a-full-depth
extraction well, the -evolution of which dates back to a -
concept presented in 2 1983 report, prepated by Dr. Dallas
E. Weaver, The model gives an ondetsionding of flow
dynamics aroupd the weil and indicales how various
landfill propertics like penmeabilily, waste density, LFQ
generaifon rate and well design affects the dynamics
around the well.

A recent pump test case study is presented to demonstrate
use of the mode! and to establish design parametess.
Finally, we peesent typieal design parameters for
exlraction wells and suggest ways they should be tollored
to specific site conditions.

MATHEMATICAL MODEL

QOur mathematical lormulation Is based cn the simple
extraction well model presented in Figure 1. Several
parameters are introduced in this figure and are defined
below:

Well depth,
Maximum depth of influence,
Length of gravel pack around
the well soreen,
By = Radius of influence,

= Radial coordinate {centered on
the well), where 0 <r =Ry,

D
o
5

[



htr) & Height of the influenced
volnme at radius, r,

81 B Flow rate fo the weil at radiug,
¥, and

R, Borehole radius.

We assume that the induced well vacuum causes the
forruation of concettiic, cylindrical isobars {i.e., surfaces
of equal pressure) centered on the well and that LTG flows
into the well in g radial and horizovtal manaer. As
{and(ills are filled in Jifts, i is typical of them to exhibit
mactoscopic  heterogeneity, ic.. their  horizontal
permeability relative to LFG flow iz substantiaily pgreater
than their verlical permeabilily. Recognizing this, we
assume that the velume of influetee takes the shape of the
upper half of ar: cblate or ellipse, such that

R
The volume of influcnee, F,
Ar i
= [2mhde {2)
]

Substituting Eq. (1] nto Eq. [2] and integrating, we get

2
V= 3 Akl H (3)

Agsuming that the pressure hend is the muin driving force
for L.LFG movement through the waste, we have froin
Darey’s equation thal

q
0= dv=-2mhk X (4
o
where
K = Horizontal o tadial landfill
pecnieability with vespect to
LFG,
¥ % Average LFG wvelocity to the
well,
4 2k = Cross-sectional aren,
W Vacuum head (/7),
F = Vacuum,
¥ 8 Spectfic weight of the LFG,

and the other paranctors are as previcusly defined. Note
that change of velocity and elevation heads with respect to
radial distance is nepligible and is igeored in Doroy’s
equation, Eq. {4]. LFG comprossibility iy ipnored since

the vacuuns jn the waste mass are typically relatively low
{less than 1 psig range). The flow is assuined {o be
faminar,

Let’s introduce another parameter, Gy, the LFG generation
rate per unit volume, Now ¢ is a function of + and

represents the amount of LFG penerated outside » but
within ¥, or

Ky
Q=G, [2mhdr (5)

Substituting Eq. 1] into Eq. [5] and inteprating, we get

0= 2; (”RH (j{f hrl)% ©

Substituting Egs. [11 and [6] into Bq. [4] and integrating,
from p, 10 ry {where r; iz greater then »,), we get

I: s = l (J,, r—d 7

r 1 ]
Ay =y, —ty, = __L[Rf ln:?-—:g P )(8}

bug
L"!"' == Gﬂf:‘}ut (9)
sphere :
Gy = LFG generation rate per urlit
mass, and
DO = Waste density.

From Egs. [8] and [9},

1G.p, i i
Af,u=§ *‘{ (R In —w?z +2?1J (10)

4 A

Eq. [10] is Lhe general mathematical form of our model. 1t
stafes that vacoum is a complex logarithmic fanction of
distance from the well, proportional to pand Gy ot Q, and
inversely proportionai to K.

Eq. [10] is a powerful tool for the design engineer. It tells
the story of what happens fu the LREQ in the vieinity of the
well. For given or reasonably assumed landfill properties,
the enginser could use Eq, [10] to select suitable design



parameter combinations, 1., vacuuin/flow

rate/well spacing comnbinations,

applied

Eq. [10] is derived for an almost full depth extraction well
{i.e., the well is installed to altnost the full depth of the
landfiil).  ietestingly, the athiematical modsl for a

partipl depth extroction well, where the volume of
influence takes the shape of a full oblate, ylelds a similar
eguation.

Iysis/Paranieter Tnvestipation.

el, [et’s consider an example.
An extraction well s drilled to abont the full depth of n
land ATl R, the borehole radius is | foot. Table 1 lists the
combination of waste parameteis or scenarios analyzed,
For comparison purposes, a K of 5T-4 cin/sec is typical of
a sand scil type; 5C-3 is fypical of gravel, and 5E-5 is
typical of silty sand (Diflah et ol., 20013,

TABLE 1. WASTE PROFERTIES

[Waste Type | K (smjsee) | p, @biyd)

GA{(ﬁﬁ]bfj’r) !

& Higher £

Tower K T5ES

It order to investigate yrelative to Ky, we will set 1y at 1
fool {radius of the borehole) and ry at By, Thus, Eq. [10] is
simplified to

1G,p0 ‘ ] ]
Ay == R n R —— R+ | (1]
Yk [ A Y B

For our example, we use Eq. [} 1] to calculate the results
presented in Figure 2. For exaraple, for typical waste as
defined in Table 1, it is cstimsted (5ee Figure 2) that an
applied vacumn of about § inches of water colunin (in-we)
(i.e., the vacuuin appliad to the grave! pack) should cause a
radius of influence of about 155 feet.

Figurs 2 nlso plots curves for the other wasle types
presented in Table [ For a given A Ry increases for
either @ higher £, a lower g, or a lower Gy, and vice
versa: R, decreases for either a lower &, a higher s, or a
higher Gy,

From the curves, il is clear that yR; relationship is most-
impacied by X, For example, for an applicd vacuum of 5
in-wc, a3 K chianges by one order of magnitude, from 5E-4
cm/sec to SE-5, B, changes from about 155 feef to about 55
feet. Differences in Gy, and g, have much less of an

impagt as these parameter's usvally do not chauge by orders
of magnitude.

Care should be used whoen interpreting the results of the
model. For example, Figure 2 suggests thet for high
permeable waste, Ry has the polential to be much greater
than 300 feet for a rolatively sinall applied vacuum, about
2 in.-we. This would be valid only if there exists an jideal
case that perfectly fits our model assumptions.
Consideration should be given to real situations such as
atmospheric  shor-cireuiting  (i.c.,  vertieal  flow),
preferential movement, and other subsuzface complexities
that may exist, and adjustments should be trade as
appropriste;  Similar fo this, other real and practical
congiderations are discussed later in the paper.

CASE STUDY

As part of a jandfill pas collection system expansion
project at a landfill in the Northeast United Stales, a
regulatory agency requested that the fandfill owner
conduct a ficld test to confiim that the selected Ry was
appropriatc. As such, the landfili owner undertook a fiefd
test program to evaluate the capability of the LFG
collection system to influence the landfill mass. The
objective of the field test program was to cvaluate the Zone
of influence of a representative group of selected vertieal
wells,

Pump Test Layout

For the pemp tesi, four clusters of theee vertical extraction
wells each were evaluated, At each well cluster, seven test
probes were insfalled to monitor vacuum in the landfill.
One of the test clusters, which included wells EW-108,
EW-109 mnd EW-402, is selected for preseniation heve.
Figure 3 shows a sfle plan, and-Figure 4 shows the relative
location of the wells and test prebes. Nofe that test probe
P-108-C is comman to the three wells and the sostion of
each well might influence this probe,

The test probes were installed at locations, vadialing out
from ench of the three test wells as shown on Figure 4.
The probes were installed st the following approximate
distances trom each test well:

e “A” probes, closest to the extraction well; T to 3
feet.

*  “B”prabes: about 23 feet.

e *C probes: equidistan{ Gom the three exiraction
wells, approximately 110 foet.

Fach test probe was installed approximately 25 fect below
grade, 5o the bottom of each probe is at abowt the same
elevation.



The test probes were instalfed with & hollow-stem auger, 6-
fnch diameter, One foot of %-nch croshed stope was
placed at the base of each borfug. One-inch Schedule 40
BVC or 2-inch FIDPE pipe with a 5-foot perforated section
was placed in the borchole md backfilled with %-inch
crushed stose o 1 foot ebove the screen, Geotoxtile fabric

or liner was placed over the stone, foliowed by 1 foot of

sanid backfiil aud a 2-foot thick hentonite seal, General
backfill was used to bring the borehole up to grade. Each
nionitoring probc was equipped with a quick connect
fitting for pressure monitoring.

The depths and configuration of EW-108, EW-109, and
E'W-402 are presented in Table 2.

TABLE 2. WELL DEPTUS AND CONFIGURATION

“Depth tbﬂGravelm};;c':'k”(ﬁ}

Wastc'négpth 5 g ”

The fi cid 4cmr1tles are surnm'trlz.ed below:

e  Since the fest welis ore parl of a comprehensive
LFG coliection sysiem, afl extraction wells in the
vicinity af the puwsiyp test location were closed aff.

»  Upon closure of these wells, static. measurements
were taken at the test wells and probes until
steady stale was apparest.  They all showed
positive pressure readings at'this point.

«  The test wells were reactivated and adjusted ta
minimize air infillration. The test wells were
aperated for at |east two weeks 1o achieve sieady
state prior to beginhing test probe measurements
for the active portion of the test.

«  Dwing the active porton of the test,
measurements were recorded in the moming and
atternoon for 6 consecutive warking days. The
data consists of the following:
~  Vacuum at all test probes and weliheads,
= Mesthane, oxygen, oarbon dioxide, and
balance gas at all test wellheads.

—  Differentint pressurc: across the aiifice plate
al each test wellhead.

—  Temperalure the test weils,

Vacnum data for the test probes and wellhaads during the
active portion of the test are presented in Table 3.

v Estitnntion:

Bﬂ'« stailgfieal progranms are not readily available
to oompute ‘the parameters found in the non-linear
logarithmic equotion, Eq. [10]. As such, we developed a
FORTRAN program to evaluate Rrand X uging a best-fit
analysis: i.e., valnes are selected such that the sum of the
square of crrors (S35) between the actuai data and the
madel owtpuf are minimized.

SSE = ZZ[V (.- ‘/fm(l ﬂ]iﬂ {125

=1 el

‘wherg
po iy = actual vacium at probey duging
event’,
W ijy = modeled vacuum at probe [

during event § (as calculated
from Eq. [10]),

b = Numiber of events, and

» = Number of probes.

The program was tun for each well, varying K for the well
and Ry for each event while computing SSE. The valnes of
& and Ry which mininzize S5£ are selected,

Table 4 presemts the K and F; estimates for our three test
wells. The caleslations were based on the following;

* Ry is esiimated to be al the point slong r where the
vacuum is zero inches of water columm (in-wc),
gauge. This results in a lower cstimate than if &,
were defined ns the poiut where the difference in
stalic and active pressures ls zero,  Note,
however, that the modei also could estimate this
athet definition of R).

. Gy and p,, was assumed to be constant for the test
orea.  The prodoct of the two variables was
assumed to be 200 as background information on
the site suggosts that (7, was 0.1 (/b wastefyear
and g, was 2,000 [biyd’,

»  The wellhead vacuum was not considered in the
parametric estimation as hendlosses belween the
wellhead and  borchole/waste interface wers
ncertain.

v Adiustments were not made for overiap between
each well’s radius of influence,



Compayison to Model
Figure 5 shows a comparison of the actual probe vacuum

data and the model results for each of the three wells for
the March 30, 2005, morning event. An almost periect fit
is indicated. The otlier events also showed similar resnlts.
Furthermore, & calculation of an overall coefficient of
determination, R®, was made for each wel!, which
incorporates all events into the calculation.

(14)
where
Sy = Sum of squares of deviation
between the actual vacuoms and
its meag, and
S§8E = Sum of squates of etrors

between the actual vacuums and
the model.

Table 4 shows the overall R? for each well: with each ot or
over 0.99, again supporiing an almost perfect fit to the
dara. '

DISCUSSION

The pritnary goal of the pump test described in this paper
was lo demonstrate that & spacing of about 200 fest
between wells was appropriate for the landfill. Thus, the
pump test was setup in a triangulated manoer, and it
focused on subsurface pressures of vacuums within the
triangle. Reviewing the results shown in Figures 4 and 5
and Table 4, we note the following;

+ The triangnlar region between the wells was
under influence, satisfying lhe main pgoal
regarding proper spacing between wells. Note
that ajl test probes within the area were under
vacuunl,

¢  The wells are spaced only about 200 feet gpart,
bat the variability in R, and X i3 significant,
demonstrating the inherent sature of variability in
landfills.

¢«  For a well spacing of 200 feet, the avernge R
should be about 120 feet for wells located/spaced
in a triangulated monner; i.e., wel spacing equals
2Rcos30. Trom Table 4, the averape R; for the
three test wells is 180 feet.

e  Figure 4 shows perfect circulsr influenced arens
arownd ench well, corresponding  with wur
idealistic and simple model. In reality, these
influenced areas ars Irregularly shaped, depending
on varying parameters like landfill waste types

and permeabitities, H additional test probes were
installed around each test well radiating outwards
from cach well In different directions, & would
have not been as perfect.

Design Parameters
Based on this and other pump tests perfornied by SCS and

our design, construction, and operational experience
gathered aver the years, we typically select the following
genetal design parameters for vertical extraction wells:

»  Typleal well spaciug of 200 feet. If the landfill
was not very well compacted or is lined nnd
capped, this spacing could be incressed. Well
spacing is decreased in shallow waste areas, side
slopes, or if the overall landfill permeabilily is
fow,

»  Well depth, D (refer 1o Figure 1), to about 15 feet
off the landfill bottom or 100 feet maximwm.
Particulatly In a lined tandfiil, well deptha of 100
feet are sufficient as LFG in the lower regions of
the landfili finafly nakes s way into the
influence zone of the wells. If the leachate
collection piping or sumps show the presence of
LFG, fhese devices are connected to the LFG
collection system.

»  Solid pipe length, D-5, is typically set at 20 feet,
recognizing that tandlills ave filled in lifts and
typically exhibit high horizontal to  vertical
permeability ratioz (e.g., 6:1), DBecvause of air
intrusion, this design limits R, io about 120 fect
(i.e., 20 times 6), but is consistent with the
recommended spacing of 200 fect, The zolid pipe
length may Dbe increased to furthet limit the
potentiat for air intrusion, particularly at sites that
have utilization projects that cannot handle air
intrusion and the resulting degradation of LFG
quality,

The designer should irvestigate how the landfill
was filled. If an alternative duily cover like a tarp
is ufjlized, the horizontal to vertical permoability
ratic may decrease, and the solid pipe length or
well spacing should be adinsted.

Solid pipe lengths may also be adjusted for high
leachate levels, When the solid pipe is shorter,
rccognize that Ry and the well spncing also
decrense. Ln severe cases, consider using leachate
punips in the wells or using horizontal coflectors
{McCarron el al., 2003),



s  Extraction blowers, header pipes, and baterals are
sized such that the vacmm available to the
wellhead s about 15 in~we. If landfll
penneabifity Is suspecled to be low, such as in the
test case presemted in this paper, the design
wellhead vacumn js increased.

o Well casings ure typically constructed of 6-inch
diameter PVC. We prefer PYC over HDPE
because during differeniial settlement of the
landfii, PVC lypically shears aud either cracks or
breaks. ‘When this happens, LFG extrastion from
the well is still foasible if shearing oocurs in the
gravel pack. 1f HDPE is used, ihe casings may
pinch off, reducing the wells’ effectivencss,
Consideration should be given to 4-inch diameter
casings if flows are anticipated to be low, due to
minimal headiosses in the casing.

The model presented hersin is for a full-depth vertical
extraction well.  Adiustment to the mode! is required for
partial-depth weils, IJ the interest sxists, we may publish
this adjustment in'the.futire.
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2.2  HORIZONTAL WELLS

(95% SUBMITTAL)

2.2.1 Background/Statement of Problem

To estimate the radius of influence of horizontal gas wells using a theoretical method
approach.

2.2.2 Methodology

Theoretical formula used {derived from Darcy’s Equation):

Q 2 Ty rr > _
s V¥, -9, =—————| R In & - 24 -
1 2 CR]ZLK T r! 2 2 BrZ >r1

2.2.3 Assumptions and Inputs

e Laminar, radial flow towards the collector.

« Negligible elevation and velocity heads, and gas compressibility.
Waste is homogeneous and isotropic.

« Flow paths are radial and that isobars (lines of equal pressure) form concentric
cylinders around the collector.

e Vacuum Head, ¥, Mass Flux of LFG, @, and Length of perforated pipe, £, are
found on Table 1.

= Parameters:

Waste permeability, X 3E-03 cm/s
Radial coordinate (well radius), n 2in
LFG flow rate, (2 (assume from flow calcs) 3 scfm

2.2.4 Calculations and Resulfs

o Table 2-1-1 presents the results of the calculation. The calculation varied the
perforated pipe length over the range shown on the design plans. Where the
computed vacuum approaches zero is the theoretical limit of the radius of
influence from the collector.

« Conservatively the computed vacuum should be above 0.75 in W.C. at the
indicated radius of influence.

e The radius of influence is over 70 ft for all perforated pipe lengths.

e A model of the volumes of influence (combined hotizontal and vertical wells) is
presented in Figures 2.2.1 and 2.2.2.

[\Carson Marketplace - Gas\CALCS\2.2 Horzontal Welt\Hor Well Rad Of Influence-Posted 8-1-08\2.2 Horizontal Welis Radius of
Influence.doc
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HORIZONTAL COLLECTORS: DESIGN PARAMETERS, MATHEMATICAL MODEL,
AND CASE STUDY !

Gregory P. McCarron, PE

SCS Engineers
W. Nyack, New York

Darrin D. Dillah, PhD, PE
5CS Engineers
Reston, Virginia

ABSTRACT

Horizonta] collectors have been used successfully at many
landfills to collect landfill gas (LFG) and are an acceptable
method for collecting LFG under the New Source
Performance Standards (NSPS) for municipal solid waste
{MSW) landfills. OQur literature review indicates that the
Los Angeles County Sanitation District uses horizonta]
coliectors extensively at its many landfills apd first
reported op their use m 1982. However, there is a dearth
of published design criteria, design  details, and
performance data related to horizontal collectors that
consider all of the critical system parameters. Most of the
publications present limited empirical data and anecdotal
observations. This paper is intended to advance the
industry by providing the design engineer with a
theoretical basis for establishing the key system
parameters. It presents recommended design criteria, a
mathematical model, and a case study.

Our mathematical model provides an understanding of
radius of influence and its impacts due to other system

* parameters such as waste permeability, fow rate, and
applied vacuum, Combining the theoretical basis with
actua) test data, the design engineer can develop a practical
and cost-effective design for any particular Jandfil],

The case study summarizes our evaluation of & horizonta]
collector recently installed at a Pennsylvamia MSW
landfill.  Using field data for model caltbration, we
established parameters such as required well head vacuum,
maximum horizontal collector length, and collector
spacing.

s .
INTRODUCTION
For over 20 years, horizontal LFG collectors have been
Suceessfully employed at numerous landfills across the
= country. The Los Angeles County Sanitation District
{LACSD) uses horizontal collectors exiensively at its

Owen R, Esterly, PE
Chester County Solid Waste Authority
Honey Brook, Pennsylvania

many Japdfills and first reported on their use in 1982,
Horizontal collectors are being used more ofien at active
landfills, as they are required or need 1o collect LFG from
their active cells. The major advantages of borizontal
collectors versus vertical wells are their-compatibility with
active landfill operations and their relative ease of
installation.

Dated back to the inception of the NSPS, the EPA noles
that horizontal collectors are an acceptable method for
collecting LFG. Moreover, the NSPS Enabling Document
includes case studies that discuss horizontal collector
design (refer to Appendix E of the Enabling Documeaqt).
One case study regarding the Scholl Canyon Landfil] in
California notes that the horizonta! collectors ranped in
length from 1300 feet to 1800 feet with a horizonta]
spacing of 250 feet. The trench dimensions were 2 feet, 3
inches wide by 5 feet, 9 inches deep. The collectors
ineluded alternating sections of 15-inch apd 18-inch
diameter pipe. Flows in cach collector varied in the range
07 200 to 300 cubic feet per minute (cfim) with an average
vacuum of Jess than 1 inch of water cohunn (in-w.e.).

In a 1982 presentation, LACSD presented design and
operational information for the Puente Hills Landfi}),
Initia] testing was performed on an 850-foot long
borizontal collector. The collector trench was 4 feet wide
by 5 feet deep and included alternating sections of 6-inch
and §-inch diameter polyviny! chloride (PVC) pipe. The
collectar melnded 200 feet of solid pipe. At a flow of 450
cfin, the measured horizontal radius of influvence was 150
feet, As such, additional collectors were designed at 300
feet spacing horizontally and 80 feet vertically.

Reporting on the Cedar Hills Landfill in Washington,
designers used a 2-foot by 3-foot trench and 6-juch
diameter pipe, The spacing of the wenches was 200 feet
horizontally and 45 feet vertically. The longest collector




was 600 feet but as many a5 four collectors were
controlied by the same control valve.,

Reporting on the AJbany Landfill in New York, designers
evaluated three different designs: alternating 6-inch and
10-inch diameter pipe, 4-inch pipe, and 4-inch pipe inside
larger culvert pipe sections. The spacing of the trenches
was 100 feet horizontally and 30 feet vertically.

As can be seen from these examples, design criteria for
horizontaj collectors vary widely from site to site. In this
paper, & mathematical model is developed for horizontal
collectors that is useful for establishing sujtable system
design and/or operational parameters {e.g., flow rate,
pressure, and spacing). The paper also presents a case
study, data from which is used to verify the model, and
summarizes recommended design criteria.

MATHEMATICAL MODEL

5CS developed a simple mathematical model to describe
the flow dynamics around a horizontal collector.
Depending on the objective, the mode] can be used to
estimate the pressure distribution around a collector, radius
of'influence, permeability, or other parameters. It is
derived from Darcy’s equation and the following
Assumptions:

*  Laminar, radial flow towards the collector,

*  Negligible elevation and velocjty heads, and pas
compressibility.

*  Waste is homopeneous and isotropic.
In essence, the mode] assumes that the flow paths are
radial and that isobars (lines of equal pressure) form

concentric cylinders around the collector.

Our mathematical model is as follows:

2 2
%_%=._,_!L“[R!zlnr_=_:;_+%J,rz>rl Eq. (1)

CRLK n
where

V. = Vacuum,

r - Radial distance measured from
the center line of collector,

Q = Flow rate,

- C, = Unit conversion constant,

Ry = Radius of influence,

L = Length of perforated pipe, and

K = Waste permeability.

CASE STUDY

Background

The Chester County Solid Waste Authority (CCSWA)
operates the Lanchester Iandfill, an active municipal solid
waste landfill located on the horder of Chester County and
Lancaster County in Pennsylvania. The facility acoepts
municipal solid waste and permiwed yesidual wastes for
landfill disposal. The landfill complex includes a number
of solid waste disposal arees inclnding: TU (8 acres),
Mountain Top (9 acres), and Areas A (76 acres), B (37
acres), and C (48 acres). All areas are closed to further
waste disposal, except Area C, which is the active flI area.
A future Area I is plarmed as well, Refer to Exhibit 1.

Landfilling in Ares C began in April 1997. AreaC
includes a composite secondary liner and a peomembrane
primary lines. Total airspace is approximately 4.2 million
cubic yards and the projected life is until early 2007.
CCSWA has installed a Ieachate recirculation systern in
Area C and began recircnlating leachate in 2001, In 2000,
CCSWA installed two horizontal gas collectors in Area C
(see Exhibit 2).

Test Layout
Six multi-depth monitoring probes were installed at 90-

degrees to the east end of the northern collector.as shown
in Exhibit 2. The probes were installed at the following
distances from the collector:

Probe Cluster P-1: 3.5 feet.
Probe Ciuster P-2: 17.3 feet.
Probe Cluster P-3: 39.3 feet.
Probe Cluster P-4: 1 foot.
Probe Cluster P-5: 15 feet.
Probe Cluster P-6: 45 feet.
Probe Cluster P-7: 2.3 feet.

At each probe tluster, one probe was installed at the same
elevation as the horizontal collector while a second probe
was installed 10 feet higher (except at P-7).

Probe P-7 was located about 600 feet from the west end of
the collector at an offset of 1 foot. This probe was nsed in
our anajysis fo help evaluate the distribution of vacuum
within the horizonta! collector trench itself,

Exhibit 3 presents the typical monitoring probe cluster
detajl. Six inches of gravel pack were placed, and then -

inch schedule 40 PVC with a 1-foot'screen was placed in

the borehole. An additional 1.5 feet of gravel pack was

placed, then general fill soil.and a two-foot bentonite seal.

General fli bronght the borehole up to the 10-foot depth

and the monitoring probe configuration wes repeaied.

Each monitoring probe was eguipped with a quick connect

fitting for pressure monitoring,




A monitoring port was also installed on the aboveground
header 1o allow for flow measurements with 8 pitot mbe,
Refer to Exhibit 2,

Test Procedures
A three-day ‘test of the horizontal collector system was
undertaken on July 17 through 19, 2001. The test

proceaded as follows:

*  On day ope, vacuum was kept at the historjcal
setting at the east end of the northern collector
(approximately 5.8 in-w.c.) and at the west end,

*  Data was collected and recorded every hour (9
a.m to 3 p.m.), on each day, as follows:

— Pressure at all monitoring probes, both
wellheads, and the flow monitoring port.

=  Methane, oxygen, carbon dioxide, balance
gas and temperature at the east and
west wellheads, and the flow monitoring
port.

- Flows at the east end of the Ares C Landfill
and at both wellheads,

*  Atthe end of day one, the vacuum was adjusted at
the east end to a higher setting (approximately 7.3
in-w.c.).

* At the end of day two, the vacuum was adjusted
at the east end 10 a lower setting (approximately
6.6 in-w.c.).

Data Discussion

Pertinent data collected during the three-day test program
included flow rate as measured at the flow monitoring port
with a pitot tube, well head pressure, and probe pressures,

General comments regarding the data are 25 follows:

s  The desp and shallow probe vacuwms decrease
the further the probe is from the collector.

* The deep probe vacuums at location 2 (i.e.,
- prgbes 4, 5, and 6) were less than that at Jocation
I (i.e., probes 1, 2, and 3), which is expected

since location 2 is further away from the vacuum
sowrce. The one exception was Probe 4, which

was cxplained upon review of the probe
construction notes: Probe 1 was actually dnilled

3.25 feer away from the collector while Probe 4

was drilled at distance of 1 foot from the
collector,

The shallow probe vacuums were greater than the
deep probe pressures at location 2. This was not
expected as it suggests that the vertcal
permeability (and “radius” of influence) is greater
than the horizonta] permeability. We suspect that
the shallow probes were affected by barometric
pressure.  Our experience is that a changing
barometer can affect the upper reaches of the
Jandfill and cause negative or positive pressures
with a rising or falling barometer, respectively.
We did not further analyze the shallow probes
based on this barometric interference.

Flow from fthe collector comelated with the
vacuurn applied; i.e., the flow increased when the
vacuum increased.

The methane content of the coliected LFG
suggests that minimal air intrnsion was oceurring
during all threc test days. The depth of waste
over the collector is about 16 to 17 feet, which
suggests that the vertical radius of influence is
less than 16 feet,

The decp probe at P-6 (45 feet away from the
collector} was slightly positive on July 17 and
July 19 when the average vacuum applied was 5.8
in-w.c. and 6.6 in-w.c., respectively. This probe
was slightly negative on July 18 when the applied
vacuurn was 7.3 in-w.c. This suggests that the
horizontal radius of influence was about 45 feet
when the applied vacuum was about 7 in-w.c.

The probe at P-7 was at positive pressure during
the majority of the test. Probe P-7 is abowt 500
feet east of the west well head and about 1,600
feet west of the east well head. The probe was
zero pressure when the applied vacuum was about
7 in-w.c. at both the east and west well heads.

The flow rate measured at the flow monitoring
port was higher than expected (ranging from 300
to 360 scfm). The limited extent of LFG
collection facilitics in the area may partly explain
this. LFG may be entering the zone of influence
of the horizontal collector due ‘to positive LFG
pressure. Once a more comprehensive system is
installed, we would expect that the flow from a
typical horizontal collecior would be Jess than
300 sefm.




-

Modeling Results

For this test, the known/measured parameters io Eq. (1) are
probe vacuums {4, probe distances from collector {r), and
flow rate (). The unknown parameters are R, L, and K.
‘We developed a computer program to evaluate these three
unknown parameters using a best-fit analysis; i.e., values
are selected such that the sum of the square of errors
between the actual data and the mode] output are
mintmized,

For example, we first considered the data collected for the
dsep probes at location 2 (P-4, P-5, and P-6), on July 18,
2001. Average flow was 360 standard cubic feet per
minute (scfm), and average vacuum at P-4, 5, and 6 were
0.74, 0.17, and 0.02 in-w.c., respectively. We estimate
that probe distances from the collector are about 1 foot, 15
feet, and 45 feet, respectively. Using this data, the
computer program evaluates the difference between actual
and calculated probe vacuums (i.e., error) for a selected Ry,
L, and X combination, and repeats this error caleulaton for
a serdes of Ry, [, and X combinations. The Ry, L, and X
combination that produces the least error is selected 25 the
best fit. For the test data, the best-fit combination is Ry of
50 feet, L of 370 feet, and X of 1.53E-4 feet/sec. Exhibit 4
shows the results graphically, and indicates an almost
perfect fit of the data,

The same approach was applied to the data collected ai
locations I and 2 for all three days ai the deep probes.
Exhibit 5 shows the results for location 1 on July 18, and
similarly indicates a close fit of the data. The best fit
combination is Ry of 52 feet, L of 440 feet, and X of 1.53E-
4 feelfsec.

In summary, our modeling indicates that B; is
approximate]y 50 feet and L is on the order of about 400
feet, based on the July 18 flow and vacuum conditions.

Practical Considerations

Our model assumes that the zone of influence of the
horizontal collector is a cylinder shape, with a rading of R;
and a Jength of L. However, based on the test data and our
experience, we estimate tha! the cross section is more of an
elliptic shape as opposed to a circular shape (i.e., the
vertical “radius” is less than the borizontal “radius™).

Also, we expect that the elliptic shape tapers as the
distance from the vacuum source increases. The end result
is 1 zone of influence that is analogons 1o a “squashed
cone” as opposed to a parfect cylinder.

This suggests that our modeling resnits may underestimate
L, the length of the zone of influence, while overestimating
K} in the vertical dimension. Considering the empirical
test data and the width of the landfill, we recomrmend that
one wellhead be provided for every 600 feet of horizontal

collector. For example, for our case study land6ll, we
recommended a well head on both the east and westside of
the borizontal collector. Two horizontal collectors should
not be tied into one wel) head, unless the applied vacuum
can be increased substantially or the collectors are very
short.

To reduce the tapering effect or the cone shape, it is
important to minimize the head loss within the horizontal
collector pipe jtself. Based on the test results and our
experience, we recommend that é-inch pipe be utilized to
minimize bead Joss,

For cur case stady landfill, we recommended using a
horizontal radius of irdluence of 50 feel, based on the test
program and our analysis, which equates to spacing of 100
feet on-center for the horizontal colleclors. The vertical
radius of influence appears to be less than 156 feet. We
recorumended using a vertical radins of influence of 15
feet, which equates to a spacing of 30 feet vertically.

Examining Eq. [1], the important variables are applied
vacuum, flow rate or gas generation, radfus of influence,
length, and permeability. As the applied vacuum
increases, the radius of influence will increase, with
everything else beinp equal. Based on the test results and
other experience, the LFG blower and header system
should be designed to provide a minimum of 10 in-w.c.
vacuum to each well head to realize a horizontal radius of
influence of 50 fee1 or more.

With installation of a comprehensive LFG collection
system, we expect that the flow rate from a typical
horizontal collector will be less than that measured during
the test. With decreasing flow rate, the radius of influence
will increase, with everything else being equal.

However, as the permeability decreases, the radius of
influence will decrease. We expect that the permeability
wil] decrease at a landfill as the waste decomposes and is
loaded with additional waste. This process will be farther
accelerated at a landfill that recirculates leachate, The
degree to which the permeability will decrease is
dependent on severa) site-specific variables and is heyond
the scope of this paper.

Additionally, it is possible that horizontal collectors can be
flooded with Jeachate/candensate due 1o local perched
conditions, preventing collection of LFG. The likelihood
of water blockapges increases when Jeachate recirculation is
practiced. Hence, we note that horizontal colleciors can
effectively collect LFG injtially, but with changing Iandfill
conditions over time, their effectiveness may diminish.
Vertical extraction wells may have to he installed at such a
poini in time,




DESIGN PARAMETERS

‘We recommend the following design parameters for a
typical MEW landfill in the Northeast based on the mode),
the test program and our experience:

1.

Space horizontal collectors at 100 fest
borizoptally and 30 feet vertically.

Use a minimum of 6-inch pipe within the typical
horizontal collector. We suggest ADS pipe
provided proper consideration is given to external
pipe loads.

Make available 10 in-w.c. vacuum to each well
head.

Provide a separate well head for every 600 feet of
horizontal callector,

Provide 75 feet of solid pipe, measured from the
outside side slope, prior 1o placement of the
slotted pipe. 1f there is an air “short circuit”™, then
the applied vecuum will be lost due to the large
amount of air flow (i.e., high head loss), and
vacuum will not reach the slotted sections further
down the honzontal collector.

Locate the horizontal coflectors away from
leachate recircwjation wenches to minimize water
blockages.

REFERENCES
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USEPA, September 1998, “Summary of the Requirements
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2,3.1

2.3.2

2.3  GEOTEXTILE FLUX

Problem Statement

To evaluate the gas flux through the 12 oz. geotextile located immediately beneath
the LLDPE membrane landfill cap to confirm that it is adequate to provide passive
venting of landfill gas should a reasonable portion of the LFG collection system fail
to operate for a short period of time until repairs can be made.

Methodology
Two Methods were used to calculate the required LFG transmissivity and compare
the value to published data on measured transmissivity for non-woven 12 oz

geotextile under similar overburden and gas mass flux conditions:

Advanced Geotechnical Systems Method,

* LFG Mass Flux equation used for each surface area:

B = Slow ;s [m’/s]

c =
2
AI" ed surface m

* Required LFG Relief Layer Transmissivity Design Equation rearranged to solve for
Maximum LFG pressure values:

D 156 ¥ g (Lz J
H max > | |1EP
¢ ereqLFG 8 [ a]

* Required LFG Relief Layer Transmissivity equation used to solve for various LFG
pressure values:

P =¢'LFG?’LFG (i)l:mz}
regLFG 8 T

Jugmmt
¢ The landfill gas mass flux is calculated for a reasonable area of the landfil
assuming two adjacent vertical and horizonta! collectors fail for some reason, i.e.
150x150 SF by prorating the total flow from the landfill of 700 SCFM over the
150x150 SF area and rounding to 2.5 SCFM.

Giroud et al Method

¢ LFG Mass Flux equation:

Ogas = M@ﬁ%ﬂaﬂl&g}%ﬂb@r
Area of Final Cover (Ift)

F\Carson Marketplace - Gas\CALCS\2.3 GEOTEXTILE FOR GAS\Geotextlle Required Transmissivity—Posted 7-31-08\2.3 Geotextile Flux-.
MLL 7-29-08.doc




i

Required LFG Relief Layer or Geotextile Required Transmissivity equation:

ans -)/ga.r L_2
i 18]
Recommends use of a Long-Term Service Reduction Factor for LFG Relief Layer

of 6 be applied to the determine the safe value of transmissivity to select for
design.

The computed values of transmissivity were then compared to an average value
from published data on the geotextile transmissivity testing to confirm the 12 oz
material provides adequate gas flux for the short term period of possible gas
collection system non-operation.

2.3.3 Assumptions and inputs

Geotextile remains largely unplugged.

The geotextile will be continuous but the equations require a spacing thus a very
close spacing of 0.1 m was assumed.

Gas flow from the surface in the subject area will be about 2.5 SCFM or less.
This assumes the 700 SCFM design flow (see Calculation in Section 1.0) from the
entire landfill surface pro-rated for a 150 x 150 SF area.

Parameters used: |

LFG Generation Rate 0.1 scf/yr/lb
LFG Unit Weight 0.00128 kN/m’
Surface Area ‘ 1sf

Spacing Between Strip Drains 0.1m
Long-term Service Reduction Factor 6

Waste Depth (conservative) 40 ft

Waste Density 55 pcf
Average Spacing of Horizontal Collector Pipes 125 ft

12 oz GeotextileTransmissivity 0.0002 to 1.5 m?/s

{(Published Test Data)

2.3.4 Calculations and Resuits

.

See attached spreadsheet for calculations.

The 12 oz geotextile has more than adequate transmissivity to vent ali the gas
that may flux from the landfill, i.e. 0.75 m*/s vs. 2.30x 10% to 1.16 x 10® m?/s
minimum required with long-term service reduction factor of 6 applied.

Also, if required on slopes and gas wells fail the geotextile will eliminate the
pressure that could build up below the cover; thus, not impact the cap/cover
stability on slopes.

F\Carson Marketplace - Gas\CALCS\2.3 GEOTEXTILE FOR GAS\Geotextile Required Transmissivity-Posted 7-31-0842.3 Geotextile Flux-
MLL 7-29-08.doc




2.3.5 References (Attached)

» Advanced Geotech Systems. “Landfill Gas Pressure Relief Layer - Design
Calculator.” http://www.landfilldesign.com/cgi-bin/gaspressure.pl. 4820 Pulaski
Highway. Baltimore, Maryland 21224. Phone (410) 522-1321. Fax (410)522-
3977,

» Propex, Inc. “Gas and Water Transmissivity Testing of Non woven Geotextiles.”
hitii//wwwisedimentiargdiation.com) TechRef/Dr ed 56/ GPD-SM-110:p4f. 6025
Lee Highway, Suite 435, Chattanooga, Tennessee 37421, Phone (423) 899-0444,
{800) 621-0444. Fax (423) 899-7619. www.fixsoil.com.

» Gregory N. Richardson, Jean-Pierre Glroud Algen Zhao. “Design Of Lateral
Drainage Systems For Landfills.” PG 46. G.N. Richardson & Associates. Raleigh,
North Carolina 27603. Geosyntec Consuitants. Boca Raton, Florida 33487,
Tenax Corporation, Baltimore, Maryland 21205. Published 2000.
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Design of Lateral Drainage Systems for Landfils

4.3 LFG Pressure Dissipation

Engineers have traditionally modeled the movement of both gas and fluids through porous media using Darcy's
Law as follows:

Q=kA Eg. 4.7

Where Qis the flow rate (L*/T), kis permeability (LFT), fis the dimensionless flow gradient defined as the
head loss (L) divided by the flow length (L), and A is the area of flow (L%, This Law assumes that the
permeability is independent of the gradient, which requires that the flow be laminar, The requirement for
laminar flow means that we should be conscious of the concepts of Iaminar, transitional, and turbulent flows of
fluids and their respective properties, The classical definitions of these flow regimes are as follows;

Laminar flow occurs when the fluid particles move parallel to each other such that their respective
flow Jines do not cross. Under these flow conditions, the relative velocity between the flow lines is
confrolled by the viscosity of the fluid.

Turbulent flow occurs when the particle flow lines cross such that a mixing occurs and energy is lost
due to both viscosity and the mixing. Since additional mechanisms exist to remove energy from the
fluid, turbulent flow is inherently less efficient than laminar flow.

Studies performed by men such as Terzaghi (1923} and Fancher et al., (1933) determined that the applicability
of Darcy’s Law to soils was Hmited by the Reynold’s number, R., of the flow {Reynolds, 1883). R, is defined
as

e = ~d—Vp-=£ Eq,"-.LB
A 2]

where dis the diameter of fiow path{L), <1s the average velocity of flow, D1is the fluid density (M/LY), - is
the dynamic viscosity (M-T/L?) and A is the kinematic viscosity (L%T). Values of Dand : for common
liquids and gases of concern are presented in Table 1. Note that these values are temperature dependent.

Table 1 Intrinsic Permeability Variables for Common Fluids and Gases (7011F)

" ;"'-'*"1')‘@55{3,, D ""UﬁifWéiéﬁi,'(" " Dynarmic Visco . © | Kinematic .
[ TSN S | I Viscosity, 4
{ slug/ft™ [kg/m® | pef | N/m® | Centi- I Ib-s/f* [ N-s/im2 | ihs | s
; —de b Epoise b S
Water, | 194 | 1000 | 824 | 9800 [ 101 [Z12E-5| LOIE3 | LOSES | 10156
A ¢ 0284 | 12 | 0758 | TLET 7018 [378E7 | 179E5, LB3E-4 | T4BE-5
€Oz {355E3 ] 183 | 14 | 17.8 | 015 | 8I5E7 LS0E5 | 8.88E.5 | B21E6
Methane | 1.295.3 | 666 | 0416 | 654 | 011 | 23187 | LIE5 L7964 ] 1.63B-5 -
LRGZ  1253R.3 | 131 [ 0815 | 128 [ ois2 2ATIET ) 132E:5 | 1.09E4 | LOIES

(1) 55% CO,, 459 CH,

What complicates our use of Reynold's number is the discovery that value of R, at the transition from laminar
fo turbulent flow is dependent on the flow diameter d For flow of fluids in pipes, the transition from laminar
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Design of Lateral Drainage Systems for Landfills

flow, to transitional flow, to turbulent flow occurs at R, values of 2000 and 4000 tespectively, However, for -
porous media such as soils, having thousands on interconnecting flow tubes, the transition for laminar flow ﬁ?‘
occurs at values of R, from approximately 1 to 10! This means that fluid flows in gravel and rip-rap will be

turbulent and not obey Darcy's Law since the apparent permeability, k, is not Independent of the gradient, i,

Most engineers, however, commonly apply Darcy's Law to such coarse materials.

For laminar flow, Darcy’s Law can be expressed in terms of intrinsic permeability as

0=Kk1Li 4 Eq. 4.9
Hie '
where (ris the density of the fluid, :/is the dynamic viscosity of the fluid, and iis the fuid gradient. The
permeability, k, commonly used by engineers is related to the intrinsic permeability, K, as follows

¥
ko =K— Eq.4.10
r Py

Thus If the permeability is known for a given fluid (or gas), it can be determined for any second fluid using the
following expression

o My

This is true only for laminar flow, e.g. permeability, £, is independent of gradient, £ Thus, knowing the
permeability of the porous media to water, kiz,, the permeability for air, methane, and landfill gas can be

obtained by dividing ka, by 14.8, 16.3, and 10.0 respectively. Application of this theory to geosynthetic .ezs—
Lateral drainage systems was first proposed by Giroud and Bonaparte (1984),

4.3.1 Application of Intrinsic Permeability to Gas Flow in Geonefs

Geonets are the “gravel” of geosynthetic drainage media and therefore would reasonably be expected to have
turbulent flow. This means the permeability, and therefore the transmissivity, are influenced by the gradient.
This is clearly shown by the typical water transmissjvity data obtained from a geonet presented on Figure 4.7.
The approximate diameter of the flow path Is approximately 6,1 mm (0.02 ft). Interpretation of this data is
aided by solving for the flow velocity such that the Reynold's number for the flow is known. Ata gradient of
0.02 and normal load of 512 psf (25 kPa), the flow rate is @204 or 17.8 x 10° m3/sec-m (8.9x 10° x 0,02
m*/sec-m). For a typical geonet thickness of 6 mm, this indicates an average flow velocity of 3.0 x 107 w/s
(9.2 x 10” ft/sec). The Reynold’s number for this flow is then equal to ’

dv 0,029,250
= a0 ] GR Eq. 412
R, v 1.09x107 6 a

Similarly, the Reynold's numbers at gradients of 0.1 and 1.0 are equal to 394 and 1345 respectively. The

actual flow rates for this test are plotted as a function of gradient on Figure 4.8. Since laminar flow is defined

in sands at R,<»10 and pipes at R,<2000, it is reasonahle to assume that the transition for geonets will be

between these two limits. The data from Figure 4.8 strongly suggests that the transition from laminar flow for

geonets occurs approximately at B,<500 for geonets. This will occur in most geonets at a flow gradient less _ 0‘
than 0.1.
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It is vepy diiiporiantfo he intrinsic permeability conversion between fluids is conservative
if the flow experinced in:the feld r whether the measured flow, in the laboratory transmissivily test,
is turbulent or lamirar. Figure 4.8 clearly shows that, under turbulent flow, the measured transmissivity
decreases dramatically. Projections based on turbulent measurements in the laboratory will be conservative in
field applications as Jong as laminar flow conditions exist in the field. This is frrespective of the actual field
gradient. Thus, it is very important that the actual flow conditions in the field application be verified. The
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assumption of laminar flow allows the use of Darcy’s Law and is valid for low flow gradients common to
landfill gas collection systems, see Emcon 1380.

LFG Generation Rate -— LFG are generated during the biodegradation of fractions of the MSW. The actual
rate of gas generation for a given landfill is dependent on the waste composition, waste moisture content, efc,
such that a design engineer will have to make a assumption for the gas generation rate, For lined landfills that
do not recirculate leachate, the gas generation rate, gy, can be typically assumed to equal 0.1 scffyear/lb. of
MSW. The rate of gas flux, Qp; (scf/ft%/yr), immediately beneath the final cover can be conservatively
estimated as follows:

 eightof Weste X by £q. 413
¥ “Areaof Final Cover

The design of the geocomposite drain for gas removal can then be calculated using Equation 4.6 previously
used for surface water infiltration.

The gas flow, Qu, into a unit width of the geocomposite having a length, L, is given as follows:
Qu = Mpas(Lx)cosB Eq. 4,14

The gas flow capacity of the geocomposife could be evaluated in the laboratory using gas Hows. However
such tests are exceptionally rare. An estimate for the air (ransmisstvity of the drainage geocompaosite can be
calculated by dividing the water transmissivity by 14; for landfill gas divide by 10, This conversion is based
on an assumption of laminar flow and the ratio of the intrinsic viscosity of the gas to water,

LFG Collection Blanket Capacity ---- The assumption of laminar flow allows the use of Darcy’s Law and is
valid for low flow gradients common to landfill collection systems. This assumption allows the maximum
pressure generated by the gas collected by a blanket drain, ., be defined as follows, Thiel (1999):
Qg o I
. 415

™ 9, |8: =
where (g, is the density of LEG or 0.0815 pef and L is the length of the gas collection blanket. Calculation of
the required transmissivity requires an assumption for the maximum gas pressure that can be allowed beneath
the barrier layer in the final cover, For example, typical landfiil side slopes generally require the gas pressure
remain below 3" HzO or 15.6 psf relative pressure beneath the barrier for stability considerations. Th
required transmissivity, By, is then calculated as follows: ‘

%:%‘[’%} : Eq. 4.16

While the density of the LFG is greater than that of air { (3 = 0.75 pcf), the movement of LFG is essentially
governed by gas pressure gradients and not gravity. Thus the “L" dimension can be either vertical up the slope
or horizonial fo the slope,

It is more difficult to establish a ‘typical' range of required gas transmissivity since the volime of w
impacts the caleulation and will vary from site-to-site. However; assurning'a wasts depth
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m%s-m. The equivalent water transmissivity would equal 5.0 x 10° m%s - m. The asstmed 0.1 sci/year/lb
gas generation rate was obtained from unlined landfills that exposed the waste to significantly more water than
Subtitle D landfills do. Actual gas generation rates can be obtained by performing a NSPS (40 CFR Part 60)
Tier 2 gas emissions survey.

4.3.2 Impact of Gas Pressures on Slope Stahility

Landfill gas can exert a pressure beneath the final cover geomembrane that may lead to a decrease in the-
stability of final cover side slopes. Such gas pressures are a certainty in passive gas venting systems and may
occur if active gas recovery systerns are shut down by accident or for service. The slope stability for the case
where seepage forces are not present is given as follows:

g . Resisting Forces _ (¥,dcos f —u Jtan s Eudly
" Driving Forces ¥,dsin 3 L

where 3 is the slope angle, dis the vertical thickness of the soil cover (see Figure 4.1), (;is the fotal unit weight
of the cover soil, and &, is the effective gas pressure beneath the barrier layer. The effective gas ptessure can
be conservatively assumed to equal Uy, see Eq. 4.15.

An extreme condition can develop if an active gas system is shut down due to a major storm. If the storm
conditions lead to saturation of the vegetative sofl Iayer then seepage forces may develop and the slope
stability factor of safety reduces to the following;

g . Resisting Forces (r,dcos B - U, Jtan & )

a ; ‘ Ey4.18
Driving Forces ¥ s8I0 3 !

where (; is the bouyant weight and (,,, is the saturated weight of the soil. Note that this conditions occurs only
if the lateral drainage system is hydraulically insufficient to handle the infiltration through the vegetative soil
layer.

4.4 Design Examples

Example 1: Determine the required water transmissivity for a geocomposite drainage layer for a final cover
having the following properties:

* §% slopes

* pipe spacing of 35 meters

¢ long-term service reduction factor = 6

+ 2-foot vegetative cover with K = 1x 10 cm/sec

* Assume both HELP mode] infiltration rates and the saturated case

Typical "east coast” locations yield HELP peak design rate of fiuid supply, r or ky = 9x 10 cm/sec. From
Figure 5.5 (see the following chapter), the minimum required drainage layer permeability for the HELP case is
0.016 cm/sec. For the saturated or unit gradient case, r or ky = 1 x 10” cr/sec and the required permeability is
0.16 cm/sec. The required uitimate transmissivity, 2 ym, are calculated assuming an equivalent 30 cm thick
drainage layer such that 2 =k * thickness * Jong-term service reduction factor. The required transmissivities
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are 3.8 x 10" msec-m and 3.8 x 10 m¥%sec-mn respectively. Note that the HELP model significantly A
underestimates the transmissivity required if the cover saturates. %{‘*

The normal load acting on the geocomposite drainage blanket in this application is typically less than 25 kPa
(500 psf). The geocomposite drain is then selected using laboratory transmissivity test data such as shown on
Figure 2.3 for a flow gradient equal to or greater thanthe 0.06 field condition, e.g. use a 0.1 laboratory
gradient.

Example 2: Determine the required gas transmissivity for a geocomposite drainage layer for a final cover
having the following properties:

* gas collector pipe spacing, L, of 35 meters {115 )
* average waste thickness of 40 meters (131 ft)

* allowable gas pressure of 1" M0

# long-term service reduction factor = 6

The rate that landfill gas enters the blanket callector can be estimated using Eq. 4.13 as follows:

_ Weight of Waste x 0.1scf/Ib/yr _ 131°x70 pcfr0.1 =9175cf/ £ ) yr=L1T5x10" scf | f* I min

o Area of Final Cover 14
The minimum required transmissivity can then be calculated using Eq. 4.18.
0 <Gt L] _175210"20.0815 pef 115 [ )
™ U |8 5.2 psf | 8

This reduces to a milnimum transmigsivi
service rednction factor of 6 results
required geonet would therefore be requ

Example 3: Evaluate influence of LFG pressures on the slope stability of final cover side slopes having the
following properties:

3H:1V slopes ($ = 18.441)

vertical thickness of soil cover, d = 2 ft.

total unit weight of soil cover, { = 100 1b/f

saturated unit weight of soil cover, (s = 115 Ih/ft®

effective LFG pressure = 3" H,O (15.6 Ib/ft)

interface friction angle between lateral drain and barrier = 251t

Under normal service conditions, the sliding factor of safety of the slope is given by Eq. 4,17

o 0d00SB—u,)tan8 (1002 cos18.4°~15.6)tan 25° o128
¥,dsin B 100 2 sin18.4° '

Under saturated conditions with an undersized lateral drainage system, seepage forces develop and reduce the 9
factor of safety as given by Eq. 4.18
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pg = odcos B~y Jand (115 62.4)2cos18.4° - 15.6)tan 25° _ 054
' Yindsin 115 2 sin18.4° '

The combination of seepage forces and LFG pressures will cause a significant decrease in final cover stability.
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BRYAN A. STIRRAT & ASSOCIATES
CIVIL AND ENVIRONMENTAL ENGINEERS

2.4  PIPE FLOW CALCULATIONS

2.1 Problem Statement

To determine the appropriate pipe sizing for conveyance of the estimated flow of LFG such
that adeqguate vacuum is applied to each LFG horizontal collector and vertical extraction
well in order to collect LFG from all areas of the waste prism.

2.2 Collection System Description

As shown on the LFG plans for ASB, attached to the header system there will be an
anticipated 235 vertical and 110 horizontal gas collectors. This collection system will
convey the LFG from to the waste prism to the flare station for combustion, At the flare
station there will be two (2) separate flares; one with a maximum capacity of 250 standard
cubic feet per minute (SCFM) and a second with an additional capacity of 450 SCFM. The
combination of these two flares will provide for a range of possible flows between 50 and
700 SCFM. The collection system includes two (2) identical LFG blowers, manufactured by
Houston Service Industries (HSI), each with the capacity of 700 SCFM at 100 inches of
water column (in. w.c.}. One blower will operate at allf times with the second blower
remaining in stand-by status.

2.3  Methodology

In order to ensure adequate vacuum is obtained at each well, the system was modeled to
provide the maximum vacuum requirement of 10” w.c. for the wells furthest from the flare
station, where the vacuum loss would be the greatest. The isolation valve at the northeast
corner 6f the property was assumed to be closed; the wells straddling this valve, vertical
extraction wells 2-24 and 2-25, are the defined as the target wells.

The model was designed to account for the increasing flow as the system approached the
flare station. The entrance location of each well’s flow into the collection system was
defined and the flow from each well/collector was quantified. The majority of the gas from
each cell {95%) is assumed to be retrieved evenly from the vertical extraction wells and the
remaining flow is assumed to be retrieved proportionally from the cell’s horizontal
collectors.  Starting from the furthest wells, flow is increased and the increase in vacuum
corresponding to that flow is calculated for each leg. The pressure drop parameters
(Reynolds number, gas density, and velocity) are calculated for each leg. The net vacuum
at the end of each leg is then the starting vacuum for the next consecutive leg.
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The Darcy Weisbach formula was used to determine the vacuum loss in each leg of the
header network, The following equation represents the gas format of Darcy’s equation;

2

Ly
hy=f——o
=S S
Where:

h Head loss
7 Friction Factor (Darcy’s, based on smooth pipe)
L Length of branch
D Diameter of branch pipe
v Velocity of flow through branch

For the model, the path of the gas was varied. These gas pathways are included as
Appendix A. For each path, four (4) different scenarios were presented in which the header
line sizing and flow was varied. The results of the scenario are presented below.

2.4 Assumptions and Inputs
The assumptions and sizing criteria for the sizing model include the following:

» The collection systern piping is HDPE with smooth internal surfaces;

> The target allowable pressure drop within the pipe is less than than % inch water
column (WC) per 100 feet of lateral, or 0.005 inch water column per unit feet of
lateral pipe;

» The target minimum well vacuum is 10 inch WC at each well; and

» The maximum LFG flow is 700 SCFM (see Calculation Section 1.0 for basis of the
design flow).

2.5 Calculations and Results
Path 1, LFG flow from northern part of Cell 2, all of Cell 1, and the west side of Cell 3 flow

‘through header west of the isolation valve, through the header west of Cell 3 towards the
flare station results in the greatest head loss per foot.
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Table 2.4.1: Path 1 Analysis

| Scenario | Site LFG flow Header Line size | Total Vacuum | Maximum fine
: (SCFM) (IN nominal) | Loss | loss
I LUNWE)  INWC/100 f),
2 o le00 T T 115 _ |oa471
13 1700 .. 18 116 1015 _
4 600 __ 8 B N 1

NOTE: See Appendix A for Pipe Flow Map, See Appendix B for Calculation Spreadsheets.

For Path 1, the modeling results indicate that the blowers selected provide sufficient
vacuum to ensure a minimum of 107 WC vacuum at each well, with either a 6” or 87
header pipe. However, in order to meet the design criteria for the maximum line loss (0.5
INWC per 100 FT), the leg south of Cell 1 and west of the flare station is required to be 8%,
For consistency and ease of construction, and to allow for added capacity if needed, BAS
recommends 8" piping for the entire header network.

2.6 References

» Houston Service Industries, Inc.; www.hsiblowers.com: 7901 Hansen Rd.,,
Houston, TX 77061; Phone: 800-725-2291: E-mail: his@hsiblowers.com

» John Zink Company LLC; o
http:/wvww . johnzink.com/prsduets/ilaras/mil/flar prod gifhig: 11920 East
Apache, Tulsa, OK 74116, United States of America; Phone: 1-918-234-1800

2.7  Quality Control
Prepared By: Jason D. Wolf
Checked By: Keith Johnson, P.E.

Approved By: Mike Leonard, P.E.
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4.1

4.2

4.3

4.0  ELARE STATION LOADING CONDITIONS
"~ (95% SUBMITTAL)
Background/Statement of Problem

Due to the loads incurred by the Landfill Gas Operation Center (LOC), a site specific
foundation must be designed. In order to accommodate the loadings of the flare
station, an analysis of the loadings is performed.

Methodology

Listed below are the major flare system components contained within the LOC:

Condensate Storage/Holding Tank (5400 gallon) (T-801 A/B).

Back up generator (approx. 300 kW),

Landfill Gas Blower Skid

450 standard cubic feet per minute (SCFM) John Zink ZULE Flare #2 (I-2).

250 SCFM John Zink ZULE Flare #1 (I-1).

Flare Blowers.
Compressors (CO/A and CO/B).

The storage condensate tank will hold approximately 5400 gallons of condensate
collected from the Landfill Gas (LFG) system. A back up generator of approximately
300 kW will be instalied for emergency operations of the LOC only. The
condensate tank and generator full capacity loads will be considered in the analysis.

The LFG blower skid includes several units of operation for the LOC including two
(2) Houston Service Industries (HSI) blowers, knock-out/filter vessel, and an
electrical panel rack. The LFG blower skid is the second largest load bearing object
of the LOC. Following the LFG blower skid in loadings, are the two {2) Zink Ultra
Low Emission (ZULE) Flares. Flare #1 is, a five (5) feet in diameter by 40 feet tall,
rated for 450 SCFM. Flare #2, also 40 feet tall, has a four (4) feet diameter. Directly
piped to the two ZULE Flare Stations will be specifically sized combustion air
blowers for each station per the specifications of john Zink Company LLC (John
Zink), the maker of the ZULE flares and blower skid.

Assumptions and Inputs

s Storage Condensate Tank is calculated with inner and outer liner. Volume of tank
at 93 inches is the maximum at 5,426 gallons. Water unit weight per gallon used
was 8.34 |b / gal. Weights of tank and volume were taken from the 5,400 gallon
Safe-Tank from Poly Processing Company (this tank or a similar product will be
used).

e A generator of around 300 kW will be needed in case of emergency outages of
the main power supply. For the considerations of loading the QAS 325 from
Atlas Copco was used for its similar characteristics. The generator will be
selected by contractor, but at a similar size.
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4.4

The LFG Blower Skid loads have been determined from prior blower skids used
by BAS.

John Zink Co. LLC recommends a 20 percent increase in dead load. This has
been calculated into the loading table in section 4.4 (this consideration of the
added weight applies to both the 250 SCFM and 450 SCFM Flares).

The flare combustion air blowers for the flares were assumed to be the same
mass as the HS! blowers used on the blower skid for a factor of safety (the flare
combustion blowers are to be determined by the manufacturer).

The compressor and back-up compressor used in the loading scenario were the
60Hz CSA/UL GA 30 from Atlas Copco. The full feature workplace weight was
the considered loading.

The knock-out/filter vessel (V-101) and the Pneumatic Diaphragm Pumps on the
LFG Blower Skid were considered within the specified loading of the LFG Blower
Skid

Calculations and Resulis
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Note: To see approximate locations and features included on the LOC see the
attached drawing labeled Flare Station Design Loadings; Landfill Operations
Center Sheet FSO1.

4.5 References

> Atlas Copco; hitlisi; iy (Generator and
Compressors)

» Houston Service Industries, Inc.; www.hsiblowers.com; 7901 Hansen Rd.,,
Houston, TX 77061; Phone: 800-725-2291; E-mail: his@hsiblowers.com

» John Zink Company LLC; |
lit i iohnzik, c:@m!ﬁreﬁiuc{s-,.fiares ity

» Poly Processmg Company;
(Condensate tank)

4.6  Quality Control
Prepared By: Jason D, Wolf
Checked By: Jennifer Deguia

Approved By: __

‘Mike Leonard, P.E.
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T TREAMENT SYSTEN s

[ 3

BACK UP GENFRATOR
MFR: ATLAS COPCO
MODEL; 0AS3ZS
OVERALL S7E: LENGTH=13,0" WIDTH=4.7" HEGHT=7.0"

®\ . BACK-Up
. GENERATOR

i, _m:_.__wff.“ —.

I'

IRy AT EaPCD.
RABEC: GA 230 W . )
“OHERALL SR LERGTH=0T WIgTH A4 HEIGHTR 3

o ENTY

¢ ZINK ARE SHIPPER LUOSE. THE CONTRACTOR SHALL

" GENERAL NOTES: . .. _
£ MANY OF THE COMPONENTS FROVIDED Y JOHN

PROVIDE FINAL ASSEMBLY, AS NEEDED, TO COMPLETE
THE INSTALLATION AS SHOWN.

"~ 2. THE PIPING AND EOUPMENT SHOWN IS SUBJECT TO
f. CHANGE PENDING FINAL DESIGN BY JOHN ZIHK COMPANY
o AND BAS,

ENCLOSED GROUND FLARE
MFR: JOBN ZINK CO. LIC .
MODEL: ZULE ULTRA LOW EMISSIONS (5.03MM BTU/nr MAE[
FLOW RATE: 250 SCiw’ (MAX} . :
SIZE: 4'-0" x 40'-0" OVERA\L HElGHT +
WINLLOAD (PER ASCE 7-95, EXR. ¢) 110 MPH
SEISMIC {PER UBC—1994) ZONE 4
SHEAR AT BASE: 7.0 K
MOMENT AT BASE: 130.0 X—FT
DEADLOAD: 1027 K

1=2; Fd
ENCLOSED GROUND FLARE
MFR: JOHN ZINK €0, UG ¥ .
MODEL: ZULE ULTRA LOW EMISSIONS (12.28MW BTU/hr BARY
FLOW RATE: 450 SCFM (MAX) il
SIZE: 5'-0" x 40'-0" OVERALL HEIGHT +
WINDLOAG (PER ASCE 7-85, EXP, C) 110 MPH
SEISMIC (PER LBC—1894) ZONE 4
SHEAR AT BASE: 6D K
HOMENT AT BASE: 1450 K-FT
DEADLOAD: 12.6 K
%‘; 1

FLARE STATION ASSEMBLY PLAN /T
NTs

&

T-8D1A/B
CONDENSATE HOLDING TANK
MFR: FOLY PROCESSING, INC
MODEL: 2005400,/2106300
PRIAARY TANK CAPACTIY: 5400 CALLON WITH SECONDARY CONTAINMENT
OVERALL S(ZF: 11°-11° OB. X G'-g™ TALL
MATERIAL: HIGH DENSITY CROSS LINKED POLYETHYLENE
FITTINGS: 4—2° NPT FITTINGS ON TOP OF TANK TWO PRIMARY TANK DRAINS, SECONDARY COMTAIMMENT
TAHK DRAIN, LAGDER, SIGHT GLASS/LEVEL GAUGE, SEISWIC RESTRAINT SYSTEM

CONSTRUCTION_NOTES: .

(Z) WATER TAHIK AT FULL CAPADITY:
{3} LAYDFILL CAS BLOWER SKID
(4) FLARE 2507 SCFM... . . .
() FLARE 450 B0EM, o e N
(6) FLARE DLOWER {ESIMATION FROM PANEL RACK aoweRy _
(7) COMPRESSOR - - = -

FORMER CAL COMPACT LARDFILL  if N »
CARSON MARKETPLACE L.L.G, ! ’FETRAT&E(’}HQ ING.F

AVALON AT SOUTH BAY

g UL

AVALON AT SOUTH_BAY

" o :'m;: -, an
B AT T T s D A e N SR L DR SR SR TEA
PRCGNG Lk iR et FLARE STATION DESIGN LOADINGS

Db CLckithn eibiy- LANDFILL OPERATIONS CENTER
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3.0 LANDFILL GAS CONDENSATE GENERATION ESTIMATE
(95% SUBMITTAL)

3.1 Background/Statement of Problem

Landfill gas is saturated with water vapor. As this gas flows from the waste prism
to the flare station, it can cool considerably. When this saturated gas cools, the
the amount of water vapor the gas can hold will drop, and the excess water vapor

will condense and form landfill gas condensate. The condensate will flow by

gravity to sumps located around the gas collection network then be pumped to a
holding tank located at the Landfill Operations Center (LOC). The condensate
will then be pumped to the liquids {ground water and condensate) treatment plant

also located at the LOC. Itis Necessary to estimate the range of condensate
expected for both sizing the holding tank and the pump rate to the liquids
freatment plant.

3.2 Methodology

The amount of water vapor in the saturated gas at the well head was compared

to the amount of water vapor in the saturated gas at the flare station. The
difference of the two is the amount of water vapor which has condensed.

The first step is to calculate the percentage of water at the well head and at the

flare station. The percentage is calculated as the ratio of the water vapor
pressure to the operating pressure.

Knowing the percentage of water in fhe gas, the amount of dry gas at the well
head can be calculated. (For the maximum case, the percentage water is

calculated to be 8.63%; therefore the remaining portion, 91.37% of the gas flow

is then “dry”.) This amount of dry gas remains constant throughout the
processing.

At Condition 2 the dry gas and the percentage of water is then known and the
total flow can be caiculated.

‘The difference between the total flow at Condition 1 and the total flow at

Condition 2 is the water vapor which has condensed. The finaj step is to convert

the water vapor to a liquid volume.

The calculation method for estimating condensate generation is as foillows:

¢ Condition 1: Gas Temperature = 110 °F
Gas Pressure = —1 Inch WC = 14.66 PSIA
» Condition 2: Gas Temperature = 55 °F
Gas Pressure = -100 Inch WC = 11.09 PSIA
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3.3

3.4

The following were calculated for both conditions:
» Partial pressure of Water in the Gas [PS1] (See attached spreadsheet for
equation and calculation)

, PartialP .
» Percent Water in the Gag = F3:T ESSUr €yuroiyas %100
GasPressure

The following equations were used:

* Inorder to determine the outlet gas flow rate, we calculated the Dry gas flow

rate [SCFM], 0 ty = @ etireas ¥ (1 — % Water 0 )
iy
(1 ~ % Water ﬂar:)
* The outlet gas flow rate was used to calculate the Water formation rate
[SCFM] y =0 wellhend  — & Slare
*  Water formation rate [GPH],

=0, mQﬂm{ﬁaJ*[lfbmole 2 60min  18%m gl J

« Outlet gas flow rate [SCFM], ¢ fare =

min 379 .3 f° 1hr libmole  8.33Ibm

Two cases are addressed, i.e., the maximum gas flow rate expected (700 scfm)
and an average flow rate (300 scfm). As discussed in Section 1.0, Landfill Gas
Design Flow Rate, the 700 scfm was selected to attempt to account for a
potential high gas recovery rate during the early years of operation of the gas
collection system (the “worst case scenario) while a more likely average flow rate
over the life of the system is 300 scfm as indicated by the LandGem Model
results and experience.

Assumptions and Inputs

s LFG is saturated.
* LFG temperature in the landfill averages 110 degrees F.
 Ambient temperatures in the ground around the LFG header is 55 degrees F.

* Pressure drop is from -1inWC to -100 inWC as the gas moves from the well to
the header.

Calculations and Results
See attached spreadsheets for the estimates,
A holding tank volume of 5,400 gallons is recommended as this would

accommodate about 14 days of storage should the liquids treatment plant be
inoperable.
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3.5

3.6

A continuous pump rate fo the liquids treatment plant averaging 400 GPD would
be adequate for the worst case condition. It is more plausible that the pumping
occur say 3 times per day for 1 hour duration giving:

gal
00 i)
Hipi

S I U S N
3 % GO{mmpm i

Pump rate, [GPM] = >
i)

References

> Bryan A. Stirrat & Associates. Submittai of 75% Landfill Gas Svstem Design.

April 23, 2008.

Quality Control

Prepared By: Jennifer Deguia

Checked By: Keith Johnson

Approved By: Michael Leonard, P.E.
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THE BOULEVARDS AT SOUTH BAY, LLC

APPENDIX 2

SCAQMD FORM 400-A
APPLICATION FOR PERMIT TO CONSTRUCT
AND PERMIT TO OPERATE



Mait Application To:
Soulh Coast Air Quality Management District Diamond Bpa?(?:);?ggg
Form 400-A

Tet {609) 306-3385

i) Application For Permit To Construct and Permit To Operate wweragmd.gov

1. Business Name of Operator To Appear On The Permit:
Tetra Tech Inc.

2. Valid AGMD Facility ID {Availabie on Permit or Invoice
issued by AQMD); 151271

3. Owner's Business Name (only If different from Business Name of Operator):

4. Permit and Correspondence Information:

E Check here if same as equipment location address

Equipment Location Address:
For equipment operated al varicus locations in AQMD's jurisdiction, provide address of inifia sile

20400 Main Sfreet

Street Address Street Address
Carson CA, 90745 _ -
City Slate  Zip Code City State Zip Code

County: (8 LosAngeles () Orange ( San Bemardino (7 Riverside

Contact Name:  Javier Weckmann Contact Name:
Contaci Tite:  Vice President Phone; (310) 965-0137 | Gontact Title: Phone:
Fax (310) 965-0273 E-Mait_javier.weckmann@tetratech Fax: E-Mail:

The facility is in CRECLAIM  CTitleV & RECLAIM & Title V Program (please check if applicable)
6. Reason for Submitting Application (Select only ONE): 7. Estimated Start Date of Operation/Construction {MM/DB/YYYY): y
01/318/2009
@ MNew Conslruction (Pemit fo Permitied Equipment Altered/ Modified Without B. Description of Equipment:
Construct) Permit Approval*

Blower and enclosed ground flare for combustion of landfilf gas
Equipment Operafing Withoul A Proposed Alteration/Modificalien fo Permitled extracted from the former Cal Compact fandfill. System includes 2

Streamlined Standard Permit

O Permit or Expired Pexmitt Equipment flares, one 250 scfm and one 450 scfm to provide range of
coverage. A separate application is provided for each flare. See

(' Administrative Change > Change of Condilicn For Permit To Operate attached documents for mare detail.
) Equipment On-Sile But Not ("3 Change of Condition For Permit To Construct 5, s this equipment portable AND will it be operated at

Constructed or Operational different locatlons within AGMD's jurisdiction? & to O Yes
G TiHe'V Application (Initial, Revisions, (3 Changa of Locaiion—Moving to New Site 10, For ldentical equipment, how many additional applications are being

Madifications, efc.) submitted with this application? {Form 400-A required for each)
o Compliance Plan Exfsting Or Previous Permll/AppEcation Number;

e o o s "0 MUST 11, Are you a Small Business as per AQHD’s Rule 102 definition?
O Facility Permit Amendment {10 employeas or less and fofal gross recedpls are $500,000 or less, @ No Q Yas
or a notfor-profit training center?)

C Registration/Ceriification 12. Has a Notice of Violation {NOV) or a Notice To Comply {NC) been issued for
o this equipment?

(8 No () Yes Ifyas, provide NOVINCG #:

What is your businesses primary NAICS Code

13. What type of business is being conducted at this equipment location?
{Nerth American Industrial Classification System)? N/A

vacant landfill being develped for commercial and res,

16.  Are there any schools {K-12) within a 1000-ft radius of the
equipment physical location?

(= No (¥ Yas

15. Are there other facilities in the SCAQMD jurisdiction operated
by the same operator? @ No O Yes

17. Signature of Responsihle Official 18, Title:

Vice President

49, Print Name: 20. Date:

Javier Weckmann _ 09/09/2008

APPLICATION/TRACKING # TYPE EQUIPMENT CATEGORY CODE: FEE SCHEDALE: VALIDATION
B GD $
ENG A R CLASS ASSIGNMENT CHECK/MONEY ORDER | AMOUNT Fracking #
: $
DATE 1T N | unit Engineer ¥

@ Scuth Coasl Alr Quality Managemant Disirict, Form 400-A (2006.02)



THE BOULEVARDS AT SOUTH BAY, LLC

APPENDIX 3

SCAQMD FORM 400-CEQA
CALIFORNIA ENVIRONMENTAL QUALITY ACT APPLICABILITY



South Coast Ar Quality Management District Mall Application To:

P.0. Box 4944

Form 400-CEQA Diamond Bar, CA 91765
;] California Environmental Quality Act (CEQA) Applicability Tl (908) 396-3355
www.agmd.gov

The SCAQMD is required by state faw, the California Environmental Quality Act (CEQA), to review discrationary permit project applications for poterdial air quality and other
environmental mpacts. This fom s a screening tool fo assist the SCAQMD in clarifying whether or not the project! has the potential fo generate significant adverse
environmental impacts that might require preparation of a CEQA document [CEQA Guidetines §15060(a)}.2 Refer ta the aftached inslructions for guidance in complefing this
form.? For each Form 400-A application, also complete and submif one Form 400-CEQA. if submitfing mulitple Form 400-A applications for the same project af the same
fime, only one 400-CEQA form is necessary for the enfire projedi. If you need assistance completing this form, contact Lori Inga at {909) 396-3109.

FACILITY INFORMATION R R e e N P R P R
Business Name of Operator fo Appear on the Permit: Facility ID {&-Digit):

Project Descrpfion:

Flare Faciiity for Landfill Gas Treatment

“REVIEW FOR EXEMPTION FROM FURTHER CEQA ACTION i 7o o ol i T e o oy e e
Check “Yes" of "No' as appicable

Yes No |ls this'application for:

A @ . | ACEQAandlor NEPA document previously or currently prepared that specrﬁcaﬂy evaluates this project? If yes, a
permit cannot be issued unfil a Final CEQA document and Notice of Delermination is submitted.

B. C: @: | Arequestfor a change of permittee only {without equipment modifications)?

C. C: (c2 Equipment certification or equipment registration {qualifies for Rufe 222)7

D. C: (= A functionally identical permit unit replacement with no increase In rating or emissions?

E. C: & | Achange of daily VOC permit limit to a monthly VOC permit limit?

F. s @ Equipment damaged as a result of a disaster during state of emergency?

G. [ = | ATitie V (ie., Regulafion X00{) parmit renewal {without equipment modifications)?

H. Ci = ATitle V adminiatrative permit revislon?

L : (s The conversion of an exieting permit into an initia! Title V permit?

1f “Yes” is chacked for any question above, your application does not require additional evalualion for CEQA eppiicability. Skip o page 2, "SIGNATURES' and sign and
date this form.

REVIEW OF IMPACTS WHICH MAY TRIGGER CEQA - EFr e = R e
Complete Sections I-Vi by checking “Yes" ar "Mo" as applicable. To avoid de!ays in processing your application(s}, explain all "Yes' responseson a separate sheet and
attach it to this form.

Yes No | Sectioni= General
1. Has this project generated any known public controversy regarding potential adverae impacte that may be

.~ . | generated by the project?

’ Confroversy may be conefrued as concerns ralsed by loca! groups af public meetings; adverse media atlention such as negative articles in
newspapars of other periodisal publications, local news programs, environmental justice issues, etc,

2, : (2| s this project part of a larger project?

“Section I = Air Quality
3. . ' - Will there be any demolition, excavating, and/or grading construction activities that encompase an area exceeding
. ‘ 20,000 square feet?
4, e o Does this project include the open outdoor storage of dry bulk solid materlals that could generate dust? If Yes,

includa a plot pian with the appfication package.

1 A “project” means the whole of an action which has a potential for resulting in physical change to the environment, including construction activities,
clearing o grading of |and, improvements ta axisting structures, and activities or equipmeant invelving the issuance ‘of a permit. For exampie, a project
might indude installation of a new, or medification of an exls‘:mg internal combustion engina, dry-¢leaning facility, boiler, gas turbine, spray coating
booth, solvent cleaning tank, ate.

2To duwntoad the CEQA gmdellnes, visit bttp://ceres.ca.qov/eny iaw/state. btmi,

3 To dewnlead this form and the instructions, visit http: S aqmd._aavfrega or hitp: ffwww aomd.aov/parmit

© South Coest Alr Quality Management District, Form 400-CEQA [2006.02)



Yes No

8. Would this project resuit in noticeable off-site odors from activities that may not be subjectto SCAQMD permit
- c requirements?

For exarnple, compost malerials or ofher fypes of greenwaste (i.e., lawn clippings, tree trimmings, etc.) have the pofential fo generate odar
complainis subject to Rule 402 - Nuisance.

C " | Does this project cause an increase of emissions from marine vessels, trains andfor airplanes?

T Will the proposed project increase the QUANTITY of hazardous materials stored aboveground onsite or fransported
. o by mobile vehicle to or from the site by greater than or equal to the amounts associated with each compound on the
attached Table 174

"Section Il - Water Resotrce

8. Will the project increase demand for water at the facility by more than 5,000,00¢ gallons per day?

The following examples idenfify some, but not all, types of projects that may resuit in a "yes” answer fo this question: 1) projects that

I - generate steam; 2) projects that use waler as parl of the air pollution confrol equipment; 3} projects that require waler as parl of the

' praduction process; 4) projects that require new o expansion of existing sewage treaiment facilities; 5) projects where water demand
exceads the capacity of the tocal waier purveyor fo supply sufficient water for the project; and §) projects that require new or expansion of
existing water supply facilities.

9, Will the project require construction of new water conveyance Infrastructure?

e i Examples of such projects are when water demands exceed the capacity of the tocal water purveyor fo supply sufficient water for the projedt,
oF require new of modified sewage freatment facifities such that the project requires naw water lines, sewage lines, sewage hook-ups, efc,

- Section IV Transportation/Circulatio

10. Wili the project result in (Check all that apply):
a. the need for more than 350 new employees?
b. an increase in heavy-duty transport truck trafilc to andior from the faciiity by more than 350 truck round-trips per
day?
c. Increase customer traffic by more than 700 vislis per day?
n. | c | @
12, | WIIE the project create a pe&nanent need for new of additional public services in any of the followmg areas (Check all

1 that apply):

" : a. Solid waste disposal? Check “Mo’ if the projected potentiel amount of wastes generated by the project is less than five fons per day.

- o b. Hazardous waste disposal? Check “No” if the projected potential amount of hazardous wastes generated by the project is less
- than 42 cubic yards per day (or equivalent in pounds},

MREMINDER: -Foreach: ‘Yes chacked In the'seclions above, attach all perﬁnent rmbrmeﬂnn Inc!uding but niot hmftsd fo esttmal‘ed quantfﬁes, volumas, wefght.s e,
SIGNATURES R

| HEREBY CERTIFY THAT ALL iINFORMATION CONTAINED HEREIH AND IHFORMATIDN SIJBMiTI'ED HITH THES APPLICA110H 15 TRUE AND CORRECT TO THE
BEST OF MY KNOWLEDGE. | UNDERSTAND THAT THIS FORM IS A SCREENING TOOL AND THAT THE SCAQMD RESERVES THE RIGHT TO CONSIDER OTHER
PERTINENT {NFORMATION IN DETERMIKING CEQA APPLICABILITY.

SIGNATURE OF RESPONSIBLE OFFICIAL OF FIRM: TITLE OF RESPONSIBLE OFFICIAL OF FIRM:
Vlce PreSIdent ST VB8 R AT B o2 b e e e et e amm

TYPE OR PRINT NAME OF RESPONSIBLE OFFICIAL OF FIRM: RESPONSIBLE OFFICIAL'S TELEPHOHE HHMBER DATE Signed:
Javier Weckmann L {310) 9650-137 Og/og/2008
SIGNATURE OF PREP: RER, F PHEPARED B PERSON OFHERTHAN RESPONSTELE OFFICIL OFFIRM: TITLE OF PREPARER:

W f M } Senior ProjectManager
TYPE OR PRINT NAME OF PREPARER: PREPARER’S TELEPHONE NUMBER: DATE Signed:
Michael L. Leonard, Sr.P.E. {908) 8607-777 09/09/2008

THIS CONCLUDES FORM 400-CE¢ QA. "INCLUDE THIS FORM AND THE ATTACHMENTS WITH FORM 4004

9 Table I - Reguisted Substances List and Threshold Quantitias for Accidental Release Preventlon can be found in the Instructions for Form 400-CEQA

@ South Coast Air Quality Management Districl, Form 400-CEQA (2006.02) Page 20f 2
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STATE OF CALIFORNiA — ENVIRONMENTAL PROTECTION AGENCY PETE WILSCN, Gowaor

DEPARTMENT OF TOXIC SUBSTANCES CONTROL

Region 4
245 West Broaaway. Suits 425
Long Beacn, CA 90802-4444

SUPPLEMENTAL NEGATIVE DECLARATION
for

CAL COMPACT LANDFILL
TUPEER OQOPERABLE UNIT
20400 South Main Street
Carson, California 50745

EROJECT PROPONENT:

Department of Toxic Substances Control
243 West Broadway, Suite 350
Long Beach, California 90802-4444

Contact: Thomas M. Cota (310} 5890-4898
PROJECT DESCRIPTION:

BKR Corporaticn is reguesting approval of a draft Remedial
Action Plan (RAP) -for the Cal Compact Landfill Upper Operable
Unit from the Department of Toxic Substances Control (DTSC).
This draft RAP is in accordance with Section 25356.1 of the
Califgrnia He=alth and Safety Code, and Subpart E of the National
0il and Hazardous Substances Polluticn Contingency Plan, 40 Code
of Fadexal Regulations 300.400 et seg. DTSC is acting as a
Responsible Agency as that term is defined in the California Code
of Regulations, Title 14, Section 153B1.

The proposed project Zor which DTSC is acting cn addresses
the construction and speration of a landfill gas cellection and
treatment system and a groundawater treatment system. The
construction of the landfill cover is not addressed in this
document, however, it was addressed in the City of Carson's EIR
for the Metro 2000 project. DTSC as a Responsible Agency has
carefully reviewed the Final EIR entitled Final Project and
Program Environmental Impact Report, MetxoMall 2000, dated
December 1993. DTSC, using its independent judgement, found that
{a) the EIR for the Metro 2000 project adequately complied with
the provisions of the California Environmental Quality Act, ({b)
adeguately addressed the proposed censtruction of the landfill
cover, and (c} is adequate for DTSC t0 assess potential impacts

Ye

.




Cal Compact Landfill
Supplemental Negative Declaration
Page 2

for the Zemedial Action Plan. DTSC, after reviewing the Final
EIR, concurred with the finding of the City of Carson. DTSC
drafted s Statement of Overriding Conditions addressing
significant impacts that were not feasibly mitigated to a level

——

of insignificance with the mitigation measures Zound in the EIR.

The project abjectives for this project is te reduce er
eliminate the potential threat toc human health and the
environment. The project objectives for the contaminated
groundwacer in the Bellflower Agquitard are (1) limit production
of leachate through control of surface water infiltration to
minimize impact to groundwater, {2) contrel and prevent off-site
migracion of groundwater contaminaved from waste in the saturated
zone, and (3) draw back and contain the contamirnant plume thag is
now off-site. The project objectives for the landfill gases are
(1) control production of landfill gases through control of
surface warer infiltration and (2} contrel or prevent off-site
migration of landfill gases and future releases of landfill gases
to the atmosphere under proposed land useé scenarios.

, The landfilil gas system will consist of a series of vertical
extraccion wells installed at the perimeter of the waste zone.
The extraction wells will be connscted by HDPE conveyance piping
to a land®fill flare. The collected landfill gasses will be
transperted throuch the series of pipes to the flare for thermal
destruction. The landfill gas Zlare will be one unit wich a
maximum 750 cfm capacity.

In 18280, a vapor menitoring event was conducted at the
project site, Two {alderon compounds were detected during the
sampling event. Caldercn compounds are chemicals established. in
California as indicators for hazardous waste landfills.
Adnalytical results from five wvadose wells detected vinyl chloride
in cencencrations ranging form 2 ppm (parts per million) to 20.5
ppm and benzene from 1.4 ppm to 8.8 ppm. Methane, a non-~Calderon
compound, was detected in the range of 26.7% to 64.4%. Other
non-Calderon compounds detected included ethylbenzene, toluene,

xylen= and dichlorodifluoromethane.

Extraction wells will be installed using standard drilling
practices such &5 a hollow stem auger drill rig. The design of
the system shall be developed by a registered California civil
engineer, submitted te DTSC for review and approval. A
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Deparxtment aprroved quality control/quality assurance program
shall be stricgly followed by the contractors.

The proposed groundwater treatment system consists of a
series of groundwater extractiomn wells installed along the
western and southern portions of the project site, The
groundwater extraction wells will be installed in the Bellflower
Agquitard saturated zone. The groundwater collection and
treatment system will be designed to contain contaminated
groundwater migrating from the Bellflower Aquitard beneath the
site and to cagture contaminated groundwater off-sgite in the
Bellflower Aquizard.

The remedlizl investigation identified groundwater
contaminatcion In the Bellflower Aquitard. Volatile organic
compounds, semi-volatile organic compounds, and heavy metals were
detected in the groundwater in the Bellflower Aquitard. The
remedial investigation also concluded that some off-site
contamination has occurred. The proposed groundwater collection
and treatmentc system will contrpl and contain both on-site and
off-site contaminacion.

The g¢roundwater system includes extraction wells, associated
piping, dedicztad wells pumps, a water =gualization tank,
filters, precizivation and clarification units, carbon absorbers

unics, and a Zinal peolishing Zilter unit.

The t 24 groundwater will be used for on-site irrigation,
or discharged <z the sewer system or storm drain system. The
system is anticipated to treat approximately 100 to 150 gallons
per minute.

PROJECT LOCATICON DESCRIPTION:

The Cal Ccompact Landf£ill (the Site} is located at 20400 Main
Street in the Cicy of Carson, County of Los Angeles, California.
The Site is located in the western portion of the Citcy of Carson.
It is bounded zy Del Ame Boulevard to the north, the San Diego
Freeway {I-408) to the east with cthe Dominguez Channel located
just east of the San Diego Freeway (I-405), the Torrrance Lateral
Channel to the south with residential development just south of
the Torrance Lateral Channel, and Main Street and residential

b i et s e B
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development on the west. The primary freeway access to the Site
is by means of the Main Street ramps to the San Diego Freeway
{I-405) and the Torrance Boulevard ramps to the Harbor Freeway
{I-110}). The Site is located within the City of Carson's
Redavelopment Project Area No. 1.

EINDINGS OF SIGNIFICANT EFFRECT ON ENVIRONMENT:
DTSC has determined that the project will not have a
significant effect on the envirocnment as that term is defined in

the Public Rescurces Code Section 21068.

A copy of the Initial Study which supports this finding is
attached. ;

MITICGATION MEASURESD:

No mitigation measures hava been proposed for this project.

Signature: ﬁ;i:%%zmgéVCjkfg' Date:/bé&52?§’

Thomas M. Cata, Project Manager

Signature: ’2Q£~;//j{::2:’”*¥ : Date: /O//%[/Ef

: e I
Hamid Saebfar, Chief

Site Mitigaticon Cleanup Operations
Southern California Branch




STATE OF CALIFORNIA ~ ENVIRQNMENTAL PROTECTION AGENCY

PETE WILSON, Govermc

DEPARTMENT OF TOXIC SUBSTANCES CONTROL

Region 4

245 West Broaoway. Suite 425
Long Beach, CA 90802-4444

Supplementzl Negative Declaration Approval

Project Title:

Cal Compact Landfill, Remedizl Action Plan, Upper Operable Unit

State Clearinghouse Numher:
55081061

Contact Person and Telephones:
Thomas M. Cota - (310) ©590-44888

Project Locaticn:

20400 Main Street, City of Carson, County of Los Angéies, State
of California

Project Description:

BKK Corporaticn is reguesting approval of a drafit Remedial
Action Plan (RAP} for the Cal Compact Landfill Upper Operable
Uniz from the Departmenc of Toxic Substances Control (DTSCH.

This draft RAP is in accordante with Section 25355.1 of the

Calilifornia Health and Safecy Code, and Subpart E of the Naticnal

©i! and Hazardcus Substances Pollution Conringency Plan, 40 Code

of Federal Regulaticns 300.400 et seqg. DTSC is actiag as a

Responsible Rgency as that term is defined in the California Code
A

L™ '
- : ¥ - !
of Regulations, Titls 14, Secticn 13381,

The proposed project Zor which DTSC is actiang con addresses
the construction and cperation of a landfill gas cellection and
treatment system and a groundwater treavment system. The
construction of the landfill cover is not addressed in this
document, however, it was addressed in the City of Carsen's EIR
for the Mavrro 2000 project. DTSC as a Responsible Agency has
cargfully reviewed the Final EIR =ntitled Final Project and
Program Environmental Tmpacr Report, MetroMall 2000, dated
December 1993. DTSC, using its independent judgement, found that
{a} the EIR for che Metro 2000 project adequately complied with
the provisions of the CaliZornia Environmental Quality act, (b)
adeguately addrszsed the proposed construction of the landfill
caovar, and (<} is adeguate for DTSC to assess potential impacts
foy the Remedial Action Plan. DTSC, after reviewing the Final
EIR, concurred with the finding of the City of Carson. DTEC
drafted a Statement of Overriding Conditions addressing

&
|

i
3
€




significant impacts that were not feasibly mitigated to a level
of inmsignificance with the mitigation measures found in the EIR.

The project objectives for this project is to reduce or
eliminate the potenctial threat to human hezlth and the
environment. The project objectives for the contaminated
groundwater in the Bellflower Aguitard are (1) limit production
of leachate through centrol of surfage water infiltraction to
minimize impact to groundwater, (2) control and prevent off-site
migration of groundwater contaminated from waste in the saturated
zona, and (3) draw back and contain the contaminant plume that is
now off-site. The project objectives for the landfill gases are
{1) contreol productien of landfill gases through control of
surZface water infiltration and (2) control or prevent off-gite
migration of landfill gases and future releases of landfill gases
to the atmosphere under proposed land use scenarios.

The landfill gas system will consist of a series of vertical
extraction wells installed at the perimetar of cthe waste zone.
The exctracticn wells will he conrnected by HDPE conveyance piping
to a landfiil Fflare. The collecced landfill gasses will be

transported through the series of pipes to the flare for thermal
destruction. The landfill gas flare will be one unit with a

maximum 750 cim capacity.

In 1990, a vapor monitoring event was conducted at the
project site. Two Caldsron compounds were detected during the
sampling event. Calderon compounds are chemicals established in
California as indicators for hazardous waste landfills,
Analytical results from five vadose wells detected vinyl chloride
in concentrations ranging form 2 ppm (parts per million) to 20.5
ppm and benzene Zyom 1.4 ppm to 8.8 ppm. Methane, a non-Calderon
compcound, was detected in the range of 26.7% to 64.4%. Other
non-Calderen compounds detected included ethvlbenzens, toluene,
xvizne and dichlerecdifluoremethane.

Extraction wells will be instalied using standard drilling
practices such as a hollow stem auger drill rig. The design of
the gystem shall be developed by a registered California civil
engineer, submitted to DTSC for review and approval. 2
Deparcment approved gquality control/guality assurance program

shall be strictly followed by the contracrors.

The proposed groundwater treatment system consists of a
series of groundwater extraction wells installed aleng the
western and southern portions of the project site. The
groundwater extraction wells will be installed in the Bellflowex
Aquitard saturated zone. The groundwater collection and
treatment system will be designed to contain contaminated
groundwatey migraving from the 3ellflower Aguitard beneath the
sita and to capture contaminated groundwater off-site in the
Bellflower Agquitard.




The remedial investigation identified groundwater
contamination in the Bellflower Aquitard. Veolatile organic
compounds, semi-volatile crganic compounds, and heavy metals were
detected in the groundwater in the Bellflower Aquitard. The
remedial investigation also concluded that some off-site
contamination has occurred. The proposed groundwater collection
and treatment system will control and contain both on-site and

off~-zite concamination.

The groundwagsr system includes extraction wells, associated
pipring, dedicated wells pumps, a water egqualization tank,
filters, precipitation and clarification units, carbon absorbers
units, and a final peolishing filter unit.

The treated groundwater will be used for on-site irrigation,
or discharged to the sewer system or storm drain system. The
system ie anticipated to treat approximately 100 to 150 gallans

per minute.

Project Approval:

DTSC of Toxic Substances Contreol has found on the basis of
the Initizl Study and the Supplemental Negative Declaration that
there is no subscantial evidence that the construction and
operation of the landfill gas collection and treatment system and
the groundwatser treatment system will have a significapnt effect

on the enviropment.

I hereby approve the Supplemental Negative Declaration for this
project.

Signazure: ,441:44/J::{£‘~1 Date: 72 /235/F &

Hamid Saebfar, Chietf
Site Mitigation Cleanup Cperaticns
Southern California Branch
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GASEOUS EMISSION CONTROL FORM FLARE 450 SCFM



South Coast Air Quality Management Dislrict
FORM 400-E-2c¢

GASEOQUS EMISSION CONTROL FORM
el F) ARE

Mait Application To:
SCAQMD

P.O. Box 4544

Diamond Bar, CA 91765

Tel: {909} 396-3385
www.agmd.gov

This form must be accompanied by a compieted Application for a Permit to ConsbuctOperate -Form 4004, Form CEQA, Plot Plan and Stack Farm

Permit to be issued to (Business name of operator to appear on permit);

Tetra Tech, Inc.

20400 Main Street, Carson, CA 20745

Address where the equipment wilt be operated (for equipment which wil be moved to various lozation in AQMD's jurisdiction, please list the initial location site);
(%) Fixed Location (3 Various Locations

Manufacturer:
John Zink Co.,, LLC

Model No:
FBFZULEG50x40LFBSKD

(> Elevated (® Ground Level O Pit

(= Air Asslsted ( Steam Assisted
3 Non-Assisted

How Is Flare Assisted?

C+ Clean Service Flare

() Emergency Service Flare (8 General Service Fiare

Flare Height ... 40.00 ¢

Flare Tip Inside Diameter

5.00 ¢

Retention Time at Normal Operating Temperature:

Design Waste Stream Flow: Mﬁéﬂm scfim
Bu: 459

0.7 secs o 1600.0 o

Combustion Chamber Volume: WWENBWQ“,QPM cubic feet

Velocity At Tip 3.000 45000

{Feet per Second)

Fiow Rate {scfm) 90.000 | 450.000

Steam Pressure{psig

Design Basis for Steam Injected (b steam/lb hydracarhons):

Total Steam Flow rate (poundsthour):

Diameter of Jets: .....umumeer (NCNES)

Number of Jets:

Velocity (Feet per Second): .o,

Number of Water

Diameter of Water Jets: mseeneore (IMICHES)

Auxiliary Fuel Available? @ Yes () No  Ifyes,indicate Naturaf Gas or propane

Number of Pilots: 1

Fuel Usage (Select One}:

{3 Cubic Feet/tour OR

Fuel Rate (scfm [70 *F & 14.7psia) per piiot: 2700.000

s Gallons/Hour

@ South Coast A Quality Management Dislrict, Form 400-E-2c (2005.02)
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South Coast Alr Quality Management District
GASEOUS EMISSION CONTROL FORM
FLARE

p yp gnition system and its method of operafion.
explanation of the controt system for steam flow and rate and other operating variables. Please supply an assembly drawing,
dimensioned to seale, to show clearly the operation of the flare system, Show interior dimensions and features of the equipment
necessary to calculate its performance. N

Landfill gas is vented to the flare. The flare ignition is by natural gas or propane pilot. A complete
electronic control package is included to start and stop the flare combustion, control the air inlet
settings and thereby maintain the required retention time and temperature. See the attached
documents for complete details.

Flow rate scfm {70 F & 14.7 psia}

Material Btu Rating

Landfill Gas 90,000 200.000 450.000 12

Describe instrumentation data for measuring temperature, pressure drop and other operating parameters
{aftach description, if necessary).

A total of sl thermocouples (at various elgvations) will be installed in the flare stack to monitor the
combustion temperature and to provide information to the temperature controller, which modutates
the combustion air dampers to maintain the pre-selected flare temperature. Three thermocouples will
be installed along the length of the stack, which wili be selectable. This will allow the site engineer to
select the most appropriate thermocoupie elevation based on the flow of LFG at that time. One
thermocouple will be used for high temperature control.

Additional detall is provided in the attached documents.

Nomal: i 24 houyrsiday m.,mmw;wzmdayslweek A,,Wﬁ?m weelslyr

Maximum: ... Jhoursiday e daYSlveel . WOBKSTYT

SIGNATURE QF ) OE?KER: TITLE OF PREPARER: ' (909) 860-7777

M/ . W ALSr. Project Manager PREPARER'S E-MAIL ADDRESS: mlleonar@bas.com

CONTACT PERSON FOR INFORMATION ON THIS EQUIPMENT: CONTACT PERSON'S DATE SIGNED:
Clara Rowden .| TELEPHONENUMBER:  .(918)234-2801

E-MAIL ADDRESS: ¢lara.rowden@johnzink.com EAX NUMBER: (918) 234-1968 09/09/2008

Model Number




THE BOULEVARDS AT SOUTH BAY, LLC

APPENDIX 5

SCAQMD FORM 400-E-2C
GASEOUS EMISSION CONTROL FORM FLARE 250 SCFM



South Coast Air Quality Management Districl

Mail Application To:

'€l | FORM 400-E-2¢ SCAGMD
P.O. Box 4944
GASEOUS EMISSION CONTROL FORM Dismond Bas. OA 1765
—=iZS FLARE Tel: (909) 366-3385
This form mst be accompaniad by a comleted Application fos a Permit to Gonsiruct/Operate -Farm 4004, Fom CEQA, Plot Plan and SiackFom___ oo, w.aqmd.gov
Pernit to be issued to {Business name of operafar fo appear on permit):
Tetra Tech, Inc. I e e et e et e e
Address where the equipment will be operated (for equipment which wi be moved to various iocation in AQMD's jurisdiclion, please list the inifial locatior site):
20400 Main Street, Garson, GA 80745 _ . @ Fuedloczfon  C Varows Locations
SECTION A: EQUIPMENT DESCRIPTION
Manufacturer; Model No: Make:
atipmert John Zink Go,, LLC __|FBrzulEosoxdombskdo _ [ZULE
(s. d (. Steam
Type (" Elevated (% Ground Level (" Pit How1s Flare Aseisted? *: Alr Assisted (. Resisted
(": Non-Assisted
Operation . . B
(See Rule 1118 for definition) | (- Clean Service Flare (: Emergency Service Flare (. General Service Flare
Dimension Flare Helght _QOOQ ft. Fiare Tip inside Diameter . JQO ft.
Minimum Maximum
Retention Time af Hormal Operating Temperature: 7 secs at JEQQQPF "
i Velocity At Tip 2.800 | 45.000
n“'“Gcm::a‘f" Waste Combustion Chamber Volume: 335.00 cubic feat (FeetperSecond) - === f e
25 Stream N e
. 250.000
Design Waste Stroam Flow: ...~ seim FlowRate (scfim) | 50.000 | 250.000
poy; 455 B
Steam: Pressure(psig)
Design Basis for Steam Injected (b steam/lb hydrocarbons):
Mirimum Maximam T
For Steam Injection e | Tofal Steam Flow rate {poundsthour): NumberoflJets:
Temperatore; DiameterofJets: . ... (inches) Velocity (Fest per Second): ... .
Water Pressure (psig) Total Water Flow rate (ypm)
. Number of Water P
' ForWater Injection Minimum Maximum Minimum Haxdmum
_ - L _ - ) Diameter of WaterJefs: __ __ {inches)
Auxillary Fuel Availabie? (%: Yes (" No  Ifyes.indicate .. - i
Numberofpilots: 1~ Fuet Rate {scfm [70 °F & 14.Tpsta) per pliot: 2700,.000
Auxillary Fus] Dats
Fuel Usage {Select One): Maxinsum Minimtim Average
(" Cuble FeetHour OR
: GallonsiHour T R B o
Page 1of2

@ Soulh Coast Alr 