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Re:  Lorain County Landfill
Design and Operational Evaluation, Landfill Gas Collection and Control System

Dear Mr. Parker:

On behalf of Browning-Ferris Industries of Ohio, Inc. and Lorain County Landfill II, LLC,
(Lorain County Landfill) the Cornerstone Environmental Group, LLC (Cornerstone)
respectfully submits this revised evaluation of the landfill gas collection and control system at
the Lorain County Landfill, Oberlin, Ohio. This document has been revised to address
comments expressed by your office in meetings with Lorain County Landfill on February 9 and
August 7, 2012.

The original DFFO Evaluation was provided to OEPA on March 2, 2007, with subsequent
revisions as requested by the OEPA submitted on June 8, 2007, January 3, 2008, February
26, 2010 and July 28, 2010.

Your comments, along with the associated responses to them, are included below and in the
attached modifications to the Design and Operational Evaluation (Evaluation). Changes to
existing Evaluation pages are highlighted and presented on colored paper for ease of reference.

I. COMMENT ONE
WELLFIELD COVERAGE
WELL SPACING

Comment 1.1

Although Republic typically records quarterly surface emissions that are below
the federal NSPS threshold of 500 ppm, Ohio EPA has been onsite when surface
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Response to OEPA Comments Page 2
Design and Operational Evaluation

LFG Collection and Control System

Lorain County Landfill

emissions are present at levels that are very odorous and could pose a public
nuisance when off-site migration occurs. As stated in the May 27th, 2010 NOD
letter, it is possible that the active gas extraction wells are not spaced adequately
to maintain compliance with the public nuisance requirements in Ohio
Administrative Code 3745-15-07(A) and 3745-27-19(B).

Response 1.1

In the event that localized site conditions dictate that wellfield modifications are
required to maintain operational control of odors and/or surficial emissions,
Republic will advise the OEPA of such a condition and the remedy(ies) being
taken fo address this condition. Potential remedies may include, but not be
limited foo, the installation of additional LFG collectors, upgrading existing LFG
collectors, and upgrading the cover conditions.

Comment 1.2

Republic was directed to insert Table 5-1, “Summary of Suggested Collector
Density”, in Section 2.4.2., “Vertical LFG Extraction Wells”, of the revised
evaluation. The table was presented at a North Carolina State University landfill
gas training course. In addition to the table, an introductory paragraph was also
provided on page 2-4. The paragraph included the following sentence: “...The
Lorain Il well spacings, per the January 2009 GCCS Design Plan, are
approximately 215 feet to 240 feet under Final Development conditions...”
Appendix A-2, “Radius of Influence and Well Spacing Calculations”, of that
document, provides calculations for spacings between 204 feet and 223 feet. A
more recent version of the design plan, with the same appendix, was submitted
to the district office on November 18, 2010. In addition to the text being updated
to reflect the current report, the appendix should also be added to the
subsequent evaluation.

Response 1.2

Section 2.4.2 of the Evaluation has been updated to incorporate the text from the
Section 2.4.2 of the November 2010 GCCS Design Plan. Additionally, Appendix
A-2, Radius of Influence and Well Spacing Calculations of the November 2010
GCCS Design Plan has been incorporated into the Evaluation as Attachment 14
(updated per Response 1.6 of this submittal).

Comment 1.3

Given the critical nature of well spacing, DSIWM-NEDO conducted a review of

XAPROJECTS\LORAIN\I 20479 - 2012 OEPA RTC\_PROJECT FILES\OEPA RTC 082212.docx
Last printed 8/22/2012 2:49:00 PM



Response to OEPA Comments Page 3
Design and Operational Evaluation

LFG Collection and Control System

Lorain County Landfill

the appendix and various questions arose. First, it is written at the top of page 1
of 6 that the EMCON and NSPS methods were used to determine the radius of
influence. Republic is asked to explain the rationale for utilizing these specific
methods.

Response 1.3

A number of methodologies have been utilized within the LFG industry for
purposes of well spacing approximation. Both of these methods have been
utilized extensively throughout the world since their publication. They are utilized
because they provide representative results over a range of operating and
climactic conditions.

The EMCON Methodology was presented in Methane Generation and Recovery
From Landfills, page 81. EMCON Associates, 1982. This methodology was the
first commercial Radius of Influence calculation published and was the definitive
method for determining this design component until the development of the MSW
Landfill NSPS.

The NSPS Methodology was initially presented in Air Emissions from Municipal
Solid Waste Landfills — Background Information for Proposed Standards and
Guidelines, Appendix G. Theoretical Collection System Design, EPA-450/3-90-
011a, March, 1991. This is the only desktop calculation methodology for
determining the “radius of influence” for LFG extraction wells provided by the
USEPA as part of the MSW Landfill NSPS.

The EMCON Methodology generally provides a slightly more conservative value
than the NSPS Methodology, i.e. a smaller projected radius of influence and thus
a tighter well spacing. This, in turn, provides a more conservative design basis.

Comment 1.4

Second, on page 6 of 6, the section on “Site Specific Calculations”, reflects that
the calculations were based on well depths, ranging from 40 feet to 100 feet.
Since some of the wells at the landfill are deeper than 100 feet, an explanation is
requested for the limiting the depth to 100 feet. The range of well depths (40, 60,
80 and 100 feet) is also provided on Table A-2 of the appendix.

Response 1.4
As well depths and the corresponding design rate of LFG extraction, increase,

the projected radius of influence for an extraction well increases. Beyond the
depths presented in the noted calculations, the projected radius of influence
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Response to OEPA Comments Page 4
Design and Operational Evaluation

LFG Collection and Control System

Lorain County Landfill

exceeds the design and actual well spacing of the Lorain Il wellfield. This
indicates a conservative method of wellfield design, especially for relatively
deeper extraction well installations.

The modified Table A-2, updated per Response 1.6, has been expanded to
include well depths of 120 feet and 140 feet for comparison purposes and is
include in Attachment 14 of the Evaluation.

Comment 1.5

Third, Table A-2 provides a column titled “LFG Flow Rate (scfm)” which contains
the following flow rates for the different depths: 20, 30 and 40 scfm (40 feet well
depth); 40, 50 and 60 scfm (60 feet well depth); 60, 70 and 80 scfm (80 feet —
well depth) and 80, 30 and 100 scfm (100 feet — well depth). An explanation is
requested for the designation of the various flow rates at the different depths.

Response 1.5

The form of the calculation requires that a design flow rate for each well
configuration be entered in order to determine the projected radius of influence.
As LFG well extraction rates vary with time and site conditions, providing well-
specific data and calculating a radius of influence for each extraction point
becomes an exercise with little real value. Instead, the calculations are generally
performed for a range of operations at select well configurations. These ranges
reflect the general configuration of wells anticipated for a given landfill and
anticipated LFG extraction rates.

Design flow rates are typically approximated at a rate of 0.5 to 2.0 scfm per lineal
feet of perforations, based on historical field experience and real-world
applications. The calculations presented were originally provided as part of the
November 2010 GCCS Design Plan (Appendix A-2), prepared in accordance
with NSPS and DAPC requirements. The calculations have been expanded to
incorporate a greater range of potential well construction and are included in
Attachment 14 of the Evaluation.

Additionally, the overall design of the Lorain County Il vertical extraction wells,
compiled as part of the GCCS Design Plan, is included as Attachment 9 of the
Evaluation and projects a total perforated casing length of approximately 24,925
lineal feet. Combined with the existing 1,661 lineal feet for Lorain | extraction
wells, the total site should realize approximately 26,586 lineal feet of perforated
well casing at final development conditions. When applied to the desigh LFG
generation rate of 17,524 scfm (Attachment 2 of the Evaluation), an average
unitary flow rate of approximately 0.66 scfm per lineal feet of perforations (17,524
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Response to OEPA Comments Page 5
Design and Operational Evaluation

LFG Collection and Control System

Lorain County Landfill

scfm / 26,586 lineal feet) is realized at peak LFG generation conditions.

Comment 1.6

Lastly, the following six input parameters are provided below the table: “MSW
Design Capacity”, “MSW Design Tonnage”, “MSW Design Volume”, “LFG
Generation Rate”, “Refuse Density” and “NSPS Collection Efficiency”. Based on
the following comments, Republic is directed to provide the source of the
assigned values for each individual parameter. A value of 36,056,631 Mg is
used for the “MSW Design Capacity”, whereas, the LandGEM model utilized
37,059,162 Mg. The “MSW Design Volume” is specified as 45,046,717 cubic
yards. On February 26, 2010, Cornerstone responded to Deficiency One on
page 2 and Deficiency Five on page 8 with the following statement: “...The
currently permitted capacity of the landfill has been confirmed at 58.4 million
cubic yards, including 52.6 million cubic yards within the Lorain 2 footprint (as of
the 2003 permit modification)...” The “V-Fill” Permit # 02-15346, which was
approved on April 4, 2003, also cited in Volume Il of IV, Section C4A of the
permit, a volume of 52.6 million cubic yards for the Lorain Il Landfill. The
remaining 5.8 million yards was placed in the closed Lorain | Landfill.

Also, “MSW Design Tonnage” specifies a value of 39,753,728 tons in the table,
however, a tonnage of 39.4 million is cited on page 2-2 of the evaluation and
40.7 million tons was utilized as the input data for the LandGEM model in
Attachment 2 of the report. A LFG generation rate of 21,000 scfm is also
provided in the table. Upon review of the “LFG Generation Recovery Potential
Summary” table in Attachment 2 of the evaluation, the maximum total site gas
generation is either 16,204 scfm or 17,524 scfm depending on the scenario.

Response 1.6

The MSW Design Tonnage should be noted at approximately 40.7 million tons,
consistent with Attachment 2 — LFG Generation and Recovery Projections. The
text on Page 2-2 has been updated accordingly. Table A-2 has been updated
accordingly. These changes provide a minor increase (approximately 2 feet) to
the calculated well spacing and do not impact the overall design parameters for
the wellfield layout. '

Comment 1.7

Finally, the NSPS Collection Efficiency is specified as 75%. In addition to
providing the source of this efficiency, Republic is directed to provide similar
information for all other input data.
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Response to OEPA Comments Page 6
Design and Operational Evaluation

LFG Collection and Control System

Lorain County Landfill

Response 1.7

The value of 76% is provided as a default average by the USEPA AP-42, Fifth
Edition. Compilation of Air Pollutant Emission Factors, Volume |. Chapter 2,

Section 2.4.2 - Controlled Emissions, et al.

2.4.4.2 Controlled Emissions — Emissions from landfills are typically
controlled by installing a gas collection system, and combusting the collected
gas through the use of internal combustion engines, flares, or turbines. Gas
collection systems are not 100 percent efficient in collecting landfill gas, so
emissions of CH4 and NMOC at a landfill with a gas recovery system still
occur. To estimate confrolled emissions of CH4, NMOC, and other
constituents in landfill gas, the collection efficiency of the system must first be
estimated. Reported collection efficiencies typically range from 60 to 85
percent, with an average of 75 percent most commonly assumed.

In this calculation format, the greater degree of efficiency employed, the smaller
the radius of influence, and thus the well spacing, calculated.

With respect to the other parameters questioned above:

a.

LFG Generation Rate — This is the design flow rate as defined in Section 3
of the Evaluation and is greater than the greatest, projected LFG
generation rate for conservancy in design.

Refuse Density — 2009 estimated refuse density per 2009 Annual Report
Landfill Capacity Calculation (Attachment 12)

NSPS Collection Efficiency — 75% - average value per AP-42 (noted
previously)

MSW Design Capacity — Conversion of tonnage to megagrams (Tonnage
*0.907 Mg/ton)

MSW Design Volume — Conversion of tons to consumed volume
(Tonnage * 2,000 Ib/ton / Refuse Density)

The MSW Design Volume of 46.2 million cubic yards is approximately 6.4 million
cubic yards less than the total capacity potential noted of 52.6 million cubic
yards. This represents an offset of approximately 12% that is reserved for daily
and intermediate cover soil materials. A literature review indicates that waste:soil
ratios typically vary from 6:1 fo 3:1 (approximately 17% to 33%) are common.
Site records indicate a soil usage of approximately 15% to 20% over the past
several years. The use of a 12% allowance for soil is fairly aggressive and
provides a conservative estimate of total MSW placement and thus LFG
generation.
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Response to OEPA Comments Page 7
Design and Operational Evaluation

LFG Collection and Control System

Lorain County Landfill

Il. COMMENT TWO
KY-GAS ANALYSIS

Comment 2.1

Attachment 3 of the evaluation is titled: “KY-Gas Analysis, Lorain | and Lorain ||
Header Systems, (Final Development Conditions — 21,000 scfm flow)”. At the
bottom of the first page of the attachment, the text states: “...The design process
begins with development of the LFG flow rates for use in the program. The LFG
flow is determined from the USEPA LandGEM LFG model... The second step
involves evaluating the conceptual design of the LFG system to be installed...”
Ohio EPA has several comments. First, although the analysis presents a “flow”
column beginning on page 20, an explanation is requested as to the process for
utilizing the LandGEM flow data in this analysis.

Response 2.1

The “Flow” values noted as beginning on Page KYG-20 represent aggregate gas
flow rates through designated sections of piping. These values are nofed as + or
— depending upon which direction the gas is flowing in the piping and does not
denote flow added or subtracted at a given point.

The flow rates modeled for individual extraction points is shown beginning on
Page KYG-12, under the column denoted “DEMAND”. Each exiraction point has
a flow value assigned fo it for modeling purposes. For this analysis, the Lorain |
extraction wells were modeled with an average flow rate of approximately 14
scfm per well while the Lorain Il extraction wells were modeled with an average
flow rate of approximately 70 scfm per well. These values result in a total
modeled LFG extraction rate of 21,000 scfm — reflecting the design flow rate
defined under “Section 3 — LFG Reserves” of the Evaluation.

To determine the design flow rate or “DEMAND” for each well, the total rate of
LFG generation for each disposal area was averaged across the projected
number of extraction wells for that area, yielding average flow rates of
approximately 14 scfm per well for Lorain | and 70 scfm per well for Lorain Il

Comment 2.2

The second comment relates to the time frame in which the analysis was
performed. According to the cover page of Attachment Three, it indicates that a
flow of 21,000 scfm is used for final development conditions. Republic should
clarify if the current GCCS is adequate to convey the existing gas flow rate.
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Response to OEPA Comments Page 8
Design and Operational Evaluation

LFG Collection and Control System

Lorain County Landfill

Response 2.2

The loss analyses (KYGAS) presented in Attachment 3 of the Evaluation reflects
the Final Development conditions of the landfill as provided for in the NSPS
GCCS Design Plan. As the “current” conditions of a landfill are ever changing,
any analyses provided during an interim operational period needs to be viewed
specifically for that period in time.

An analysis of the current wellfield conditions as of July 1, 2012 has been
prepared and included as a subset of Attachment 3. The analysis of Final
Development conditions is now noted as Attachment 3.1, while the Analysis of
current conditions is noted as Attachment 3.2 of the revised Evaluation. The
current gas extraction rate is approximately 8,000 scfm. The analysis was
completed using a value of 8,800 scfm, or 110% of the monitored flow rate. This
analysis demonstrates that the current wellfield piping is adequate to convey gas
flow rates in excess of the current gas flow rate while providing available vacuum
in excess of 40 inches of water column (“wc) throughout the wellfield.

Copies of the revised Evaluation have been included as part of this submittal. Pages or
sections that have been modified are noted with a revision date of August 22, 2012. If you
have any questions or comments, or require additional information regarding this evaluation,
please do not hesitate to contact my office at (630) 633-5505 or via e-mail at
tom.bilgri{@cornerstoneeg.com.

Sincerely,

Cornerstone Environmental Group, LL.C

e L,

Thomas A. Bilgri, P.E.
Manager — LFG Engineering Services

Enclosure: ~ Modifications to the Design and Operational Evaluation

CC:

Carl Mussenden, OEPA-DMWM CO (w/encl)

Erik Bewley, OEPA-DAPC (w/encl)

Nicholas Bryan, Ohio AGO(w/encl)

Chris Jaquet & Rick Kostelnick (Site Operating Record — 3 copies)

XAPROJECTS\LORAIN\120479 - 2012 OEPA RTC\_PROJECT FILES\OEPA RTC 082212.docx

Last printed 8/22/2012 2:49:00 PM



DESIGN AND OPERATIONAL EVALUATION

LANDFILL GAS COLLECTION AND CONTROL
SYSTEM

LORAIN COUNTY LANDFILL
OBERLIN, OHIO

Prepared for

Lorain County Landfill II, LLC
43502 Oberlin-Elyria Road
Oberlin, Ohio 44074

Submitted March 2, 2007
Revised June 8§, 2007
Revised January 3, 2008
Revised February 26, 2010
Revised July 28, 2010
Revised August 22, 2012

Prepared by

CORNERSTONE

Environmental Group, LLC

400 Quadrangle Drive
Suite E
Bolingbrook, Illinois 60440

Project 120479



CONTENTS

1 INTRODUCTION.....ccccotiiirniinncncsnsnsnnsmsmnsnss s sssasssssesis s ssnsmssssssessnnnnssensnnsnns 1-1
2 EXISTING SITE CONDITIONS........... LY
2.1  Facility DescripPlion c..ciieisionsisiecerssssssnsssssssssisissasnsssssssssssssnimasasessasssssssasssanessnsssssassssasisasesssansaas 2-1
2.2 Landfill Cover SYStEI ..cuiiimreriensenssnssnessesssssisesessnsasssasorssnssisassscasssosssssrsssssessrassnssssensssasnesassnssas 2-2
2.3 Liquids Management SYSTEINS ...ciccciiniiarencsoninirensanssssasssnissssnisasassssesssssssisisessssssssssnsssssssisisosssansons 2-2
2.4 Gas Collection and Control SYStem ...cccuucecerirerscrssrssarossessaassssssssrssresesesensos 2-3
241 Wellfield COMPONENLS....ccccveriereir ettt ettt ene s s sas s s b s s sasnens 2-3

2.42  Vertical LFG EXtraction WellS....occooiiouiiiiiieiiieeint ettt een e et snene 2-4

2.4.3  Horizontal LFG Extraction Wells.........cooiimmnicricnincmse s 2-6

244 WEIINEAAS .....oevive ettt re st b et sber st e sr e e s R s r bR 2-7

2.4.5 Header and Lateral PIping........cccevrnvvecinimmnioni s 2-8

2.4.6  Lorain I Flare Station .....cccccioiiiiniinciniins i st ese s srsensnsssnnene 2-9

2.477  Lorain IT Flare Station ......ccccvceiieiisinciimneineicincin st esesassensenensesnnene 2-9

2.4.8  Electrical Generating Facility.........coovcrrrerierrrcrernrereenrreeceeceesnesr e ess s eesscnsesess 2-9

2.5 Gas Collection and Control System MoRItoring ......cccvsmisersnesiscnssannssnssenssncsniseniseesssasasssesenes 2-9

3 LFG RESERVES.........cooccimnirmriminninssisssssssesmsssssscs s s sns s sssssnssnsssssmssns s 31
3.1 LFG Model Development w31
3.2 Data Normalization........cccercncciscnnasisisirisencesssesasisasssanisans 3-8

4  CONCLUSIONS.......cottirmcasimnnntnnsnmmnseseesnssassasssssns e sssmsmsssssssssnssssssssusssnnnnes 4-1
4.1 LFG Treatment Capacity.....cccccceeerervnsccnsnsescsssssasssssnsnssaossssssssossessassasans 4-1
4.2 Header PIPINg.....ccocccnieiniiniricininiccninisinsnsssssencsanisnsnsssnsnsssnsnsstsessssssssssestsasasssssssssasesssssesarssnsanesns 4-5
42,1 Condensate Management.......cccvuerceerserererernrsssresseesserareersmessesseessnissessnesssesessessssasesssensessssnas 4-5

422 SIZING..oisirreerierereseisesstiesestsesr et sst s e et nr e e s s et n et e eE R e e en s nR s aren et an e e an e nens 4-5

4.3 Wellfield Coverage 4-7
4.4 Vacuum Regulation and Flow Control .........ccocrvermecirccnnisnnsensesnenesescsnsnsserssssessmsissssesans 4-8

5 RECOMMENDATIONS AND ACTIONS ........ccccimiimiminnircinsssscsisssssssnseens 5-1
XAPROJECTS\LORAIN\120479 - 2012 OEPA RTC\ PROJECT FILES\Lorain GCCS Evaluation 1201 -1.doex ii

CORNERSTQNE



CONTENTS (Continued)

6 LIMITATIONS ...t s e e 6-1

X:\PROJECTS\LORAIN\120479 - 2012 OEPA RTC\ PROJECT FILES\Lorain GCCS Evaluation 1201 -1.docx iii

@CORNERSTQNE



FIGURES

1 PP PR PUPPUPR REGIONAL LOCATION MAP, PAGE 2-1
2 TYPICAL VERTICAL LFG EXTRACTION WELL, PAGE 2-6
3 TYPICAL HORIZONTAL LFG EXTRACTION WELL, PAGE 2-7
4 e TYPICAL WELLHEAD ASSEMBLY, PAGE 2-8
B LFG GENERATION PROJECTIONS, PAGE 3-6
B LFG RECOVERY PROJECTIONS, PAGE 3-7
T o e RELATIVE TREATMENT CAPACITY, PAGE 4-2

8 ... RELATIVE LFG FLOW VERSUS ODOR COMPLAINTS- 4Q 2006, PAGE 4-3

XA\PROJECTS\LORAIN\120479 - 2012 OEPA RTC\ PROJECT FILES\Lorain GCCS Evaluation 1201 -1.docx

iv

@CORNERSTONE



Revised August 22, 2012

ATTACHMENTS

) I PSR FACILITY DEVELOPMENT PLANS
2 LANDFILL GAS GENERATION AND RECOVERY PROJECTIONS
K PP OTPP KY-GAS ANALYSES

3T KY-GAS ANALYSIS — FINAL DEVELOPMENT CONDITIONS

3.2 i, KY-GAS ANALYSIS - EXISTING WELLFIELD
G ODOR COMPLAINT LOG
D DIRECTOR’S CONDITIONAL APPROVAL
B DATA NORMALIZATION EXAMPLE
s OEPA WASTE RECEIPT RECORDS
8 USEPA LANDGEM VERSION 3.02 USER’S GUIDE
D VERTICAL WELL CONSTRUCTION SCHEDULE
10 LORAIN LANDFILL Il FINAL COVER PLAN
T CONDENSATE GENERATION PROJECTION
12 2009 LANDFILL CAPACITY CALCULATION
13 LANDGEM MODELING BACKGROUND
T4 RADIUS OF INFLUENCE CALCULATIONS

(APPENDIX A-2, GCCS DESIGN PLAN — UPDATED)

XAPROJECTS\LORATN\120479 - 2012 OEPA RTC\_PROJECT FILES\Lorain GCCS Evaluation 1201 -1.docx

v

@QORNERSTONE



Revised August 22,2012

DRAWINGS

(INCLUDED WITHIN ATTACHMENT 1 — FACILITY DEVELOPMENT PLANS)
EDI FACILITY

2 LORAIN | EXISTING CONDITIONS
3 e LORAIN 11 2012 GCCS — EXISTING CONDITIONS PLAN
G o LORAIN || GCCS FINAL DEVELOPMENT

XA\PROJECTS\LORAIN\120479 - 2012 OEPA RTC\ PROJECT FILES\Lorain GCCS Evaluation 1201 -1.docx

vi
@(w



Revised August 22,2012

1 INTRODUCTION

This document serves as an evaluation of the current site conditions and landfill gas
(LFG) collection and control potential for the Lorain County Landfill, Oberlin, Ohio.
The owner and operator of this facility, Lorain County Landfill II, LLC (Lorain County
Landfill), has authorized the Cornerstone Environmental Group, LLC (Cornerstone) to
prepare this evaluation in accordance with the Findings and Orders issued by the Ohio
EPA, dated December 5, 2006. Specifically, this evaluation addresses Order Number 7:

7. Respondent shall conduct a complete evaluation of the Facility’s explosive gas
extraction system to determine if it is adequate for controlling gas at the
Facility. Respondent shall provide the findings of this evaluation along with
all supporting documentation to Ohio EPA in writing within ninety (90) days
after the effective date of these orders.

The goals of the gas collection and control system are:

1.Maintain a safe working environment for the landfill operations personnel and
visitors to this facility;

2. Comply with regulatory restrictions, including ORC Chapter 3734, and the Federal
New Source Performance Standards (NSPS), and;

3. Maintain a “nuisance free” environment for the landfill’s immediate neighbors.

This evaluation is based upon records provided to Cornerstone by Lorain County Landfill
and observations of the facility by Comerstone personnel. The original DFFO Evaluation
was provided to OEPA on March 2, 2007, with subsequent revisions as requested by the
OEPA submitted on June 8, 2007, January 3, 2008, February 26, 2010 and July 28, 2010.
An updated GCCS Design Plan was submitted in accordance with the Federal NSPS on
January 27 2009 and revised November 17, 2010.

It is the professional opinion of Lorain County Landfill, IT, LLC that the Gas Collection
and Control System at the Lorain County Landfill is adequately designed to comply with
the applicable regulatory constraints and the DFFO. It is also the opinion of Lorain
County Landfill, I, LLC that the source of nuisance odors has been largely attributable to
operational issues which may be corrected with a more timely and pro-active
coordination between the gas-electric developer and the landfill operator. Steps to
address these issues have been taken, as well as discussed with OEPA DISWM and
DAPC and the Lorain County Health Department. The incidence of verifiable
complaints is significantly reduced from previous years and continues to decline as
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additional operational changes are implemented. The operational changes, including a
more frequent review of the sub-surface conditions of individual extraction wells and
differential settlement of header piping, are reviewed in greater detail within this
submittal.

XAPROJECTS\LORAIN\120479 - 2012 OEPA RTC\ PROJECT FILES\Lorain GCCS Evaluation 1201 -1.docx

1-2

@CORNERSTONE



2 EXISTING SITE CONDITIONS

2.1 Facility Description

The Lorain County Landfill is owned and operated by Lorain County Landfill II, LLC.
Located in north, central Ohio, the surrounding area is largely rural, with several
residences located within one-half mile of the landfill limits.
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Figure 1 - Regional Location Map

The landfill facility is comprised of two distinct waste disposal areas; Lorain I and Lorain
II. Lorain I is a closed disposal area, encompassing approximately 90 acres, which
operated from 1974 to 1984. This unit contains approximately 4.3 million tons of MSW.
Waste placement in the Lorain II disposal area began in 1985, and is expected to remain
in operation into approximately 2032, based upon the projected rates of waste intake (not
AMDWR) — 22.2 years of remaining life as of December 31, 2009. Lorain II has a total
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MSW design capacity of approximately 40.7 million tons and a permitted footprint of
approximately 269 acres. Of this area, approximately 190 acres have currently been
developed for waste disposal. As of December 31, 2009, it was estimated that
approximately 22,146,441 tons were remaining for waste placement, based on the 2009
compaction ratio.

The MSW Design Volume of 46.2 million cubic yards is approximately 6.4 million cubic
yards less than the total capacity potential noted of 52.6 million cubic yards. This
represents an offset of approximately 12% that is reserved for daily and intermediate
cover soil materials. A literature review indicates that waste:soil ratios typically vary
from 6:1 to 3:1 (approximately 17% to 33%) are common. Site records indicate a soil
usage of approximately 15% to 20% over the past several years. The use of a 12%
allowance for soil is fairly aggressive and provides a conservative estimate of total MSW
placement and thus LFG generation.

Both disposal areas accept(ed) waste from residential, commercial and non-liquid, non-
hazardous industrial sources. The landfill currently accepts MSW under PTI No. 02-
15346, approved April 4, 2003. LFG generation projections consider all incoming waste
as MSW for modeling purposes.

2.2 Landfill Cover System

The landfill cover installed in Lorain County Landfill I is constructed of compacted soils,
while the final cover design for Lorain County Landfill II will incorporate a composite
geosynthetic/low permeability soil barrier. The primary purpose of the final cover
system units is to preclude precipitation infiltration that would generate additional
leachate. Additionally, the final cover system design also provides a significant barrier to
LFG emission and air infiltration when combined with an active LFG collection and
control system (GCCS). The GCCS will provide components for collecting LFG or
relieving pressures from LFG from beneath the landfill covers.

The final cover has been installed over the entirety of the Lorain I disposal area.
Approximately 60 acres of final cover have been installed over the Lorain II disposal
area, resulting in approximately 130 acres under interim soil cover or undergoing active
waste placement at the present time. A site plan depicting the current extent of final
cover placement is included as Attachment 10.

2.3 Liquids Management Systems

Leachate management in both the Lorain I and Lorain II landfill areas is accomplished
through the use of an engineered leachate collection and management system (LCS).
Liquids are drained via gravity to select collection points and pumped via force main to a
centralized storage facility. Leachate from Lorain I is collected in tank near the Lorain I
flare facility and discharged to City of Oberlin gravity sewer system. Leachate from
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Lorain II is collected in above-ground storage tanks located near the Lorain II flare
facility and periodically trucked to the French Creek Township Waste Water Treatment
Plant (WWTP) The LCS is designed according to Subtitle D standards (40 CFR§257 and
§258) and is part of the Solid Waste Disposal Permit.

The Lorain I LCS is also supplemented by a series of pneumatic pumps installed in
vertical LFG extraction wells. Primarily utilizing QED Model AP-4 pumps, these
locations discharge to the centralized leachate storage facility via the force main system,
for subsequent disposal. There are 35 pumps installed in vertical extraction wells, as of
December 2006. Please refer to the May, 2007 Construction Certification Report
submitted by Brown and Caldwell under separate cover.

2.4 Gas Collection and Control System

Generally, landfill gas (LFQG) is extracted from the Lorain I and Lorain II landfills via the
landfill gas collection and control system (GCCS). All extracted LFG is transported to
central points where it is either destroyed via a flare or utilized as a fuel source for the
generation of electricity. The electrical generating facility is owned and operated by
Energy Developments, Inc. (EDI), based in Houston, TX.

LFG travels from the Lorain II well field via an 18”g HDPE common header to a point
near the EDI facility. It is combined with a 12"’ HDPE main from the Lorain I wellfield
and transferred into a 24”g HDPE header. This common 24”’¢ HDPE header transfers all
extracted LFG from both Lorain I and II to the EDI facility and/or a utility flare.

Please note Drawing No. 1 for a display of the EDI facility.
2.41 Wellfield Components

In 1996, an active LFG recovery system was installed at the Lorain I site. Vertical
extraction wells were drilled into the waste mass and the wells were interconnected via
buried, HDPE piping to an enclosed flare station (EF-1) located at the southern end of the
Lorain I disposal area. The Lorain I GCCS currently includes approximately seventy-two
(72) vertical extraction wells. Please reference Drawing No. 2 for the extent of the
current Lorain [ GCCS.

The Lorain II GCCS construction was initiated in 1995, and continued progressively as
fill placement advanced. The GCCS generally consists of approximately one hundred,
forty-four (144) extraction wells, approximately four thousand, one hundred (4,100)
lineal feet of horizontal LFG collectors and a below ground header network. In general,
the header network is comprised of an 18”¢ HDPE main along the western slope and a
portion of the northern slope, a 24”’¢ HDPE main along the southern and eastern slopes of
the disposal area.
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The vertical collectors are staged across the majority of the existing waste mass, while
the horizontal collectors are generally limited to the southeastern portion of the disposal
area. The wells were interconnected via buried, HDPE piping to the LFG control
facilities.

Please reference Drawing No. 3 for the extent of the current Lorain II GCCS.

The current LFG control components include an enclosed flare in the southeastern
portion of Lorain I Landfill, the power generating facility that accepts LFG from both
Lorain I and II Landfills located east of Lorain I and southwest of Lorain II and two
enclosed flares east of the Lorain II Landfill footprint, adjacent to the leachate storage
facility. A utility flare that was previously utilized by EDI is still in place at the power
generating facility, but is disconnected from the GCCS and currently inoperable. It is not
anticipated that this flare will be made operational in the future and that it will eventually
be removed from the facility.

2.4.2 Vertical LFG Extraction Wells

Lorain I landfill gas wells have been installed on a spacing of approximately 200 feet to
350 feet. Wells on the Lorain II Landfill are spaced at a frequency of approximately 200
feet to 250 feet. The wells generally consist of 36” diameter borings through the waste
mass, to within approximately 10 feet of the top of the landfill base grade. A perforated
vertical casing, generally 6”g HDPE or PVC piping, is installed within the boring, to
allow the extraction of LFG, and the perforated section is backfilled with a low-carbonate
washed stone. The backfill stone nominally ranges in size from approximately 1-inch to
3-inches in diameter.

The design for the Lorain II well spacings are approximately 215 feet to 240 feet under
Final Development conditions. These calculations were originally provided as part of the
November 2010 GCCS Design Plan, (Table A-2) prepared in accordance with NSPS and
DAPC requirements. The calculations have been expanded to incorporate a greater range
of potential well construction and are included in Attachment 14 of the Evaluation.

A number of methodologies have been utilized within the LFG industry for purposes of
well spacing approximation. Both of these methods have been utilized extensively
throughout the world since their publication. They are utilized because they provide
representative results over a range of operating and climactic conditions.

The EMCON Methodology was presented in Methane Generation and Recovery From
Landfills, page 81, EMCON Associates, 1982. This methodology was the first
commercial Radius of Influence calculation published and was the definitive method for
determining this design component until the development of the MSW Landfill NSPS.

The NSPS Methodology was initially presented in Air Emissions from Municipal Solid
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Waste Landfills — Background Information for Proposed Standards and Guidelines,
Appendix G, Theoretical Collection System Design, EPA-450/3-90-011a, March, 1991.
This is the only desktop calculation methodology for determining the “radius of
influence” for LFG extraction wells provided by the USEPA as part of the MSW Landfill
NSPS.

The EMCON Methodology generally provides a slightly more conservative value than
the NSPS Methodology, i.e. a smaller projected radius of influence and thus a tighter well
spacing. This, in turn, provides a more conservative design basis.

As well depths and the corresponding design rate of LFG extraction, increase, the
projected radius of influence for an extraction well increases. Beyond the depths
presented in the noted calculations, the projected radius of influence exceeds the design
and actual well spacing of the Lorain II wellfield. This indicates a conservative method
of wellfield design, especially for relatively deeper extraction well installations.

Well spacing guidelines are presented in Table 5-1, Summary of Suggested Collector
Density, Training Course for Landfill Gas NSPS/EG Regulatory Personnel to Review
GCCS Design Submittals, North Carolina State University, September, 1998. The well
spacings proposed by the North Carolina State University document reflects a frequency
of approximately 300 feet in wet, post-Subtitle D landfills. This reference most closely
approximates the conditions present at the Lorain County Landfill.

Table 5-1
Summary of Suggested Collector Density

| ** Type of La;n-(iﬁ_ll Conditions ol Apprﬁx. Spacing of Vertical Collectors (weii_s?“
Migration control for adjacent structures 100’ to 200"
Migration control for deep vadose zone 200" to 3007 ]
Post Subtitle D wet waste 250’ to 300°
Post Subtitle D dry waste 350° t0 400" o |
Post Subtitte D horizontal collectors 307 to 50 vertically and 150" to 300 horizontally

*Use the lower value in wel waste or critical areas
*¥Refer to Section 5.1 for a complete description

The top +/- 20 feet of the casing is comprised of solid casing pipe and backfilled with
low-permeability on-site soils and bentonitic clays. This configuration serves to prevent
the infiltration of surface water and ambient air during the LFG extraction process, as
well as to mitigate the potential for uncontrolled LFG emissions. Wells located in areas
of composite final cap are also booted to the final cap geomembrane using mechanical
clamps, to further mitigate the potential for air intrusion or uncontrolled LFG emissions.
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Figure 2 — Typical Vertical LFG Extraction Well

2.4.3 Horizontal LFG Extraction Wells

Horizontal LFG extraction wells have not been installed on the Lorain I disposal area.
Horizontal LFG extraction wells have been installed on the Lorain II disposal area as an
interim control measure, in areas that have not yet reached final waste placement grades.
These wells are spaced at a frequency of approximately 200 feet to 250 feet. The wells
generally consist of 36” wide trenches excavated through the waste mass, to a length of
up to 300 feet. A perforated casing, generally 6”¢g HDPE or PVC piping, is installed

X\PROJECTS\LORAIN\120479 - 2012 OEPA RTC\ PROJECT FILES\Lorain GCCS Evaluation 1201 -1.docx

2-6
ERSTONE

Geon

Land Suyvering.



within the excavation, to allow the extraction of LFG, and the perforated section is
backfilled with a low-carbonate washed stone. The backfill stone nominally ranges in
size from approximately 1-inch to 3-inches in diameter.

The outer 50 feet to 100 feet of the casing is comprised of solid casing pipe and
backfilled with low-permeability on-site soils and bentonitic clays. This configuration
serves to prevent the infiltration of surface water and ambient air during the LFG
extraction process, as well as to mitigate the potential for uncontrolled LFG emissions.
Wells located in areas of composite final cap are also booted to the final cap
geomembrane using mechanical clamps, to further mitigate the potential for air intrusion
or uncontrolled LFG emissions.

The existing horizontal gas collectors (HGCs) will be decommissioned as they cease to
be productive gas extraction components. The HGCs are planned to be ultimately
replaced with vertical extraction wells throughout the entire footprint of the disposal area,
however the HGCs may be operated in concert with the vertical well system as long as
they are productive. Currently, HGCs 16 and 17 are connected to the GCCS and being
used for LFG extraction. The balance of the HGCs have been decommissioned and
sealed against ambient air intrusion. HGCs 16 and 17 will continue to be utilized as long
as they are viable gas collectors — they will then be decommissioned and the OEPA and
Health Department notified accordingly.

Lorain County Landfill may elect to utilize HGCs as an interim LFG collector at a future
date, depending upon the need for LFG collection and the topography of the waste mass
at the time.
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Figure 3 - Typical Horizontal LFG Extraction Well
2.4.4 Wellheads

In order to regulate the application of vacuum to the extraction wells and the flow of LFG
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from the extraction wells to the LFG control facilities, each of the extraction wells are
fitted with wellheads. These wellheads utilize a flow control valve and possess fittings to
accommodate liquid level, gas quality and vacuum application readings. Each wellhead
is pre-fabricated by Landtec (Colton, CA) or is of comparable composition.
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Figure 4 — Typical Wellhead Assembly

2.4.5 Header and Lateral Piping

The existing header and lateral piping consists generally of an HDPE main header
ranging in size from 24”@ to 8”@, with 6”’¢ HDPE laterals. The piping allows vacuum
developed by the blower at the LFG control facilities to be directed to the individual
extraction wells and provides a means for the extracted LFG to be transported to the LFG
control facilities for combustion. The piping is installed on an engineered gradient, to
allow condensate formed during the extraction process to be managed at engineered low
points within the GCCS.

HDPE piping is the sole material used for buried header and lateral piping components
with the GCCS, with the exception of steel or ductile iron mechanical fasteners (i.e.
backup rings for flanges, bolts, nuts, washers, etc.). Additional materials may be used for
gas transport in and around the control devices; however these areas are not subject to
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differential settlement as they are outside the limits of waste placement.
2.4.6 Lorain | Flare Station

The Lorain I flare station includes a moisture separator, centrifugal blower, enclosed
flare, valves and ancillary components. The Lorain I flare system has a nominal capacity
0f 2,000 scfm and sufficient vacuum capacity to exert 30 inches of water column (30*wc)
vacuum on the wellfield.

This facility is located to the south to the Lorain I footprint.
2.4.7 Lorain |l Flare Station

The Lorain II flare facility is located to the east of the Lorain II footprint. This facility
currently consists of two (2) 5,500 scfm enclosed flares. The flare systems feature a fail-
closed valve, a main condensate knockout, a flow meter, and a control valve for each
blower for each of the flare systems. The blowers are multi-stage centrifugal LFG
blowers with 460 VAC, three phase motors, and the capability of generating 60” w.c.
inlet vacuum and 15” w.c. discharge pressure.

The utility flare that was previously in operation at this location, under a Director’s
Environmentally Beneficial Exemption, is no longer in service.

2.4.8 Electrical Generating Facility

A LFG-electric generating facility is owned and operated by a third party (EDI) at the
landfill. This facility utilizes approximately 3,680 scfm of LFG to generate electricity via
six (6) internal combustion engine generators.

The supplemental utility flare that was previously in operation at this location is no
longer in service.

2.5 Gas Collection and Control System Monitoring

GCCS monitoring is conducted on a regular basis by EDI personnel. EDI maintains a
permanent staff at the landfill, to operate and maintain the electrical generating facility as
well as the wellfield components. Wellfield components and ancillary systems, including
wellheads, blowers, compressors, and condensate management systems, are typically
inspected for damage or malfunction on a daily basis, and key systems such as engine and
flare operation are automatically monitored with remote sensing and notification systems.

EDI also provides a monthly summary report on wellfield and generating facility
operations to the Lorain Landfill, in addition to maintaining operational logs under the
site’s Startup, Shutdown and Malfunction (SSM) Plan — required pursuant to the
Maximum Achievable Control Technology (MACT) standards for Municipal Solid
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Waste Landfills.
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3 LFG RESERVES

3.1 LFG Model Development

The LFG model projection (USEPA LandGEM v3.02) indicates a substantial potential
for LFG generation and recovery throughout the projected life of the disposal area. The
specific details of the LFG modeling projection are presented herein.

The content of the waste stream can be a large factor in determining the rate of LFG
generation. This model projection incorporates only the municipal solid waste (MSW)
portion of the waste stream.

The site location in north central Ohio reflects a fairly high rate of annual precipitation —
35 inches per year (889 mm per year). The climactic factors indicate that a relatively
high degree of moisture is being naturally applied to the waste mass. This degree of
moisture indicates a relatively rapid rate of waste decomposition, though not as rapid as
would be noted in a more temperate climate condition.

A moderately-rapid decomposition rate creates a larger volume of gas generation during
the operating phase of the landfill than would a facility with less moisture in the waste
mass. However, since more of the organic material is decomposed prior to closure, less
organic material, and thus a lower rate of gas generation, is present after site closure.
This rate of relative growth and decay can be visualized on the attached LFG generation
and recovery curve.

Historical and future MSW acceptance rates, through the projected site closure in 2032,
have been projected by Lorain County Landfill. Future growth in waste intake, beyond
2009, is projected to remain relatively static through closure, at a rate of approximately
997,586.tons per year (22,146,441 tons over a period of approximately 22.2 years).

It is understood that the wellfield will be extended as waste placement proceeds and
interim fill elevations sufficient for the installation of additional LFG collectors are
achieved.

The LFG generation and recovery model projections reflect the currently permitted
disposal area and status of operations, and provides a long-term view of future LFG
generation and recovery potentials.

Landfill gas generation projections have been made utilizing the USEPA’s Landfill Gas
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Emission Model (LandGEM) V3.02. LandGEM is based on a first-order decomposition
rate equation for quantifying emissions from the decomposition of land filled waste in
municipal solid waste (MSW) landfills. The software provides a relatively simple
approach to estimating landfill gas emissions. Model defaults are based on empirical data
from U.S. landfills. 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
other guidance regarding landfill gas emissions and control technology requirements can
be found at http:// www.epa.gov/ttnatw01/landfill/landflpg.html.

n 1 M
— i —kty;
First Order Decomposition Rate Equation QCH4 - Z Z kL0|: 1 OI :|(e ])

i=1 j=0.1
Where:

® Qcns = annual methane generation in the year of the calculation (m”/year)

e i=l-year time increment e M, =mass of waste accepted in the i*
year (Mg)
* n = (year of the calculation) — (initial e t;=ageofthe j™ section of waste mass
year of waste acceptance) M; accepted in the i year (decimal
years, e.g., 3.2 years)
e j=0.1-year time increment e L, = potential methane generation
capacity (m’/Mg)

e k =methane generation rate (year™)

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 recirculation or other liquid
additions, will result in generating more gas at a faster rate.

There are two variables within this equation — &k and L. These factors vary based upon
refuse types and the moisture of the waste mass. The USEPA provides the following
guidance on these factors in their Compilation of Air Pollutant Emission Factors, Section

2.4 (AP-42):
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Scenario k value Lo value

o NSPS Compliance 0.05/yr 170 m’/Mg
e Typical Landfills 0.04/yr 100 m*/Mg
o Arid Landfills 0.02/yr 100 m*/Mg

Note: Arid Sites are considered those receiving less than 635 mm/year
(25/yr) of precipitation.

Based upon the characteristics of the local waste mass, and experience at similar facilities
in comparable climactic areas of the United States, values of k=0.07/year and L~
140m’/Mg were utilized for the LFG generation projections. These values represent the
overall methane yield to be expected from a disposal facility in this area and correspond
to the actual rate of recovery observed. This also provides a more conservative estimate
of3 LFG generation than would the use of the default values of £=0.04/year and Ly~ 100
m’/Mg.

Another mechanism used to more accurately reflect the actual field conditions
experienced at a specific landfill is to “factor” the results of the AP-42 projections to
accommodate site-specific conditions. In the case of the Lorain County Landfill, a factor
of 175% of the AP-42 projected values is reflective of actual field conditions. The use of
175% of the AP-42 based projection provides a greater peak rate of LFG generation than
does the projection utilizing values of “k=0.07 / yr” and “Lo = 140 m® / Mg” — i.e. the
revised projection is more conservative since it requires the GCCS to be designed for a
greater flow rate.

The values provided by the utilizing 175% of the AP-42 projection were established
during the process of permitting the expanded control system for the GCCS with the
OEPA DAPC-NEDO, specifically with Mr. Joe Loucek. The final permit to install the
5,500 scfm enclosed flare (existing) and subsequent flares was issued on October 8, 2008.
This rationale was developed as the most applicable and appropriate means to determine
that the site maintained sufficient control capacity in order to maintain its compliance
obligations.

The LFG modeling information provided by Lorain County Landfill II, LLC is consistent
with the information provide in the October 15, 2007 Enclosed Flare PTI Application and
subsequent October 8, 2008 PTI Approval. This model was developed specifically for
the Lorain County Landfill by reviewing actual operational data for the GCCS (provided
by Lorain County Landfill II, LLC and EDI) and modifying the LandGEM input
parameters accordingly to fit the observed data. As previously discussed, the use of the
standard AP-42 factors (k=0.04/year and L¢=100 m>/Mg) significantly under-predicts the
volume of LFG generation versus the observed rate of recovery. This feature is likely
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due to the noted leachate recirculation that was previously employed at the facility
(between 2002 and 2005) and the general rate of precipitation received in the local area.
Please note that recirculation activities ceased in 2005 and are not planned for any future
period at this facility.

In order to more accurately represent the conditions of the site, two modeling
mechanisms have been employed:

e Adjust the k and L factors, or
o Utilize the standard AP-42 k and L factors and apply a “factor” to the results.

Both mechanisms have been developed for the Lorain County Landfill, providing
comparable short-term and long-term results. The observed recovery rates represent
approximately 75% of the projected rate of LFG generation. As noted in Attachment 2 of
the submittal, actual recovery data has been compared to the projected rates of generation
and recovery from 2002 through 2010.

At issue is the “adequacy” of the modeling projections in accounting for the current and
future rates of LFG generation, which subsequently drive the “sizing” of the individual
system components. The peak rate of generation is projected to be between
approximately 16,200 scfm and 17,500 scfm, regardless of which of the noted calculation
methods is applied to LandGEM. Based upon these projections, and a “typical” extraction
efficiency of 75%, the facility should anticipate a peak rate of recovery of about 14,704
scfm. The gas collection and control systems have been sized for a flow rate of 21,000
scfm — a rate approximately 8% higher than the projected peak rate of generation and
44% higher than the projected peak rate of recovery.

The applicability of these projections has previously been confirmed by the OEPA
Division of Air Pollution Control, both in a March 27, 2008 letter from Joe Loucek
(OEPA —- DAPC) to Chris Jaquet (BFIO) in which Mr. Loucek stated “I think we have
adequately addressed the future emissions from both the flare and the diesel engines” and
the issuance of Permit Number 02-22821 (October 8, 2008) based upon the noted LFG
generation and recovery projections. Excerpts from these documents are included in
Attachment 13 of this submittal, including:

March 27, 2008 letter from DAPC-CO referenced above

March 28, 2008 Email from DSIWM-NEDO deferring to DAPC-CO for the
resolution of LandGEM projections

October 2007 Enclosed Flare PTI Application

Graphic showing that the proposed modeling approach (175% of the AP-42
default value projection) provides a more conservative design basis than utilizing
previous values.

XAPROJECTS\LORAIN\120479 - 2012 OEPA RTC\ PROJECT FILES\Lorain GCCS Evaluation 1201 -1.docx

3-4

@CORNERSTONE



Considering that the LFG modeling is driven by recent historical operations, i.e. a period
of time that was impacted by leachate recirculation, and that recirculation is no longer
occurring, the long-term LFG generation projections are anticipated to be in excess
of what will be realized by the facility. This mechanism leads to a gas collection and
control system that is over-designed from a capacity perspective.

Lorain County Landfill II, LLC is committed to maintaining the capacity to effectively
manage the projected rate of LFG generation, as evidenced by the installation of blower
and flare capacity that is redundant to the usage capacity of the EDI facilities. Lorain
County Landfill II, LLC will continue to monitor the actual recovery of LFG versus the
projected generation and recovery rates, to insure that their long-term extraction and
treatment obligations are being met.

The LFG recovery potential is estimated, based upon knowledge of current wellfield
construction and operations, the condition of the landfill cover and reviews of data
regarding leachate levels within the waste mass. The anticipated recovery efficiency of
Lorain I is projected at 90%, considering the placement of final cover and the lack of
surface emissions above the NSPS thresholds. The anticipated recovery efficiency of
Lorain II during active GCCS operations, i.e. from system start-up through closure, is
estimated to be in the range between 75% and 90%, depending upon the extent of final
cover and GCCS construction progression. An October 2007 report prepared for the
Solid Waste Association of North America (SWANA) indicates an average recovery
efficiency of approximately 91% for sites with clay or geomembrane covers.

Based upon these parameters, the following projections of LFG generation and recovery
can be made:
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Environmental Group, LLC

Lorain County Landfill
Landfill Gas Generation Potential - Comparison of Modeling Parameters
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Figure 5 — LFG Generation Projections
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Enviroomental Group, LLC

Lorain County Landfill
Landfill Gas Recovery Potential - Comparison of Modeling Parameters
20,000
18,000
16,000
1%
14,000 e ‘.
- *
'E ....-. . %
§ 12000 —y —, -
ﬁ /
%, 10,000 < \
g s
2 8,000
o
[
e (
b oo N
4,000
2,000
g
LI o o o o i e T v T
666?566@6688888838883838
F I8 B 888 8B E 2R Y90 a0 NBREE LGS
Year
~—— DFFO Evaluati M d R Y @50% CHA  ~emrere GCCS Design |

Figure 6 — LFG Recovery Projections

Notes: 1. Refuse intake rates and characteristics provided by Lorain County Landfill staff.

2. Please note that these models, like any other mathematical projection, should be used only as
a tool, and not an absolute declaration of the rate of LFG generation. Fluctuations in the
rate and types of incoming waste, site operating conditions, refuse moisture and
temperature may provide substantial variations in the actual rates of LFG generation and
recovery.

Because the site consists of two segregated fill areas, two LandGEM runs were
performed for each modeling scenario to assess the LFG generation rates at the facility.
These two runs were compiled to create a projection for the facility as a whole. For
comparative purposes, LandGEM projections for both Lorain I and Lorain II were
prepared using values of k=0.07 / yr and L= 140 m®>/ Mg and AP-42 values (k=0.04 /
yr and Lo = 100 m® / Mg) — factored at 175%. A tabular comparison of the modeling
results, as well as the four LandGEM projections, are included in Attachment 2 of this
submittal.

Combining the LFG flows from both disposal areas, it is anticipated that approximately
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12,098 scfm will be generated in 2010, with an anticipated recovery rate of
approximately 9,238 scfm. The projected generation rate for 2009 was approximately
11,718 scfm with a projected recovery rate of approximately 8,960 scfin. The December
2009 LFG recovery rate was approximately 9,481 scfm, or 81% of the anticipated
generation rate Considering that the LandGEM projections assume “end of year” values,
the rate of actual LFG recovery compares well with the anticipated availability of fuel.
Note that all LFG flow data is normalized to a methane quality of 50% by volume for
comparison purposes.

3.2 Data Normalization

The “normalization” of data to a common standard is a common practice in the LFG
industry. It allows a valid comparison of different data sets by converting them to a
common value — rather analogous to utilizing the lowest common denominator when
comparing fractions — and does not result in an underestimate of LFG generation or
recovery values.

Data is generally normalized to a value of 50% methane (by volume) for comparative
purposes. This is also the default concentration used by LandGEM. Normalizing flow
data to a common methane content is analogous to converting all of the data into a
thermal basis, such as BTU per minute. Either way, a common basis is developed.

A set of example calculations has been provided as Attachment 6 of this evaluation. The
calculations demonstrate the equivalence of two flow streams on a heating value basis:

1. 1,000 scfm @ 60% methane, and
2. 1,200 scfm @ 50% methane.

Both of these flow streams have and equivalent heating value of 608,400 BTU per
minute. By using the normalized value for design purposes, the system is actually

designed for a higher “volume” of flow, creating a more conservative approach.

Landfill gas generation projections are provided in Attachment 2.
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4 CONCLUSIONS

The evaluation of the Lorain County Landfill and the existing GCCS provides a basis for
the development of the proposed GCCS components and beneficial-use facilities. The
following sections outline measures to be taken in order to effectively develop the
proposed facilities in a comprehensive and cost-effective manner.

4.1 LFG Treatment Capacity

The LFG generation and recovery projections presented in Section 3 of this report
indicate a projected 2010 generation rate of approximately 12,100 scfimn and a
corresponding recovery rate of approximately 9,238 scfm. The current LFG flaring
components are sized for approximately 13,000 scfm:

o 2,000 scfim enclosed flare at Lorain I
e (2)5,500 scfm enclosed flares on the east end of the Lorain II disposal area.

The previously installed 3,000 scfm utility flare on the east end of Lorain IT was removed
upon the installation of the first 6,000 scfm enclosed flare. Please reference Figure 6 for
the projection of LFG recovery rates and Figure 7 for a comparison of LFG treatment
capacity versus projected LFG recovery rates.

There is also a supplemental 3,000 scfm utility flare previous in operation at the EDI
compound. This device is no longer in service.

Prior to the approval of the 2008 PTI for, and subsequent installation of, the enclosed
flares, if a portion of the EDI facility dropped off-line, or if one of the flares was taken
out of service for maintenance, the Lorain Landfill may not have had sufficient capacity
to mitigate odors related to LFG generation. This phenomenon was observed during the
fourth quarter of 2006 (see Figure 8). The timing of odor complaints was compared to
the rate of LFG extraction. It was observed that the majority of the odor complaints
coincided with drops in total GCCS flow rates.

This issue has been resolved with the installation of the two enclosed flares to provide
redundant treatment capacity. The installation of the two, 5,500 scfm enclosed flares has
addressed the issue of “Treatment Capacity”. This installation, along with the companion
blowers and wellfield piping that feeds gas to the flares, provides the Landfill with the
ability to treat the anticipated volume of LFG available from the wellfield.
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The installation of the flares and ancillary components does not in and of itself provide
for the mitigation of LFG-related odors. However, the lack of these components, or in-
kind treatment devices, was a definitive issue in previous years since the Landfill did not
have the ability to combust additional LFG, regardless of how much gas was being
generated or extracted. This was the impetus for the previous installation of a temporary
utility flare and the subsequent installation of the two enclosed flares at Lorain II.
Additionally, an Odor Complaint Log is being maintained by the site, documenting the
date, time and location of odors, as well as the operational conditions of the GCCS, utility
outages, relative weather conditions and the response to the complaint. A copy of the
current template for the Odor Complaint Log is included as Attachment 4.
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Enviroamental Group, LLC

Lorain County Landfill
Landfill Gas Recavery Potential vs Current Treatment Capacity
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Figure 7 — Relative Treatment Capacity
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Lorain County Landfill
GCCS Flow Rate Summary

4Q 2006 - Summary
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Figure 8 — Relative LFG Flow versus Odor Complaints
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A review of operating data for these time periods provides the following review of
operational conditions:

Odor Complaint

Date Log Number

Operating Notations

Seven engines on-line 7 am to 11 pm (% hr shut-down) and
miscellaneous faults during day. Maximum of three engines
12/7/06 No Complaint were off line 11 pm to 7 am for maintenance. Lorain I flare
flow increased. Lorain II flare off-line — restarted and previous
flow rate re-established.

Seven engines on-line 7 am to 11 pm (engine #3 off-line three
times for approximately 1.5 hours total). Full station off-line for
approximately 30 minutes due to loss of main breakers. Lorain I
flare flow increased. Lorain II flare flow increased.

12/11/06 Log No. 14

Eight engines on-line 7 am to 11 pm. Rotating engine shutdown
for scheduled maintenance 11 pm to 7 am. Lorain I flare off-
line. Lorain II flare flow increased. Interim utility flare flow
increased.

12/22/06 Log No. 15

Seven engines off-line most of the day. Rotating engine
shutdown for scheduled maintenance 11 pm to 7 am. Lorain I
flare off-line. Lorain II flare flow increased. Interim utility
flare flow increased.

12/25/06 LogNo. 16

Eight engines on-line 7 am to 11 pm (%2 hour shutdowns on
engines 3, 4 and 6). Rotating engine shutdown for scheduled
12/28/06 Log No. 17 maintenance 11 pm to 7 am. Lorain I flare off-line. Lorain II
flare off-line. Both restarted. Interim utility flare flow
increased.

Seven engines on-line 7 am to 11 pm (% hour shutdown for
engine #4 and two ' hour shutdowns for engine #6). Rotating
12/29/06 Log No. 17 engine shutdown for scheduled maintenance 11 pm to 7 am.
Lorain I flare flow maintained. Lorain II flare flow increased.
Interim utility flare flow increased.

Seven engines on-line 7 am to 11 pm (% hour shutdown for
engine #6). Rotating engine shutdown for scheduled
12/30/06 Log No. 17 maintenance 11 pm to 7 am. Lorain I flare flow maintained.
Lorain II flare flow increased. Interim utility flare flow
increased.

A more review of more recent complaints (January-June, 2010) indicates that the majority
of recent complaints related to gas are due to on-going construction at the landfill, such as
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the installation of new or replacement wells or maintenance of wellheads and other
components. Refer to Attachment 4. Many of the noted complaints could not be verified
by an inspection conducted within 10-30 minutes of the receipt of the complaint. As such,
it is difficult to qualify the source of the reported odors.

4.2 Header Piping
4.2.1 Condensate Management

All proposed header and lateral piping installed within the footprint of the disposal area is
designed to promote positive drainage of condensate and reduce the potential effects of
differential settlement. LFG piping grades are maximized where practical to reduce the
impact of differential settlement and promote positive condensate drainage.

GCCS header and lateral piping is installed to slope towards engineered low points, for the
systematic removal of condensate. Installations within the limits of waste placement are
subject to the differential settlement of the waste mass while installations outside the
limits of waste mass are relatively stable since they are constructed within engineered fill
and native strata. Header and lateral piping installed within the limits of waste placement
will eventually experience differential settlement in excess of the installed slope of the
piping, in select locations.

These locations are, however, impossible to identify beforehand due to the heterogeneous
nature of the waste mass and differing rates of waste decomposition. The piping will be
excavated and re-pitched, or replaced, in the event that operational issues such as surging
of vacuums are detected. There is no methodology available to insure permanent pitch to
pipelines installed within decomposable strata.

The estimated value of 8,075 gallons per day of condensate formation is projected at a
conservative rate of 20,000 scfm, in excess of the peak LFG generation rate of 19,478
scfm. This reflects an average condensate generation rate of 5.6 gallons per minute.
Under the final development conditions of the GCCS, there are approximately 15
condensate sumps (pump stations) that directly drain the header system (these do not
include the sumps in the blower inlet lines), each with a storage capacity in excess of 100
gallons. Each sump is designed to utilize a pneumatic pump, such as a QED Model AP-4,
with a minimum pumping capacity of 2 gallons per minute. Under these conditions, the
condensate management system should be capable of collecting and evacuating the liquids
to the leachate management system at a rate of at least 30 gallons per minute or 43,200
gallons per day. Projected condensate generation rates are provided as Attachment 11.

4.2.2 Sizing

The piping system should be sized to accommodate the anticipated LFG extraction rates,
with allowances for future expansion of the GCCS. However, in the process of expanding
and developing the disposal area, existing GCCS components may be utilized “as-is”, as
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Revised August 22,2012

opposed to the replacement of entire sections of header piping. This is especially true of
the Lorain II header system. The original point of vacuum application was the northern
side of the Lorain II disposal area. As such, the original header piping design graduated
the size of the header piping as the piping moved away from the vacuum source. When
the EDI facility was installed, the original flare installation was also moved to the
southwestern corner of the Lorain II disposal area — effectively reversing the flow of LFG
through several sections of the header system.

An evaluation of the existing header system was conducted by Cornerstone, utilizing the
KY-GAS computer simulation - a program that evaluates pressure/vacuum distribution
systems by means of the Darcy-Weisbach Equation. The original (2007) evaluation
confirmed that the Lorain II header system, as configured, was not adequately sized for
the present and anticipated LFG recovery rates at that time .

The Lorain I header system was determined to be sized adequately, based upon currently
projected LFG recovery rates and the configuration of the piping system. The LFG
generation rate in Lorain I is markedly on the decline, from its peak rate of production
circa 1985. As such, no further capacity increases are anticipated to be required for this
portion of the facility.

As part of the DFFO efforts, the Lorain I header system was redesigned to provide
greater surety of vacuum distribution. This redesign was presented as part of the January
2009 GCCS Design Plan submittal to OEPA, and includes the following attributes:

o The frictional head loss analysis is provided in Attachment 3.1 of this submittal.

o The Lorain II header and lateral system has been sized to accommodate
approximately 21,000 scfm of LFG extraction under final development conditions,
including the LFG flow from both the Lorain I and Lorain I disposal areas. In the
event that the EDI facility and Lorain I enclosed flare were no longer in operation,
or in their present locations, all LFG from the combined facility could be
transported to the area east of the Lorain II footprint, where the (2) 5,500 scfm
enclosed flares are presently located.

® A summary of the minimum and maximum velocities, frictional loss and pressures
are provided on page KYG-38. This page also denotes the design flow rate of the
system in its final development configuration — 21,000 scfm — labeled as ‘“Net
System Demand (USFU).

e The following information is provided on page KYG-3 of the head loss analysis,
for informational purposes:

o USER SPECIFIED FLOW UNITS (USFU) = SCF/MIN (STANDARD
CUBIC FEET PER MINUTE)
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o USER SPECIFIED PRESSURE UNITS (USPU) = INCHES OF WATER
(GAUGE)

e The relationship between counter-current and con-current flow conditions and the
relative velocity through a specific section of header piping must be made by
comparing the KYGAS output files to the topographic site plan. KYGAS does not
discriminate between the flow conditions — it is a manual comparison. To aid in
this comparison, graphical representations of the KYGAS analysis results are
provided on pages KYG-39 through KYG-42.

e Considering the design vacuum application of 60 inches of water column at the
blowers and the resultant available vacuum, per KYGAS, of 27.78 inches of water
column, the net pressure drop is 32.22 inches of water column (gauge). This
would occur near well W33 (Node J-88) in the Lorain I wellfield. The minimum
vacuum availability in the Lorain II wellfield would occur near well 62R (Node J-
189)

® Questions regarding individual piping sections must be addressed on a specific
basis upon request.

An analysis of the current wellfield conditions as of July 1, 2012 has been prepared
and included as a subset of Attachment 3. The analysis of Final Development
conditions is now noted as Attachment 3.1, while the Analysis of current conditions is
noted as Attachment 3.2 of the revised Evaluation. The current gas extraction rate is
approximately 8,000 scfm. The analysis was completed using a value of 8,800 scfim, or
110% of the monitored flow rate. This analysis demonstrates that the current wellfield
piping is adequate to convey gas flow rates in excess of the current gas flow rate while
providing available vacuum in excess of 40 inches of water column (“w.c) throughout
the wellfield, with a vacuum application of approximately 60 inches of water column
at the blower facility.

4.3 Wellfield Coverage

The coverage of the extraction wells meets the regulatory requirements of the OAC and
Federal NSPS regulations. Surface emissions monitoring, as reported to the OEPA, has
demonstrated that the extent of extraction points is sufficient to achieve regulatory
compliance with respect to surficial emissions.

The well spacings, per the January 2009 GCCS Design Plan, are approximately 215 feet to
240 feet under Final Development conditions. The well spacings proposed by the North
Carolina State University document reflects a frequency of approximately 300 feet in wet,
post-Subtitle D landfills. This reference most closely approximates the conditions present
at the Lorain County Landfill.

X\PROJECTS\LORAIN\I20479 - 2012 OEPA RTC\ PROJECT FILES\Lorain GCCS Evaluation 1201 ~1.d0cX
4-7
@CORNERSTONE

Eaginrrsing and Line S




There currently exists a footprint on the northern slope of Lorain II which has wells
constructed at a greater spacing than noted above. This area was recently subjected to
active waste placement activities and was scheduled for the installation of additional
collectors later this year. It is anticipated that an additional ten (10) vertical wells will be
installed in this area. Since this area will eventually be overlain by additional waste
placement, these wells will be interim in nature and replaced in the future as operational
needs dictate. A construction plan will be developed for the installation of these wells and
their connection to the GCCS.

The balance of the Lorain II wellfield is constructed within the noted guidelines and no
further modifications are proposed at this time with regard to well spacing.

Some portions of the Lorain I wellfield possess well spacings greater than 300 feet,
however the advanced age of this disposal area (waste operations ceased in 1984),
declining rate of LFG production and the full clay cap constructed over the disposal area
limit the potential for nuisance odors from this disposal area. Additionally, the Lorain I
disposal area employs an active GCCS, combined leachate and gas extraction from the
vertical well casings and surface emissions monitoring in accordance with the Federal
NSPS to insure that surficial emissions are not occurring.

Additionally, all areas of waste placement greater than five years of age appear to have
LFG collectors installed and operating within them. This includes both vertical extraction
wells and interim horizontal LFG collectors. Based upon this information, the design of
the wellfield is considered adequate to prevent odor nuisance(s) pursuant to Order #7 of
the DFFOs.

4.4 Vacuum Regulation and Flow Control

Vacuum regulation and flow control is accomplished via wellhead controls at each
extraction point. Each wellhead incorporates at control valve and sampling points to
measure the degree of vacuum application to the collector and the gas quality from each
collector. A typical wellhead is shown in Figure 4 of this submittal. Several older
collectors on Lorain II, less than 30 of the approximately 138 collection points, utilize and
older wellhead design, incorporating a 4”g PVC ball valve to manage vacuum application
and LFG extraction rates. These wellheads are being replaced as replacement components
are available.

In order to further assist in regulating the overall flow from the wellfield, the Landfill has
recently installed a pressure transducer system for the blowers at the enclosed flare station.
These transducers will monitor the vacuum applied to the wellfield and increase/decrease
the rate of gas extraction to maintain a vacuum set point condition. This modulation will
be accomplished via variable frequency drives (VFDs) connected to the blower motors,
allowing them to be accelerated or decelerated to maintain a consistent operating
condition.
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This application is not required under normal operating conditions, however it should
serve to maintain consistent wellfield operations in the event that operations at the EDI
facility change, i.e. an engine is taken off-line for maintenance or brought back on-line.
Changes in the extraction rate at the EDI facility result in changes in the overall applied
vacuum to the wellfield. The installation of the pressure transducer system will monitor
these changes and automatically modulate blower/flare operations to compensate for these
variations.

The start-up of this system is scheduled to be completed by the end of July.

XAPROJECTS\LORAIN\120479 - 2012 OEPA RTC\ PROJECT FILES\Lorain GCCS Evaluation 1201 - 1 .dO CcX
4-9

@CORNERSTONE



5 RECOMMENDATIONS AND ACTIONS

Lorain County Landfill’s goal is to create and maintain an operable and effective GCCS,
in compliance with OAC and Federal NSPS regulations. To this end, the following
recommendations have been made and associated actions taken:

1. All header and lateral components that have already been identified (Drawing
Nos. 4 and 5), or are identified in the future, as subject to differential settlement
and the collection of condensate, should be either (a) excavated, placed to the
appropriate grade and re-buried or (b) replaced with an equivalent piping section.
The second option may be advisable in cases where the subject piping is more
than ten feet in depth or if the area is within the limits of certified final cover
placement.

BFI has engaged a contractor to excavate and re-pitch the header and lateral
piping in the locations shown on Drawing Nos. 4 and 5. These items have been
completed. These items have been completed. Please refer to the May 2007
Construction Certification Reports submitted by Brown and Caldwell under
Separate cover.

Update: The modifications are functioning as designed and no further actions in
this regard are currently anticipated.

2. Lorain I condensate sumps CS-5 and CS-6 should be repaired or replaced,
including the drainage lines from the main header to the individual sumps.

BFT has engaged a contractor to replace the Lorain I condensate sumps CS-5 and
CS-6. The existing components will be replaced with newly fabricated structures
and new, pneumatic pumps installed. Along with these replacements, isolation
valves in the accompanying compressed air main and liquid force main will be
installed adjacent to these two sumps. These items have been completed. Please
refer to the May, 2007 Construction Certification Report submitted by Brown and
Caldwell under separate cover.

Update: The modifications are functioning as designed and no further actions in
this regard are currently anticipated.

3. The header piping system should be re-evaluated to insure that the components
are sized properly, not only for the current operations but also for the expansion
of the Lorain II disposal area, as applicable. This should not impact the Lorain I

XAPROJECTS\LORATN\120479 - 2012 OEPA RTC\ PROJECT FILES\Lorain GCCS Evaluation 1201 -1.docx
5-1

@CQRNERSTQNE



piping system since this area is closed and the LFG generation rate is declining
yearly.

BFT has engaged Cornerstone to modify the design of the existing header system
to accommodate the projected flow of LFG to the existing and anticipated LFG
treatment components. The modification of these components is currently under
development and should be completed by the end of October of this year. The
design for these modifications is included as Drawing 6.

An 870 header along the southern slope of the disposal area was previously
identified as a restriction to LFG extraction. This portion of the header system
was replaced in the Fall of 2006 with a 24 "o header — a section of approximately
3,500 lineal feet in length.

Upon the completion of these modifications, the Federal NSPS GCCS Design
Plan will be updated and submitted to the OEPA.

Update: The noted modifications were completed and the Construction
Certification Reports submitted to the OEPA. A revised GCCS Design Plan was
submitted to the OEPA on January 27, 2009, in accordance with the DFFO and
40 CFR Part 60, Subpart WWW, NSPS for Municipal Solid Waste Landfills.
Review and approval of this plan is pending.

4. The phased installation of LFG collectors should be made in advance of the five-
year waste placement requirement under the NSPS, wherever practical and as
filling allows.

As a proactive measure, BFI intends to install extraction wells throughout the
Lorain II disposal area, including portions of the waste mass that arve less than
five years old and are not yet required to be included in GCCS operations.
Construction will be completed in phases as filling operations, site conditions and
LFG treatment capacity allows. The design for these modifications is included as
Drawing No. 6. These modifications are anticipated to be completed by the end
of October of this year.

Update: The entire Lorain II footprint has LFG collection components installed
and operating, regardless of the age of waste placement. The exception is Cell A
in the Northern Expansion area, which began accepting waste in 2008. The
current Lorain II GCCS is depicted on Drawing No. 3.

5. A long-term plan for the development of LFG treatment capacity, including
backup capacity in the event that the EDI facility or other components are down
due to maintenance or other damage, should be created to insure that the
requirements of the facility are anticipated and met in a timely manner.

X:\PROJECTS\LORAIN\120479 - 2012 OEPA RTC\ PROJECT FILES\Lorain GCCS Evaluation 1201 -1.docx
5-2
l@: CORNERSTONE



In order to combat this issue, and minimize the potential for future LFG odors
during treatment component down-time, BFI has committed to permitting,
purchasing and installing a 6,000 scfm enclosed flare as a supplemental control
device. This unit, along with associated blowers, controls and monitoring
equipment, developed in accordance with OAC and Federal NSPS regulations, is
proposed for construction along the eastern perimeter of the Lorain II disposal
area, to the south of the existing maintenance facility. The DAPC permit for this
installation was verbally approved in December 2007 and installation of the flare
and its ancillary components is anticipated to be completed during the second
quarter of 2008.

Please refer to Drawing No. 6 for the location of the proposed flaring
components. Additional treatment capacity will be installed as the requirements
of the GCCS indicate need.

An interim utility flare (3,000 scfim capacity) has been installed to provide
additional LFG treatment capacity, as reflected in Drawing No. 6. A request to

extend the operating period for this interim utility flare has been made to the
OEPA.

The Lorain County Landfill also intends to phase out the operation of all utility
(open) flares at the landfill in favor of enclosed combustors, i.e. flares, IC
engines, etc. This will include the removal of one of the existing utility flares
upon the commissioning of the 6,000 scfm enclosed flare referenced above. It is
also anticipated that a second 6,000 scfim enclosed flare will be installed during
the second quarter of 2009, depending upon actual LFG flow rates realized and
OEPA approval.

In order to minimize the potential for LFG-related odor complaints in the short-
term, EDI has agreed to limit scheduled maintenance to no more than two (2)
engines at a given time, to the extent practical. This reduction of LFG usage by
the EDI facility is within the excess capacity limits of the current flaring system.

It should be noted that the Lorain Landfill has no contractual or legal mechanism
available to enforce this agreement with EDI, and that it is made in good faith by
both parties. Separate air emissions permits are issued for both the Lorain
Landfill and EDI 1t is understood, however, that it is in the interest of all parties
involved to minimize the potential for LFG-related odors at this facility and that
all parties will work towards this mutually-beneficial goal.

Update: Lorain County Landfill has installed two 3,500 scfm enclosed flares for
LFG treatment. The capacity of these flares was defined by the OEPA-DAPC in
the final Permit To Install issued October 8, 2008. The 3,000 scfm interim utility
[flare is no longer in service and has been removed.
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6. It is recommended that older style wellheads (utilizing 4°g PVC ball valves) be
replaced, in phases, with Landtec or equivalent units. Some of the originally
installed wellhead components are beginning to fail with age and usage, and BFI
is in the process of proactively replacing these components. Such a replacement
should allow for a more uniform application of vacuum and hence LFG
extraction. Data acquisition from the replacement wellheads should also be
improved, both in terms of the quality of data obtained as well as the period of
time required by the monitoring technician.

BFI purchased and installed approximately thirty-five (35) new wellheads in the
Lorain II wellfield in January 2007. At the present time, approximately sixty-
eight (68) of the total one hundred fourteen (114) wellheads in Lorain II are
utilizing new wellheads. Additional wellheads will be purchased and installed as
stocks are available from the manufacturer and landfill operations dictate need.

One of the benefits to replacement is the ability to acquire more accurate
information on flow rates from individual extraction points. The configuration of
the new wellheads allows data to be quickly acquired and stored electronically by
field personnel. This data can then be utilized by BFI and EDI to determine if
additional management techniques are required for individual extraction wells.

Update: Approximately 114 of the 138 LFG collection points on Lorain II are
utilizing Landtec wellheads. The balance will be replaced as stocks are available
from the manufacturer and landfill operations dictate need.

7. It is recommended that the Landfill obtain and record liquid levels in all vertical
extraction wells on a regular basis, in order to insure that perforated casing is
available for LFG extraction

As part of EDI’s contract, they are responsible for obtaining liquid level data
twice per year. Wells that are found to be negatively impacted by elevated liquid
levels are schedule for the installation of a dewatering pump. Any wells that have
leachate completely covering the perforated casing are modified with a pneumatic
pump as quickly as a contractor can be engaged to do so. Spare pumps are
maintained on site for such occurrences.

Update: The most recent round of liquid level data was acquired in March 2010. .
Based upon this information and a review of wellfield operations and extraction
well conditions, the Landfill elected to replace twenty-two (22) existing vertical
wells, install an additional five (5) vertical extraction wells and add pumping
systems to fourteen (14) vertical wells in the Lorain II area. Please reference
Attachment 1 of this submittal for information regarding the design and extent of
this installation.
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As of the submittal of this report, the extraction wells and pumps noted have been
installed and are connected to their respective infrastructure. Construction of some
ancillary components is ongoing and has not yet been completed. It is anticipated
that the record drawings and Certification Report will be prepared for submittal in
August 2010.

The bulk of this phase of construction is taking place in the central and
northwestern portions of Lorain 1. A greater rate of extraction from the central
portion of the waste mass should serve to increase the overall production of the gas
collection system. Increased efficiency in the northwestern corner of the waste
mass should serve to directly impact the source of odor complaints since 81% (17
of 21) of the 2010 odor complaints documented by the Landfill (see Odor Log,
Attachment 7) are directly attributable to two locations directly northwest of the
Lorain Il disposal area.
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6 LIMITATIONS

The work product included in the attached was undertaken in full conformity with
generally accepted professional consulting principles and practices and to the fullest
extent as allowed by law we expressly disclaim all warranties, express or implied,
including warranties of merchantability or fitness for a particular purpose. The work
product was completed in full conformity with the contract with our client and this
document is solely for the use and reliance of our client (unless previously agreed upon
that a third party could rely on the work product) and any reliance on this work product
by an unapproved outside party is at such party's risk.

The work product herein (including opinions, conclusions, suggestions, etc.) was based
on the situations and circumstances as found at the time, location, scope and goal of our
performance and thus should be relied upon and used by our client recognizing these
considerations and limitations. Cornerstone shall not be liable for the consequences of
any change in environmental standards, practices, or regulations following the
completion of our work and there is no warrant to the veracity of information provided by
third parties, or the partial utilization of this work product.

The modeling techniques used by Cornerstone and the LFG industry are, by definition,
hypothetical, and can only be used as a very general tool for producing a range of
estimates to aid in determining the direction of further investigations. Actual LFG
generation and collection rates are dependent on many variables, including: refuse
composition, moisture, pH, cover soil permeability, well spacing, continuing fill rates,
etc... Typically these parameters are not well defined at the time of modeling and/or
differ somewhat from those actually experienced during future site operation.

The modeling provided herein was performed with today’s current standards of practice
and no warranty or representation, expressed or implied, is made, as to the actual LFG
production that will occur in the future. Opinions and recommendations contained in this
report are based on the information available and certain assumptions that were deemeéd
reasonable when our services were performed. We are not responsible for the impacts of
any changes in information, site operations or methods that may change in the future.
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Revised August 22, 2012

ATTACHMENT 1
FACILITY DEVELOPMENT PLANS

(DRAWING C-1 REPLACED WITH DRAWING 4, AUGUST 2012)
(DRAWINGS 5 AND 6 SUPERSEDED BY PREVIOUS REVISIONS)
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NOTES:

1. LFG EXTRACTION WELLS WERE ABANDONED IN PLACE BY THE FOLLOWING METHOD:
EXCAVATED DOWN TO REFUSE OR A MAXIMUM OF 4 FEET, IF REFUSE WAS NOT ENCOUNTERED.
CUT OFF EXISTING WELL CASING AND INSTALLED A PVC CAP BY APPLYING A BEAD OF SILICONE
GEL INSIDE THE PVC CAP AND ATTACHED TO THE WELL CASING WITH 3 LAG SCREWS. ONSITE
SOIL BACKFILL WAS USED TO FILL IN AREA TO GROUND SURFACE.

2. THIS MAP HAS BEEN COMPILED BY PHOTOGRAMMETRIC METHODS FROM AERIAL
PHOTOGRAPHY PERFORMED BY COOPER AERIAL SURVEYS CO. DATED FEBRUARY 3, 2012, AND
QUARTERLY FIELD SURVEYS PERFORMED BY THE WELLERT CORPORATION ON APRIL 4, 2012
AND JUNE 28, 2012. VERTICAL DATUM BASED ON NGS MEAN SEA LEVEL. CONTOUR INTERVAL 2
FT. GRID BASED ON LOCAL COORDINATE SYSTEM.
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LOCAL COORDINATE SYSTEM.
2. GOCS COMPONENT AS—BUILTS PROVIDED BY BROWN AND CALDWELL.
s
E
3
- - — —
— — S
LGRAIN COUNTY LANDFILL, LLC
CORNERSTONE LORAIN COUNTY LANDFILL
Eavironmenrel Group, LLC LORAIN COUNTY, OHIO
" | D DESCRPTIN DWN BY | 0FS BY | oK BY | APP BY e e remeel becu a0ty o Caraiane Erbonmmil O,
i T —" e e e LORANY 30129008
_— B/3/2012 I - w— o T J| =REWES R LRI EXISTING CONDITIONS PLAN




000'650°'Z 3
000'9507 3

005550 3

005°950'C 3

DEO'LSET 3
00§'480°Z 3
ao0'esa’z 3

0002907 3

N 599,501

N 539,009

N 598,500

A

N
Lo

(142 ey-143

N 588,000

N 537,500

N 597,000

File: X:\PROJECTS\LORAIN\070170 —~"¢~YEAR GCCS PHASING\2007 GCCS DESIGN PLAN\_PROJECT DRAWINGS\BOLCGPO3.dwg Layout: LORAIN Il User: Peter.larson Aug 20, 2012 — 10:24cm

————®
LORAIN COUNTY LANDFILL, LLC SHEET NO. |
CORNERSTONE LORAIN COUNTY LANDFILL
300 600 Environmental Group,LLC. LORAIN COUNTY, OHIO 4
SCALE IN FEET
D "R bt e St o LANDFILL GAS COLLECTION & CONTROL SYSTEM PROJECT NO.
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HNOTES;
1.
2.
3.

LEGEND

——————— e~ — PROPERTY BOUNDARY

——————— PERMITTED SOLID WASTE BOUNDARY

e e s e e e e e e e e EXISTING LIMITS OF FINAL COVER PLACEMENT
EXISTING 10" CONTOUR

EXISTING 2’ CONTOUR

12- EXISTING LANDFILL GAS HEADER

& EW-1 EXISTING LFG EXTRACTION WELL

® EXISTING REMOTE WELLHEAD

© EXISTING HEADER AGCESS RISER
- EXISTING CONTROL VALVE

-1t EXISTING BLIND FLANGE

. EXISTING FLANGE CONNECTICN

Ic} EXISTING CONDENSATE DRIPLEG

'S EXISTING CONDENSATE PUMP STATION
247 PROPOSED LANDFILL GAS HEADER

® Ew-242 PROPOSED LFG EXTRACTION WELL

o PROPOSED HEADER ACCESS RISER
D PROPOSED CONTROL VALVE

- PROPOSED BLIND FLANGE

- FROPOSED FLANGE CONNECTION
- PROPOSED REDUCER FITTING

& PROPOSED CONDENSATE PUMP STATION

PROPOSED ROAD CROSSING

- PROPOSED HEADER HIGH POINT

LANDFILL CONTOURS REPRESENT FINAL COVER GRADING ELEVATIONS AT CLOSURE.
GCCS COMPONENT AS—BUILTS PROVIDED BY CEC.

ALL HEADER AND LATERAL PIPELINES WITHIN THE LIMITS OF WASTE TC BE
INSTALLED AT A MINIMUM 3% SLOPE UNLESS OTHERWISE NOTED.

ALL HEADER AND LATERAL PIPELINES OUTSIDE THE LIMITS OF WASTE TO BE
INSTALLED AT A MINIMUM 0.5% SLOPE UNLESS OTHERWISE NOTED.

LOCATION OF PROPOSED GCCS COMPONENTS IS APPROXIMATE AND MAY VARY TO
MEET FIELD CONDITIONS AT THE TIME OF CONSTRUCTION. ALL HOR{ZONTAL AND
VERTICAL DATUM TO BE VERIFIED PRIOR TO CONSTRUCTION.

FUTURE CONSTRUCTION PHASES TO BE PREPARED AND COMPLETED IN
ACCORDANCE WITH NEW SOURCE PERFORMANCE STANDARDS (NSPS) INSTALLATION
SCHEDULES.

ALL HEADER AND LATERAL PIPELINES TO BE SDR 17 HDPE OR ENGINEER
APPROVED EQUAL.

ALL PROPOSED HEADER AND LATERAL PIPELINES SHALL BE CONNECTED TO THE
EXISTING SYSTEM VIA TEE OR BRANCH SADDLE CONNECTIONS.




ATTACHMENT 2
LANDFILL GAS GENERATION AND RECOVERY PROJECTIONS



Lorain County Landfill

2. LFG recovery data provided by EDI.
3. Waste acceptance and LFG generation/recovery projections are consistent with the current DAPC PT! and GCCS Design Plan.

4. 2010 Recovery Rate reflects June 2010 aveage operating conditions.

72112040
LFG Gencration Recovery Potential Summary
Project #100068
v Lorain | Lorain li Total Site Lorain | (DFFO} Lorain| Lorain | {DFFO) Lorain Il (DFFO) Lorain Lorain 1l {DFFO) Total Site {DFFO) Total Site (DFFO) Lorain | (AP-42) Lorain It {AP-42} Total Site (AP-42} Design GCCS Design Flan Projected Lorain | Projected Lorain I Projected Agaregate Annnal Recovery
Taar Waste Accepted Waste Accepted Waste-In-Place LFG Generation LFG Recovery Efficiency LFG Recovery Patentia! LFG Generation LFG Recovery Efficiency LFG Recovery Potential LFG Generation LFG Recovery Potential LFG Generation LFG Genaration LFG Generation Factor LFG Generation LFG Recovery LFG Recovery LFG Recovery from EDI Records
(short tonslyear) | (short tons/year) {short tons) {cfm) %) {cfm) (cfm) {%) {cfim) {cfm) {cfm} {cfm) (cfm) {cfm) (%) {cfm) {ctm) {cfm) {efm) (cfm)
4 391,400 391,400 0 0% 0 1] 0 0 0 175% ) 0 0 g a
1975 391,400 782,800 454 0% 0 454 0 188 188 175% 329 [s] 0 0
1976 391,400 1,174,200 878 0% Q 878 0 368 368 175% 645 0 0 0
1977 391,400 1,565,600 1,272 0% 9] 1,272 0 542 542 175% 948 o] 0 0
1978 391,400 1,957,000 1,641 0% 8] 1,641 0 708 708 175% 1,240 9] 0 0
1979 391,400 2,348,400 1,984 0% 0 1,984 0 868 868 175% 1,520 0 0 0
1980 381,400 2,738,800 2,304 0% 0 2,304 0 1,022 1,022 175% 1,789 g 0 0
1981 391,400 3,131,200 2,602 0% 0 2,602 0 1,170 1,170 175% 2,048 0 4] 0
1982 381,400 3,622,600 2,880 0% 0 2,880 0 1,312 1,312 175% 2,296 0 0 V]
1983 391,400 3,814,000 3,140 0% 0 3,140 0 1,448 1,448 175% 2,635 Q 0 0
1984 381,400 4,305,400 3,382 0% 0 3,382 0 1,580 1,580 175% 2,764 0 a 0
1885 400,100 4,705,500 3,607 0% 0 0 0% 0 3,607 0 1,705 Q 1,705 175% 2,985 Q 0 a
1986 495,659 5,201,159 3,363 0% 0 4684 0% 0 3,828 0 1,639 182 1,831 175% 3,204 0 1] 0
1987 484,141 5,695,300 3,136 0% 0 1,008 0% 0 4,144 o] 1,574 422 1,997 175% 3,494 a 0 0
1988 489,820 6,185,120 2,924 0% 0 1,513 0% 0 4,437 0 1,513 643 2,156 175% 3,772 0 0 0
1989 491,028 6,676,148 2,726 0% o] 1.8979 0% 8] 4,706 0 1,453 853 2,306 175% 4,036 0 0 0
1980 600,330 7,276,478 2,542 0% 2] 2,415 0% 0 4,957 0 1,396 1,055 2,451 175% 4,290 0 0 0
1891 598,975 7,875,453 2370 0% 0 2,948 0% Q 5,319 0 1,342 1,302 2,643 175% 4,626 0 0 0
1982 636,465 8,511,918 2,210 0% 0 3,444 0% 0 5,654 0 1,289 1,538 2,827 175% 4,948 0 0 0
1983 589,469 9,101,387 2,060 0% 0 3,950 0% 0 6,010 0 1,238 1,784 3,022 175% 5,288 0 0 0
1994 562,963 9,664,350 1,821 0% o] 4,367 0% 0 6,288 0 1,180 1,887 3,186 175% 5,576 0 0 0
19985 577,163 10,241,513 1,781 0% 0 4,725 0% 0 6,516 0 1,143 2,188 3,332, 175% 5,830 0 0 o]
1986 610,211 10,851,724 1,670 80% 1,503 5,075 0% 0 6,745 1,603 1,088 2,380 3,478 175% 6,086 1,730 0 1,730
1997 619,996 11,471,720 1,657 90% 1,402 5,440 0% 0 6,997 1,402 1,055 2,678 3,635 176% 6,360 1,662 0 1,662
1988 611,850 12,083,570 1,452 90% 1,307 5,792 0% 8] 7.244 1,307 1,014 2,776 3,790 175% 6,632 1,697 0 1,597
1999 667,855 12,751,525 1,354 90% 1,218 6,110 0% 8] 7,464 1,218 974 2,960 3,935 175% 6,886 1,634 0 1,534
2000 694,511 13,446,036 1,262 90% 1,138 6,472 0% 8] 7.734 1,136 936 3,165 4,101 175% 7177 1,474 0 1,474
2001 805,706 14,251,742 1,177 90% 1,059 5,840 0% 0 8,017 1,059 889 3,374 4,274 175% 7,479 1,418 a 1,416
2002 914,164 15,165,906 1,087 90% 288 7,318 75% 5484 8,410 6,472 864 3,629 4,493 175% 7,862 1,361 4,763 6,123 3972
2003 976,600 16,142,506 1,023 90% 921 7,879 75% 5,909 8,002 6,830 830 3,925 4,755 175% 8,322 1,307 5,152 6,458 4532
2004 1,071,458 17,213,964 854 90% 859 8,479 75% 6,360 9,433 7,218 798 4,240 5,038 175% 8,816 1,256 5,565 6,821 5452
2005 1,128,407 18,342,371 890 90% 801 9.149 75% 6,862 10,039 7,663 766 4,588 5,354 175% 9,370 1,207 6,022 7,229 8014
2006 1,224,932 19,567,303 829 80% 748 9,840 75% 7,380 10,670 8,127 736 4,950 5,685 175% 9,850 1,160 6,486 7,656 8730
007 1,120,508 20,687,811 773 90% 696 10,596 75% 7,847 11,870 8,643 707 5,344 6,051 175% 10,589 1,114 7,013 8,128 7592
008 1,236,676 21,924,487 721 80% 649 11,180 75% 8,385 11,901 9,034 680 5,672 5,351 175% 11,115 1,070 7,444 8,515 8235
3 999,550 22,924,037 672 90% 605 11,859 75% 8,894 12,531 9,499 653 6,043 6,696 175% | 11,718 1,028 7,931 8,960 9481
.G 997,587 23,821,624 627 90% 564 12,217 75% 9,163 12,844 9,727 627 6,286 6,913 175% | 12,098 988 8,250 8,238 8525
2011 997,587 24,919,211 584 90% 526 12,549 75% 9412 13,133 9,838 603 6,618 7,121 175% 12,462 949 8,555 9,504
2012 987,587 25,816,798 545 90% 490 12,858 75% 9,643 13,403 10,134 579 6,741 7,321 175% 12,811 912 8,848 9,760
2013 997,587 26,914,385 508 90% 457 13,146 75% 9,860 13,654 10,317 556 6,256 7,512 175% 13,147 876 9,130 10,006
2014 997,587 27,911,972 474 90% 426 13,415 75% 10,061 13,889 10,487 535 7,162 7,697 175% 13,469 842 9,400 10,242
2015 997,587 28,909,559 442 90% 398 13,665 75% 10,249 14,107 10,647 514 7,360 7,874 175% 13,779 809 9,660 10,469
2016 997,587 29,907,146 412 90% 371 13,899 75% 10,424 14,311 10,795 494 7,650 8,044 175% 14,076 77 9,910 10,687
2017 997,587 30,804,733 384 80% 348 14,117 75% 10,588 14,601 10,833 474 7,733 8,207 175% 14,362 747 10,148 10,896
2018 987,587 31,802,320 358 90% 322 14,320 75% 10,740 14,678 11,062 456 7,808 8,364 175% 14,637 718 10,380 11,097
2019 997,587 32,899,907 334 80% 300 14,509 75% 10,882 14,843 11,183 438 8,077 8,515 175% 14,801 688 10,601 11,291
2020 997,587 33,897,494 311 90% 280 14,688 75% 11,015 14,997 11,295 421 8,239 8,660 175% 15,155 662 10,814 11,476
2021 997,587 34,895,081 290 90% 261 14,851 75% 11,138 15,141 11,399 404 8,385 8,799 175% 15,398 638 11,018 11,655
2022 997,587 35,882,668 271 90% 244 15,004 75% 11,253 15,275 11,497 388 8,645 8,933 175% | 15,633 611 11,215 11,826
2023 997,587 38,890,255 252 90% 227 15,147 75% 11,360 15,400 11,588 373 8,688 9,061 175% 15,858 587 11,404 11,991
2024 987,587 37,887,842 235 90% 212 15,281 75% 11,461 15,516 11,672 368 8,827 9,185 175% | 16,074 564 11,585 12,149
2025 997,587 38,885,429 219 90% 197 15,405 75% 11,554 15,625 11,751 344 8,859 9,304 175% 16,281 542 11,759 12,301
2026 897,587 39,883,016 205 50% 184 15,521 75% 11,641 15,726 11,825 331 9,087 9,418 175% 16,481 521 11,926 12,447
2027 097,587 40,880,803 191 90% 172 15,628 75% 11,722 15,820 11,894 318 9,209 9,627 175% 16,673 501 12,087 12,588
2028 897,587 41,878,180 178 90% 160 16,730 75% 11,798 15,808 11,958 305 9,327 9,632 175% 16,857 481 12,242 12,723
2029 987,587 42,875,777 1686 90% 149 15,824 75% 11,868 15,990 12,017 293 9,440 9734 175% 17,034 462 12,390 12,852
2030 997,587 43,873,364 156 90% 139 15,912 75% 11,934 16,067 12,073 282 9,549 9,831 175% 17,204 444 12,533 12,977 o
2031 997,587 44,870,951 144 80% 130 15,994 75% 11,985 16,138 12,125 271 9,653 9,924 175% 17,387 427 12,670 13,096 ANG =
2032 199,527 45,070,478 134 90% 121 16,070 75% 12,053 16,204 12,173 260 9,753 10,014 1756% 17,524 410 12,801 13,211
2033 45,070,478 125 950% 113 15,215 75% 11,411 15,340 11,524 250 9,467 9,717 175% | 17,004 394 12,425 12,819
2034 45,070,478 117 90% 105 14,186 90% 12,768 14,303 12,873 240 9,096 9,336 175% 16,338 378 14,326 - 14,704
2035 45,070,478 109 20% 98 13,227 0% 11,805 13,336 12,003 231 8,738 8,970 175% | 15,697 364 13,764 14,127
2036 45,070,478 102 90% 81 12,333 80% 11,100 12,435 11,191 222 8,396 8,618 175% | 156,082 349 13,224 13,573
2037 45,070,478 95 90% 85 11,499 90% 10,349 11,594 10,435 213 8,067 8,280 175% 14,490 336 12,706 13,041
2038 45,070,478 88 90% 79 10,722 90% 9,650 10,810 9,729 205 7,751 7,955 175% 13,922 322 12,207 12,530 =
2039 45,070,478 82 80% 74 9,897 90% 8,987 10,079 - 9,071 197 7,447 7.644 175% 13,376 310 11,728 12,039
2040 45,070,478 | 77 | 20% 69 9,321 90% 8,389 9,398 8,458 189 7,155 7,344 175% | 12,852 298 11,269 11,567
Notes: 1. All flow rates are normalized to 50% methane by volume (% CH4 vAv).

‘# CORNERSTONE
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LandGIM - Yersien 3.02

M LandGEM

LIS EPA Office of Ri h &nd Developmant o o
Sl == Landfill Gas Emissions Model

Version 3.02

U.S. Environmental Protection Ageticy
Office of Research and Development
Natiopal Risk Management Research Laboratory (NRMRL)
and
Clean Air Technology Center (CATC)
Research Triangle Park, Morth Carolina

Way 2006

Summary Report

Landfill Name or Identifier: Lorain County Landfill | 1001 AP42

Date: Wednesday, February 24, 2010

Description/Commentis:
Annual waste intake reflect information provided by Lorain County Landfill personnel and OEPA Solid Waste Facility
Data Reports. Tonnages include a summary of General, Industrial and Exempt waste masses. Pollutant Parameters

(pages 4 and 5) not calculated in this report.

About LandGEM:

1 1

_ M

First-Order Decomposition Rate Equation: Q C’H4 —_ ]{L@ — |z i
Where, =1 j=0.1 l 0

Qrrw = annual methane generation in the vear of the calculation (m 3 fvear)
i = 1-year time increment M: = mass of waste accepted in the i vear (Ma)

n = (year of the calculation) - (initial year of waste acceptance) t; = age of the | section of waste mass M; accepted in the i" year
[=0.1-year time increment (decimal vears. e.a.. 3.2 vears)

k = methane generation rate (vear™)

L. = potential methane generation capacity (m?/Mg)

LandGEM is based on a first-order decomposition rate eguation for quantifying emissions from the decomposition of landfilled waste in
municipal solid waste (MSW) landfills. The software provides a relatively simple approach to estimating landfill gas emissions. Model defaults
are based on empirical data from U.S. landfills. 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 other guidance regarding landfill gas emissions and controf technology requirements

can be found at http://www.epa.gov/itnatw01/landfilllandflpg. html.

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 aver time that impact
the emissions potential. Changes to 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 to
include in LandGEM along with defaults for convential landfills (no leachate or liquid additions) for developing emission inventories and
determining CAA applicability. Refer to the Web site identified above for future updates.

REPORT -1
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Input Review

LANDFILL CHARACTERISTICS

Landfill Open Year

Landfill Closure Year {(with 80-year limit)
Aclual Closure Year (without fimit)

Have Model Calculate Closure Year?
Waste Design Capacity

MODEL PARAMETERS

Methane Generation Rate, k

Potential Methane Generation Capacity, L,
NMOC Concentration

Methane Content

GASES /POLLUTANTS SELECTED

Gas / Pollutant #1: Total landfill gas
Gas / Pollutant #2:

Gas / Pollutant #3:

Gas / Pollutant #4:

WASTE ACCEPTANCE RATES

1974

1984

1984
No

4,305,400 short tons

0.040 year -
100 m® /Mg

600 ppmv as hexane
50 % by volume

Year Waste Accepted Waste-In-Place
(Ma/year) (short tons/year) (Ma) (short tons)

1974 355,818 391,400 o| 0
1975 355,818 ) 391,400 355,818 391,400
1976 355,818 391,400 711,636 782,800
1977 355818 391,400 1,067,455 1,174,200
1978 355,818 391,400 1,423,273 1,565,600
1979 355,818 391,400 1,779,091 1,957,000
1980 355,818 391,400 2,134,909 2,348,400
1981 355,818 391,400 2,490,727 2,739,800
1982 355,818 391,400 2,846,545 3,131,200
1983 355,818 391,400 3,202,364 3,522,600
1984 - 355,818| 391,400 3,558,182 3,914,000
1985 0 0| 3,914,000 4,305,400
1986 0 0 3.914.000] 4,305,400
1987 i 0 0 3,914,000 4,305,400
1988| 0 0 3,914,000 4,305,400
1989 0 0 3,914,000 4,305,400
1990 0 0 3,914,000 4,305,400
1991| 0 0 3,914,000] 4,305,400
1992 0 0 3,914,000 4,305,400
1993 0 0 3,914,000 4,305,400
1994 0 ) 3,914,000 4,305,400
1995 0 0 3,914,000 4,305,400
1996 0 0 3,914,000 4,305,400
1997 0 0 3,914,000 4,305,400
1998 0 0 3,914,000 4,305,400
1999 0 0 3,914,000 4,305,400
2000 0 0 3,914,000 4,305,400
2001 0 0 3,914,000 4,305,400
2002 0 0 3,914,000 4,305,400
2003 - 0 0| 3,914,000 4,305,400
2004 - 0 0| 3,914,000 4,305,400
2005 0 0 3,914,000 4,305,400
2006 0 0 3,914,000 4,305,400
2007 0 0 3,914,000 4,305,400
2008 0 0 3,914,000] 4,305,400
2009 0 0 3,914,000| 4,305,400
2010 o] o] 3,914,000 4,305,400
2011 0 0 3,914,000 4,305,400
2012 0 0 3,914,000 4,305,400
2013 0 0 3,914,000 4,305,400
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WASTE ACCEPTANCE RATES (Continued)

Waste Accepted

Waste-In-Place

ireay (Mg/year) (short tons/year) {Mg) (short fons)

2014 0 0 3,914,000 4,305,400
2015 0| 0 3,914,000 4,305,400
2016 0 0 3,914,000 4,305,400
2017 0 0 3,914,000 4,305,400
2018 0 0 3,914,000 4,305,400
2019 0 0 3,914,000 4,305,400
2020 0 0 3,914,000/ 4,305,400
| 2021 0 0 3,914,000 4,305,400
| 2022 N 0 i 0] 3,914,000 4,305,400
2023 0 0 3,914,000 4,305,400
2024| 0 0 3,914,000 4,305,400
2025 0 0 3,914,000 4,305,400
2026 0 0 3,914,000 4,305,400,
2027 0 0 3.914,000] 4,305,400
2028 0 0 3,914,000 4,305,400
2029 0 0 3,914,000 4,305,400
2030| 0 0 3,914,000 4,305,400
2031 0 B 0 3,914,000 4,305,400
2032 0 0 3,914,000 4,305,400
2033 0 0 3,914,000 4,305,400
2034 0 0 3,914,000 4,305,400
2035 o| 0 3,914,000 4,305,400
| 2036 0 0 3,914,000 4,305,400
2037 0 0 3,914,000 4,305,400
2038 0 B 0 3,914,000 4,305,400
2039 0 0 3,914,000 4,305,400
2040 ol 0 13,914,000 4,305,400
2041 0 0 3,914,000 4,305,400
2042 B 0 0 3,914,000 4,305,400
2043 0 0 3,914,000 4,305,400
2044 0 0 3,814,000 4,305,400
2045 0 0 3,914,000 4,305,400
2046 0 ~ 0 3,914,000 4,305,400
2047 0 0 3,914,000 4,305,400
2048 0 0 3,914,000 4,305,400
2049 0 0 3,914,000 4,305,400
2050 0 0 3,914,000 4,305,400
2051 0 0 3,914,000 4,305,400
2052 0 0 3,914,000 4,305,400
2053 0 0 3,914,000 4,305,400
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Pollutant Parameters

Gas / Pollutant Default Parameters:

User-specified Pollutant Paramelers:

Concentration Concentration
Compound {ppmv) Molecular Weight {(ppmv) Molecular Weight
@ Total landfill gas 0.00
@ |Methane 16.04
& |Carbon dioxide 44.01
NMQOC 4,000 86.18
1.1,1-Trichloroethane
(methyl chloroform) -
HAP 0.48 133.41
1,1,2,2-
Tetrachloroethane -
HAPNOC 1.1 167.85 B
1,1-Dichloroethane
(ethylidene dichloride) -
HAP/VOC 2.4 98.97 N
1,1-Dichloroethene
(vinylidene chloride) -
HAP/NOC 0.20 96.94 - B ]
1,2-Dichloroethane
(ethylene dichloride) -
HAPNOC _ 0.41 98.96 o
1,2-Dichloropropane
(propylene dichloride) -
HAPA/OC 0.18 112.99
2-Propanol (isopropy!
alcohol) - VOC 50 60.11
Acetone ] 7.0 58.08 ]
Acrylonitrile - HAP/VOC ) 6.3 - 53.06
Benzene - No or
Unknown Co-disposal -
HAP/NOC 1.9 78.11 -
Benzene - Co-disposal -
w [HAPNOC 1 78.11 - )
£ |Bromodichloromethane -
5 |vOC 3.1 163.83
5 |Butane - VOC 5.0 58.12
- [Carbon disulfide -
HAP/VOC 0.58 76.13 )
Carbon monoxide 140 28.01 |
Carbon tetrachloride -
HAPNOC 4.0E-03 153.84
Carbonyi sulfide -
HAP/VOC 0.49 60.07
Chlorobenzene -
HAP/NVOC 0.25 112.56
|Chlorodifluoromethane 1.3 86.47
Chloroethane (ethy!
chloride) - HAP/VOC 1.3 64.52 i)
Chloroform - HAP/VOC 0.03 a 119.39
Chloromethane - VOC 1.2 50.49 B
Dichlorobenzene - (HAP
for para isomer/VOC) 0.21 147 B
chhlorodlﬂuorometharle.zm 3 16 120.91 ) |
Dichlorofiuoromethane -
VOC 2.6 102.92
Dichloromethane
(methylene chloride) -
HAP 14 84.94
Dimethyl sulfide (methyl
sulfide) - VOC 7.8 62.13 o
Ethane 890 30.07
Ethano! - VOC 27 46.08
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Pollutant Parameters (Continued)

Gas / Pollutant Default Parameters:

User-specified Pollutant Parameters:

Concentration Concentration
Compound {ppmv) Molecular Weight {(ppmv ) Molecular Weight
Ethyl mercaptan
(ethanethiol) - VOC 23 6213
Ethylbenzene -
HAP/NOC 4.6 106.16 ]
Ethylene dibromide -
HAP/VOC 1.0E-03 187.88
Fluorotrichloromethane -
VOC 0.76 137.38 ]
Hexane - HAP/VOC 6.6 86.18
Hydrogen sulfide 36 34.08 B
Mercury (total) - HAP 2.9E-04 200.51 -
Methyl ethyl ketone -
HAPR/VOC 7.1 72.11
Methyl isobuty! ketone -
HAP/NOC 1.9 100.16
Methyl mercaptan - VOC 25 48.11
Pentane - VOC 3.3 72.156 -
Perchloroethylene
(tetrachloroethylene) -
HAP 3.7 165.83 |
Propane -VOC 11 4409 ]
t-1,2-Dichloroethene -
vOC 2.8 96.94 B _ ]
Toluene - No or
Unknown Co-disposal -
HAP/NOC - 39 92.13
Toluene - Co-disposal -
HAPNOC 170 92.13 L -
Trichloroethylene
w |(trichloroethene) -
t |HAP/VOC 28 131.40
5 |Vinyl chloride -
S |HAPNOC 7.3 62.50
& [xylenes - HAPAOC 12 106.16

REPORT -5

2/24/2010



LCLI landgem-v302 1001-AP42 xlsx 2/24/2010

REPORT-6



LCL1 landgem-v302 1001-AP42.xIsx

Graphs

Emissions
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Resulis
Year Total landfill gas |
(Ma/year) (m°fyear) (av fi*3/min) (Mg/year) (m*® /year) (av it 3/min)
1974 0 0 0 0 0 a
1975 3.492E+03 2.796E+06 1.879E+02 0.000E+00 0.000E+00 “0.C00E+00
1976 6.846E+03 5.482E+06 3.684E+02 0.000E+00 | 0.000E+00 0.000E+00
1977 1.007E+04 8.063E+06 | 5.418E+02 0.000E+00 0.000E+00 |  0.000E+00 |
1978 1.317E+04 | 1.054E+07 7.084E+02 0.000E+00 0.000E+00 ~ 0.000E+00 |
1979 1.614E+04  1.293E+07 _ 8.685E+02 0.000E+00 0.000E+00 | 0.000E+00
1980 1.800E+04 1.521E+07 1.022E+03 | 0.000E+00 0.000E+00 _ 0.000E+00
1981 2175E+04 1.741E+07 1.170E+03 0.000E+00 0.000E+00 0.000E+00
1982 2.439E-+04 1.953E+07 | 1.312E+03 0.000E+00 0.000E+00 |  0.000E+00 |
1983 2.692E+04 2.156E+07 ~ 1.448E+03 0.000E+00 0.000E+00 |  0.000E+00
1984 2.936E+04 2.351E+07 1.580E+03 0.000E+00 0.000E+00 0.000E+00
1985 3.170E+04 2.538E+07 1.705E+03 ___0.000E+00 0.000E+00 0.000E+00
1986 3.046E+04 2439E+07 | 1.638E+03 0.000E+00 0.000E+00 0.000E+00 |
1987 2.926E+04  2.343E+07 ~ 1.574E+03 0.000E+00 0.000E+00 0.000E+00
1988 2.811E+04 2.251E+07 1.513E+03 0.000E+00 | 0.000E+00 0.000E+00 |
1989 2.701E+04 2.163E+07 1.453E+03 0.000E+00 0.000E+00 0.000E+00
| 1990 2.595E+04 2.078E+07 1.396E+03 0.000E+00 0.000E+00 0.000E+00
1991 2.493E+04 1.997E+07 1.342E+03 0.000E+00 0.000E+00 0.000E+00
1992 2.396E+04 1.918E+07 1.289E+03 |  0.000E+00 0.000E+00 0.000E+00
1993 2.302E+04 1.843E+07 1.238E+03 0.000E+00 0.000E+00 0.000E+00 |
1994 2.212E+04 1.771E+07 1.1S0E+03 0.000E+00 0.000E+00 ~ 0.000E+00
1995 2125E+04 1.701E+07 1.143E+03 | 0.000E+00 | 0.000E+00 0.000E-+00
1996 2.041E+04 1.635E+07 1.098E+03 | 0.000E+00 ____ 0.000E+00 0.000E+00
1997 1.961E+04 1.571E+07 1.055E+03 ~_0.000E+00 0.000E+00 0.000E+00
1998 1.885E+04 ] 1.5090E+07 1.014E+03 0.000E+00 0.000E+00 0.000E+00
| 1999 1.811E+04 1.450E+07 _ 9.742E+02 0.000E+00 0.000E+00 _ D.000E+00 |
2000 1.740E+04 1.393E+07 9.360E+02 0.000E+00 0.000E+00 __ 0.000E+00
2001 1.671E+04 1.338E+07 8.993E+02 | 0.000E+00 0.000E+00 0.000E+00
2002 1.606E+04 1.286E+07 ~ 8.640E+02 0.000E+00 0.000E+00 0.000E+00 |
12003 1.543E+04 1.235E+07 8.301E+02 0.000E+00 0.000E+00 0.000E+00
2004 1.482E+04 1.187E+07 7.976E+02 0.000E+00 '0.000E+00 0.000E+00
2005 1.424E+04 1.141E+07 7.663E+02 0.000E+00 0.000E+00 0.000E+00
2006 1.368E+04 ~ 1.096E+07 _ 7.363E+02 0.000E+00 0.000E+00 |  0.000E+00 |
2007 1.315E+04 1.053E+07 7.074E+02 0.000E+00 0.000E+00 | 0.000E+00
2008]  1.263E+04 1.012E+07 6.796E+02 0.000E+00 0.000E+00 0.000E+00
2009 1.214E+04 9.719E+06 6.530E+02 0.000E+00 0.000E-+00 0.000E-+00
2010 1.166E-+04 . 9.338E+06 _ 6.274E+02 0.000E+00 0.000E+00 0.000E+00
2011 1.120E+04 8.972E+06 6.028E+02 0.000E+00 0.000E+00 0.000E+00
2012 1.076E+04 8.620E+06 5.792E+02 0.000E+00 0.000E+00 _0.000E+00
2013 1.034E+04 ~8.282E+06 5.564E+02 0.000E+00 0.000E+00 0.000E+00
2014 9.937E+03 7957E+06 | 5.346E+02 0.000E+00 |  0.000E+00 0.000E+00
2015 9.547E+03 7.645E+06 5.137E+02 0.000E+00 0.000E+00 0.000E+00 |
2016 9.173E+03 7.345E+06 4.935E+02 0.000E+00 0.000E+00 0.000E+00
2017 8.813E+03 7.057E+06 4.742E+02 0.000E+00 0.000E+00 0.000E+00
2018 8.468E-+03 6.781E+06 4.556E+02 0.000E+00 0.000E+00 ~ 0.000E+00
2019 8.136E+03 6.515E+06 4.377E+02 0.000E+00 0.000E+00 0.000E+00
2020 7.817E+03 6.259E+06 4.206E+02 ~ 0.000E+00 0.000E+00 0.000E+00
2021 7.510E+03 6.014E+06 _ 4.041E+02 0.000E+00 0.000E+00 0.000E+00
2022 7.216E+03 5.778E+06 3.882E+02 0.000E+00 0.000E+00 _ 0.000E+00
2023 6.933E+03 5.551E+06 3.730E+02 |  0.000E+00 __ 0.000E+00 0.000E+00
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Results (Continued)

2/24/2010

Year Total landfill gas

(Ma/year) (m*fyear) (av ft*3/min) (Mao/year) (m* fyear) (av fi*3/min)
2024 6.661E+03 5.334E+06 3.584E+02 0.000E+00 0.000E+00 0.000E+00
2025 6.400E+03 5.125E+06 3.443E+02 0.000E+00 0.000E+00 0.000E+00
2026 6.149E+03 4.924E+06 3.308E+02 0.000E+00 0.000E+00 0.000E+00 |
2027 5.908E+03 4.731E+06 3.178E+02 0.000E+00 0.000E+00 0.000E+00 |
2028 5.676E+03 4.545E+06 3.054E+02 0.000E+00 0.000E+00 0.000E+00
2029 5.453E+03 4.367E+06 2.934E+02 0.000E+00 0.000E+00 0.000E +00
2030 5240E+03 4.196E+06 2.819E+02 0.000E+00 0.000E+00 0.000E+00
2031 5.034E+03 4.031E+06 2.709E+02 ~ 0.000E+00 0.000E+00 0.000E-+00
2032 4.837E+03 3.873E+06 2.602E+02 0.000E+00 0.000E+00 0.000E+00
2033 4.647E+03 3.721E+06 2.500E+02 0.000E+00 0.000E+00 0.000E+00
2034 4.465E+03 3.575E+06 2.402E+02 0.000E+00 0.000E+00 0.000E+00
2035 4.290E+03  3.435E+06 2.308E+02 0.000E+00 0.000E+00 0.000E+00
| 2036 4.122E+03 3.300E+06 2.218E+02 0.000E+00 0.000E+00 __0.000E+0D
2037 3.960E+03 3.171E+06 2.131E+02 0.000E+00 0.000E+00 0.000E+00
2038 3.805E+03 3.047E+06 2.047E+02 0.000E+00 0.000E+00 0.000E+00 |
2039 3.656E+403 2.927E+06 1.967E+02 0.00CE+00 0.000E+00 0.000E+00
2040 3.512E+03 2.812E+06 1.890E+02 0.000E+00 0.000E+00 0.000E+00
2041 3.375E+03 2.702E+06 1.816E+02 0.000E+00 0.000E+00 0.000E+00
2042 3.242E+03 2.596E+06 1.744E+02 0.000E+00 0.000E+00 0.000E+00
2043 3.115E+03 2.494E+06 1.676E+02 0.000E+00 0.000E+00 0.000E+00
2044 2.893E+03 2.397E+06 ~ 1.610E+02 0.000E+00 0.000E+00 0.000E+00
2045 2.876E+03 2.303E+06 1.547E+02 0.000E+00 0.000E+00 0.000E+00
2046 2.763E+03 2.212E+06 1.486E+02 0.000E+00 0.000E+00 0.000E+00
2047 2.655E+03 2.126E+06 1.428E+02 0.000E+00 0.000E+00 0.000E+00
2048 2.550E+03 2.042E+06 1.372E+02 0.000E+00 0.000E+00 0.000E+00
2049 2.450E+03 1.962E+06 1.318E+02 0.000E+00 0.000E+00 0.000E+00
2050 2.354E+03 1.885E+06 1.267E+02 0.000E-+00 0.000E+00 0.000E+00
2051 2.262E+03 1.811E+06 1.217E+02 0.000E+00 0.000E+00 0.000E+00
2052 2.173E+03 1.740E+06 1.169E +02 0.000E+00 0.000E+00 0.000E+00
2053 2.088E+03 1.672E+06 1.123E+02 0.000E+00 0.000E+00 '0.000E+00
2054 2.006E+03 1.606E+06 1.079E+02 0.000E+00 0.000E+00 0.000E+00
2055  1.928E+03  1.544E+06 1.037E+02 0.000E+00 0.000E+00 0.000E+00
2056 1.852E+03 1.483E+06 9.964E+01 0.000E+00 0.000E+00 0.000E+00
2057 1.779E+03 1.425E+06 9.573E+01 0.000E+00 0.000E+00 0.000E+00
2058 1.710E+03 1.369E+06 9.198E+01 0.000E+00 0.000E+00 0.000E+00
2059 1.643E+03 1.315E+06 8.837E+01 0.000E+00 0.000E+00 0.000E-+00
| 2060 1.578E+03 1.264E+06 8.491E+01 0.000E+00 0.000E+00 0.000E+00 |
2061 1.516E+03 1.214E+06 8.158E+01 0.000E+00 0.000E+00 0.000E+00
2062 1.457E+03 1.167E+06 7.838E+01 0.000E+00 0.000E+00 0.000E+00
2063 1.400E+03 1.121E+06 7.531E+01 0.000E+00 0.000E+00 0.000E+00
2064 1.345E+03 ~ 1.077E+06 7.235E+01 0.000E+00 0.000E+00 0.000E+00
2065 1.292E+03 1.035E+06 6.952E+01 0.000E+00 0.000E+00 0.000E+00
2066 1.241E+03 9.941E+05 6.679E+01 |  0.000E+00 0.000E+00 0.000E+00
2067 1.193E+03 | 9.551E+05 6.417E+01 0.000E+00 0.000E+00 0.000E-+00
2068 1.146E+03 9.176E+05 6.166E+01 0.000E+00 0.000E+00 0.000E+00
2069 1.101E+03 8.817E+05 5.924E+01 0.000E+00 0.000E+00 0.000E+00
2070 1.058E+03 8.471E+05 5.692E+01 0.000E+00 0.000E+00 0.000E+00
2071 1.016E+03 8.139E+05 5.468E+01 0.000E+00 0.000E+00 0.000E+00
2072 9.765E+02 7.820E+05 5.254E+01 0.000E+00 0.000E+00 0.000E+00
2073 9.382E+02 7.513E+05 5.048E+01 0.000E+00 0.000E+00 0.000E+00
2074 9.015E+02 7.218E+05 4.850E+01 0.000E+00 0.000E+00 0.000E+00
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Results (Continued)

Year Total landfill gas

(Mg/year) (m’fyear) (av ft*3/min) {(Malyear) (m’fyear) (av ft*3/min)
2075 | 8661E+02 |  6.935E+05 4.660E+01 0.000E+00 ~ 0.000E+00 0.000E+00
2076| 8.321E+02 _6.663E+05 4.477E+01 0.000E+00 0.000E+00 0.000E+00
2077 7.995E+02 6.402E+05 4.302E+01 0.000E+00 0.000E+00 0.000E+00
2078 7.682E+02 6A51E+05 |  4.133E+01 | 0.000E+00 0.000E+00 _0.000E+00
2079 7.381E+02 5.910E+05 3.971E+01 ____0.000E+00 0.000E+00 0.000E+00 |
2080 7.091E+02 ~ 5.678E+05 3.815E+01 0.000E+00 | 0.000E+00 0.000E+00
2081 6.813E+02 _ 5.456E+05 3.666E+01 0.000E+00 0.000E+00 0.000E+00
2082 6.546E+02 5.242E+05 3.522E+01 0.000E+00 0.000E+00 0.000E-+00
2083 6.289E +02 5.036E+05 3.384E+01 0.000E+00 0.000E+00 0.000E-+00
2084 6.043E+02 ~ 4.839E+05 3.251E+01 0.000E+00 0.000E+00 |  0.00CE+00 |
2085 5.806E+02 4.649E+05 | 3.124E+01 0.000E+00 0.000E+00 | 0.000E+00
2086 5.578E+02 4.467E+05 3.001E+01 |  0.000E+00 0.000E+00 0.000E+00
2087 5.359E+02 ) 4.292E+05 2.883E+01 0.000E+00 0.000E+00 0.000E+00
2088|  5.149E+02 4.123E+05 2.770E+01 0.000E+00 0.000E+00 0.000E+00
2089 4.947E+02 3.962E+05 ~ 2.662E+01 0.000E+00 0.000E+00 0.000E+00
2090 4.753E+02 3.806E+05 2.557E+01 0.000E+00 0.000E+00 ~ 0.000E+00
2091 4.567E+02 3.657E+05 2.457E+01 ~ 0.000E+00 | 0.000E+00 0.000E+00
2092 4.388E+02 3.514E+05 2.361E+01 0.000E+00 0.000E+00 0.000E+00
2093 4.216E+02 3.376E+05 2.268E+01 0.000E+00 0.000E+00 ~ 0.000E+00
2094 4.051E+02 3 3.243E+05 2A79E+01 ~ 0.000E+00 0.000E+00 0.000E+00
2095 3.892E+02 ~ 3.116E+05 2.094E+01 0.000E+00 0.000E+00 0.000E+00
2096 3.739E+02 2.994E+05 2.012E+01 0.000E+00 0.000E+00 0.000E-+00
2097 3.592E+02 2.877E+05 1.933E+01 | 0.000E+00 0.000E+00 ~ 0.000E+00
2098 3462E+02 | 2.764E+05 1.857E+01 0.000E+00 0.000E+00 0.000E+00
2099 3.316E+02 '2.656E+05 1.784E+01 0.000E+00 | 0.000E+00 0.000E+00
2100 3.186E+02 2.551E+05 1.714E+01 0.000E+00 0.000E+00 | 0.000E+00
2101 3.061E+02 2451E+05 1.647E+01 0.000E+00 0.000E+00 0.000E+00
2102 2.941E+02 2.355E+05 ~ 1.582E+01 0.000E+00 0.000E+00 0.000E+00
2103 2.826E-+02 2.263E+05 1.620E+01 0.000E+00 0.000E+00 0.000E+00
2104 2.715E+02 2 174E+05 1461E+01 |  0.000E+00 0.000E+00 0.000E+00
2105 2.609E+02 2.089E+05 1.404E+01 0.000E+00 0.000E+00 ~__ 0.000E+00
2106 2.506E+02 2.007E+05 1.348E+01 0.000E+00 0.000E+00 ~ 0.000E+00
2107 2.408E+02 1.928E+05 1.206E+01 0.000E+00 0.000E+00 0.000E+00
2108 2.314E+02 1.853E+05 1.245E+01 0.000E+00 0.000E+00 0.000E+00
2109 2.223E+02 1.780E+05 1.196E+01 0.000E+00 0.000E+00 0.000E+00
2110 2.136E+02 1.710E+05 1.149E+01 | 0.000E+00 0.000E+00 '0.000E-+00
2111 2052E+02 1.643E+05 1.104E+01 |  0.000E+00 |  0.000E+00 0.000E+00
2112|  1.972E+02 1.579E+05 1.061E+01 0.000E+00 0.000E+00 0.000E+00
2113 1.894E+02 1.517E+05 1.019E+01 0.000E+00 0.000E+00 0.000E+00
2114 1.820E+02 1.457E+05 9.792E+00 0.000E+00 0.000E+00 0.000E+00
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Results (Continued)

Year

(Mglyear) (m° fyear) (av fi*3/min) (Ma/year) (m* fyear) (av fi*3/min)
1974 0 0 [ 0 0 0 0 _
1975 0.000E+00 0.000E+00 0.000E+00 0.000E-+00 0.000E+00 0.000E+00
1976 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 |
1977 0.000E+00 _ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _ 0.000E+00 |
1978|  0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _ 0.000E+00 |
1979 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 |
1980 0.000E+00 0.000E+00 |  0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+Q0
1981 0.000E+00 0.000E+00 0.000E+00 0.000E-+00 0.000E+00 0.000E+00
1982  0.000E+00 0.000E+00 ~0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 |
1983 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1984 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1985 0.000E+00 0.000E+00 0.000E+00 0.000E-+-00 0.000E+00 0.000E+00 |
19886 0.000E+00 0.000E~+00 0.000E-+00 0.000E+00 0.000E+00 0.000E+00 |
1987 0.000E+00 0.000E+00 0.000E+00 0.000E-+00 0.000E+00 0.000E+00
1988 0.000E+00 0.000E+00 0.000E-+00 ~ 0.000E+00 0.000E+00 0.000E+00
1989 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00
1990 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1991 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1992 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E-+00 0.000E+00 0.000E+00
1993 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00
1994 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
1995|  0.000E+00 _0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1996/  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00
1997 0.000E+00 0.000E+00 0.000E+00 0.000E--00 0.000E+00 |  0.000E+00
1998 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
1999 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2000 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2001 0.000E+00 |  0.000E+00 0.000E-+00 0.000E+00 0.000E+00 ___0.000E+00
2002 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
2003 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2004 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2005] 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 | 0.000E+00
2008 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~__0.000E+00
2007 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
2008 0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00
2009|  0.000E+0Q 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00
2010 0.000E+00 0.000E-+00 0.000E+00 0.000E+00 0.000E+00 0.000E-+00
2011 0.000E+00 0.000E-+00 0.000E+00 ____0.000E+00 0.000E+00 0.000E+00
2012 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E +00
2013 0.000E+00 _ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2014 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 _0.000E+00
2015 0.000E+00 0.000E+00 0.000E+00 ~_ 0.000E+00 0.000E+00 ~ 0.000E-+00
2016 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2017 0.000E+00 | 0.000E+00 0.000E+00 _ 0.000E+00 0.000E+00 0.000E +00
2018]  0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2019|  0.000E+00 0.000E+00 0.000E+00 0.000E+00 - 0.000E+00 0.000E~+00
2020 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2021 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
2022 0.000E+00 |  0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00
2023| 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
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Results (Continued)

Year (Mo/year) (m> fyear) (av ft*3/min) (Mg/year) (m° fyear) (av ft"3/min)
2024 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2025 '0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2026 '0.000E+00 | 0.000E+00 _ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2027 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00
2028  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _0.000E+00
2029 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 ~ 0.000E+00
2030 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2031 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2032 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2033 0.000E+00 0.000E+00 0.000E+00 0.000E+00 '0.000E+00 0.000E+00
2034 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2035 0.000E+00 0.000E+00 “0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2036 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2037 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2038 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
12039 0.000E+00 0.000E+00 '0.000E+00 0.000E+00 0.000E+00 0.000E+00
2040 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2041 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00
2042| 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2043 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2044 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2045 0.000E+00 0.000E+00 ~ 0.000E-+00 0.000E+00 0.000E+00 0.000E+00
2046 0.000E+00 ~__ 0.000E+00 ~ 0.000E+00 0.000E+00 ~ 0.000E+00 ~ 0.000E+00
2047 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2048 0.000E+00 0.000E-+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00
2049  0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2050 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2051 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
| 2052 0.000E+00 0.000E+00 0.000E-+00 0.000E+00 0.000E+00 | 0.000E+00
2053 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2054 0.000E+00 0.000E+00 _0.000E+00 0.000E+00 0.000E+00 0.000E+00
2055 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2056 0.000E+00 0.000E-+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2057 0.000E+00 0.000E-+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2058 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
20589 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
2060 0.000E+00 “0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2061 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2062 0.000E+00 0.000E+00 ~ 0.000E+00 | 0.000E+00 0.000E-+00 0.000E+00
2063 0.000E+00 0.000E+00 0.000E+00 0.000E-+00 0.000E+00 0.000E+00 |
2064 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00
2065 _0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _"0.000E+00
2066 0.000E+00 0.000E+00 0.000E+00 _0.000E+00 0.000E+00 0.000E+00
2067 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2068 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 | 0.000E+00
2069 0.000E+00 N 0.000E+00 0.000E +00 0.000E+00 0.000E+00 0.000E+00
2070 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2071 0.000E-+00 0.000E+00 0.000E-+00 0.000E+00 0.000E+00 0.000E+00
2072 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2073 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2074] 0.000E +00 0.000E+00 __ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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Results (Continued)

2/24/2010

[fear (Mgyear) (m° lyear) (av fA3/min) (Ma/year) (m° year) (av Ft73/mir)
2075 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.C00E+00
2076 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2077 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2078 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2079 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2080 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2081 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 '0.000E+00
2082 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ _0.000E+00
2083 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
| 2084 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
2085 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2086 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2087 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E-+00
2088 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2089 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
2090 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2091| 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E-+00 0.000E+00
2092 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2093 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00
2094 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
| 2095 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0D 0.000E+00
2096 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2097 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2098 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2099 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E-+00
2100 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00. 0.000E+00
2101] 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2102| 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2103 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2104 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E~+00 0.000E+00
2105 0.000E+00 0.000E+00 0.000E +00 0.000E+00 0.000E+00 0.000E+00
2106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2107 0.000E+00 _ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2108 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E-+00 0.000E+00
2108 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2110 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2111 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2112 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00
2113 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
2114 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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LandGEM - Version 3.02

on» LandGEM

=" | andfill Gas Emissions Model

Version 3.02

U.S. Environmental Protection Agency
Otfice of Research and Development
National Risk Management Research Lab oratory (NRMRL)
and
Clean Air Technology Center (CATC)
Research Triangle Park, North Carolina

May 2005

Summary Report

Landfill Name or Identifier: Lorain County Landfill Il 1002 AP-42

Date: Wednesday, July 21, 2010

Description/Comments:

Annual waste intake reflect information provided by Lorain County Landfill personnel and OEPA Solid Waste Facility
Data Reports. Tonnages include a summary of General, Industrial and Exempt waste masses. Pollutant Parameters
Jpages 4 and 5) not calculated in this report. The 2009 Annual Report noted a balance of 22,146,441 tons reamining for

Waste Placement as of 12/31/2009.

About LandGEM:
LI ‘A/Iz' it .
First-Order Decomposition Rate Equation: C)CH = E E f{L —le
B L 10
i=1 j=0.1

Where,

Q~us = annual methane aeneration in the vear of the calculation (m° Avear)

i = 1-year time increment M. = mass of waste accented in the i vear (Ma)

n = (year of the calculation) - (initial year of waste acceptance) t; = age of the " section of waste mass M; accepted in the i year
j = 0.1-year time increment {dacimal vears. e.a.. 3.2 vears)

I = methane aeneration rate (vear™\
L. = potential methane aeneration canacitv (m*/Ma)

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 relatively simple approach to estimating landfill gas emissions. Model defaults
are based on empirical data from U.S. landfills. Field test data can alsa be used in place of model defaults when available. Further guidance on
EPA test methods, Clean Air Act (CAA) regulations, and other guidance regarding landfill gas emissions and control technology requirements
can be found at http:/mww.epa.gov/tinatw01/landfill/landfipg. html.

LandGEM is considered a screening toal — the better the input data, the better the estimates. Often, there are limitations with the availahle
data regarding waste quantity and composition, variation in design and operating practices over time, and changes oceurring over time that
impact the emissions potential. Changes to 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 to include in LandGEM along with defauits for convential landfills (no leachate or liquid additions) for developing emission
inventories and determining CAA applicability. Refer to the Web sits identified above for future updates.
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Input Review

LANDFILL CHARACTERISTICS

" andfill Open Year

-andfill Closure Year (with 80-year limit)
Actual Closure Year (without limif)
Have Model Calculate Closure Year?
Woaste Design Capacity

MODEL PARAMETERS

Methane Generation Rate, k

Potential Methane Generation Capacity,
NMOC Concentration

Methane Content

GASES / POLLUTANTS SELECTED
Gas / Pollutant #1:
Gas / Pollutant #2:
Gas / Pollutant #3;
Gas / Pollutant #4;

WASTE ACCEPTANCE RATES

L

Total landfill gas

1985

2032

2032
No

40,765,078 short tons

0.040 year™
100 m? /Mg
600 ppmv as hexane
50 % by volume

Waste Acecepted

Waste-In-Place

Yieay (Mg/year) (short fons/year) (Mg) (shori fons)

1985 363,727 400,100 o 0
1986 - 450,589 485,659 363,727 400,100
1987 449,219 494 141 814,326 895,759
1988 445,291 489,820 1,263,545 1,388,900
1889 446,389 491,028 1,708,836 1,879,720
1990 545,755 600,330 2,155,225 2,370,748
1991 544,523 598,975 2,700,980 2,971,078
1992| 578,605 636,465 3,245,503 3,570,053
1993 535,881 589,469 3,824,107 4,206,518
1894 511,785 562,963 4,359,988 4,795,987
'995| - 524,694 577,163 4,871,773 5,358,850
1996  B54,737 610,211 5,396,466 5,936,113
1997 563,633| 619,996 5,951,204 6,546,324
1998 556,227 611,850 6,514,336 7,166,320
1983 607,232 667,955 7,071,084 7,778,170
2000 631,374 594,511 7,678,295 8,446,125
2001 - 732,460 805,706 8,309,668 9,140,636
2002 831,058 914,164 9,042,129 9,946,342
2003 887,818| 976,600 9,873,187 . 10,860,506
2004 974,053 1,071,458 10,761,005 11,837,108
2005 1,025,825 1,128,407 11,735,058 12,908,564
2006 1,113,675 1,224,932 12,760,883 14,036,971
2007 1,018,644 1,120,508 13,874,457 15,261,903
2008 - 1,124,251 1,236,676 14,893,101 16,382,411
2009 908,682 999,550 16,017,352 17,619,087
2010 906,897 897,687| 16,826,034 18,618,637
2011 906,897 997,587 17,832,931 19,616,224
2012 906,897 997,587 18,739,828 20,613,811
2013 906,897 997,587 19,646,725 21,611,398
2014| B 906,897 997,587 20,553,623 22,608,985
2015 906,897 997,587 21,460,520 23,606,572
2016 906,897 597,587 22,367,417 24,604,158
2017 906,897 997,587 23,274,315 25,601,746
2018 906,897 997,587 24,181,212 26,599,333
2019 906,897 997,587 25,088,109 27,596,920
2020 906,897 997,687 25,995,006 28,594,507
2021 906,897 997,587 26,901,804/ 29,592,094
2022 906,897 997,587 27,808,801 30,589,681
2023 906,897 997,687 28,715,698 31,687,268
2024| 206,897 997,587 28,622,595 32,584,855
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WASTE ACCEPTANCE RATES (Continued)

Year Waste Accepted Waste-In-Place
(Ma/vear) (short tons/year) {Mg) {shorf tons)
2025 906,897 997,587 30,529,493 33,582,442
2026 906,897 997,587 31,436,380 34,580,029
2027 906,897 997,587 32,343,287 35,577,616
2028 906,897  997,587| 33,250,185 36,575,203
2029 908,897 997,587 34,157,082 37,572,790
2030 906,897 997,587 | 35,063,979 38,570,377
2031 906,897 997,587 35,970,876/ 39,567,964
2032 181,388 199,527 36,877,774 40,565,551
2033 0 B 0] 37,059,162 40,765,078
2034 0 - 0 37,059,162| 40,765,078
2035 0 0 37,059,162 40,765,078
2036 - 0 0 37,059,162 40,765,078
2037 0| — 0 37,059,162 40,765,078
2038( 0 8] 37,058,162 40,765,078
2039 0 o[ 37,059,162 40,765,078
2040 0 0 37,059,162 40,765,078
2041) 0 0 37,059,162 40,765,078
2042 0 0| 37,059,162 40,765,078
2043 0 o 37,059,162 40,765,078
2044 0 0 37,059,162| 40,765,078
2045 B 0| 0 37,059,162 40,765,078
2046 0 0] 37,059,162 40,765,078
2047 0 0 37,059,162 40,765,078
2048 0| - 0 37,059,162 40,765,078
2049 0| 0 37,059,162 40,765,078
2050 0 0 37,059,162 40,765,078
2051 of 0 37,059,162| 40,765,078
2052 0 0 37,059,162 40,765,078
2053 0 0 37,059,162 40,765,078
2054 0 0 37,058,162 40,765,078
| 2055| o 0 37,058,162 40,765,078
2056 0 0 37,059,162 40,765,078
2057 ] 0 0 37,058,162 40,765,078
2058 of - 0 37,059,162 40,765,078
2058 0 0 37,059,162 40,765,078
2060 0 0 37,059,162 40,765,078
2061 0 0 37,059,162 40,765,078
2062 0 0 37,059,162 40,765,078
2063 - 0 0 37,059,162 40,765,078
2064 i 0 0 37,059,162 40,765,078
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Pollutant Parameters

Gas / Pollutani Detault Parameters:

User-specified Pollutani Parameters:

Concentration Concentration
Compound (ppmv) Molecular Weight {(ppmv) Molecular Weight
® Total landfill gas 0.00
@ |Methane B 16.04
¢ |Carbon dioxide 1L i 44.01
| NMOC 4,000 86.18
1,1,1-Trichloroethane
(methyl chloroform) -
HAP - 048 133.41 -
1,1,2,2-
Tetrachlorosthane -
HAPNOC 1.1 167.85
1,1-Dichloroethane
(ethylidene dichloride) -
HAPNVOC 2.4 L 98.97 -
1,1-Dichlorosthene
(vinylidene chlorids) -
HAPNOC 0.20 96.94
1,2-Dichloroethane
(ethylene dichloride) -
HAPNOC 0.41 98.96 R
1,2-Dichloropropane
(propylene dichloride) -
HAP/VOC 0.18 B 112.99 _ o |
2-Propanol (isopropyl
alcohol) - VOC 50 60.11
Acetone 7.0 58.08 _
Acrylonitrile - HAP/VOC 6.3 53.06 ) -
Benzene - No or
Unknown Cao-disposal -
HAPNOGC 18 78.11 N .
Benzene - Co-disposal -
o |HAPNOC ) 11 78.11 ]
£ |Bromodichloromethzane -
£ |voc 3.1 163.83 - .
S |Butane-VvoOC 5.0 58.12 o
& [Carbon disuffide -
HAPNOC ) 0.58 76.13
Carbon monoxids 140 28.01
Carbon tetrachloride -
HAP/NOC 4.0E-03 153.84
Carbony! sulfide -
HAPNOC 0.49 60.07
Chlorobenzene -
HAPN/OC 0.25 112.56 |
Chlorodifluoromethane 1.3 86.47 -
Chloroethane (ethyl
chloride) - HAP/VOC 1.3 64.52
Chloroform - HAPNOC 0.03 | 118.38
Chloromethane - VOC 1.2 50.49
Dichlorobenzene - (HAP
E para isomer/\VVOC) 0.21 147
Dichlorodifluoromethane 16 B 120.91
Dichlorofluoromethane -
voc 2.6 102.92
Dichloromethane
(methylene chloride) -
HAP 14 84.94 B
Dimethyl sulfide (methy!
sulfide) - VOC 7.8 62.13 __l
Ethane 890 30.07 -
| [Ethanol-voc 27 46.08
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Pollutant Parameters (Continued)

Gas / Pollutant Default Paratmeiers:

User-specified Pollutant Parameters:

Concentration

Concentration

Compound (ppmv) Molecular Weight Molecular Weight
Ethyl mercaptan
(ethanethiol) - VOC 23 62.13 s
Ethylbenzene -
HAPNOC 4.6 106.16 | )
Ethylene dibromide -
(HAPA/OC 1.0E-03 ~ 1sr.es | |
Fluarotrichloromethane -
VOoC 0.76 _137.38
Hexane - HAP/VOC 6.6 B 86.18
Hydrogen sulfids 36 34.08
Mercury (total) - HAP 2.9E-04 200.61
Methyl ethyl ketone -
HAP/NOC 7.1 72.11
Methyl isobutyl ketone -
HAPNMOC 1.9 100.16
Methyl mercaptan - VOC 25 48.11
Pentane - VOC 3.3 72.15
Perchloroethylene
(tetrachloroethylene) -
HAP - 3.7 165.83
Propane - VOC 11 44.09
t-1,2-Dichloroethene -
Voc 2.8 96.94
Toluene - No or
Unknown Co-disposal -
HAP/NOC 39 92,13
Toluene - Co-disposal -
HAPNOC 170 92.13
Trichloroethylene
w |{trichloroethene) -
e |HAPNVOC 2.8 13140 ) -
“g Vinyl chloride -
% [HAPNOC 7.3 62.50 !
8 [Xylenes - HAPNVOC 12 106.16
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Graphs

Megagrams Fer Year
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Results
IYear Total landfill gas B

(Ma/year) (m*/year) (av fi"3/min) (Mg/year) (m*/year) (av fi*3/min)
1985 0 0 o 0 0 | 0
1986|  3.569E+03 2.858E+06 1.920E+02 0.000E+00 0.000E+00 | 0.000E+00
1987 7.851E+03 6.287E+08 4.224E+02 0.000E+00 ~ 0.000E+00 0.000E+00
1988 1.195E+04 9.570E+06 6.430E+02 0.000E+00 0.000E+00 |  0.000E+00
1989 1.585E+04 1.269E+07 _8.520E+02 0.000E+00 | 0.000E+00 0.000E+00
1980 1.961E+04 _ 1.570E+07 1.055E+03 0.000E+00 0.000E+00 0.000E+00 |
1931 2.420E+04 1.938E+07 1.302E+03 0.000E+00 0.000E+00 0.000E+00
1992  2.859E+04  2.290E+07 | 1.538E+03 0.000E+00 |  0.000E+00 0.000E+00 |
1993 3.315E+04 2.654E+07 1.784E+03 0.000E+00 0.000E+00 0.000E+00
1994 3.711E+04 2971E+07 |  1.997E+03 0.000E+00 0.000E+00 |  0.000E+00
1995 4.068E+04 | 3.257E+07 2.188E+03 0.000E+00 0.000E+00 0.000E+00
1996 4.423E+04 __ 3.542E+07 2.380E+03 0.000E+00 ~ 0.000E+00 ~0.000E+00
1997 4.794E+04 3.839E+07 2.579E+03 0.000E+00 0.000E+00 0.000E+00
1998 5.159E+04 4.131E+07 2.776E+03 0.000E+00 |  0.000E+00 0.000E+00 |
1999 5.503E+04 ~ 4.408E+07 2.960E+03 ~ 0.000E+00 0.000E+00 0.000E+00
2000 5.883E+04 4.711E+07 3.165E+03 ~ 0.000E+00 0.000E+00 0.000E+00 |
2001 6.272E+04 5.022E+07 3.374E+03 0.000E+00 0.000E+00 0.000E+00
2002|  6.744E+04 5.401E+07 3.629E+03 0.000E+00 0.000E+00 0.000E+00
2003 7.295E+04 5.842E+07 3.925E+03 ~ 0.000E+00 0.000E+0C0 _ 0.000E+00 |
2004 7.881E+04 6.310E+07 4.240E+03 0.000E+00 0.000E+00 0.000E+00
2005 8.527E+04 6.828E+07 4.588E+03 0.000E+00 0.000E+00 _ 0.000E+00
2006 9.200E+04 7.367E+07 4.950E+03 0.000E+00 0.000E+00 0.000E+00
2007 9.932E+04 7.953E+07 5.344E+03 0.000E+00 0.000E+00 0.000E+00
2008 1.054E+05 8.441E+07 ~ 5.872E+03 0.000E+00 0.000E+00 0.000E+00
2009 1.123E+05 8.994E+07 |  6.043E+03 0.000E+00 0.000E+00 0.000E+00
2010 1.168E+05 9.355E+07 6.286E+03 _ 0.000E+00 0.000E+00 0.000E+00
2011 1.211E+05 i 9.701E+07 6.518E+03 0.000E+00 0.000E+00 0.000E+00
2012|  1.253E+05 1.003E+08 _ 6.741E+03 0.000E+00 ~ 0.000E+00 0.000E+00
2013 1.293E+05 | 1.035E+08 6.956E+03 ~ 0.000E+00 ___0.000E+00 ~ 0.000E+00
2014 1.331E+05 1.066E+08 7.162E+03 0.000E+00 0.000E+00 |  0.000E+00
015 1.368E+05 1.095E+08 7.360E+03 0.000E+00 0.000E+00 0.000E+00
2016 1.403E+05 1.124E+08 7.550E+03 0.000E+00 0.000E+00 0.000E+00
2017 1.437E+05 | 1.151E+08 7.733E+03 0.000E+00 0.000E+00 ~ 0.000E+00
2018 1.470E+05 1.177E+08 | 7.908E+03 0.000E+00 0.000E+00 _ 0.000E+00
2019]  1.501E+05 1.202E+08 8.077E+03 0.000E+00 |  0.000E+00 0.000E+00
2020 1.5631E+05 1.226E+08 8.239E+03 0.000E+00 0.000E+00 0.000E+00
2021|  1.560E+05 1.249E+08 8.395E+03 0.000E+00 0.000E+00 |  0.000E+00
2022| 1.588E+05 ~ 1.272E+08 8.545E+03 0.000E+00 0.000E+00 ~0.000E+00
2023 1.615E+05  1.293E+08 8.688E+03 0.000E+00 0.000E+00 |  0.000E+00
2024 1.641E+05 1.314E+08 8.827E+03 0.000E+00 0.000E+00 0.000E+00
2025 1.665E+05 1.333E+08 8.959E+03 0.000E+00 ~ 0.000E+00 0.000E+00
2026 1.689E+05 | 1.352E+08 9.087E+03 0.000E+00 0.000E+00 ~ 0.000E+00
2027 1.712E+05 1.371E+08 ~9.209E+03 0.000E+00 0.000E+00 ~ 0.000E+00
2028 1.734E+05 1.388E+08 | 9.327E+03 0.000E+00 | 0.000E+00 0.000E+00
2029 1.755E+05 1.405E+08 9.440E+03 0.000E+00 0.000E+00 _ 0.000E+00
2030 1.775E+05 1.421E+08 9.549E+03 | 0.000E+00 0.C00E+00 ~ 0.000E+00
2031 1.794E+05 1.437E+08 | 9.653E+03 0.000E+00 |  O0.000E+00 | 0.000E+00
2032 1.813E+05 1.452E+08 9.753E+03 _ 0.000E+00 0.000E+00 0.000E+00
2033 1.760E+05 1.409E+08 9.467E+03 |  0.000E+00 0.000E+00 0.000E+00
2034 1.691E+05 1.354E+08 9.096E+03 0.000E+00 0.000E+00 0.000E+00
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Results (Continued)

[Year Total landfill gas

(Ma/year) (m 3/year) (av fi*3/inin) (Ma/year) (m® fyear) (av t*3/min)
2035 1.624E+05 1.301E+08 |  8.739E+03 0.000E+00 0.000E+00 0.000E+Q0
2036 1.5661E+05 | 1.250E+08 o 8.396E+03 0.000E+00 0.000E+00 0.000E+Q0
2037 1.499E+05 B 1.201E+08 8.067E+03 ~0.000E+00 0.000E+00 0.000E+00
2038 1.441E+05 1.154E+08 7.751E+03 _ 0.000E+00 0.000E+00 0.000E+00
2039 1.384E+05 | 1.108E+08 7.447E+03 0.000E+00 0.000E+00 _ 0.000E+00
2040 1.8330E+05 1.065E+08 7.155E+03 ~0.000E+00 0.000E+00 0.000E+00
2041 1.278E+05 1.023E+08 _ B8.874E+03 0.000E+00 0.000E+00 _0.000E+00
2042 1.228E+05 9.830E+07 6.605E+03 0.000E+00 0.000E+00 0.000E+00 _
2043 1.179E+05 9.445E+07 ~ B6.346E+03 ] 0.000E+00 0.0C0E+00 0.000E+00
2044 | 1.133E+05 9.074E+07 ~ 6.097E+03 0.000E+00 0.000E+00 0.000E+00
2045 1.089E+05 8.718E+07 5.858E+03 0.000E+00 0.000E+00 0.000E+00
2046 1.046E+05 8.377E+07 5.628E+03 0.000E+00 0.000E+0D0 ~ 0.000E+00
2047| 1.005E+05 8.048E+07 _ 5.408E+03 0.000E+00 ~ 0.000E+00 _ 0.000E+00
2048 9.657E+04 7.733E+07 5.195E+03 0.000E+00 0.000E+00 0.000E+00
2049 9.278E+04 7.428E+07 4.992E+03 0.000E+00 0.C00E+00 0.000E+00
2050 8.914E+04 7.138E+07 | 4796E+03 0.000E+00 0.000E+00 0.000E+00 _
2051 8.565E+04 6.858E+07 |  4.608E+03 0.000E+00 0.000E+00 ! 0.000E+00
2052 8.228E+04 6.589E+07 4.427E+03 0.000E+00 0.000E+00 0.000E+00
2053 7.906E+04 - 6.331E+07 4.254E+03 0.000E+00 0.000E+00 0.00CE+00 |
2054 7.596E+04 6.083E+07 4.087E+03 | 0.000E+00 0.000E+00 ; '0.000E+00
2055|  7.298E+04 5.844E+07 |  3.927E+03 0.000E+00 ~ 0.000E+00 | 0.000E+00
2056 7.012E+04 ) 5.615E+07 3.773E+03 0.000E+00 ~_ 0.000E+00 0.000E+00
2057 6.737E+04 5.395E+07 3.625E+03 '0.000E+00 0.000E+00 0.000E+00
2058 6.473E+04 5.183E+07 3.483E+03 0.000E+00 0.000E+00 _0.000E+00
2059 6.219E+04 ~4.980E+07 3.346E+03 0.000E+00 0.000E+00 0.000E+00
2060 5.975E+04 - 4.785E+07 3.215E+03 0.000E+00 0.000E+00 0.000E+00
2061 5.741E+04 4.597E+07 3.088E+03 0.000E+00 - 0.000E+00 0.000E+00
2062 5.516E+04 4.417E+07 2.968E+03 0.000E+00 I 0.000E+00 0.000E+00
2063 5.300E+04 4.244E+07 2.851E+03 0.000E+00 0.000E+00 0.000E+00
2064 ~ B.092E+04 4.077E+07 2.740E+03 0.000E+00 0.000E+00 0.000E+00 _
2085|  4.892E+04 3.817E+07 2.632E+03 0.000E+00 0.000E+00 | 0.000E+00
2066 4.700E+04 3.764E+07 2.529E+03 0.000E+00 0.000E+00 0.000E+00
2067 4.516E+04 3.616E+07 2.430E+03 0.000E+00 0.000E+00 B 0.000E+00
2068|  4.339E+04 3.474E+07 2.334E+03 0.000E+00 I 0.000E+0Q0 0.000E+00
2068 4.168E+04 3.338E+07 2.243E+03 _ 0.000E+00 0.000E+00 0.000E+00
2070 4,005E+04 3.207E+07 | 2.155E+03 0.000E+00 0.000E+00 0.000E+00 )
2071 3.848E+04 3.082E+07 2.071E+03 0.000E+00  0.000E+00 0.000E+00
2072 3.697E+04 2.961E+07 1.989E+03 0.000E+00 0.000E+0D0 0.000E+00
2073|  3.552E+04 2.845E+07 1.911E+03 0.000E+00 0.000E+00 _ 0.000E+00
2074| 3.413E+04 2.733E+07 1.836E+03 0.000E+00 0.000E+00 0.000E+00
2075 3.278E+04 2.626E+07 1.764E+03 0.000E+00 0.000E+00 0.000E+00
2076 3.151E+04 2.523E+07 1.695E+03 0.000E+00 0.000E+00 i 0.000E+00
2077 3.027E+04 2.424E+07 |  1.629E+03 0.000E+00 _ 0.000E+00 |  O0.000E+00
2078 2.909E+04 _ 2.328E+07 1.565E+03 0.000E+00 0.000E+00 0.000E+00
2079 2.794E+04 ! 2.23BE+07 1.503E+03 0.000E+00 0.000E+00 |  0.000E+00
2080 2.685E+04 | 2.150E+07 | 1.445E+03 0.000E+00 0.000E+00 _ 0.000E+00
2081 2.580E+04 ~ 2.066E+07 1.388E+03 0.000E+00 0.000E+00 0.000E+00
2082 2.478E+04 1.885E+07 1.333E+03 _ 0.000E+00 0.000E+00 0.000E+00
2083 2.381E+04 1.907E+07 1.281E+03 0.000E+00 ~ 0.000E+00 ' 0.000E+Q0
2084 2.288E+04 1.832E+07 1.231E+03 0.000E+00 0.000E+00 0.000E+00
2085 2.198E+04 _ 1.760E+07 1.183E+03 |  0.000E+00 0.000E+00 | 0.000E+00
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Results (Continued)

'Year Total landfill gas

(Mg/year) (mifyear) | (avi"3/min) _ (Mgfyear) (m° tysar) (av ft73/min)
2086 2.112E+04 7 1.691E+07 1.136E+03 0.000E+00 | 0.000E+00 0.000E+00
2087 2.029E+04 1.625E+07 ~ 1.092E+03 |  0.000E+00 |  O0.000E+00 0.000E+00
2088 1.850E+04 ~ 1.s61E+07 | 1.049E+03 0.000E+00 0.000E+00 0.000E+00
2089 1.873E+04 1.500E+07 1.008E+03 0.000E+00 0.000E+00 0.000E+00 _
2090 1.800E+04 1441E+07 |  ©9.683E+02 |  0.000E+00 0.000E+00 0.000E+00
2091 1.729E+04 1.385E+07 9.303E+02 0.000E+00 0.000E+00 0.000E+00
2092 1.661E+04 1.330E+07 8.939E+02 0.000E+00 |  0.000E+00 ~ 0.000E+00
2093 1.596E+04 1.278E+07 _B8.588E+02 0.000E+00 0.000E+00 0.000E+00
2084 1.5634E+04 |  1.228E+07 8.251E+02 0.000E+00 0.000E+00 ~ 0.000E+00
2085|  1.474E+04 1.180E+07 7.928E+02 0.000E+00 | 0.000E+00 0.000E+00
2096 1.416E+04 1.134E+07 7.617E+02 0.000E+00 0.000E+00 0.000E+00
2097 1.360E+04 1.089E+07 7.318E+02 0.000E+00 0.000E+00 |  0.000E+00
2098 1.307E+04 1.046E+07 7.031E+02 0.000E+00 0.000E+00 | 0.000E+00
2099 ~1.256E+04 1.005E+07 B.756E+02 0.000E+00 0.000E+00 0.000E+00
2100 1.206E+04 _ 9.660E+06 6.481E+02 0.000E+00 0.000E+00 0.000E+00
2101 1.159E+04 | 9.282E+06 6.236E+02 0.000E+00 _ 0.000E+00 i 0.000E+00
2102 1.114E+04 8.918E+06 5.992E+02 ~ 0.000E+00 0.000E+00 0.000E+00
2103|  1.070E+04 8.568E+06 5.757E+02 ~ 0.000E+00 0.000E+00 0.000E+00
2104 1.028E+04 8.232E+06 5.531E+02 0.000E+00 0.000E+00 0.000E+00
2105 9.877E+03 _ 7.908E+06 5.314E+02 0.000E+00 | 0.000E+00 | 0.000E+00
2106 9.490E+03 7.595E+06 5.106E+02 ~ 0.000E+00 0.000E+00 0.000E+00
2107 9.118E+03 7.301E+06 4.906E+02 0.000F+00 0.000E+00 0.000E+00
2108 8.760E+03 _ 7.015E+06 4.713E+02 0.000E+00 0.000E+00 | 0.000E+00
2109 8.417E+03 6.740E+06 4.528E+02 0.000E+00 0.000E+00 0.000E+00
2110 8.087E+03 6.475E+06 4.351E+02 0.000E+00 0.000E+00 0.000E+00
2111 7.770E+03 ] 6.222E+06 4.180E+02 0.000E+00 0.000E+00  0.000E+00
2112 7.465E+03 5.978E+06 4.016E+02 0.000E+00 | 0.000E+00 | 0.000E+00
2113 7.172E+03 5.743E+06 3.859E+02 0.000E+00 0.000E+00 0.000E+00
2114 6.891E+03 _  5.518E+06 3,708E+02 0.000E+00 0.000E+00 |  0.000E+00
2115 6.621E+03 5.302E+06 3.562E+02 0.000E+00 0.000E+00 0.000E+00
2116| 6.361E+03 5.094E+06 3.423E+02 0.000E+00 0.000E+00 0.000E+00
2417 6.112E+03 4.894E+06 3.288E+02 0.000E+00 0.000E+00 0.000E+00
2118 5.872E+03 4,702E+06 3.159E+02 0.000E+00 | 0.000E+00 |  D0.000E+00
2119] 5.642E+03 4.518E+06 ~ 3.035E+02 ~ 0.000E+00 0.000E+00 0.000E+00
2120 5.421E+03 4.341E+06 2.916E+02 0.000E+00 0.000E+00 0.000E+00
2121 5.208E+03 4.170E+06 2.802E+02 0.000E+00 0.000E+00 0.000E+00
2122| ~ 5.004E+03 ~ 4.007E+06 2.692E+02 0.000E+00 0.000E+00 0.000E+00
2123 4.,808E+03 3.850E+06 2.587E+02 0.000E+00 ~ 0.000E+00 0.000E+00
2124 4,619E+03 3.699E+06 2.485E+02 0.000E+00 0.000E+00 0.000E+00
2125 4.438E+03 3.554E+06 2.388E+02 0.000E+00 ~ 0.000E+00 0.000E+00
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Results (Continued)

| Year . |
(Mo/year) (m* /year) (av fi73/min) (Mglvear) (m* fyear) (av f#*3/min)
1985 0 0 0 0 | 0 0
1986  0.000E+00  0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00
1987 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1988 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 | 0.000E+00
1889 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _ 0.000E+00
1980 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00
1991 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1992 0.000E+00 | 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 |
1993 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1994 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 _ 0.000E+00 0.000E+00
1995 0.000E+00 0.000E+00 |  ©0.000E+00 0.000E+00 '0.000E+00 ~ 0.000E+00
1996 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1997 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _ 0.000E+00 | 0.000E+00
1898 0.000E+00 ~ 0.D00E+00 ~ 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
(1959 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2000 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00
2001 0.000E+00 0.000E+00 0.000E+00 _ 0.000E+00 | 0.000E+00 0.000E+00
2002 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2003|  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _ 0.000E+00
2004 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.00CE~+00 0.000E+00
2005 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00  0.000E+00
2006 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2007 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2008 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00
2008|  0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
2010 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2011 0.000E+00 0.000E+60 0.000E+00 0.000E+00 | 0.000E+00 | 0.000E+00
2012 0.000E+00 - 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
2013 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2014 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00
2015  0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
2016 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 ~ 0.000E+00
2017 0.000E+00 0.000E+00 | 0.000E+00 ~ 0.000E+00 0.000E+00 0.00DE+00
2018 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
2019 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2020 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00
2021  0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 ~ 0.000E+00 | 0.000E+00 |
2022 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00
2023 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2024|  0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
| 2025 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 _ 0.000E+00 0.000E+00
2026 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00
2027 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00
2028 0.000E+00  0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+0Q
2029 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2030 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00
2031]  0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00
2032 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
2033 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2034 0.000E+00 0.000E+00 “0.000E+00 0.000E+00 0.000E+00 i 0.000E+00 |
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Resulis (Continued)

Year (Ma/year) (m* tyear) (av it*3/min) | (Mg/vear) (in° fyear) (av f#*3/min)
2035 O.DUOE-I-OO__ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E-+00
2036 0.000E+00 ; 0.000E+00 0.C00E+00 0.000E+C0 0.000E+C0 0.000E+00 ]
2037 0.000E+00 . 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+C0
2038 0.000E+00 0.000E+00 0.000E+QD 0.000E+00 0.000E+00 R 0.000E+00
2039 0.000E+00 | 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 | _ 0.000E¥00
2040 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+D0
2041 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2042 0.000E+00 0.000E+00 0.000E+00 i 0.000E-+00 0.000E+00 0.000E+00 -
2043 0.000E+00 0.C00E+00 | 0.000E+00 ) 0.000E+00 5 0.000E+00 0.000E+Q0
2044 ~ 0.000E+00 0.000E+00 _ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2045 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.C00E+00 b 0.000E+0Q _
2046 0.000E+00 0.000E+00 ] 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2047 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 I
2048| 0.000E+00 0.000E+00 0.000E+0D0 I 0.000E+00 B 0.000E+00 ) 0.000E+00 -l
2049 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.C00E+00 0.000E+00
2050 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2051 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0D 0.000E+00
2052 0.000E+D0 i 0.000E+00 0.000E+00 0.000E+00 . 0.000E+00 L 0.000E+0D |
2053 0.000E+00 B 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 L 0.000E+00
2054 0.000E+00 0.000E+00 I 0.000E+00 0.000E+00 0.000E+00 ! 0.000E+00
2055 0.000E+00 [ 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2056 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 Y 0.000E+00D |
2057 0.000E+00 N 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+Q0
2058 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 | 0C.000E+00
2059 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2060 0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.00CE+00 0.000E+0Q0
2061 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00
2062 0.000E+00 | 0.000E‘PO_O_ - 0.000E+00 _ 0.000E+00 0.000E+00 0.000E+00 -
2063 0.000E+00 | 0.000E+_()0 0.000E+00 . 0.000E+00 0.000E+00 0.000E+00
2064 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 o 0.000E+Q0
2065 0.000E+00 0.000E+00 ] 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 —
2066 0.000E+00 0.000E+00 0.000E+00 ~_ 0.000E+00 0.000E+00 0.000E+00 o
2067 0.000E+D0 _ 0.000E+00 0.000E+00 ) 0.000E+00 0.000E+0C0 0.000E+00
2068 0.000E+00 0.000E+00 ) 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00
2068 0.0UOE:FOO 0.000E+00 0.000E+00 ~ 0.000E+00 O.DUQE*'OO 0.000E+00
2070 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0,000E+00 0.000E+00
2071 0.000E+00 ~ 0.000E+00 - 0.000E+00 0.000E+00 0.000E+00 0.000E+00 )
2072 0.000E+00 0.000E+00 " 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00
2073 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ! 0.000E+00 0 0.000E+00
2074 0.000E+00 0.000E+00 | 0.000E+0Q0 i 0.000E+00 0.000E+00 0.000E+00 =
2075 0.000E+00 0.000E+00 0.000E+00 ) 0.000E+00 0.000E+00 0.000E+00
2076 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 I 0.000E+00
2077 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2078 0.000E+00 1 0.C00E+00 0.000E+00 0.000E+00 ] 0.000E+00 0.000E+00_ =
2079 0.000E+00 ] 0.000E+00  0.000E+00 = 0.000E+00 0.000E+00 0.000E+00
2080 0.000E+00 ) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2081 0.000E+00 0.000E+00 |  0.000E+00 |  0.000E+00 0.000E+00 0.000E+00
2082 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+QO 0.000E+00 0.000E+00
2083 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00
2084 0.000E+00 0.000E+00 1 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2085 0.000E+00 _ 0.000E+00 0.000E+00 - 0.000E+00 __ 0.000E+00 [ 0.000E+00
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Results (Continued)

7/21/2010

|

Year (Mo/year) (m° year) (av f#°3/min) (Mo/year) (m° Jyear) (av fir3/min)
5086 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2087 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2088 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00
2089 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2090 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E<00
2091|  0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00
2092 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2093 0.000E¥00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2094 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2005 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
20096 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2097 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2098 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00
2089 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 "0.000E+00 |
3100 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2101 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2102 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2103 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2104 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
5105 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
5106 0.000E+00 0.000E+00 0.000E¥00 | 0.000E+00 0.000E+00 0.000E+00
5107 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2108 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2109 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2110 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2111]  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2112|  0.000E+00 0.000E+00 " 0.000E+00 0.000E+00 0.000E+00 ~0.000E+00
2113 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 T0.000E¥00
2114 0.000E+00 0.000E+00 0.000E+00 0.0D0E+00 0.000E+00 0.000E+00
2115|  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E¥00 | 0.000E+00
2116 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
3117 0.000E+00 ~0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2118 0.000E+00 '0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2119 0.000E+00 0.000E+00 "0.000E+00 0.000E+00 0.000E+00 0.000E+00
2120 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2121 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
3122 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E%00 |
2123 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2124 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2125 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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LandGEM - Vession 3.02

LandGEM

Landfill Gas Emissions Model
Yersion 3.02

U.S. Environmental Protection Agency
Office of Research and Development
National Risk Management Research Laboratory (NRIVIRL)
and
Clean Air Technology Center (CATC)
Research Triangle Park, North Carolina

May 2005

Summary Report

Landiill Name or ldentifier: Lorain County Landfill | 0701 - DFFO

Date: Wednesday, February 24, 2010

Description/Comimenis:
Annual waste intake reflect information provided by Lorain County Landfill personnel and OEPA Sclid Waste Facility
Data Reports. Tonnages include a summary of General, Industrial and Exempt waste masses. Pollutant Parameters

(pages 4 and 5) not calculated in this report.

About LandGEM: 1
_4] { —Ih"- A

First-Order Decomposition Rate Equation: O —_ § E kL !'}

Where, =1 j=0.1

Qnus = annual methane aeneration in the vear of the calculation fm® Avear)

i = 1-year time increment M = mass ofwaste accepted in the i vear (Men)

n = (year of the calculation) - (initial year of waste acceptance) t;= age of the [ section of waste mass M, accepted in the i year

j= 0.1-year time increment {decimal vears. e.d.. 3.2 vears)

k = methane aeneration rate (vear™)
L. = potential methane qeneration capacitv (m > /Ma)

LandGEM is based on a first-order decomposition rate equation for quantifying emissions from the decomposition of landfilled waste in
municipal solid waste (MSW) landfilis. The software provides a relatively simple approach to estimating landfill gas emissions. Model defaults
are based on empirical data from U.S. [andfills. 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 other guidance regarding landfill gas emissions and control technology requirements
can be found at http://www.epa.govittnatw01/landfill/landflpg. himl.

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 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 to
include in LandGEM along with defaults for convential landfills (no leachate or liquid additions) for developing emission inventories and
determining CAA applicability. Refer to the Web site identified ahove for future updates.
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Input Review

LANDFILL CHARACTERISTICS

Landfill Open Year

Landfill Closure Year (with 80-year limit)

Actual Closurs Year (without limit)

Have Medel Calculate Closure Year?
Waste Design Capacity

MODEL PARAMETERS
Methane Generation Rate, k
Potential Methane Generation Capacity, L,

NMQC Concentration

Methane Content

GASES / POLLUTANTS SELECTED
Total landfill gas

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

WASTE ACCEPTANCE RATES

1974
1984
1984
No
4,305,400

0.070
140
600

50

short tons

year"

m* /Mg
ppmv as hexange
% by volume

Year Waste Accepted Waste-In-Place
(Mg/year) (short fons/year) (Mg) (short tons)

1974 355,818 391,400 ol 0
1975 355,818 391,400 355,818 391,400
1976 355,818 391,400 711,636 782,800
1977 355,818 . 391,400 1,067,455 1,174,200
1978 355,818 391,400, 1,423,273 1,565,600
1979 355,818 391,400 1,779,091 1,857,000
1980 355,818 391,400 2,134,909 2,348,400
1981 355,818| 391,400 2/480,727 2,738,800
1982 355818] 391,400| 2,846,545| 3,131,200
1983 355,818 391,400 3,202,364 3,522,600
1984 355,818 391,400 3,558,182 3,914,000,
1985 i 0 0| 3,914,000| 4,305,400
1986 0 0 i 3,914,000 4,305,400
1987 - 0 0 3,914,000 4,305,400
1988 0 0 3,914,000 4,305,400
1989 0 0 3,914,000 4,305,400
1900| 0| 0 3,914,000 4,305,400
1991 0 0 3,914,000 4,305,400
1992 0 0 3,914,000 " 4,305,400
1993 0 0 3,914,000 4,305,400
1994 0 0| 3,814,000 4,305,400
1995 0 0 3,914,000 4,305,400
1996 0 0 3,914,000 4,305,400
1997 ) 0 3,914,000 4,305,400
1998| 0 0 3,814,000 4,305,400
1999 0 0 3,914,000 4,305,400
2000 0 0 3,914,000 4,305,400
2001 0 0 3,914,000 4,305,400
2002| o] 0| 3,914,000 4,305,400
2003 ol of 3,914,000 4,305,400
2004 0 0 3,814,000 4,305,400
2005 0 0 3,914,000 4,305,400
2006 B 0 i 3,914,000 4,305,400
2007 0| 0 3,914,000 4,305,400
2008 0| 0 3,914,000 4,305,400
2009 0| 0 3,914,000 4,305,400
2010 0 0 3,914,000 4,305,400
2011 0 0 3,914,000, 4,305,400
2012 0 0 3,914,000 4,305,400
2013 0 ] 3,914,000 4,305,400
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WASTE ACCEPTANCE RATES (Continued)

Year Waste Accepted Waste-ln-Place
(Ma/year) (short tons/year) (Mg) (stiort tons)
2014 0 0 3,914,000 4,305,400
2015 0 of 3,914,000 4,305,400
2016 0 0 3,914,000 4,305,400
2017/ - 0 0 3,914,000 4,305,400
2018 0 0 3,914,000 4,305,400
2019 0 o 3,914,000 4,305,400
2020 0 0 3,914,000 4,305,400
2021 0 0 3,914,000 4,305,400
2022 0 9 3,914,000 4,305,400
2023 0 0 3,914,000 4,305,400
2024 0 0| 3,914,000 4,305,400
2025 a 0 3,914,000 4,305,400
2026 - 0 0 3,914,000 4,305,400
2027 0 0 3,914,000 4,305,400
2028 o 0| 3,914,000 4,305,400
2029 0 ) 0 3,914,600 4,305,400
2030 B 0 0 3,914,000 4,305,400
2031 0 0 3,914,000 4,305,400
2032 ) 0 3,914,000 4,305,400
2033 0 0 3,914,000 4,305,400
2034 0 0 3,814,000 4,305,400
20356 i 0 0 3,914,000 4,305,400
| 2036 0 0 3,914,000 4,305,400
2037 0| 0 3,914,000 4,305,400
| 2038 0 o 3,914,000 4,305,400
2039 0 0 3,814,000 4,305,400
2040 0 0 3,914,000 4,305,400
2041 0 0 3,814,000 4,305,400
2042 0 0 3,814,000 4,305,400
2043 0 0 3,914,000 4,305,400
2044 0 0 3,914,000 4,305,400
2045 0 0 3,914,000 4,305,400
2046 0 0 3,814,000 4,305,400
| 2047 0 il 3,814,000 4,305,400
2048 0 0 3,914,000 4,305,400
2049 0 0 3,914,000 4,305,400
2050 0 0 3,914,000 4,305,400
2051 0 0 3,014,000 4,305,400
2052 0 0 3,914,000 4,305,400
2053 0 0 3,914,000 4,305,400
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Gas / Pollutant Default Parameters:

User-specified Pollutant Parameters:

Concentration Concentration
Compound (ppmv) Molecular Weight (ppmv) Molecular Weight
® Total landfill gas 0.00
2 |Methane 18,04
& |Carbon dioxide 4401
NMOC 4,000 86.18
1,1,1-Trichloroethane
(methy! chloroformy) -
HAP B 048 133.41
1,1,2,2- N
Tetrachloroethane -
HAPN/OC 1 167.85 -
1,1-Dichloroethane
(ethylidene dichloride) -
|HAPNOC 2.4 198.97 B
1,1-Dichloroathene
(vinylidene chloride) -
HAPNOC - 0.20 96.94 -
1,2-Dichloroethane
(ethylene dichloride) -
HAPNVQOC 0.41 98.96
1,2-Dichlcropropane o
(propylene dichloride) -
HAPNOC 0.18 112.89
2-Propanol (isopropy! -
alcohol) - VOC 50 60.11 .
Acetone L 7.0 58.08 —
Acrylonitrile - HAPN QG 6.3 53.06
Benzene - No or N
Unknown Co-disposal -
HAPNVOC 1.9 78.11 N
Benzene - Co-disposal - o
o |HAPNOC ) 11 78.11 -
£ |Bromodichloromethane -
5 |VOC 3.1 - 163.83
T [Butane -VOC_ 5.0 58.12
8- |Carbon disulfide -
HAPNOC 0.58 - 76.13
Carbon monoxide 140 28.01 '
Carben tetrachloride -
HAP/NOC 4.0E-03 153.84
Carbonyl sulfide - o
HAPNOC 049 60.07 —
Chlorcbenzene -
HAP/NVOC 0.25 112.56
Chlorediflucromethane 1.3 86.47 B
Chloroethane (ethyl ]
chloride) - HAPVOC 1.3 64.52
Chloroform - HAP/VOC 0.03 119.39
Chloromethane -VOC 1.2 ~ 50.49 B -
Dichlorobenzene - (HAP
for.p.ara isomerVOC) 0.21 147
Dichlorodifluoromethane 16 120.91 B
Dichlorofiluoromethane - N
VoG 26 102.92 B
Dichloromethane '
(methylene chloride) -
HAP 14 84.54
Dimethy! sulfide (methyl
sulfide) - VOC 7.8 62.13 - 1
Ethane 890 30.07 S
Ethano! - VOC 27 46.08 -

REPORT -4

212412010



LCLI landgem-v302 0701-140_07.xlsx

Pollutant Paramaters (Continued)

Gas / Pollutant Default Parameters:

User-specified Pollutant Parameters:

Concentration

Concentration

Compound (ppmv) Molecular Weight (ppmv) Molecular Weight
Ethyl mercaptan
(ethanethiol) - VOC 2.3 B 62.13
Ethylbenzene -
HAPNOC i 4.6 _106.18
Ethylene dibromide -
HAPNOGC 1.0E-03 187.88 -
Fluorotrichloromethane -
VOC 0.76 137.38
Hexane - HAPNOC 6.6 86.18 -
Hydrogen sulfide 36 34.08 ]
Mercury (total) - HAP 2.8E-04 200.61
Methyl ethyl ketone -
|HAPNOC 7.1 7211
Methy! isobutyl ketone -
HAPNOC 1.9 100.16
Methyl mercaptan - VOC . 25 48.11 B
Pentane - VOC 3.3 7241
Perchlaroethylene
(tetrachloroethylene) -
HAP 3.7 165.83 B
Propane - VOC 11 44.09
t-1,2-Dichloroethene -
\ele 28 96.94
Toluene - No or
Unknown Co-disposal -
HAPNOC B 39 92.13
Toluene - Co-disposal -
HAP/NOC 170 92.13
Trichloroethylene
o |(trichloroethene) -
£ |[HAPNVOC | 28 131.40 .
S |Vinyl chloride -
3 |HAPNVOC 7.3 62.50 _
8 [Xylenes - HAPNOC 12 106.16
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Graphs

Emissions
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User-specified Unit (units shown in legend below)

====Total landfill gas (av fi*3/min) ~=====Total landfill gas (av ft*3/min)

~———=Total landfill gas (av ft*3/min)

~=w=sTotal landfill gas (av ft*3/min) |
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Results
Year} Total landfill gas

(Ma/yrear) (m* /year) av f£73/min) (Mg/year) (m* fyear) (av ft*3/min)
1974 ] 0 0 0 0 0 0
1975 8.441E+03 _ B.759E+06 | 4.541E+02 0.000E+00 0.000E+00 0.000E+00
1976 1.631E+04 1.306E+07 8.776E+02 0.000E+00 0.000E+00 0.000E+00
1977 2.365E+04 1.804E+07 ~ 1.272E+03 0.000E+00 | 0.000E+00 0.000E+00 |
1978|  3.049E+04 2.442E+07 1.641E+03 0.000E+00 ~ 0.000E+00 _ 0.000E+00
1979 3.687E+04 2.852E+07 1.984E+03 0.000E+00 0.000E+00 0.000E+00
1980 4.282E+04 | 3.420E+07 2.304E+03 0.000E+00 0.000E+00 0.000E+00
1981 4.837E+04 3.873E+07 2.602E+03 0.000E+00 0.000E+00 0.000E+00
1982 5.354E+04 4.287E+07 2.880E+03 0.000E+00 ~ 0.000E+60 0.000E+00 |
1983 5.836E+04 4.673E+07 3.140E+03 ~ D.00CE+00 0.000E+00 0.000E+00
1824|  6.285E+04 _ 5.033E+07 3.382E+03 0.000E+00 0.000E+00 0.000E+00
1985/ - 6.705E+04 | 5.369E+07 3.607E+03 0.000E+00 0.000E+00 0.000E+00
1986 6.251E+04 5.006E+07 3.363E+03 0.000E+00 0.00DE+00 0.000E+00
1987 5.829E+04 4.667E+07 3.136E+03 0.000E+00 0.000E+00 0.000E+00
1988 5.435E+04  4.352E+07 2.924E+03 0.000E+00 0.000E+00 "0.000E+00
1989 5.067E+04 [ 4.058E+07 2.726E+03 0.000E+00 0.000E+00 0.000E+00
1980 4725E+04 3.783E+07 2.542E+03 0.000E+00 0.000E+00 0.000E+00
1991 4.405E+04 3.527E+07 2.370E+03 0.000E+00 0.000E+00 0.000E+00
1992 4.107E+04 | 3.280E+07 2.210E+03 0.000E+00 0.000E+00 0.000E+00
| 1993 3.830E+04 3.067E+07 2.060E+03 0.000E+00 0.000E+00 0.000E+00
1984 3571E+04 2.850E+07 1.921E+03 0.000E+00 0.000E+00 ~ 0.000E+D0
1905 3.320E+04 | 2.666E+07 1.791E+03 0.000E+00 0.000E+00 0.000E+00
1996 3.104E+04 ' 2.486E+07 1.670E+03 0.000E+00 0.000E+00 0.000E+00
1997 2.894E+04 2.318E+07 1.557E+03 0.000E+00 0.000E+00 _ 0.000E+00
1008 2699E+04 |  2.161E+07 1.452E+03 0.000E+00 0.000E+00 0.000E+00
1889 2.516E+04 2.015E+07 1.354E+03 0.000E+00 0.000E+00 0.000E+00
2000 2.34BE+D4 ~ 1.B79E+07 _ 1.262E+03 0.000E+00 0.000E+00 0.000E+00
2001 2.188E+04 1.752E+07 1.477E+03 0.000E+00 0.000E+00 0.000E+00
2002 2.040E+04 1.633E+07 1.097E+03 0.000E+00 0.000E+00 0.000E+00
2003 1.902E+04 1.523E+07 1.023E+03 0.000E+00 0.000E+00 0.000E+00
2004 1.773E+04 ~ 1.420E+07 9.540E+02 0.000E+00 0.000E+00 0.000E+00
| 2005 1.653E+04 1,324E+07 8.895E+02 |  0.000E+00 0.000E+00 0.000E+00 |
2006 1.542E+04 1.234E+07 8.204E+02 0.000E+00 0.000E+00 0.000E+00
2007 1.437E+04 1.151E+07 7.733E+02 0.000E+00 0.000E+00 0.000E+00
2008 1.340E+04 _ 1.073E+07 7.210E+02 0.000E+00 0.000E+00 0.000E+00
2009 1.250E+04 1.001E+07 6.723E+02 0.000E+00 0.000E+00 0.000E+00
2010 1.165E+04 9.320E+06 6.268E+02 0.000E+00 |  0.000E+00 0.000E+00
2011 1.086E+04 8.699E+06  5.845E+02 0.000E+00 0.000E+00 0.000E+00 |
2012 1.013E+04 8.111E+06 5.449E+02 0.000E+00 0.000E+00 0.000E+00
2013 9.444E+03 ~ 7.562E+06 5.081E+02 0.00CE+00 0.000E+00 0.000E+00
2014|  8.805E+03 ' 7.051E+06 4.738E+02 0.000E+00 0.000E+00 0.000E+00
2015 8.210E+03 6.574E+06 4.417E+02 ~ 0.000E+00 0.000E+00 __ 0.000E+00
2016 7.655E+03 6.130E+06 4.119E+02 0.000E+00 0.000E+00 0.000E+00
2017 7.138E+03 B.716E+06 3.840E+02 0.000E+00 0.000E+00 0.000E+00
2018 6.655E+03 5.320E+06 3.581E+02 0.000E+00 0.000E+00 0.000E+00
2019 6.205E+03 4,969E+06 3.330E+02 0.000E+00 0.000E+00 0.000E+00
2020 5.786E+03 4.633E+08 3.113E+02 0.000E+00 0.000E+00 0.000E+00
2021 5.394E+03 4.320E+06 2,902E+02 0.000E+00 0.000E+00 0.000E+00
2022 5.030E+03 4.028E+06 2.706E+02 0.000E+00 0.000E+00 0.000E+00
2023 ~ 4.690E+03 3.755E+06 2.523E+02 0.000E+00 0.00GE+00 | 0.000E+00
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Results (Continued)

Year Total landfill gas

(Mg/year) (m?tyear) (av fir3/min) (Ma/year) (i fyear) (av ft"3/min)
2024 4.373E+03 3.501E+06 |  2.353E+D2 0.000E+00 0.000E+00 0.000E+00
2025|  4.077E+03 3.265E+06 2.184E+02 0.00CE+00 0.000E+00 0.000E+00
2026 3.801E+03 _ 3.044E+06 2.045E+02 0.000E+00 0.000E+00 0.000E+00
2027 3.544E+03 _ 2.838E+06 1.907E+02 0.000E+00 0.000E+00 0.000E+00
2028 3.305E+03 | 2.646E+06 1.778E+02 0.000E+00 0.000E+00 0.000E+00
2029 3.081E+03 2.467E+06 1.658E+02 ~ 0.000E+00 0.000E+00  0.000E+00
2030|  2.873E+03 2.301E+06 1.546E+02 0.000E+00 0.000E+00 0.000E+00
2031| 2.679E+03 2.145E+06 1.441E+02 0.000E+00 0.000E+00 0.000E+00
2032 2.498E+03 2.000E+06 1.344E+02 0.000E+00 0.000E+00 “0.000E+00 |
| 2033 2.320E+03 1.865E+06 1.253E+02 0.000E+00 0.000E+00 0.000E+00
2034 2.171E+03 1.738E+06 1.168E+02 0.000E+00 0.000E+00 0.00DE+00
2035 2.025E+03 1.621E+06 1.089E+02 0.000E+00 0.000E+00 0.000E+00
2036 1.888E+03 1.512E+06 1.016E+02 0.000E+00 0.000E+00 0.000E+00
2037 1.760E+03 1.409E+06 9.470E+01 ~ 0.000E+00 0.000E+00 0.000E+00
2038|  1.641E+03 1.314E+06 8.830E+01 0.000E+00 0.000E+00 _ 0.00DE+00
2039 1.530E+03 1.225E+06 8.233E+01 0.000E+00 0.000E+00 ~ 0.000E+00
2040 1.427E+03 1.142E+06 7.676E+01 0.000E+00 0.000E+00 0.000E+00
| 2041 1.330E+03 1.065E+06 _ 7.157E+D1 0.00CE+00 0.000E+00 0.000E+00
2042 1.240E+03 0.932E+05 6.673E+01 0.000E+00 0.000E+00 0.000E+00
2043 1.166E+03 |  9.260E+05 6.222E+01 0.000E+00 0.000E+00 0.000E+00
2044 1.078E+03 8.634E+05 5.801E+01 0.000E+00 0.000E+00 0.000E+00
2045 ~ 1.005E+03 8.051E+05 _ 5.408E+01 0.000E+00 0.00DE+00 _ 0.000E+00
2046 9.374E+02 7.506E+05 5.044E+01 0.000E+00 0.000E+00 0.000E+00
2047 8.74DE+02 6.999E+05 4.703E+01 0.000E+00 0.000E+00 0.000E+00
| 2048 8.150E+02 6.526E+05 4.385E+01 0.000E+00 0.000E+00 0.000E+00
2049 7.599E+02 6.085E+05  4.088E+01 0.000E+00 ~_0.000E+00 0.000E+00
2050 7.085E+02 5.673E+05 3.812E+01 0.000E+00 0.000E+00 ~ D.000E+00
2051 6.608E+02 5.280E+05 3.554E+01 0.000E+00 0.000E+00 ~ 0.000E+00
2052 8.159E+02 i 4.932E+05 3.314E+01 0.000E+00 0.000E+00 0.000E+00 |
2053 5.743E+02 4.509E+05 ~ 3.090E+01 0.000E+00 0.000E+00 0.000E+00
2054|  5.355E+02 4.288E+05 2.881E+01 0.000E+00 0.000E+00 __ D.00DE+00
2055 4.993E+02 3.998E+05 2.686E+01 0.000E+00 0.000E+00 ~0.000E+00
2066 4.855E+02 3.728E+05 2.505E+01 0.000E+00 0.000E+08 0.000E+00
2057 4.340E+02 3.476E+05 _ 2.335E+01 0.000E+00 0.000E+00 0.000E+00
2058 4.047E+02 3.241E+05  2.177E+01 0.000E+00 _0.000E+00 0.000E+00
2058 3.773E+02 3.022E+05 2.030E+01 0.000E+00 0.000E+00 0.000E+00
2060 3.518E+02 ~ 2.817E+05 1.893E+01 0.000E+00 0.000E+00 0.0005+00
2061 3.280E+02 2.627E+05 1.765E+01 0.000E+00 0.000E+00 0.000E+00
2062 3.059E+02 2.449E+05 ~ 1.646E+01 0.000E+00 0.000E+00 0.000E+00
2063|  2.852E+02 2.2B4E+05 1.534E+01 0.000E+00 0.000E+00 |  0.000E+00
2064 2.659E+02 2.129E+05 1.431E+01 0.000E+00 0.000E+00 |  0.000E+00
2065 2.479E+02 1.985E+05 1.334E+01 0.000E+00 |  0.000E+00 0.000E+00
2066 2.312E+02 1.851E+05 1.244E+01 ~ 0.000E+00 0.000E+00 0.000E+00 |
2067 2.155E+02 1.726E+05 1.160E+01 0.000E+00 0.000E+00 0.000E+00
2068 2.010E+02 1.609E+05 1.081E+01 0.000E+00 0.000E+00 _0.000E+00
| 2069 1.874E+02 ~ 1.500E+05 1.008E+01 ~0.000E+00 0.000E+00 0.000E+00
2070 1.747E+02 1.399E+05  9.400E+00 ~ 0.000E+00 0.000E+00 0.000E+00 |
2071 1.629E+02 1.304E+05 8.764E+00 0.000E+00 0.000E+00 0.000E+00
2072 1.519E+02 1.216E+05 8.172E+00 0.000E+00 0.000E+00 0.000E+00
2073 1.416E+02 ~ 1.134E+05 7.619E+00 0.000E+00 0.000E+00 0.000E+00
| 2074 1.320E+02 1.057E+05 7.104E+00 0.000E+00 0.000E+00 0.000E+00
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Results (Continued)

Year Total landfill gas

{(Mg/year) (m* fyear) (av fi73/min) (fMog/year) (m?/year) (av ii"3/min)
2075 1.231E+02 9.859E+D4 6.624E+00 0.000E+00 0.000E+00 0.000E+00 |
2076 1.148E+02 9.192E+04 6.176E+00 |  0.000E+00 0.000E+00 |  0.000E+00
2077/ 1.070E+02 | 8.571E+04 5.759E+00 0.000E+00 0.000E+00 0.000E+00
2078|  9.980E+01 7.991E+04 _ 5.369E+00 0.000E+00 0.000E+00 0.000E+00
2079|  9.305E+01 7.451E+04 5.006E+00 0.000E+00 |  0.000E+0D 0.000E+00 |
2080 8.676E+01 6.947E+04 4,668E+00 0.000E+00 0.000E+00 0.000E+00
2081 8.085E+01 6A478E+04 4.352E+00 0.000E+00 0.000E+00 0.000E+00
2082 7.542E+01 6.040E+04 |  4.058E+00 0.000E+00 0.000E+00 0.000E+00 |
2083 7.033E+01 | 5.631E+04 _ 3.784E+00 0.000E+00 |  0.000E+00 0.000E+00
2084 6.557E+01 _ 5.251E+04 8.528E+00 0.000E+00 0.000E+00 0.000E+00 |
2085 6.114E+01 4.896E+04 3.280E+00 | 0.000E+00 0.000E+00 0.000E+00
2086 5.700E+01 4.565E+04 3.067E+00 0.000E+00 0.000E+00 0.000E+00 |
2087|  5.315E+01 4.256E+04 | 2.860E+00 0.000E+00 0.000E+00 0.000E+00
2088 4.956E+01 _ 3.988E+04 2.666E+00 0.000E+00 0.000E+00 0.000E+00
| 2089 4.621E+01 3.700E+04 2486E+00 |  0.000E+00 0.000E+00 |  0.D00E+00
2090 4.308E+01 3.450E+04 2.318E+00 0.000E+00 0.000E+00 ~ 0.000E+00
2091 4017E+01 | 3.217E+04 2.161E+00 0.000E+00 0.000E+00 0.000E+00
2092 3.745E+01 2.999E+04 2.015E+00 0.000E+00 0.000E+00 |  0.000E+00
2093 3.492E+01 2.796E+04 1.879E+00 0.000E+00 0.000E+00 ~ 0.DO0E+00
2094 3.256E+01 | 2.607E+04 1.752E+00 0.000E+00 0.000E+00 0.000E+00
2095 3.036E+01 2.431E+04 1.633E+00 0.000E+00 0.000E+00 0.000E+00
| 2096 2.831E+01 2.267E+04 1.523E+00 0.000E+00 0.000E+00 0.000E+00
2087 2.639E+01 2.113E+04 1.420E+00 0.000E+00 |  0.000E+00 0.000E+00
2098 ~ 2.461E+01 ' 1.971E+04 1.324E+00 0.000E+00 0.000E+00 0.000E+00
2099 2.295E+01 1.837E+04 1.235E+00 0.000E+00 0.000E+00 0.000E+00
2100 2.139E+01 1.713E+04 1.151E+00 ~ 0.000E+00 | 0.000E+00 ~ 0.000E+0D
2101 1.895E+01 1.597E+04 ~ 1.073E+00 0.000E+00 0.000E+00 0.000E+00
2102|  1.860E+01 1.489E+04 ~1.001E+00 0.000E+00 0.000E+00 0.000E+00
2103 1.734E+01 1.389E+04 9.330E-01 0.060E+00 0.000E+00 0.000E+00 |
2104 1.617E+01 1.205E+04 8.700E-01 ~_0.000E+00 0.000E+00 |  0.000E+00
2105 1.508E+01 1.207E+04 8.111E-01 0.000E+00 0.000E+00 0.000E+00
2106 1406E+01 |  1.126E+04 7.563E-01 0.000E+00 ~__0.D00E+00 0.000E+00
2107 1.311E+01 1.050E+04 7.052E-01 0.000E+00 ~ 0.000E+00 0.000E+00 |
2108 1.222E+01 9.786E+03 6.575E-01 0.000E+00 0.000E+00 |  0.000E+00
2109 1.139E+01 9.124E+03 6.131E-01 0.000E+00 0.000E+00 0.000E#00
2110 1.062E+01 _ 8.507E+03 _ 5.716E-01 0.000E+00 0.000E+00 _ 0.000E+00
2111 9.906E+00 7.932E+03 5.330E-01 0.000E+00 0.000E+00 _ 0.000E+00
2112 9.236E+00 7.396E+03 _ 4.959E-01 ~ 0.000E+00 0.000E+00 0.000E+00
2113 8.612E+00 6.896E+03 4.633E-01 ~D.000E+00 0.000E+00 0.000E+00
2114 8.030E+00 6.430E+03 4.320E-01 _0.000E+00 0.000E+00 0.000E+00
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Results (Continued)

2/24/12010

Year

(Mg/year) {m* fyear) (av fi"3/min) (Mg/year) (m*fyear) (av fir3/min)
1974 0 0 0 0 0 0
1975 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1976 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
1977 0.000E+00 0.000E+00 ~ 0.000E+C0 0.000E+00 0.000E+00 0.000E+00 .
1978 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~0.000E+00 =
1979 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
1880 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1981 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1982 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 —
1983 ~ 0.000E+00 B O_.OOOE+90 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1884 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1685 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1986 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
1987 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1888 0.000E+00 0.000E+00D 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1989 0.000E+00 0.000E+00Q 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
1990 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1991 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1692 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1993 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
1984 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00
11995 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1996 0.000E+00 0.000E+00 0.000E+Q0 0.000E+00 0.000E+00 0.000E+00 _ ]
1997 0.000E+00 _O‘OQOE+OD 0.000E+00 0.000E+00 0.000E+00 0.000E+00 =1
1998 0.000E+00 0.000E+D0 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1999 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2000 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2001 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
12002 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2003 0.000E+Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q0
2004 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
2005 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2006 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2007 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2008 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2009 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2010 0.000E+00 0.000E+00 ~0.000E+00 0.000E+00 0.000E+00 _ 0.000E+00 |
2011 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00 0.000E+00
2012 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2013 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2014 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2015 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
| 2016 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2017 0.000E+00 0.000E+D0 0.000E+00 0.G00E+00D 0.000E+00 0.000E+00
2018 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2019 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2020 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2021 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00D0E+00 0.000E+00
2022 0.000E+00 0.000E+00 0.000E+0Q0 0.000E+00 0.000E-+00 0.000E+00
2023 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0C0 o
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Resulis (Continued)

e (Ma/year) (m* /year) (av 7#73/min) (Ma/year) (m° fyear) (av fi*3/min)
2024 0.000E+00 0.000E+00 0.000E+00 ~ 0:000E+00 0.000E+00 0.000E+00
2025 ~ 0.000E+00 0.000E+00 0.000E+00 _ 0.000E+00 0.000E+00 0.000E+00 |
| 2026 0.000E+00 0.000E+00 0.000E+00 - 0.000E+00 0.000E+00 0.000E+00
2027 0.000E+00 0.00CE+00 0.000F+00 0.000E+00 0.000E+00 0.000E+00
2028 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2029 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
2030 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2031 0.000E+00 i 0.000E+00 0.000E+00 _0.000E+00 0.000E+00 0.000E+00
2032 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2033 0.000E+00 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2034 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2035 0.000E+00 B 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2036 0.00DE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2037 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2038 0.000E+00 0.000E+00 _0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2038 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2040 0.000E+00 0.000E+00 0.000E+00 0.000E+00 '0.000E+00 ~ 0.000E+00
2041 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
| 2042 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2043 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2044 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2045 0.000E+00 ____ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2046 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _0.000E+00 0.000E+00
2047 0.600E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2048 _0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2049 0.000E+00 i 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00
2050 0.000E+00 0.000E+00 0.000E+00 0.000E+D0 0.000E+00 0.000E+00
2051 0.000E+00 _0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2052 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _0.000E+00 0.000E+00
2053 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.C00E+00 0.000E+00
2054 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _ 0.000E+00 0.000E+00
2055 0.000E+00 0.000E+00 0.000E+00_ 0.000E+00 __0.000E+00 0.000E+00
2056 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2057 0.000E+00 0.000E+00 0.000E+00 __ 0.000E+00 0.000E+00 0.000E+00 |
2058|  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2059 0.000E+00 _ 0.000E+00 0.000E+00 0.C00E+00 0.000E+00 0.000E+00
2060 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _0.000E+00
2061 0.000E+00 0.000E+00 __ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2062 0.000E+00 ~___ 0.000E+00 ~ 0.000E+00 _ 0.000E+00 0.000E+00 ~ 0.000E+00
2063 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00
2084|  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2065 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2066 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
| 2067 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2068 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2069 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00
2070 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2071 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2072 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00
2073 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2074 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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Resulis (Continued)

Year (Ma/year) (m*°tyear) (av f£73/min) (Ma/year) (i fyear) (av fi*3/min)
2075 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2076]  0.000E+00 0.000E+00 '0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 |
2077 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2078 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 |  0.000E+00
2079 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00
2080 _0.000E+00 ~ 0.000E+00 _ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2081 0.000E+00 0.000E+00 0.000E+00 ~___0.000E+00 0.000E+00 0.000E+00
2082 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00
2083 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 __ 0.000E+00
2084 0.000E+00 | 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2085|  0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 ~ 0.000E+CO0 0.000E+00
2086 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 | 0.000E+00
2087 0.000E+00 0.000E+00 0.0D0E+00 ~ 0.000E+00 0.000E+00 0.000E+00
2088 0.000E+00 ~__0.000E+00 _ D.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
2089]  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00
2080 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2081 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 |
2092 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2093 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00
2094 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2085 0.000E+00 | 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2086 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2097 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00
2098 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 - 0.000E+00
2099 _0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00
2100 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2101 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2102 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _ D.O00E+00
2103 0.000E+00 ~_ 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
2104 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2105 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  ©0.000E+00
2107  0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00
2108 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00
2109 0.000E+00 0.000E+00 0.000E+00 ~_ 0.000E+00 0.000E+00 0.000E+00
2110 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2111| 0.000E+00 ~ 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 ~_ 0.000E+00
2112 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 ~ D.0D0E+30
2113]  0.000E+CO  0.D0CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2114 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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LandGEM - Vetsion 3,02 . : : N 23
.
o TL, LandGEM

- s _2ndfill Gas Emissions Model

Version 3.02

U.S. Enviromnental Protection Agency
Office of Research and Development
National Risk Management Research Laboratory (MRMRL)
and
Clean Air Technology Center (CATC)
Research Triangle Park, North Carolina

ay 2005

Summary Report

Landfill Name or ldentifier: Lorain County Landfill Il - DFFO

Date: Wednesday, July 21, 2010

Description/Comments:

Annual waste intake reflect information provided by Lorain County Landfill personnel and OEPA Solid Waste Facility
Data Reports. Tonnages include a summary of General, Industrial and Exempt waste masses. Pollutant Parameters
pages 4 and 5) not calculated in this report. The 2009 Annual Report noted a balance of 22,146,441 tons reamining for

Waste Placement as of 12/31/2000.

About LandGEM:

L L ﬂ/‘[i bt
First-Order Decomposition Rate Equation: OC’H = f{L — e Y
e, = 24 2HL, 10

Where, =1 j=0.1

Q~ua = annual methane aeneration in the vear of the calculation fm ® Avear)

i = 1-yeartime increment M: = mass of waste accented in the i vear (1a)

n = (year of the calculation) - (initial year of waste acceptance) tj = age of the |" section of waste mass M, accepted in the i" year
j= 0.1-year time increment (dacimal vears . e.0.. 3.2 vaars)

k = methane aeneration rate (vear™)

L. = potential methane aeneration caacity (m 3 /Ma)

L.andGEM is based on a first-order decomposition rate equation for quantifying emissions from the decompasition of landfilled waste in
municipal solid waste (MSW) landfills. The software provides a relatively simple approach to estimating landfill gas emissions. Model defaulis
are based on empirical data from U.S. landfills. Field test data can alsa be used in place of model defaults when available. Further guidance on
EPA test methods, Clean Alr Act (CAA) regulations, and other guidance regarding landfill gas emissions and control technolagy requirements
can be found at http://www.epa.gov/ttnatwm/landﬁll/landﬂpg._l‘ltml.

LandGEM is considered a scraening tool — the better the input data, the better the estimates. Often, there are limitations with the available
data regarding waste quantity and compasition, 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 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 landfills (no leachate or liquid additions) for developing emission
inventories and determining CAA applicability. Refer to the Web site identified above for future updates.
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Input Review

LANDFILL CHARACTERISTICS
Landfill Open Year

-andfill Closure Year (with 80-year limit)
Actual Closure Year (without limi)

Have Model Calculate Closure Year?
Waste Design Capacity

MODEL PARAMETERS
Methane Generation Rate, k
Potential Methane Generation Capacity, L,

NMOC Concentration
Methane Content

GASES / POLLUTANTS SELECTED

1885
2032
2032
No
40,765,078

0.070
140

600
50

short fons

year"

m? Mg

ppmv as hexane
% by volume

Gas / Pollutant #1: Toial landfill gas
Gas / Pollutant #2:
Gas / Pollutant #3:
Gas / Pollutant #4:
WASTE ACCEPTANCE RATES
Year Waste Accepied _ Waste-In-Place

(Maryear) (short fons/year) (Mg) {short fons)
1985 363,727 400,100 0 0
1986 B 450,599 485,659 363,727 400,100
1987| B 449,218 B 494,141 814,326 895,759
1988 445 291 489,820 1,263,545 1,389,900
1989 446,389 491,028 1,708,836| 1,879,720
1990| 545,755 600,330 2,155,225 2,370,748
1891 544,523 598,975| 2,700,880 2,871,078,
1992 - 578,605 636,465 3,245,503| 3,570,053
1893 535,881| 589,469 3,824,107 4,206,518
1994 511,785| 562,963 4,359,988 4,795,987
1995 524,694 577,163 4,871,773 5,358,950
1896 554,737 610,211 5,396,466 5,836,113
1997 563,633 619,996| 5,951,204 6,546,324
| 1998 556,227 611,850 6,514,836 7,166,320
1999 607,232| 667,955 7,071,064 7,778,170
2000 631,374 694,511 7,678,295 8,446,125
2001 732,460 805,706 8,308,669 9,140,635
2002 831,068 914,164] 9,042,129 9,946,342
2003 887,818 976,600 9,873,187 10,860,506
2004 974,053 1,071,458 10,761,005| 11,837,108
2005 - 1,025,825 1,128,407 | 11,735,058 12,908,564
2006 1,113,575 1,224,932 12,760,883 14,036,971
2007 1,018,644 1,120,508 13,874,457 15,261,903
2008 1,124,251 1,236,676 14,893,101 16,382,411
2009 908,682 999,550 16,017,352 17,619,087
2010| 906,897 997,587| 16,925,034 18,618,637
2011 906,897 997,587 17,832,931 18,616,224
2012 906,897 997,587 18,739,828 20,613,811
2013| 906,897 987,687 19,646,725 21,611,398
2014 906,897 997,587 20,553,623 22,608,985/
2015 906,897 B 897,587 21,460,520 23,606,572
2016 906,897 897,587 22,367,417 24,604,159
2017 906,897| 997,587 23,274,315 25,601,746
2018 - 906,897 997,587 24,181,212 26,599,333
2019 006,897 997,587/ 25,088,109 27,596,920
2020 ] 906,897 997,687 25,985,006 28,594,507
2021 906,897 997,587 26,901,904 29,692,094
2022 906,897 997,587 27,808,801 30,589,681
2023 906,897 997,687 28,715,698 31,587,268
2024 906,897 997,587 29,622,595 32,584,855
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WASTE ACCEPTANCE RATES (Continued)

Year Waste Accepted Waste-In-Place
(Mag/year) (short fons/year) (Mg} (shoit fons) |
2025 906,897 997,587 30,629,493| 33,682,442
2026 906,897 997,587 31,436,390 34,580,029
2027| 806,897 997,587 32,343,287 35,577,616
2028 906,897 997,587 33,250,185 36,575,203
2029 906,897 997,587 34,157,082 37,572,790
2030 906,897 997,587 35,063,979 38,570,377
2031 906,897| 997,587 35,970,876| 39,567,964
2032 181,388 ~199,627| 36,877,774 40,565,551
2033 0 0 37,059,162 40,765,078
2034 ol 0 37,059,162 40,785,078
2035 4] 0 37,059,162 40,765,078
2036 0 0 37,059,162 40,765,078
2037 o 0 37,059,162 40,765,075
2038 0 0 37,058,162 40,765,078
2033 0 ) 0 37,059,162 40,765,078
2040 0| 0 37,059,162 40,765,078
2041 0 0 37,059,162 40,765,078
2042 0 0| 37,059,162 40,765,078
2043 ol 0 37,069,162| 40,765,078
2044 0| 0 37,059,162| 40,765,078
2045|. 3 0 0 37,059,162 40,765,078
2046 0 0 37,059,162 40,765,078
2047 B 0 0 37,059,162 40,765,078
2048 o 0 0 37,059,162 40,765,078
2049 0 0 37,059,162 40,765,078
2050 0 0 37,059,162 40,765,078
2051 0 0 37,059,162| 40,765,078
2052 ) 0 0 37,059,162 40,765,078
2053 0 0 37,059,162 40,765,078
2054 ol 0 37,059,162 40,765,078
2055 0 0 37,059,162 40,765,078
2056 0 0 37,059,162 40,765,078
057 B 0 0 37,059,162 40,765,078
2058 0 0 37,059,162 40,765,078
2059 8] 0 37,059,162 40,765,078
2060| o 0 37,059,162 40,765,078
2061 0 0 37,059,162 40,765,078
2062 0 0 37,059,162 40,765,078
2063 B 0 0 37,059,162| 40,765,078
2064 0 -0 37,059,162 40,765,078
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Pollutant Parameters

Gas / Polluiant Default Parameters:

User-specified Pollutant Parameters:

Concentration Concentration
Compound (ppmv) Molecular Weight (ppmv) Molecular Weight
« |Totallandfill gas ) 0.00
& |Methane ) 16.04 )
& |Carbon dioxide 44.01
NMOC 4,000 86.18
1,1,1-Trichloroethane
(methy! chloroform) -
HAP 0.48 133.41 = -
1,1,2,2-
Tetrachloroethans -
HAPNOC 1.1 167.85
1,1-Dichloroethane
(ethylidene dichloride) -
HAPNVOC 2.4 98.97 -
1,1-Dichloroethene
(vinylidene chloride) -
HAP/VOC 0.20 96.94
1,2-Dichloroethane
(ethylene dichloride) -
HAPNVOC 0.41 98.96
1,2-Dichloropropane
(propylene dichloride) -
HAPAOC 0.18 112.99 i
2-Propanol (isopropyl
alcohol) - VOC 50 60.11
Acetone 7.0 58.08 E
Acrylomtrlle_— HAPNOC 6.3 53.06 B
Benzene - No or
Unknown Co-disposal -
HAPNOC 1.9 | 78.11 -
Benzene - Co-disposal -
a HAP/N/OC N 78.11
£  [Bromodichloromethane -
5 |VOC 3.1 163.83
S |Butane - VOC 5.0 58.12 )
& [Carbon disulfide -
HAPNOC 0.58 76.13 B
'Carbon monoxide 140 28.01
Carbon tetrachloride -
HAPNOC 4.0E-03 153.84
Carbonyl suifide -
HAPNOC 0.49 60.07 -
Chlorobenzene -
HAP/NOC 0.25 112.56 -
Chloradifluoromethane 1.3 ~ 86.47
Chlorosthane (ethyl
chloride) - HAP/VOC 1.3 64.52
Chlaroform - HAPAVOC 0.03 119.39 B B
Chloromethane - VOC 1.2 50.49
Dichlorobenzene - (HAP
for para lsomerNOC)_ 0.21 147 -
Dichloradifluoromethane 16 120.91 i
Dichlorofluoromethane -
voc 2.6 102.92
Dichloromethane
(methylene chloride) -
HAP = 14 84.94 -
Dimethyl sulfide (msthyl
sulfide) - VOC 7.8 62.13 o
Ethane 890 30.07 -
Ethanol - VOC 27 46.08
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Pollutant Parameters (Continued)

Gas / Pollutant Default Parameters:

User-specified Pollutani Parameters:

Concentration

Concentration

Compound (ppmv) Molecular Weight (ppmv) Molecular Weight
Ethyl mercaptan
(ethanethiol) - VOC 23 62.13
Ethylbenzene -
HAPNOC 4.6 106.16
Ethylene dibromide -
HAPNOC . 1.0E-03 187.88
Fluorotrichloromethane -
Voc 0.76 137.38 -
Hexane - HAP/VOC 6.6 86.18
Hydrogen sulfide 36 34.08 |
Mercury (total) - HAP 2.9E-04 200.61
Methyl ethyl ketone -
HAPNOC o 7.1 7241
Methy! isobutyl ketone - )
HAPNVOC 1.9 100.16
_Methyl mercaptan - VOC . 2.5 48.11 .
Pentane - VOG i 3.3 72.15
Perchloroethylene
(tetrachloroethylene) -
HAP — 3.7 165.83
Propane - VOC i 11 44.09
t-1,2-Dichlorosthene -
VOoC 2.8 96.84
Toluene - No or
Unknown Co-disposal -
HAPNOC 39 92.13
Toluene - Co-disposal -
HAPNOC 170 92.13 n
Trichloroethylene
a (trichloroethene) -
£ |HAPNOC 28 131.40
5 |Vinyl chioride -
3 [HAPNOC 7.3 62.50
€ Xylenes - HAPA/OC 12 106.16
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Graphs

Megagrams Per Year
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7/21/2010

Results
!Year Total landfill gas
(MMg/year) (m* fyear) (av #"3/min) (Ma/year) (m* fyear) (av fi*3/min)
1985 0 0 0 0 0 0
1986 8.629E+03 6.909E+06 4.642E+02 ~_0.000E+00 0.000E+0Q0 0.000E+00
1987 1.873E+04 1.500E+07 1.008E+03 0.000E+00 0.000E+00 _ 0.000E+00
1988 2.812E+04 2,252E+07 1.513E+03 0.000E+00 0.000E+00 0.000E+00
1989 3.679E+04 2.946E+07 1.978E+03 0.000E+00 0.000E+00 0.000E+00
1890 4.489E+04 3.595E+07 2.415E+03 0.000E+00 0.000E+00 0.000E+00
1991 5.480E+04 4,388E+07 2,948E+03 0.000E+00 0.000E+00 0.000E+D0
1992 6.401E+04 5.126E+07 3.444E+03 0.000E+00 0.000E+00 0.000E+00 ]
1993 7.341E+04 5.87SE+07 3.950E+03 0.000E+00 0.000E+00 0.000E+00 |
1994 8.116E+04 [  6.499E+07 4.367E+03 0.000E+00 0.000E+00 0.000E+00
1985 8.782E+04 7.032E+07 4.725E+03 0.000E+00 0.000E+00 0.000E+00D
1896 9.433E+04 7.553E+07 5.075E+03 0.000E+00 0.000E+00 0.000E+00
1997 1.011E+05 ~ 8.096E+07 5.440E+03 0.000E+00 0.000E+C0 0.000E+Q0
1998 1.076E+05 8.620E+07 5.782E+03 0.000E+00 0.000E+00 0.000E+00
1638 1.136E+05 9.094E+07 6.110E+03 0.00CE+00 0.000E+00 0.000E+00
2000 1.203E+05 9.632E+07 6.472E+03 0.000E+00 0.000E+00 ~ 0.000E+00
2001 1.271E+05 1.018E+08 6.840E+03 0.000E+00 0.000E+00 B 0.000E+00
2002 1.359E+05 1.088E+08 7.313E+03 0.000E+00 0.000E+00 0.000E+00
2003 1.464E+05 - 1.173E+08 7.879E+03 0.000E+00 0.000E+00 ~ 0.000E+00 ]
2004 1.576E+05 1.262E+08 8.479E+03 ~ 0.000E+00 0.000E+00 0.000E+00
2005 1.701E+05 ~ 1.362E+08 9.149E+03 0.000E+00 0.000E+00 | 0.000E+00
2006 1.829E+05 ~ 1.465E+08 9.840E+03 0.000E+00 0.000E+00 ~ 0.000E+00
2007 1.969E+05 1.677E+08 1.060E+04 0.000E+00 0.000E+00 0.000E+00
2008 2.078E+05 , 1.664E+08 |  1.118E+04 0.000E+00 0.000E+00 0.000E+00
2009 2.204E+05 1.765E+08 1.186E+04 0.000E+00 0.000E+00 0.000E+00
2010 _ 2.271E+05 1.818E+08 1.222E+04 0.000E+00 0.000E+00 0.000E+00
2011 2.332E+05 1.868E+08 1.255E+04 ~ 0D.000E+00 0.000E+00 0.000E+00
2012 2.380E+05 1.914E+08 1.286E+04 0.000E+00 0.000E+00 0.000E+00
2013 2.443E+05 1.957E4+08 1.316E+04 0.000E+00 0.000E+00 - 0.000E+00
2014 2.493E+05 1.997E+08 1.341E+04 0.000E+00 0.000E+00 0.000E+0Q
2015 2.540E+05 2.034E+08 1.367E+04 0.000E+00 0.000E+00 0.000E+00
2016 2.583E+05 2.069E+08 1.380E+04 0.000E+00 0.000E+00 0.000E+00 |
2017| 2.624E+05 2.101E+08 1.412E+04 0.000E+00 0.000E+00 0.000E+00
2018 2.662E+05 2.131E+08 1.432E+04 0.000E+00 0.000E+00 0.000E+00
2019 2.697E+05 2.159E+08 1.451E+04 0.000E+00 0.000E+00 0.000E+00
2020 2.730E+05 2.186E+08 1.469E+04 0.000E+00 0.000E+00 0.000E+00
2021 2.760E+05 2.210E+08 1.485E+04 | 0.000E+00 0.000E+00 0.000E+00
2022 - 2,789E+05 2.233E+08 1.500E+04 0.000E+00 0.000E+00 0.000E+00
| 2023 2.815E+05 2.254E+08 1.515E+04 | 0.000E+00 0.000E+00 0.000E+Q0
2024 2.840E+05 2.274E+08 | 1.528E+04 0.000E+0Q0 0.000E+00 0.000E+00
2025 2.863E+05 2.293E+08 1.541E+04 0.000E+00 0.000E+00 ~ 0.000E+00
2026 2.885E+05 2.310E+08 1.652E+04 0.000E+00 0.000E+00 0.000E+00
2027 2.905E+05 2.326E+08 1.563E+04 B 0.000E+0Q0 0.000E+00 0.000E+00
2028 2.924E+05 2.341E+08 1.673E+04 0.000E+00 0.000E+00 ~ 0.000E+00
2029 2.841E+05 - 2.3565E+08 1.582E+04 0.000E+00 0.000E+00 0.000E+00
2030 2.957E+05 2.368E+08 1.691E+04 ~ 0.00CE+00 0.000E+00 0.000E+00
2031 2.873E+05 2.380E+08 1.699E+04 0.000E+00 0.000E+00 0.000E+00
2032  2.987E+D5 2.392E+08 1.607E+04 0.000E+00 0.000E+00 0.000E+00
2033 2.828E+05 2,264E+08 1.522E+04 0.000E+00 0.000E+00 0.000E+00
12034 2.637E+05 2.111E+08 1.419E+04 0.000E+00 0.000E+00 0.000E+00
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LCLIl landgem-v302 0701-140_07 - July 7/21/2010

Results (Continued)

lYear Total landfill gas

{Ma/year) (m° fyear) (av ft73/min) {Mg/year) (m* fyear) (av fi*3/min)
2035 2.459E+056 1.969E+08 1.323E+04 0.000E+00 0.000E+00 0.000E+00
2036 2.292E+05 1.836E+08 1.233E+04 0.000E+00 0.000E+00 0.000E+00
2037 2.137E+05 | 1.711E+08 1.150E+04 ] 0.000E+00 0.000E+00 0.000E+00
2038 1.993E+05 - 1.596E+08 i 1.072E+04 | 0.000E+00 0.000E+00 0.000E+00
2039 1.858E+05 ~ 1.488E+08 9.897E+03 0.000E+00 0.000E+00 0.000E+00
2040 1.732E+05 | 1.387E+08 9.321E+03 _ 0.000E+00 0.000E+00 A 0.000E+00
2041 1.615E+05 1.293E+08 8.691E+03 0.000E+00 0.000E+00 0.000E+00
2042 1.506E+05 1.206E+08 8.103E+03 0.000E+00 B 0.000E+00 0.00CE+00
2043 1.404E+05 ~ 1.125E+08 7.556E+03 | 0.000E+00 0.000E+00 0.000E+00
2044 1.309E+05 1.048E+08 7.045E+03" 0.000E+00 ~ 0.00CE+00 0.000E+00
2045 1.221E+05 9.776E+07 ! 6.569E+03 0.000E+00 0.000E+00 0.000E+00
2046 1.138E+05 | 8.115E+07 6.124E+03 0.000E+00 0.000E+00 0.000E+00
2047 1.061E+05 == 8.499E+07 5.710E+03 0.000E+00 0.000E+00 0.000E+00
2048 9.696E+04 7.924E+07 5.324E+03 ~ 0.000E+00 0.000E+00 0.000E+00
| 2049 9.227E+04 7.388E+D7 4.964E+03 0.000E+00 0.000E+00 0.000E+00
2050 8.603E+04 6.889E+07 4.629E+03 0.000E+00 0.000E+00 0.000E+00
2051 ~ 8.022E+04 6.423E+07 4.316E+03 0.000E+00 i 0.000E+00 0.000E+00
2052| 7.479E+04 5.8989E+07 4.024E+03 . 0.000E+00 0.000E+00 0.000E+00
2053 6.974E+04 5.584E+07 3.752E+03 0.000E+00 0.000E+00 0.000E+00
2054 6.502E+04 | 5.207E+07 ~ 3.498E+03 0.000E+00 0.000E+00 0.000E+00
2055 6.063E+04 4.855E+07 3.262E+03 0.000E+00 0.000E+00 0.000E+00 |
2056 5.653E+04 ~ 4.526E+07 3.041E+03 0.000E+00 0.000E+00 0.000E+00
2057 5.271E+04 4.220E+07 2.836E+03 |  0.000E+00 _0.000E+00 0.000E+00
2058 4.814E+04 3.935E+07 2.644E+03 0.000E+00 0.000E+00 0.000E+00
2059 _ 4.582E+04 3.669E+07 2.465E+03 0.000E+00 0.000E+00 ! 0.000E+00
2060 4.272E+04 3.421E+07 2.299E+03 0.000E+00 0.000E+00 0.000E+00
2061 '3.983E+04 3.190E+07 2.143E+03 0.000E+00 0.000E+00 0.000E+00
2062 3.714E+04 _ 2.974E+07 1.998E+03 0.000E+00 0.000E+00 0.000E+00
2063 3.463E+04 2.773E+07 1.863E+03 3 0.000E+00 0.000E+00 0.000E+00
2064 3.229E+04 2.586E+0Q7 1.737E+03 0.000E+00 0.000E+00 0.000E+00
2085  3.011E+04 2.411E+07 1.620E+03 0.000E+00 0.000E+00 0.000E+00
2066 2.807E+04 L 2.248E+07 1.510E+03 0.000E+00 0.000E+00 M | 0.000E+00
2067 2.617E+04 2.096E+07 1.408E+03 -] 0.000E+00 0.000E+00 0.000E+00
2068 2.440E+04 1.954E+07 1.313E+03 0.000E+00 0.000E+00 0.000E+00
2069 2.275E+04 1.822E+07 1.224E+03 ~ 0.000E-+00 0.000E+Q0 0.000E+00
2070 2.122E+04 1.8699E+07 1.141E+03 0.000E+00 ! 0.000E+00 0.000E+00 |
2071 1.978E+04 1.684E+07 1.084E+03 0.000E+00 0.000E+00 0.000E+00
2072 1.844E+04 L 1.477E+07 9.923E+02 0.000E+00 '0.000E+00 | 0.000E+00
2073 1.720E+04 1.377E+07 9.252E+02 0.000E+00 0.000E+00 0.000E+00
2074 1.603E+04 1.284E+07 8.627E+02 0.000E+00 0.000E+00 0.000E+00
2075 1.495E+04 1.197E+07 8.044E+02 | 0.000E+00 0.000E+00 0.000E+00
2076 1.384E+04 1.116E+07 7.500E+02 0.000E+00 0.000E+00 0.000E+00
2077 1.300E+04 1.041E+07 6.993E+02 0.000E+00 ] 0.000E+00 0.000E+00
2078| 1.212E+04 _ 9.704E+06 | = 6.520E+02 0.000E+00 0.000E+C0 0.000E+00
2079 1.130E+04 9.048E+06 6.079E+02 0.000E+00 0.000E+00 0.000E+00
2080 1.054E+04 | 8.436E+06 5.668E+02 0.000E+00 0.000E+00 0.000E+00
2081 9.823E+03 7.866E+06 5.285E+02 0.000E+00 0.000E+00 0.000E+00
2082 9.159E+03 | 7.334E+06 4.928E+02 0.000E+00 J 0.000E+00 0.000E+00
2083 8.540E+03 6.838E+06 | 4.585E+02 0.000E+00 0.000E+00 0.000E+00
2084/ 7.962E+03 _ 6.376E+06 4.284E+02 0.000E+00 0.000E+00 |  0.000E+00
2085 7.424E+03 5.945E+06 3.994E+02 0.000E+00 0.000E+00 0.000E+Q0
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LCLI landgem-v302 0701-140_07 - July 7/21/2010

Results (Continued)

IYear Total landfill gas

(Ma/year) (m* /vear) (av fi*3/min) (Matyear) (m* fyear) fav fi*3/min)
2086] 6.922E+03 5.543E+06 3.724E+02 ~ 0.000E+00 0.000E+00 0.000E+00
2087 6.454E+03 5.168E+06 3.472E+02 0.000E+00 0.000E+00 0.000E+00 |
2088 6.018E+03 4.819E+06 3.238E+02 0.000E+00 0.000E+00 0.000E+00
2089]  5.611E+03 4.493E+06 3.019E+02 0.000E+00 0.00CE+00 0.000E+00
2090 5.232E+03 4.189E+06 2.815E+02 0.000E+00 0.000E+00 0.000E+00
2091 4.878E+03 3.906E+06 2.624E+02 0.000E+00 0.000E+00 0.000E+00
2092  4.548E+03 3.642E+06 2.447E+02 0.000E+00 0.000E+00 0.000E+00
2093 4.241E+03 3.396E+06 2.282E+02 0.000E+00 0.000E+00 |  0.000E+00
2094 3.954E+03 3.166E+06 2.127E+02 0.000E+00 0.000E+00 0.000E+00
2085 3.687E+03 2.952E+06 1.984E+02 0.000E+00 0.000E+00 0.000E+00
2096 3.437E+03 _ 2.753E+06 1.849E+02 0.000E+00 ~ 0.000E+00 0.000E+00
2097 3.205E+03 2.566E+06 1.724E+02 0.000E+00 | ~ 0.000E+00 |  0.000E+00
2008 2.988E+03 2.393E+06 1.608E+02 0.000E+00 0.000E+00 | 0.000E+00
2099 | 2.786E+03 _ 2.231E+06 1.499E+02 0.000E+00 0.000E+00 0.000E+00
2100 2.598E+03 2.080E+06 1.398E+02 0.000E+00 0.000E+00 0.000E+00
2101 2.422E+03 1.940E+06 1.303E+02 ~ 0.000E+00 0.000E+00 0.000E+00
2102 2.259E+03 1.809E+06 1.215E+02 0.000E+00 0.000E+00 0.000E+00
2103 2.106E+03 1.686E+06 ~ 1.133E+02 0.000E+00 ~ 0.000E+00 0.000E+00
2104 1.963E+03 1.572E+06 1.066E+02 0.000E+00 0.000E+00 0.000E+00
2105 1.831E+03 1.466E+06 9.850E+01 0.000E+00 0.000E+00 0.000E+00
2106 1.707E+03 ~ 1.367E+06 9.184E+01 0.000E+00 0.000E+00 0.000E+00
2107 1.592E+03 1.274E+06 ~ 8.563E+01 0.000E+00 0.000E+00 | 0.000E+00
2108 1.484E+03 1.188E+06 7.984E+01 '0.000E+00 0.000E+00 0.000E+00
2109 1.384E+03 1.108E+08 7.444E+01 ~ 0.000E+00 0.000E+00 0.000E+00
2110 1.200E+03 1.033E+06 6.941E+01 0.000E+00 0.000E+00 0.000E+00
2111 1.203E+03 9.632E+05 6.472E+01 0.000E+00 0.000E+00 0.000E+00
2112 1.122E+03 8.981E+05 6.034E+01 ~ 0.DO0E+00 0.000E+00 D.000E+00
2113 1.046E+03 | 8.374E+05 5.826E+01 0.000E+00 '0.000E+00 0.000E+00
2114 9.760E+02 7.808E+05 5.246E+01 0.000E+00 0.000E+00 0.000E+00
2115 9.091E+02 7.280E+05 4.891E+01 0.000E+00 0.000E+00 0.000E+00
2116 8.477E+02 6.788E+05 4.561E+01 0.000E+00 0.000E+00 0.000E+00
2117 7.904E+02 6.329E+05 4.252E+01 0.000E+00 0.000E+00 0.000E+00
2118 7.369E+02 5.901E+05 3.965E+01 0.000E+00 0.000E+00 0.000E+00
2119|  6.871E+02 5.502E+05 3.697E+01 0.000E+00 0.000E+00 0.000E+00
2120 6.406E+02 _ 5.130E+05 3.447E+01 0.000E+00 0.000E+00 0.000E+00
2121 5.973E+02 4,783E+05 3.214E+01 ~ 0.000E+00 0.000E+00 0.000E+00
2122 5.570E+02 4.460E+05 2.997E+01 0.000E+00 ~ 0.000E+00 0.000E+00
2123 5.193E+02 4,158E+05 ~ 2.794E+01 0.000E+00 0.000E+00 _0.000E+00
2124 4.842E+02 3.877E+05 2.605E+01 0.000E+00 0.000E+00 0.000E+00
2125 4.515E+02 3.615E+05 2.42SE+01 0.000E+00 0.000E+00 0.000E+00
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Results (Continued)

712

1/2010

Year

l (Mag/year) (m*fyear) {av f*3/min) (Mg/year) (n° fyear) (av ft"3/min)
1985 0 0 0o 0 0 0 _
1g86( 0.000E+Q0 0.000E+00 0.000E+0Q0 0.000E+00 0.000E+00 0.000E+00
1987 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3 0.000E+00
1988 0.000E+00 0.000E+0Q0 0.000E+00 0.000E+Q0 _ 0.000E+00 0.000E+00 |
1989 0.000E-+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1880 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ‘0.000E+00 0.000E+00 1]
1991|  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _0.000E+00
19892 0.000E+00 _0.000E-+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
12¢3 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 ~ 0.000E+00 0.000E+00
1694 0.000E+D0 0.000E+00 0.000E+0C 0.000E+00 0.000E+00 0.000E+00
1845 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 B 0.000E+00
1986| 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 |
1997 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 __0.000E+00
1998 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1999 0.000E+Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2000 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2001 0.000E+00Q 0.000E+00 0.000E+00 0.000E+00 0.000E+00 il 0.000E+00
2002 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2003 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00
2004 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00
2005 0.000E+00 0.0C0E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2006 0.000E+00 0.000E+00 0.000E+Q0 0.000E+00 0.000E+00 0.000E+00

| 2007 0.000E+00 0.000E+Q0 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00
2008 0.000E+00 0.000E+0Q0 0.000E+00 0.000E+00 0.000E+00  0.000E+00
2009 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2010 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _0.000E+00 0.000E+0Q0
2011 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 _0.000E+00 |
2012 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2013 0.000E+00 0.000E+00 0.000E+Q0 0.000E+00 0.000E+00 0.000E+00
2014 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
2015 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2016 0.000E+00 0.000E+Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2017 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2018 0.000E+00 0.000E+00 0.000E+00 0.000E-+00 0.C00E+00 0.000E+00
2019 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2020 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2021 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2022 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
2023 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00
2024 ~ 0.000E+00 ~ 0.000E+00 0.C00E+00 0.000E+00 0.000E+00 0.000E+00
2025( 0.000E+Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0D
2026 0.000E+Q0 0.000E+00 ~0.000E+00 0.000E+00 0.000E+00 0.000E+00
2027 0.000E+0Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2028 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00
2029 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00
2030 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00
2031 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
(2032 0.000E+00 0.000E+00 0.000E+00 0.000E+00 - 0.000E+00 |  0.000E+00
2033 0.000E+00 0.000E-+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2034 0.000E+00 0.000E+00 0.000E+Q0 0.000E+00 0.000E+00 0.000E+00
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Results (Continued)

e (Ma/year) (m*®tyear) (av fir3/min) (Ma/vear) (m* fyear) (av fi*3/min)
2035 0.000E+00 0.000E+C0 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2036 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 )
12037 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00
2038 0.000E+00 0.000E+00 0.000E+00 0.C00E+00 0.000E+00 _ 0.000E+00
2038 0.000E+00 3 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 )
2040 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2041 0.000E+00 | 0.000E+00 0.000E+00 | 0.000E+00 ~ 0.000E+00 0.000E+00
2042 0.000E+00 0.000E+0Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2043 0.000E+00 0.000E+Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2044 0.000E+00 0.000E+00 y 0.000E+00C 0.000E+00 0.000E+00 _ 0.000E+00
2045 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2046 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |
2047 0.000E+00 0.000E+00 0.000E+00 0.000E+00 \ 0.000E+00 0.000E+00
2048 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00 0.000E+00
Z049 0.000E+00 _0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  D.000E+00 —|
2050  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2051 0.000E+Q0 0.000E+00 ! 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00
2052 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2053 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2054 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2055 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2056 0.000E+00 0.000E+00 0.000E+00 0.000E+00 Il 0.000E+00 0.000E+00
2057 0.000E+00 0.000E+00D 0.000E+Q0 0.000E+00 ~ 0.000E+00 _0.000E+00 |
| 2058 0.000E+00 ~_0.000E+00 ~ 0.000E+00 ~ 0.000E+00 0.000E+Q0 0.000E+00 ]
2059 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ) 0.000E+Q0 0.000E+00
2060 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 !
12061 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00
2062 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2063 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00 0.C00E+00 0.000E+00
12064 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00
2065 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ! 0.000E+Q0 0.000E+00
2066 0.000E+00 ) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2067 | 0.000E+00 _0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00
2088 0.000E+00 0.000E+0C 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2083| 0.000E+00 ) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ] 0.000E+00
2070 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 _0.000E+00 0.000E+00
2071 ~ 0.000E+00 : 0.000E+00 _ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2072 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00
2073 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2074 0.000E-+00 0.000E+00 0.000E+00 0.0060E+00 0.000E+00 0.000E+00
2075 0.000E+00 0.000E+00 _ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2076 0.000E+00 0.000E+00 0.000E+00 0.000E+00 '0.000E+00 0.000E+00
2077 0.000E+00 0.000E+00 0.000E+Q0 0.000E+00 0.000E+00 ) 0.000E+00
2078]  (0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2079 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 |  0.000E+00
2080 0.000E+00 0.000E+00 0.000E+00 . 0.000E+00 0.C00E+00 I 0.000E+00
2081 0.000E-+00 0.000E+00 0.000E+00 0.000E+00 ) 0.000E+00 0.000E+00
2082 0.000E+00 0.000E+00 |  0.000E+00 0.000E+00 0.000E+00 0.000E+00
2083 0.000E+00 0.000E+00° | 0.000E+00 0.000E+00 ~_0.000E+00 | 0.000E+00
2084 __0.000E+00C 0.000E+00 0.000E+00 | 0.000E+00 J 0.000E+00 0.000E+00
2085 0.C00E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 f
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Resulis (Continued)

| o

Year (Mg/year} (m* fyear) (av fi*3/min) (Mg/year) (m® fyear) (av fi73/min)
2086 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1 __Q000E+00
2087 0.000E+00 0.C00E+00 0.000E+00 0.000E+00 | 0.000E+00 1 0.000E+00
2088 0.000E+00 0.000E+00 | _ 0.000E+00 | _ 0.000E+00 0.000E+00 0.000E+00
2089 0.000E+00 0.000E+00 | _OﬂOOE+00 L 0.000E+00 0.000E+00 0.000E+00
2080 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 Q000E+DQ - 0.000E+00
2091 0.000E+00 0.000E+Q0 0.000E+00 __0.000E+00 0.00CE+00 QngE+Qg 1
2092 0.000E+00 ~ 0.000E+00 | 0.000E+00 0.000E+00 0.000E¥00 | 0.000E+00
2093 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+C0 0.000E+00
2094 0.000E+00 _ 0.000E¥00 | 0.000E+00 | _ 0.000E+00 0.000E+00 0.000E+00
2085  0.000E+00 |  0.000E+00 0.000E+0D 0.000E+00 | 0.000E+00 0.000E+0D
2096 0.000E+00 | _ 0.000E+00 0.000E+00 0.000E¥00 | _ 0.000E+00 0.000E+00
2097 0.000E+00 0.000E+00 | Q000E+90 0.000E+00 0.000E+00 ) 0.000E+00
gqgg 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 | 0.000E+00
2099 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00
2100 0.000E+00 0.000E¥00 | 0.000E+00 | _ 0.000E+00 0.000E+00 0.000E+00
2101 0.000E+00 0.000E+00 I _0.000E+00 0.000E+00 0.000E+00 | 0.000E+00
2102 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2103 0.000E+00 ] 0.000E+Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2104 0.000E+00 0.000E+00 . 0.000E+00 0.000E+00 0.000E+00 0.000E+00
gigﬁ_ 0.000E+0D0 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 i 0.000E+00
2106 0.000E+00 il 0.000E+C0 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2107 0.000E+00 B 0.000E+00 0.000E+00 ngQE+QO 0.000E+00 0.000E+00
2108 0.000E+00 0.000E+00D - QQQQEiOO __0.000E+00 0.000E+00 QOOOE+Q9 |
2108 0.000E+00 ~ 0.000E+00 iR 0.000E+00 0.000E+00 L 0.000E+00 0.000E+00
2110 0.000E+00 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00
2111 Q000E+00_ 0.000E+00 0.000E+00 0.000E+C0 0.000E+00 0.000E+00
2112 B 0.000E+00 0.000E+00 B 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2113 0.000E+00 ) 0.000E-+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2114 0.000E+00 0.000E+00 ~ 0.000E+00 _ 0.000E+00 0.000E+00 "0.000E+00
2115 0.000E+00 " 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2116 0.000E+00 ) 0.000E+00 0.000E+00 0.000E+00 oy, 0.000E+00 0.000E+00
2117 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2118 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 | 0.000E+0D
2119 0.000E+00 0.000E+00 0.000E+0D 0.000E+00 | 0.000E+00 0.000E+00
2120 0.000E+00 0.000E+00 0.000E+00 | 0.000E+00 0.000E+00 0.000E+00
2121 0.000E+00 ~ 0.000E+00 _ 0.000E+00 0.000E+00 0.000E+00 B 0.000E+00
2122 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2123 0.000E+00 0.000E+00 ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
2124 i _ 0.000E+00 | 0.000E+00 _0.000E+00 0.000E+00 | 0.00CE+00 0.000E+00
2125 0.000E+00 0.000E+00 0.000E+G0 0.000E+Q0 0.000E+00 0.000E+00
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KY-GAS ANALYSES
LORAIN | AND LORAIN Il HEADER SYSTEMS
(FINAL DEVELOPMENT CONDITIONS - 21,000 SCFM FLOW)
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KYGAS HEADLOSS CALCULATIONS

KYGAS was developed by Dr. Don J. Wood and Dr. James E. Funk at the University of
Kentucky. The program was modeled after KYPIPE, which models water distribution
systems. KYGAS is used to determine head losses, system pressures, and velocities in
piping systems controlled under vacuum. KYGAS operates under the assumptions that
all flow in the piping system is steady, one-dimensional, isothermal flow for an ideal gas.
The program uses the Darcy-Weisbach equation for head losses related to
uncompressible flow and the Ideal Gas Law for pressure-temperature-density
relationships.

KYGAS has several useful options to develop a LFG system. The program allows the
user to model any type of piping system material or configuration to coincide with field
conditions. The program includes tabular and graphic interfaces for the input of
information regarding the system. Multiple blower locations may be used in the program
to simulate actual field conditions. In addition, blower performance curves may be
entered into the program for comparison to operational and actual field conditions.
KYGAS is capable of running multiple scenarios for any piping configuration including
looped header systems. LFG flow units and pressure values at the wells are user
specified for comparison to values obtained in the field.

The following parameters are required for operation of KYGAS.

Pipe inside diameter

Pipe length .

Minor loss coefficient

Roughness within the pipe

LFG flow rate into the system at each well or node
LFG operating temperature (120°F)

Specific gravity of the LFG (1.036)

Ratio of specific heats (1.303)

Absolute viscosity of LFG (2.82 x 107 Ib*sec/ft?)

The design process begins with the development of the LFG flow rates for use in the
program. The LFG flow is determined from the USEPA LandGEM LFG model. The
LFG model is developed based on site specific information relating to waste inflow,

@CORNERSTOI\_JJ_S

Environmental Group, LLC
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composition, landfill capacity, and site life. The second step involves evaluating the
conceptual design of the LFG system to be installed. Based on the conceptual design and
a general understanding of the planned phasing of the landfill, the total LFG flow for a
landfill is divided into various amounts to simulate varied flow rates at the wellheads
over the life of the site.

As mentioned before, KYGAS allows the user to input information in either a tabular or
graphical method. The graphical method is called KYCAD. KYCAD allows the user to
input the piping network to scale in an AutoCAD format. The user constructs the system
in the computer by drawing the system as it will appear in the field, and then adjusts the
necessary pipe lengths and locations of wells (nodes) as required. Site-specific
conditions are considered when laying out a system. No elevations are used for the
various nodes in this analysis. It is assumed that all LFG flow will proceed through the
system regardless of node elevations.

Once all of the required information is in the program, the user can begin to evaluate the
system. Evaluation of the system is an iterative process. The initial design is the based
on the engineer's previous design experience for similar sized systems. Once the results
of the initial model are reviewed, the iterative process begins by balancing the system to
control LFG velocity, pressure loss, and pipe diameter for various parts of the system.
The initial flow rates and their input locations into the system remain unchanged
throughout this process. The main factor adjusted for every iteration is the pipe diameter.
The inside pipe diameter determines the LFG velocity and pressure drop in each pipe.
Once the velocities in the system piping and the vacuum pressure remaining at the
furthest node meet design requirements, the engineer may proceed with developing and
finalizing the system for construction.

The design criteria for the header system are:

Maximum Con-Current Velocity 35 fps
Maximum Counter-Current Velocity 35 fps
Maximum Pressure Drop 17" w.c. per 100 feet of pipe

The results of the KYGAS analysis indicate a total system pressure drop of
approximately 32” w.c. Please refer to the attached KYGAS output files. This should
occur at Node J-88. The maximum con-current velocity is 52.85 fps (Pipe P-77), and the
maximum counter-current flow is 33.69 fps (Pipe P-70). All values are well within
allowable operational ranges.

The design flow used for the KYGAS analysis is 21,000 standard cubic feet per minute
(scfim).

(11 CORNERSTONE
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Lorain County Landfill

*%%  GAS2000 Version 1.1 *x*

GAS DISTRIBUTICN NETWORK ANALYSIS
COPYRIGHT 2000 - DON J. WOOD, JAMES E. FUNK
LEXINGTON, KY
Updated April 2000

J:\LORAIN~1\2007GC~1\_PROJE~2\GCCSD

]

INPUT DATA FILE NAME FOR THIS SIMULATICN
E~1\KY¥Gas\Lorain.DAT
OUTPUT DATA FILE NAME FOR THIS SIMULATICON = J:\LORAIN~1\2007GC~1\_PROJE~2\GCCSD

E~1\KYGas\Lorain.OT2
DATE FOR THIS COMPUTER RUN H 9-20-2007
START TIME FOR THIS COMPUTER RUN : 10:59:13:98

SUMMARY OF DISTRIBUTION SYSTEM CHARACTERISTICS:

NUMBER OF PIPES = 519
NUMBER OF JUNCTION NODES = 503
UNITS SPECIFIED = ENGLISH

PROPERTIES OF THE GAS FOR THIS ANALYSIS ARE:

120.00 DEGREES FAHRENHEIT
.71E-01 POUNDS / CUBIC FOOT

OPERATING TEMPERATURE
REFERENCE DENSITY (@ STD. PRESSURE)

It

GAS MOLECULAR WEIGHT = 30.01
GAS SPECIFIC GRAVITY = 1.04
RATIO OF SPECIFIC HEATS = 1.30
GAS CONSTANT = 51.49

ABSOLUTE VISCOSITY .28E~-06 POUND SECONDS/SQUARE FOOT

USER SPECIFIED FLOW UNITS (USFU) = SCF / MIN.
USER SPECIFIED PRESSURE UNITS (USPU) = INCHES QOF WATER (GAUGE)

PIPE NODE NODE LENGTH DIAM. ROUGHNESS SUM-M PUMP ELEVATION

NAME #1 #2 (FT.) (IN.) (MILLIFEET) FACT. 1ID CHANGE

P- 204 J-283 J-282 140.0 5.8 .100 1.8 0 .0
P- 205 J-296 J-297 196.0 5.8 100 1.8 0 .0
P- 206 J-292 J-293 205.0 7.6 100 1.8 0 .0
P- 88 J-313 J-95 62.0 21.0 100 1.8 0 .0

P- 91 J-95 J-405 259.0 21.0 100 1.8 0 .0

P- 92 J-238 J-222 194.0 21.0 100 1.8 0 .0

P- 93 J-245 J-229 255.0 21.0 100 1.8 0 .0

P- 96 J-52 J-245 48.0 21.0 100 1.8 0 .0
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P-10
P-100
P-101
pP-102
P-103
P-104
P-105
P-106
P-107
P-108
P-109

P-11
P-110
P-111
pP-112
P-113
P-114
P-115
p-116
pP-117
P-118
P-119

p-12
P-120
p-121
P-122
P-123
P-124
pP-125
P-126
p-127
P-128
P-129

P-13
P-130
P-131
pP-132
P-133
pP-134
P-135
P-136
P-137
pP-138
P-139

P-14
P-140
P-141
pP-142
P-143
p-144
P-145
P-146
pP-147
P-148
P-149

P-15
P-150
P-151
P-152
P-153

J-229
J-209
J-197
J-350
J-192
J-186
J-289
J-210
J-211
J-204
J-286
J-295
J-186
J-6
J-287
J-247
J-250
J-35
J-252
J-301
J-303
J-123
J-64
J-19
J-376
J-173
Jg-119%2
J-33
J-160
J-158
J-156
J-145
J-152
J-148
J-146
J-35
J-143
J-141
J-137
J-134
J-129
J-125
J-121
J-119
J-111
J-107
J-287
J-103
J-99
J-91
J-84
J-82
J-80
J-178
J-76
J-10
J-68
J-48
J-65
J-8
J-58
J-56

J-400
J-361
J-26
J-373
J-191
J-195
J-290
J-11
J-210
J-203
J-295
J-2%4
J-183
J-186
J-288
J-3
J-302
J-1192
J-465
J-463
J-450
J-124
J-8
J-160
J-244
J-74
J-1193
J-34
J-161
J-159
J-157
J-22
J-153
J-149
J-147
J-17
J-144
J-142
J-138
J-135
J-130
J-126
J-122
J-120
J-114
J-108
J-289
J-104
J-100
J-92
Jd-85
J-83
J-81
J-179
J=-717
J-71
J-69
J-45
J-66
J-63
J-60
J-57

625.
43.
199.
148.
218.
229.
190.
416.
35.
8.
166.
220.
192.
145.
278.
84.
192.
174.
202.
176.
271.
59.
302.
57.
157.
98.
29.
81l.
101.
55.
37.
1614.
21.
41.
78.
50.
76.
75.
49.
60.
31.
39.
53.
69.
27.
45.
50.
78.
26.
64.
81.
95.
20.
49.
74.
14.
18.
64.
26.
28.
20.
25.
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P-154
P-155
P-156
P-157
P-158
P-1598

P-16
P-160
P-161
P-162
P-163
P-164
P-165
P-166
P-167
P-168
P-168

P-17
P-170
P-171
P-172
P-173
P-174
P-175
P-176
P-177
pP-178
P-17%

P-18
P-180
P-181
P-182
P-183
P-184
p-185
P-186
P-187
P-188
pP-189

P-19
P-190
P-191
pP-182
P-183
P-194
P-195
P-196
P-197
P-198
P-199

pP-20
P-200
pP-201
pP-202
P-203
P-206
P-207
P-208
P-209

p-21
P-210

J-54
J-41
J-46
J-68
J-136
J-131
J-10
J-127
J-115
J-116
J-105
J-101
J-97
J-86
J-58
J-1192
J-14
J-53
J-152
J-18
J-19
J-50
J-38
J-305
J-187
J-308
J-22
J-167
J-217
J-309
J-311
J-314
J-249
J-318
J-320
J-322
J-324
J-326
J-328
J-392
J-221
J-330
J-332
J-29
J-304
J-336
J-338
J-182
J-183
J-171
J-230
J-4
J-340
J-344
J-345
J-347
J-3
J-349
J-231
J-351
J-395
J-353

J-55
J-42
J-47
J-67
J-137
J-132
J-253
J-128
J-116
J-117
J-106
J-102
J-98
J-87
J-59
J-37
J-148
J-174
J-151
J-156
J-499
J-51
J-39
J-447
J-181
J-307
J-9
J-476
J-389
J-460
J-446
J-443
J-275
J-440
J-457
J-444
J-325
J-438
J-432
J-474
J-226
J-430
J-436
J-9
J-334
J-317
J-339
J-181
J-182
J-29
J-94
J-242
J-424
J-343
J-346
J-427
J-439%
J-414
J-238
J-422
J-354
J-243

35.
42.
58.
46.
69.
350.
1625.
363.
69.
390.
393.
317.
318.
73.
55.
200.
47.
181.
18.
176.
116.
58.
19.
212.
205.
219.
6.
263.
160.
235.
196.
222.
219.
198.
246.
228.
315.
296.
202.
195.
149.
200.
206.
132.
218.
218.
226.
1a9.
174.
297.
255.
332.
214.
167.
187.
205.
223.
204.
1920.
212.
2009.
107.

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOO’OOOOOOOOOOOO

= N = N [ [
OouoeoOUEUERENAUEUOUREIUUROUOOEOEUOOEOEOO0OE.oe;n

N [38]

SRS NS NS S, e R IS RS, R NS T I e

.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
100
.100
.100
.100
.100
.100

PR R R R R P R P PR R P RRERERBPERRRRRERER RSB R R REPRRRRRRR BB SRR R e R e b e e e e
G0 OO €0 00 00 0 B O 00 €0 0O CO OO OO GO 00 ©O 00 00 00 O 00 0O 00 €D 0O O QU €O CO CO OO 0O 00 00 00 00 00 0 00 0D €0 D 0 €0 00 GO 00 G0 G0 G0 0 00 00 00 00 0 0 0 L o o

OOOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOOOOOOO

T S e s e e 1w e e

KYG-5



pP-211
p-212
pP-213
P-214
P-215
P-216
p-217
pP-218
p-219

p-22
P-220
p-221
p-222
pP-223
pP-224
P-225
P-226
p-227
pP-228
pP-228

P-23
P-230
pP-231
P-232
P-233
P-234
pP-235
P-236
pP-237
P-238
P-239

P-24
pP-240
P-241
pP-242
P-243
P-244
pP-245
P-246
P-247
P-248
pP-249

P-25
p-250
pP-251
p-252
pP-253
pP-254
pP-255
P-256
P-257
pP-258
pP-259

P-26
P-260
P-261
P-262
P-263
P-264
P-265
P-266
P-267

J-38
J-41
J-46
J-50
J-54
J-56
J-62
J-61
J-62
J-72
J-65
J-13
J-67
J-76
J-78
J-80
J-82
J-84
J-91
J-86
J-397
J-97
J-99
J-101
J-103
J~105
J-107
J-111
J-115
J-118
J-121
J-399
J-123
J-125
J-127
J-129
J-131
J-134
J-136
J-141
J-143
J-145
J-401
J-146
J-14
J-151
J-181
J-150
J-155
J-18
J-193
J-156
J-154
J-404
J-158
J—62
J-1i0
J=-17
J-118
J-140
J=-37
J-74

J-41
J-46
J-50
J-54
J-56
J-58
J-58
J-59
J-65
J-170
J-67
J-76
J-73
J-78
J-80
J-82
J-84
J-86
J-97
J-91
J-494
J—-99
J-101
J-103
J-105
J-107
J-109
J-115
J-119
J-121
J-123
J-493
J-125
Jg-127
J-129
J-131
J-134
J-136
J-141
J-143
J-145
J-146
J-402
J-14
J-151
J-155
J-171
J-148
J-18
J-20
J-164
J-158
J-152
J-403
J-160

J-68
J-40
J-116
J-137
J-38
J-175

162.
173.
176.
156.
153.
132.
144.
285.
174,
304.
186.
335.
168.
194.
174,
370.
174.
179.
175.
184.
240.
188.
152.
210.
194.
172.
184.
195.
182.
28%.
180.
354.
163.
157.
158.
198.
139.
112.
156.
172.
132.
185.
239.
151.
237.
170.

74.
290.
193.
364.
127.
182.
379.
208.
227.
294,
311.
319.
255.
310.
171.
159.
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P-268
P-269
P-27
P-270
pP-271
P-272
P-273
P-274
P-275
P-276
P-277
P-278
P-279
p-28
pP-280
pP-281
pP-282
P-283
P-284
pP-285
P-286
P-287
P-288
P-289
P-29
P-250
P-291
pP-292
P-293
P-2954
P-295
P-296
pP-297
P-298
pP-298
P-3
P-30
P-300
P-301
pP-302
P-303
P-304
P-305
P-306
P-307
P-308
P~-309
P-31
P-310
pP-311
pP-312
P-313
P-314
P-315
P-316
P-317
P-318
P-318
P-32
pP-320
P-321
P-322

J—-87
J-108
J-406
J-110
J-132
J-197
J-199
J-189
J-203
J-201
J-203
J-207

J-1

J-11
J-162
J-354
J-356
J-162
J-190

J-28
J-254
J-264
J-257
J-259
J-408
J-263
J-253
J-276
J-165
J-276
J-278
J-168
J-278
J-281
J-329
J-210
J-411
J-360
J-281

J-45

J-48
J-191
J-174
J-362
J-176
J-176
J-364
J-341
J-194
J-185
J-184
J-368
J-241
J-370
J-372
J-374
J-265
J-256

J-90
J-267
J-412
J-279

J-88
J-110
J~-407
J-111
J-133

J-24

J-26
J-215
J-201

J-30
J-205

J-1
J-205

J-15
J-173
J-428%
J-359
J~163
J-187
J-163
J-257
J-265
J-259
J-263
J-409
J-267
J-276
J-165
J-271
J-278
J-168
J-166
J-281
J-170
J-335
J-209
J-410
J-331

J-48

J-43
J-173
J-190
J-173
J-363
J-174
J-299
J-495
J-475
J-193
J-194
J-371
J-273
J-245
J-496
J-387
J-375
J-266
J-272
J-139
J-256
J-413
J-168

206.
179.

60.
176.
341,
199.
198.
167.
195.
211.
216.
223.
202.
208.
410.
179.
205.

85.

71.
150.
138.
218.
216.
209.

97.
189.
326.

51.
136.
392.

51.
143.
625.

48.

89.
205.

46.
214.
254.
141.
377.
183.

88.
222.

82.
638.
176.
233.

33.
184.
216.
204.
102.
184.
197.
187.
154.
188.
586.
182.
186.
138.
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pP-323
pP-324
P-325
pP-326
P-327
pP-328
pP-329

pP-33
P-330
P-331
pP-332
P-333
P-334
pP-335
P-336
pP-337
P-338
P-339

P-34
P-340
P-341
P-342
P-343
P-344
P-345
P-346
p-347
P-348
P-349

P-35
P-350
pP-351
P-352
P-353
P-354
p-355
P-356
P-357
p-358
pP-359

P-36
P-360
pP-361
pP-362
P-363
P-364
P-365
P-366
P-367
P-368
P-369

pP-37
P-370
P-371
P-372
P-373
pP-374
pP-375
P-376
pP-377
pP-3178
pP-379

J-371
J-379
J-381
J-383
J-384
J-5
J-36
J-32
J-367
J-52
J-224
J-244
J-413
J-365
J-184
J-409
J-237
J-501
J-179
J-236
J-175
J-501
J-93
J-36

J-352
J-5
J-96
J-21
J-93

J-355
J-391
J-333
J-247

J-10

J-10
J-407
J-212
J-212

J-52
J-233
J-310
J-233
J-302
J-306
J-323
J-308
J-306
J-235
J-248

J-35
J-235
J-315
J-275
J-248
J-274
J-331
J-365
J-315
J-319
J-325

J-4189
J-386
J-420
J-243
J-426
J-236
J-411
J-291
J-404
J-489
J-313
J-284
J-112
J-184
J-409
J-411
J=-15
R-1
J-89
J-93
J-407
J-36
R-1
J-4
J-383
J-21
J-21
J-385
J-96
J-501
J-355
J-391
J-333
J-247
J-246
J-246
J-310
J-380
J-175
J-300
J-361
J-188
J-233
J-212
J-233
J-323
J-312
J-306
J-246
J-306
J-451
J-33
J-248
J-319
J-251
J-453
J-458
J-391
J-369
J-3
J-325
J-249

204.
307.
206.
71.
203.
656.
314.
267.
174,
206.
366.
118.
132.
384.
21.
146.
188.
712.
213.
444 .
726.
15.
671.

648.
202.

80.
205.

60.

33.
591.
842.
894,
868.
801.
473.
456.

66.
173.

94,

91.

38.

90.
368.
1599.

97.
210.
104.
106.
235.
302.
182.
222.
205.
188.
225.
330.
122.
247.

66.
304.
209.
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P-38
P-380
pP-381
P-382
P-383
P-384
P-385
P-386
P-387
P-388
P-389

P-39
P-380
P-391
P-392
P-393
P—-394
P-395
P-396
pP-397
pP-398
P-399

P-4

P-40
P-400
P-401
P-402
P-403
P-404
P-405
P-406
P-407
pP-408
P-409

P-41
P-410
P-411
P-412
pP-413
P-414
P-415
P-41e6
P-417
P-418
pP-419

P-42
P-420
P-421
pP-422
P-423
p-424
P-425
P-426
pP-427
P-428
P-429

P-43
P-430
P-431
P-432
P-433
pP-434

J-164
J-249
J-339
J-317
J-304
J-317
J-251
J-335
J-335
J-359
J~-363
J-178
J-359
J-348
J-352
J-373
J-375
J-380
J-350
J-274
J-382
J-378
J-7
J-180
J-274
J-369
J-371
J-404
J-400
J-402
J-398
J-361
J-54
J-216
J-185
J-390
J-238
J-222
J-222
J-217
J-214
J-385
J-214
J-393
J-8¢%
J-189
J-386
J-387
J-388
J-414
J-415
J-416
J-417
J-418
J-419
J-420
J-396
J-421
J-422
J-423
J-424
J-425

J-468
J-316
J-337
J-339
J-317
J-333
J~-435
J-331
J-358
J-357
J-359

J-89
J-355

J-96
J-342
J-243
J-380
J-373
J-378
J-421
J-346
J-415

J-11
J-286
J-459
J-273
J-366
J-184
J-402
J-398
J-139
J-207
J-232
J-313
J-467
J-480
J-405
J-482
J-484

J-20
J-470
J-393
J-472
J-175
J-285

J~-49
J-380
J-375
J-350
J-388
J-382
J-378
J-416
J-417
J-418
J-382
J-405
J-346
J-352

J-21
J-423

J-%6

282,
208.
201.
216.

38.
116.
259.

27.
181.
185.

52.
111,

89.
366.
184.

59.
184.

88.

58.
141.
248.
202.

71.
212,
205.
205.
204.
135.
213.
176.
109.
149.
259,
122.
201.
259,
208.
217.
251.
428.
122.
214.
284.
142.

75.
241,
233.
243,
184.
206.
209.
231.
212.
207.
201.
224,

95.
193.
217.
205.
217.
211.
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P-435
P~436
P—-437
P-438
P-439

P-44
P-440
P-441
P-442
P-443
P-444
P-445
P-446
p-447
P-448
P-449

P-45
P-450
P-451
P-452
P-453
P-454
P-455
P-456
P-457
pP-458
P-459

P-46
P~-460
P-461
P-462
P-463
P-464
P-465
P-466
P-467
P-468
P-469

p-47
pP-470
pP-471
P-472
P-473
P-474
P-475
pP-476
P-477
pP-478
pP-479

P-48
P-480
P-481
P-482
p-483
P-484
P-485
P-486
P-487
P-488
pP-489

P-49
P-480

J-426
J-427
J-348
J-428
J-429
J-213
J-430
J-431
J-432
J-433
J-434
J-435
J-436
J-437
J-438
J-439
J-215
J-440
J-441
J-442
J-443
J-444
J-445
J-446
J~-447
J-448
J-448
J-218
J-450
Jg-451
J-452
J-453
J-454
J-455
J-456
J-457
J-458
J-459
J-220
J-460
J-461
J-462
J~-463
J-464
J-465
J-466
J-467
J-468
J-469
J-172
J-470
J-471
J-472
J-473
J-474
J-475
J-476
J-477
J-478
J-479
J-176
J-480

J-425
J-348
J-428
J-344
J-363
Jg-471
J-498
J~-329
J-431
J-329
J-433
J-434
J-304

J-437
J-327
J-313
J-319
J-315
J-441
J-442
J-445
J-323
J-306
J-308
J-235
J-448
J-222
J-449
J-452
J-321
J-454
J-455
J-274
J-248
J-456
J-2175
J-466
J-481
J-310
J-302
J-461
J-462
J-212
J-464

J-20
J-244
J-469
J-226
J-163
J-226
J-214
J-395
J-393
J-473
J-216
J-216
J-224
J~-477
J-478

J-23
J-224

210.
270.
203.
193.
187.
240.
193.
276.
282.
118.
294,
212.
214.
224.
211.
209.
102.
217.
224.
213.
192.
211.

28.
311.
346.
300.
305.
226.
233.
209.
187.
206.
184.
204,
260.
204.
285.
435.
209.
143.
258.
236.
228.
274.
233.
285.
103.
240.
157.
160.
307.
122.
172.
221.
221.
317.

70.

45.
260.
280.

50.
245.
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P-491
P-492
P-493
P-494
P-495
P-49%6
P-457
P-498
P-499
P-5
P-50
P-500
pP~501
P-502
P-503
P-504
P-505
P-506
P-507
P-508
P-509
P-51
P-510
P-511
p-512
P-513
pP-52
P-53
p-54
P-55
P-56
P-57
P-58
P-59
P-6
P-60
P-61
P-62
P-63
P-64
P-65
P-66
P-67
P-68
P-69
P-7
P-70
P-71
P-72
P-73
P-74
pP-75
P-76
P-177
P-78
P-79
p-8
P-80
P-81
pP-82
P-83
pP-84

J-481
J-482
J-483
J-484
J-485
J-486
J-487
J-488
J-488
J-12
J-44
J-430
J-491
J-492
J-493
J-494
J-485
J-4%6
J-497
J-344
J-498
J-267
R-1
J-383
J-215
J-164
J-169
J-280
J-113
J-49
J-254
J-257
J-259
J-263
J-36
J-272
J-223
J-9
J-19
J-225
J-22
J-228
J-290
J-293
J-43
J-23
J-234
J-284
J-260
J-261
J-271
J-269
J-94
J-501
J-13
J-237
J-202
J-1983
J-269
J-177
J-25
J-198

J-238
J-483
J-219
J-217
J-52
J-485
J-486
J-487
J-490
J-15
J-45
J-227
J-229
J-491
J-400
J-398
J-369
J-371
J-242
J-2715
J-331
J-268
J-4
J-236
J-30
J-24
J-170
J-279
J-165
J-413
J-255
J-258
J-260
J-264
R-1
J-112
J-479
J-162
J-33
J-488
J-239
J-492
J-281
J-285
J-292
J-296
J-497
J-53
J-261
J-262
J-269
J-256
J-234
J-383
J-95
J-234
J-201
J-187
J-270
J-171
J—-24
J-197

199.
214.
202.

73.
330.
245.
237.
201.
252.

60.
171.
278.

70.
189.
243.
238.
218.
218.
lel.
186.
224,

22.
784.

12.

29.

87.
149.
303.
153.
386.

88.

79.

59.

65.
736.

37.
181.
555.
248.
222.

55.
244,
175.
210.
225.
225.
204.
213.
232.
165.
136.
270.
146.
470.
113.
394.

41.
195.
165.
170.

37.

89.

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

N

NN
GO RPRFEFOUOUOUIMOUOOOd]=2 0 U
e s s s s s e & a . P

NN NN
[

i ™
U NI A N, NS T NS WS S |
[, S T

N

N

N [\*]

N
oo PFErOROROOULITO U0 RGO -] o g
e 2 e & a P v 4 s s

.100
-100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100
.100

L e e el el e e i e e e R e i e e N N J S gt g Gy G O P W U
P T T T T e A A A A A A A . .
€0 00 GO CO 0O 0O 0O CO O CO O €O U0 CO 0O OO CO OO 00 GO O OO 00 00 ©0 GO CO 0O CO OO €O 00 00 DO GO 00 CO OO OO 0O 00 00 O 00 OO 00 00 00 G0 &0 0 00 0 00 &0 G0 &0 O & 0O 0 00

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOOO

S L S S T
ODOOOOOOOOOOOOODOOOOOOOOOODOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOO

KYG-11



P-85
P-86
P-87
pP-88
pP-89

pP-9
P-S0
P-91
P-92
P-84
P-95
P-96
P-98
P-99

DEMAND
(USEU)

JUNCTION
NAME

J-10
J-100
J-101
J-102
J-103
J-104
J-105
J-106
J-107
J-108
J-108

J-11
J-110
J-111
J-112
J-113
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J-162
J-163
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J-2
J-20
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J-201
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J-203
J-204
J-205
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J-209
J-21
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J-217
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J-220
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J-230
J-231
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KYG-20

J-77 W38 ~14.00
J-78 .00
J-79 W37 ~14.00
J-8 .00
J-80 .00
J-81 W36 -14.00
J-82 .00
J-83 W35 ~14.00
J-84 .00
J-85 W34 -14.00
J-86 .00
J-87 W32 -14.00
J-88 W33 -14.00
J-89 .00
J-9 .00
J-380 .00
J-91 .00
J-82 W3l -14.00
J-93 .00
J-94 35R -70.00
J-95 .00
J-96 W ~-71.00
J-97 W29 -14.00
J-98 W30 -14.00
J-99 .00
R-1 FLARE COMPOUND .00 -60.00
RESULTS FOR THIS SIMULATION FOLLOW
PIPE NODE NODE FLOW LOSS VELOCITY DENSITY FRICTICON AREA
NO #1 #2 (USFU) (USPU) (FT/S) (#/CF) FACTOR RATIO
P- 204 J-283 J-282 70.000 .11 7.92 064 0246 012
P- 205 J-296 J-297 -70.000 .14 7.81 064 0246 012
pP- 206 J-282 J-293 ~-280.000 .54 18.67 064 0194 028
P- 89 J-313 J-95 888.945 03 8.70 062 0180 013
P- 91 J-95 J-405 1058.944 .07 2.31 062 0178 014
P- 82 J-238 J-222 1340.944 .10 11.80 062 0170 018
P~ 93 J-245 J-229 91.413 .00 81 062 0314 001
P~ %6 J-52 J-245 21.413 .00 19 062 0490 000
P- 97 J-229 J-400 303.413 .01 2.68 062 0232 004
P-1 J-209 J-361 -3133.618 .31 27.73 062 0148 042
P-10 J-187 J-26 2310.977 .27 20.29 063 0155 031
P-100 J—-350 J-373 3705.191 .61 32.96 062 0144 050
P-101 J-182 J-191 70.000 16 8.00 063 0246 012
P-102 J-196 J-195 70.000 .16 8.01 063 0246 012
P-103 J-289 J-290 ~-210.000 1.02 23.57 064 0197 036
P-104 J-210 J-11 3273.618 .83 29,06 062 0147 044
P-105 J-211 J-210 70.000 .04 8.13 062 0246 012
P-106 J-204 J-203 70.000 07 8.08 062 0246 012
pP-107 J-286 J-295 140.000 .43 15.63 064 0213 024
pP-108 J-285 J-294 210.000 1.15 23.50 064 0197 036
P-109 J-186 J-183 70.000 .14 7.99 063 0246 012
p-11 J-6 J-16 -70.000 11 8.18 062 0246 012
P-110 J-287 J-288 -70.000 .19 7.88 064 0246 012
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P-129

P-13
P-130
P-131
pP-132
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.065
.065
.064
.065
.064
.065
.065
.065
.065
.065
.066
.066
.066
.066
.064
.066
.066
.066
.066
.066
.066
.066
.066
.066
.066
.063
.066
.066
.066
.066
.066
.066
.066
.066
.065
.065
.063
.065
.066
.066
.066
.066
.066
.066
.066

KYG-21

.0198
.0245
.0197
.0245
.0245
.0245
.0373
.0373
.0197
.0245
.0308
.0373
.0373
.0373
.0373
.0373
.0165
.0373
.0373
.0373
.0308
.0366
.0366
.0366
.0366
.0373
.0373
.0373
.0373
.0373
.0373
.0173
.0373
.0373
.0373
.0373
.0373
.0373
.0373
.0373
.0373
.0373
.0162
.0373
.0373
.0373
.0373
.0373
.0373
.0373
.0277
.0302
.0308
.0151
.0373
.0277
.0373
.0373
.0373
.0373
.0308
.0308

.008
.012
.020
.012
.012
.012
.002
.002
.016
.012
.005
.002
.002
.002
.002
.002
.047
.002
.002
.002
.005
.003
.003
.003
.003
.002
.002
.002
.002
.002
.002
.057
.002
.002
.002
.002
.002
.002
.002
.002
.002
.002
.052
.002
.002
.002
.002
.002
.002
.002
.007
.005
.005
.052
.002
.007
.002
.002
.002
.002
.005
.005



P-168
P-169
P-17
P-170
P-171
p-172
P-173
P-174
P-175
P-176
P-177
P-178
P-179
pP-18
P-180
P-181
p-182
P-183
pP-184
P-185
P-186
P-187
pP-188
P-189
P-19
P-190
P-191
pP-192
P-193
P-194
P-195
P-196
pP-197
P-198
P-199
P-2
p-~20
P-200
P-201
pP-202
P-203
P-206
P-207
P-208
P-209
p-21
P-210
pP-211
pP-212
P-213
P-214
pP-215
P-216
P-217
P-218
P-219
pP-22
pP-220
pP-221
P-222
P-223
P-224

J-1192
J-14
J~-53

J-152
J-18
J-18
J-50
J-38

J-305

J-187

J-308
J-22

J-167

J-217

J-309

J-311

J-314

J-249

J-318

J-320

J-322

J-324

J-326

J-328

J-392

J-221

J-330

J-332
J-29

J-304

J-336

J-338

J-182

J-183

J-171

J-230

J-340
J~-344
J-345
J-347

J-349
J-231
J-351
J-395
J-353
J-38
J-41
J-46
J-50
J-54
J-56
J-62
J-61
J-62
J-72
J-65
J-73
J-67
J-76
J-178

J-37
J-148
J-174
J-151
J-156
J-499

J-51

J-389
J-447
J-181
J-307

J-9
J-476
J-389
J-460
J-446
J-443
J-275
J-4490
J-457
J-444
J-325
J-438
J-432
J-474
J-226
J-430
J-436

J-9
J-334
J-317
J-339
J-181
J-182

J-29

J-%4
J-242
J-424
J-343
J-346
J-427
J-439
J-414
J-238
J-422
J-39%4
J-243

J-41

J-46

J-50

J-54

J-56

J-58

J-58

J-59

J-65

J-70

J-e7

J-76

J-73

J-78

J-80

-300.
-28.
350.

28.
-398.
.000
-14.
.000
71.
~-2785.
-71.
1000.
70.
-71.
71.
.000
71.
1831.
71.

-14

71

71

71

71

=71

71

71

-76

687
000
000
000
697

000

000
Q70
000
000
000
000
000

000
537
000

.000
71.

000

.000
71.

000

.000
71.
70.
71.
71.

-2505.

.000

71.

.000

210.
140.

-2505.
70.

-3804.
71.

-71.
71.
71.

-142.
71.
70.
.000
-71.

71.

~272.

-258.

-244.

~230.

-216.

~202.

174.

14.

-132.

14.

-118.

-48.

. 697

-34.

-20.

000
000
000
000
070

000

000
000
070
000
618
000
000
000
000
000
000
000

000
000
697
697
697
697
697
697
697
000
697
goo
697
697

697
697

.21
.01
.57
.01
.33
.00
.00
.00
.16
.40
.16
.13
.18
.12
.17
.15
.16
.18
.15
.18
.17
.22
.21
.15
.15
.11
.15
.15
.94
.16
.16
.17
.68
.46
.40
.18
.02
.16
.13
.14
.15
.58
.15
.14
.16
.15
.09
.42
.40
.36
.30
.26
.21
.17
.01
.12
.01
.10
.03
.04
.01
.00
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.54
.12
.59
.11
.70
.00
.53
.53
.16
.34
.18
.46
.05
.20
.17
.17
.15
.16
.18
.15
.16
.20
.16
.17
.13
.05
.18
.18
.80
.19
.20
.17
.02
15.
.85
.18
.12
.22
.22
.23
.22
.39
.23
.07
.24
.17
.30
17.
16.
15.
14.
13.
13.
11.
.53
.54
.53
.63
.13
.93
.23
.33

99

64
71
79
87
96
05
24

.066
.065
.064
.065
.065
.0865
.066
.0866
.063
.063
.062
.063
.063
.062
.063
.063
.063
.062
.062
.063
.063
.062
.063
.063
.063
.063
.062
.062
.063
.062
.062
.063
.063
.063
.063
.062
.061
.062
.062
.062
.062
.062
.062
.062
.062
.063
.062
.066
.066
.066
.066
.066
.066
.066
.066
.066
.066
.066
.066
.066
.066
.066

KYG-22

.0198
.0308
.0182
.0308
.0188
.0000
.0373
.0373
.0245
.0151
.0245
.0172
.02486
.0245
.0245
.0245
.0245
.0161
.0245
.0245
.0245
.0245
.0245
.0245
.0245
.0246
.0245
.0245
.0148
.0245
.0245
.0245
.0197
.0213
.0153
.0246
.0143
.0245
.0245
.0245
.0245
L0212
.0245
.0246
.0245
.0245
.0245
.0195
.0187
.0199
.0201
.0204
.0207
.0213
.0373
.0225
.0373
.0231
.0284
.0255
.0311
.0359

.019%
.005
.060
.005
.025
.000
.002
.002
.012
.037
.012
.024
.012
.012
.012
.012
.012
.025
.012
.012
.012
.013
.012
.012
.012
.012
.012
.012
.05¢
.012
.012
.012
.037
.024
.033
.012
.054
.013
.013
.013
.013
.025
.013
.012
.013
.012
.013
.027
. 025
.024
.023
.021
.020
.017
.002
.013
.002
.012
.005
.008
.003
.002



P-225
P-226
P-227
P-228
P-229

P-23
P-230
P-231
p-232
P-233
pP-234
P-235
P-236
P-237
P-238
P-239

p-24
P-240
p-241
p-242
P~-243
P-244
P-245
P-246
P-247
P-248
P-249

pP-25
P-250
P-251
P-252
pP-253
P-254
P-255
P-256
pP-257
P-258
P-259

P-26
P-260
p-261
P-262
P-263
P-264
P-265
P-266
P-267
P-268
pP-269

P-27
P~-270
P-271
pP-272
P-273
P-274
P-275
P-276
p-277
pP-278
P-279

p-28
P-280

J-80
J-82
J-84
J-91
J-86
J-397
J-97
J-99
J-101
J-103
J-105
J-107
J-111
J-115
J-118
J-121
J-399
J-123
J-125
J-127
J-129
J-131
J-134
J-136
J-141
J-143
J-145
J-401
J-146
J-14
J-151
J-181
J-150
J-155
J-18
J-193
J-156
J-154
J-404
J-158
J-62
J-70
J-17
J-118
J-140
J-37
J-74
J-87
J-109
J-406
J-110
J-132
J-197
J-199
J-199
J-203
J-201
J-203
J-207
J-1
J-11
J-162

J-82
J-84
J-86
J-397
J-91
J-494
J-99
J-101
J-103
J-105
J-107
J-109
J-115
J-119
J-121
J-123
J-493
J~125
J-127
J-129
J-131
J-134
J-136
J-141
J-143
J-145
J-146
J-402
J-14
Jg-151
J-155
J-171
J-148
J-18
J-20
J-164
J-158
J-152
J-403
J-160
J-8
J-68
J-40
J-116
J-137
J-38
J-15
J-88
J-110
J-407
J-111
J-133
J-24
J-26
J-215
J-201
J-30
J-205

J-205
J-15
J-173

-6.
.303
21.
63.
49.
71.
91.
105.
133.
147.
175.
189.
231.
.303
287.
301.
71.
315.
329.
357.
371.
414.
429.
459.
474.
489.
-510.
.000
-496.
~468.
-24p,
-2575.
14.
~426.
-14.
3205.
-384.
14.
-71.
-370.
-28.
28.
~14.
14.
15.
-286.
~14.
-14.
.303
71.
217.
-14.
-2240.
-2380.
2450.
-2309.
-2239.
2379.
-2519.
-2449,
3343.
~1365.

273

71

203

687

303
303
303
000
303
303
303
303
303
303
303

303
303
000
303
303
303
303
303
303
303
303
303
697

687
697
697
070
000
697
000
070
697
000
000
687
000
000
000
000
000
697
000
000

000
303
000
977
977
977
032
032
032
032
032
618
070

Mo e
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.00
.00
.00
.03
.02
.18
.06
.07
.14
.15
.19
.23
.35
.46
.72
.54
.25
.55
.58
.68
.87
.83
77
.10
.26
.11
.53
.17
.25
.56
.07
.23
.01
.11
.01
.42
.31
.01
.16
.34
.04
.04
.01
.01
.01
.48
.01
.01
.26
.06
.29
.01
.26
.28
.28
.27
.27
.30
.34
.31
.58
.58
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.43
L47
.37
.07
.17
.21
.87
.77
.58
.48
.29
.20
.93
.67
.60
.54
.21
.48
.42
.28
.25
.12
.16
.21
.29
.39
.79
.23
.74
.77
.83
.48
.56
.83
.54
.08
.10
.55
.27
.50
.05
.05
.54
.53
.67
.56
.53
.52
.11
.20
.02
.55
.66
.92
.55
.34
.71
.97
.25
.61
.74
.04

.066
.066
.066
.066
.066
.062
.066
.066
.066
.066
.066
.066
.066
.066
.066
.065
.062
.065
.065
-065
.065
.065
.065
.065
.064
.064
.064
.062
.064
.065
.065
.063
.065
.065
.065
.063
.0865
.065
.062
.065
.066
.066
.065
.066
.065
.066
.066
.066
.066
.062
.066
.065
.063
.062
.062
.062
.062
.062
.062
.062
.062
.063

KYG-23

.0169
.0499
.0356
.0267
.0284
.0245
.0245
.0237
.0225
.0220
.0213
.0208
.0201
.0195
.01983
.0192
.0245
.0190
.0189
.0186
.0185
.0182
.0181
L0179
.0178
L0177
.0176
.0245
.0176
.0178
.0180
.0152
.0373
.0181
.0373
.0147
.0188
.0373
.0245
.0191
.0308
.0308
.0373
L0373
.0366
.0193
.0373
.0373
.0206
.0245
.0204
.0373
.0156
.0154
.0154
.0155
.0156
.0154
.0153
.0154
.01l46
.0163

.001
.001
.002
.006
.005
.013
.009
.010
.013
.014
.0L7
.01¢%
.023
.027
.028
.030
.013
.031
.033
-035
.037
.041
.043
.0486
.048
.049
. 051
.013
.050
. 047
. 044
.034
.002
.042
.002
.043
.025
.002
.013
.024
.005
.005
.002
.002
.003
.028
.002
.002
.020
.012
.021
.002
.030
.032
.033
.031
.030
.032
.034
.033
.045
.032



pP-281
pP-282
P-283
P-284
P-285
P-286
P-287
P-288
P-289
P-29
P-290
P-291
P-292
P-293
P-294
P-295
P-296
pP-297
P-298
P-299
P-3
P-30
P-300
P-301
P-302
P-303
P-304
P-305
P-306
P-307
P-308
P-309
p-31
P-310
p-311
P-312
P-313
P-314
P-315
P-316
P-317
pP-318
P-319
P-32
P-320
pP-321
P-322
P-323
P-324
pP-325
P-326
p-327
P-328
P-329
P-33
P-330
P-331
P-332
P-333
P-334
P-335
P-336

J-354
J-356
J-162
J-1390
J-28
J-254
J-264
J-257
J-258
J-408
J-263
J-253
J-276
J-165
J-276
J-278
J-168
J-278
J-281
J-329
J-210
J-411
J-360
J-281
J-45
J-48
J-191
J-174
J-362
Jg-176
J-176
J-364
J-341
J-194
J-195
J-184
J-368
J-241
J-370
J-372
J-374
J-265
J-256
J-90
J-267
J—-412
J-279
J-377
J-379
J-381
J-383
J-384
J-5
J-36
J-32
J-367
J~52
J-224
J-244
J-413
J-365
J-184

J-429
J-359
J-163
J-187
J-163
J-257
J-265
J-259
J-263
J-409
J-2a7
J-276
J-165
J-277
J-278
J-168
J-166
J-281
J-170
J~-335
J-209
J-410
J-331

J-48

J-43
J~173
J-180
J-173
J-363
J-174
J-299
J-495
J-475
J-193
J-194
J-371
J-273
J-245
J-496
J-387
J-375
J-266
J-272
J-139
J-256
J-413
J-168
J-419
J-386
J-420
J-243
J-426
J-236
J-411
J-291
J-404
J-489
J-313
J-284
J-112
J-184
J-409
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|

71.
.000
-140.
210.
70.
1123.
-140.
1053.
-843.
.000
-633.
1018.
-140.
-70.
-878.
~210.
-70.
-668.
.000
787.
3203.
.000
1.
-458.
-421.
665.
140.
7C0.
7.
350.
-70.
71.
70.
210.
140.
-284.
71.
70.
.000
71.
71.
-70.
~283.
3481.
-563.
71.
140.
71.

71

71

-210

-71

71

71

70

000

000
000
000
000
000
000
000

Qoo
930
000
000
930
000
000
930

947
618

000
930
000
070
000
000
000
000
000
000
000
000
000
000
000
000

000
000
000
000
576
000
000
000
000

.000
71.
4273.
71.
3808.
5345.
70.
.000
-212.
425,
212.
283.
4707.
5203.

000
190
0600
288
290
000

000
000
000
000
990
990

.14
.15
.27
.51
.11
.85
.54
.10
.70
.08
.38
.28
.19
.10
.24
.42
.11
.21
.40
.02
.53
.05
.16
.05
.32
.14
.48
.30
.16
.08
.02
.13
.17
.34
.48
.60
.15
.09
.14
.15
.14
.11
.51
.17
.30
.14
.38
.15
.22
.15
.64
.15
.53
.80
.18
.13
.14
.68
.21
.34
.57
.78
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41

.22
.24
.91
.06
.95
.36
.72
.13
.65
.31
.23
.71
.91
.85
.54
.84
.94
.30
.83
.96
.38
.33
.22
.06
.11
.24
.01
.46
.24
.72
.14
.21
.04
.09
.04
.55
.21
.11
.26
.23
.25
.85
18.
30.
17.
.93
15.
.18
.24
.22
38.
.21
33.
48.
.83
.15
24.
18.
.03
31.
.87
46.

75
75
038

87

15
96
05
54
60

68

44

.062
.062
.063
.063
.063
.064
.064
.064
.064
.062
.064
.063
.063
.063
.063
.063
.063
.063
.063
.062
.062
.061
.062
.063
.064
.063
.063
.063
.062
.063
.063
.062
.063
.063
.063
.062
.062
.062
.062
.062
.062
.064
.064
.062
.064
.064
.063
.062
.062
.0e62
.061
.062
.062
.06l
.064
.062
.062
.062
.064
.064
.062
.062

KYG-24

.0245
.0245
.0213
.0197
.0246
.0162
.0213
.01863
.0169
.0245
.0177
L0171
.0213
.024506
.0176
.0197
.0246
.0185
.0197
.0189
.0147
.0245
.0245
.0200
.0186
.0185
.0213
L0174
.0245
.01¢8
.0285
.0245
.0246
.0197
.0213
.0124
.0245
.0246
.0245
.0245
.0245
.0246
.0194
.0145
.0181
.0245
.0213
.0245
.0245
.0245
.0141
.0245
.0144
.0137
.024¢6
.0246
.0197
.0186
.0205
.0188
.0139
.0138

.013
.013
.024
.037
.012
.052
.024
.049
.039
.013
.029
.024
.024
.012
.021
.036
.012
.016
.036
.011
.043
.013
.013
.011
.028
.0l6
.024
.033
.013
.016
.003
.013
.012
.037
.024
.030
.013
.012
.013
.013
.013
.012
.029
.047
.026
.012
.024
.012
.013
.013
.058
.013
.052
.073
.012
.012
.037
.028
.021
.048
.064
.071



P-337
P-338
P-339

P-34
P-340
P-341
P-342
P-343
P-344
P-345
P-346
P-347
P-348
P-34¢

P-35
P-350
P-351
P-352
P-353
P-354
P-355
P-356
P-357
P-358
P-358

P-36
P-360
P-361
P-362
P-363
P-364
P-365
P-366
P-367
P-368
P-369

pP-37
P-370
P-371
P-372
P-373
pP-374
P-375
P-376
P-377
P-378
P-378

P-38
P-380
P-381
P-382
P-383
P-384
P-385
P-386
P-387
P-388
P-389

P-39
P-390
pP-391
P-392

J-409
J-237
J-501
J-179
J-236
J-175
J-501
J-83
J-36
J-5
J-352
J-5
J-96
J-21
J-93
J-5
J-355
J-391
J-333
J-247
J-10
J-10
J-407
J-212
J-212
J-52
J-233
J-310
J-233
J-302
J-306
J-323
J-308
J-306
J-235
J-248
J-35
J-235
J-315
J-275
J-248
J-274
J-331
J-365
J-315
J-319
J-325
J-164
J-249
J-339
J-317
J-304
J-317
J-251
J-335
J-335
J~-359
J-363
J-178
J-359
J-348
J-352

J-411
J-15
R-1
J-89
J-93
J-407
J-36

J-4
J-383
J-21
J-21
J-385
J-96
J-501
J-355
J-381
J-333
J-247
J-246
J-246
J-310
J-90
J-175
J-300
J-361
J-188
J-233
J-212
J-233
J-323
J-312
J-306
J-246
J-306
J-451
J-33
J-248
J-319
J-251
J-453
J-458
J-391
J-369
J-3
J-325
J-249
J-468
J-316
J-337
J-339
J-317
J-333
J~-435
J-331
J-358
J-357
J-359
J-89
J-355
J-96
J-342

5274.
-3413.
5306.
70.
5862.
2741.
1006.
5436.
11i42.
3667.
284.
-3889.
-71.
-33%92.
426.
~-3586.
-3160.
-1947.
-1379.
-2003.
2347.
-136.
2812.
785.
-71.
544.
-70.
.947
501.
426.
.000
-71.

-284

284

1334

~-71

980
618
090
000
448
040
862
437
750
913
000
212
000
213
011
288
988
041
042
579
983
053
040
947
000
587
000

947
000

000

.000
-344.
-1054.
-213.
342,
1409.
.537
290.
1306.
928.
1213.
-355.
-979.
1547.
1689.
1034.
-71.
-71.
-213.
284,
568.
36l.
829.
.000
=71,
284.
70.
426.
3037.
-71.

404
404
000
697
404

947
404
622
947
000
537
537
538
083
[0]e];
000
000
000
000
947
947

000
000
000
000
213
000

.21
.59
.09
.15
.66
.87
.03
.10
.04
.41
.56
.54
.15
.38
.01
.26
.29
.55
.28
.53
.48
.00
.27
.03
.08
.01
.05
.00
.02
.18
.33
.16
.35
.01
.07
.58
.25
.11
.10
.01
.20
.07
.06
.00
.03
.16
.16
.07
.15
.15
.19
.21
.24
.01
.03
.14
.14
.24
.09
.26
.66
.14

.21
.41
.03
.89
.64
.12
.06
.21
.29
.70
.50
.59
.25
.12
.83
.86
.97
.18
.15
.64
.65
.20
.79
.91
.18
.82
.06
.05
.41
.92
.32
.18
.32
.03
.28
.53
.31
.40
.76
.57
.79
.19
.72
.32
.63
.64
.90
.06
.21
.17
.57
.36
.73
.18
.21
.22
.24
.46
.89
.80
.93
.25

.06l
.062
.06l
.064
.061
.062
.061
.061
.061
.062
.062
.062
.062
.062
.061
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.063
.062
.062
.062
.062
.062
.062
.065
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.063
.062
.063
.062
.062
.062
.062
.062
.062
.062
.062
.064
.062
.062
.062

KYG-25

.0137
.0146
.0137
.0246
.0135
.0151
.0180
.0137
.0176
.0144
.0194
.0143
.0245
.0146
.0215
.0145
.0148
.0160
.0170
.0159
.0155
.0282
.0150
.0189
.0245
.0204
.0246
.0376
.0207
.0181
.0194
.0245
.0184
.0225
.0178
.0197
.0183
.0169
L0171
.0234
.0160
.0183
.0174
.0186
.0181
.0166
.0164
.0178
.0245
.0245
.0197
.0194
.0181
.0223
.0183
.0245
.0245
.0194
.0246
.0186
.0148
.0245

.072
.046
.073
.012
.080
.037
.014
.075
.016
.050
.030
.053
.013
.046
.006
.04¢8
.043
.026
.019
.027
.031
.002
.038
.011
.012
.007
.012
.000
.007
.044
.029
.012
.029
.005
.014
.037
.022
.01%
.018
.004
.026
.012
.0l6
.037
.013
.021
.023
.014
.013
.012
.037
.030
.027
.005
.013
.013
.013
.030
.012
.029
.041
.013



P-393
P-394
P-395
P-396
P-397
p-398
P-399
P-4
P-40
P-400
P-401
pP-402
P-403
P-404
P-405
P-406
P-407
P-408
P-409
p-41
P-410
P-411
P-412
P-413
P-414
P-415
P-416
P-417
P-418
P-419
P-42
P-420
p-421
pP-422
P-423
P-424
P-425
P-426
pP-427
P-428
P-429
P-43
P-430
P-431
P-432
P-433
P-434
P-435
P-436
P-437
P-438
P-439
P-44
P-440
pP-441
P-442
P-443
P-444
P-445
P-446
P-447
P-448

J-373
J-375
J-380
J-350
J-274
J-382
J-378

J~-180
J-274
J-369
J-371
J-404
J-400
J-402
J-398
J-361

J-94
J-216
J-185
J-390
J-238
J-222
J-222
J-217
J-214
J-3985
J-214
J-393

J-89
J-188%
J-386
J-387
J-388
J-414
J-415
J-416
J-417
J-418
J-418
J-420
J-396
J-421
J-422
J-423
J-424
J-425
J-426
J-427
J-348
J-428
J-429
J-213
J-430
J-431
J-432
J-433
J-434
J-435
J-436
J-437
J-438

J-243
J-380
J-373
J-378
J-421
J-346
J-415
J-11
J-286
J-459
J-273
J-366
J-184
J-402
J-398
J-139
J-207
J-232
J-313
J-467
J-480
J-405
J-482
J-484
J-90
J-470
J-393
J-472
J-175
J-285
J-49
J-380
J-375
J-350
J-388
J-382
J-378
J-416
J-417
J-418
J-382
J-405
J-346
J-352
J-21
J-423
J-96
J-425
J-348
J-428
J-344
J-363
J-471
J-498
J-329
J-431
J-329
J-433
J-434
J-304
J-3
J-437

4202.
284.
497.

~-3492.

2569.

-2782.
-3066.
70.
70.
-1307.

-142.
=71.
212.
516.
658.
871.

-2589.
-70.
282.

70.

71

-212

142

180
000
000
191
191
181
191
000
000
408
000
000
000
413
413
413
032
000
000
000

.000
-1129.
.000
1692.
1834.
-1317.
1671.
1458.
1955.
140.
70.
142.
142.
213.
142,
~2995.
355.
284,
213.
142.
142.
71.
2640.
142,
213.
142,
213.
.000
142.
-2824.
-2753.
142,
70.
142.
213.
142.
574.
503.
432.
142.
213.
142.

944

944
945
093
093
093
093
000
000
000
goo
000
000
i91
000
000
000
000
000
000
191
000
000
000
000

000
213
213
000
000
000
000
000
947
947
947
000
000
000

.59
.52
.52
.41
.29
.44
.48
.07
.15
.08
.54
.15
.82
.02
.02
.03
.30
.18
.38
.14
.19
.07
.19
.17
.28
.07
.15
.14
.17
.24
.17
.61
.63
.06
.55
.47
.85
.58
.16
.53
.59
.08
.35
.57
.15
.57
.18
.55
.69
.41
.38
.50
.17
.51
.47
.71
.02
.02
.01
.56
.23
.55

.45
.48
.19
.02
.68
.61
.20
.15
.81
.53
.45
.27
.73
.57
.82
.71
.89
.18
.18
.84
.15
.94
.43
.90
.17
.55
.67
.79
.18
.79
.80
.51
-49
.78
.48
.53
.34
.43
.64
.38
.46
.19
.33
.49
.76
.47
.74
.45
.47
.00
.34
.47
.04
.37
.61
.35
.08
.45
.82
.38
.57
.33

.062
.062
.062
.062
.062
.062
.062
.062
.065
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.064
.063
.062
.062
.062
.062
.063
.063
.063
.062
.064
.065
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.063
.062
.062
.062
.062
.062
.062
.062
.062
.063

KYG-26

.0142
.0194
.0176
.0145
.0152
.0151
.0148
.02456
.0246
L0171
L0212
.0245
.0197
.0206
.0196
.0185
.0152
.0246
.0194
.0246
.0245
.0176
.0197
.0163
.0161
L0171
.0164
.0168
.0159
.0213
.0246
.0212
.0212
.0197
L0212
.014¢8
.0186
.0194
.0197
.0212
0212
.0245
.0152
.0212
.0197
.0212
.0197
.0212
.0212
.0150
.0151
.0212
.0246
.0212
.0197
.0212
.0201
.0207
.0214
.0212
.0197
.0212

.057
.030
.052
.047
.035
.038
.041
.012
.012
.018
.025
.013
.038
.007
.009
.012
.035
.012
.029
.012
.012
.015
.037
.023
.025
.018
.022
.020
.026
.024
.012
.025
.025
.038
.025
.040
.037
.030
.038
.025
.025
.012
.036
.025
.038
.025
.038
.025
.025
.038
.037
.025
.012
.025
.037
.025
.008
.007
.006
.025
.037
.025



P-449
P-45
P-450
P-451
P-452
P-453
P-454
P~455
P-456
P-457
P-458
P-459
P-46
P-460
P-461
pP-462
P-463
P-464
P-465
P-466
P-447
P-468
P-469
pP-47
P-470
P-471
P-472
P-473
P-474
P-475
P-476
pP-4717
pP-478
P-479
P-48
P-480
p-481
P-482
P-483
P-484
P-485
P-486
P-487
P-488
P-489
P-49
P-490
P-491
pP-482
pP-483
P-494
P-495
P-496
P-497
p-498
P-499
P-5
P-50
P-500
P-501
P-502
P-503

J-439
J-215
J-440
J-441
J-442
J-443
J-444
J-445
J-446
J-447
J-448
J-449
J-218
J-450
J-451
J-452
J-453
J-454
J-455
J-456
J-457
J-458
J-459
J-220
J-460
J-461
J-462
J-463
J-464
J-465
J-466
J-467
J-468
J-469
J-172
J-470
J-471
J-472
J-473
J-474
J-475
J-476
J-477
J-478
J-479
J-176
J-480
J-481
J-482
J-483
J-484
J-485
J-486
J-487
J-488
J-488

J-12

J-44
J-490
J-491
J-492
J-483

Jd-327
J-313
J-319
J-315
J-441
J-442
J-445
J-323
J-306
J-308
J-235
J-448
J-222
J-449
J—-452
J-321
J-454
J-455
J-274
J-248
J-456
J-275
J-466
J-481
J-310
J-302
J-461
J-462
J-212
J-464

J-80
J-244
J-469
J-226
J-163
J-226
J-214
J-395
J-393
J-473
J-216
J-216
J-224
J-477
J-478

J-23
J-224
J-238
J-483
J-219
J-217

J-52
J-485
J-486
J-487
J-490

J-15

J-45
J-227
J-229
J-491
J-400

~71.
281.
142.
284.
.000
142.
142.
213.
142.
142.
284.
213.
70.
142.
-1l42.
-71.
1977.
2048.
2119.
213.
142.
99¢8.
-1236.
70.
.000
284.
213.
142.
213.
142.
-1165.
141.
1105.
1176.
.000
-1246.
141.
1529.
213.
142.
141,
141.
283.
212.
141.
-280.
142.
141.
-141.
-70.
1763.
354.
283.
212.
141.
-141.
70.
703.
-70.
212.
141.
142.

213

142

70

000
944
000
000

000
000
000
000
oco
000
000
000
coo
Qoo
000
404
404
404
000
000
622
408
000

000
000
000
000
000
408
000
093
093

093
000
083
000
000
000
000
000
a0o
Qoo
000
000
000
000
000
944
000
000
000
000
000
000
000
000
000
000
000

.16
.00
.57
.61
.18
.51
.55
.33
.77
.85
.17
.60
.16
.60
.55
.14
.21
.21
.24
.39
.54
.07
.13
.15
.40
.68
.28
.58
.46
.60
.09
.30
.07
.07
.12
.11
.35
.12
.21
.57
.17
.24
.22
.38
.69
.72
.63
.52
.55
.15
.11
.26
.65
.28
.52
.64
.06
.96
.19
.52
.50
.63

18

16

.19
.48
16.
18.
24.
16.
16.
24.
16.
16.
19.
24,
.07
16.
le.
.14
17.
.06
18.
24.
l6.
.82
10.
.06
lé6.
19.
24.
16.
24.
16.
10.
15.
.69
10.
.85
10.
l6.
13.
24.
16.
16.
.23
19.
24,
16.
31.
l6.
1l6.
16.
.04
15.
24.
19.
24.
16.
16.
.16
30.
.Q7
24.
16.
16.

40
35
53
31
34
54
36
34
32
47

26
30

42

70
54
31

90

35
23
37
20
49
28
27
80

31

93
21
42
49
28
22

22
34
14
74
33
25
20

54
18
28
41
19
28

23
56

31
45

.062
.062
.0e62
.062
.062
.063
.063
.062
.062
.063
.062
.063
.062
.063
.063
.063
.062
.062
.062
.062
.063
.062
.062
.062
.063
.063
.063
.063
.063
.063
.062
.064
.063
.063
.063
.063
.063
.063
.063
.063
.063
.063
.063
.063
.063
.063
.063
.062
.063
.063
.062
.062
.062
.063
.063
.062
.062
.064
.062
.062
.062
.062

KYG-27

.0245
.0236
.0212
.0194
L0197
.0212
.0212
.0197
.0212
.0212
.0194
.0197
.0246
.0212
.0212
.0245
.0158
.0158
.0157
.0197
L0212
.0180
L0173
.0246
.0212
.019%4
.01387
.0212
.0197
.0212
L0175
.0213
L0177
.0175
.0246
.0173
.0213
.0166
L0197
.0212
.0213
.0213
.0184
.0197
.0213
.0188
.0212
.0213
.0213
.0246
.0162
.0186
.0154
.0197
.0213
.0213
.0246
L0171
.0246
.0197
.0213
L0212

.012
.004
.025
.029%
.037
.025
.025
.037
.025
.025
.02¢9
.037
.012
.025
.025
.012
.027
.028
.028
.037
.025
.013
.017
.012
.025
.029
.037
.025
.037
.025
.016
.024
.015
.016
.012
.017
.025
.020
.037
.025
.025
.025
.029
.037
.025
.048
.025
.025
.025
.012
.024
.037
.029
.037
.025
.025
.012
.046
.012
.037
.025
.025



P-504
P-505
P-506
P-507
P-508
P-509
P-51
P-510
pP-511
P-512
P-513
P-52
P-53
P-54
P-55
P-56
P-57
P-58
P-59
P-6
P-60
P-61
P-62
P-63
P-64
P-65
P-66
P-67
P-68
P-69
P-7
P-70
P-71
pP-72
pP-73
P-74
P-75
P-76
P-77
p-78
P-79
P-8
P-80
P-81
p-82
P-83
p-84
P-85
P-86
P-87
p-88
pP-89
P-9
P-90
P-91
pP-92
P-394
P-95
P-96
P-98
pP-89
R-1

J-4%4
J-485
J-486
J-437
J-344
J-458
J-267
R-1
J—-383
J-215
J-164
J-169
J-280
J-113
J-49
J-254
J-257
J-259
J-263
J-36
J-272
J-223

J-18
J~225
J-22
J-228
J-290
J-293
J-43
J-23
J-234
J-294
J-260
J-261
J-271
J-269
J-94
J-501
J-13
J-237
J-202
J-193
J-269
J-177
J-25
J-198
J-27
J-200
J-31
J-240
J-206
J-6
J-2
J-208
J-298
J-139
J-44
J-2883
J-282
J-253
R-1

J-398
J-369
J-371
J—-242
J-275
J-331
J-268
J-4
J-236
J-30
J-24
J-170
J-279
J-165
J-413
J-255
J-258
J-260
J-264
R-1
J-112
J-479
J-162
J-33
J-488
J-238
J-492
J-291
J-285
J-292
J-286
J-497
J-53
J-261
J-262
J-269
J-256
J-234
J-383
J-95
J-234
J-201
J-187
J-270
J-171
J-24
J-197
J-26
J-199
J-30
J-242
J-205
J-237
J-1
J-207
J-23
J-365
J-287
J-284
J-170
J-254
R-1

142

142,
142.
3834.
-2611.
213.
-70.
~5047.
2054.
2169.
2170.
70.
70.
70.
141.
-70.
~-70.
-210.
-210.
5210.
-283.
70.
-1505.
-356.
70.
.000

70.
-140.
~210.
-350.
-140.
3763.
280.
—~140.
-70.
70.
210.
210.
-5886.
70.
3553.
70.
-2995.
-70.
70.
70.
70.
70.
70.
70.
70.
70.
140.
70.
70.
70.
4352.
-632.
-282.
140.
~1183.
-21000.

.000

000
000
618
212
000
000
368
160
032
977
000
000
000
000
000
000
000
Q00
102
000
000
070
697
000

000
000
000
000
000
618
000
000
000
000
000
000
942
000
618
000
070
000
000
000
000
oo
000
000
000
000
000
000
000
000
990
000
000
000
000
000

.62
.57
.57
.68
.35
.23
.03
.03
.12
.14
.17
.11
.21
.11
.90
.08
.07
.45
.48
.06
.20
.13
.88
.16
.16
.00
.17
.45
.32
.32
.57
.88
.91
.57
.12
.10
.37
.86
.78
.09
.94
.05
.45
.12
.13
.04
.08
.08
.05
.03
.05
.10
.06
.08
.05
.13
.87
.09
.64
.61
.17
.00
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.45
.45
.54
.41
.06
.62
.87
.68
.35
.08
.03
.93
.83
.95
.73
.93
.91
.67
.62
.16
.73
.00
.24
.60
.03
.00
.09
.68
.99
.04
.84
.69
.47
.75
.87
.83
.55
.58
.85
.07
.73
.08
.21
.83
.01
.04
.05
.06
.06
.07
.24
.09
.65
.10
.11
.92
.57
.10
.69
.86
.61
.08

.062
.062
.062
.061
.062
.062
.064
.061
.061
.062
.063
.063
.064
.063
.0865
.063
.064
.064
.064
.061
.064
.063
.063
.065
.063
.063
.0e62
.064
.064
.064
.064
.061
.064
.064
.064
.064
.064
.061
.061
.062
.061
.062
.063
.064
.063
.063
.063
.063
.062
.062
.061
.062
.062
.062
.062
.064
.062
.064
.064
.064
.063
.060

KYG-28

.0212
.0212
.0212
.0143
.0152
.0197
.0246
.0138
.0158
.0157
.0157
.0246
.0246
.024%6
.0213
.0246
.0246
.0197
.0197
.0138
.01%4
.0246
.0160
.0197
.02456
.0000
.0246
.0213
.0205
.0193
.0213
.0144
.0188
.0213
.0246
.0246
.0197
.0197
.0135
.0246
.0145
.0246
.0149
.0246
.0246
.0246
.0246
.0246
.0246
.0246
.0246
.0246
.0223
.0246
.0246
.0246
.0141
.0174
.0194
.0213
.0160
.0211

.025
.025
.025
.052
.035
.038
.012
.070
.028
.028
.029
.012
.012
.012
.024
.012
.012
.036
.036
.072
.029
.012
.035
.0le
.012
.000
.012
.024
.021
.023
.024
.051
.048
.024
.012
.012
.036
.037
.080
.012
.048
.012
.040
.012
.012
.012
.012
.012
.012
.012
.013
.012
.015
.012
.012
.012
.059
.041
.028
.024
.056
.000



PRESSURE

NAME

J-10
J-100
J-101
J-102
J-103
J-104
J-105
J-106
J-107
J-108
J-109

J-11
J-110
J-111
J-112
J-113
J-114
J-115
J-116
J-117
J-118
J-119

J-1192
J-1193

J-12
J-120
J-121
J-122
J-123
J-124
J-125
J-126
J-127
J-128
J-129

J-13
J-130
J-131
J-132
J-133
J-134
J-135
J-136
J-137
J-138
J-139

J-14
J-140
J-141
J-142
J-143
J-144
J-145
J-146
J-147

w28
W26
W27
W25
W23
W24

W22
W21

W1e

77
Wis
Wiée

W20
W17

W57
30
W15
Wl4
W13
W1z
Wil
W10
105
W9
We
W7
we

W5

W3

W4

W2

Wl

W71

DEMAND
(USFU)

-14.
-14.
-14.

-14.
-14.
-14.

-14.
-14.

-14.

=70.
-14.

-14.
-14.
-14.

~-14.
-70.
-14.

-14.

~14.

-14.
~-14.
-14.

~70.
~-14.
-15.
~-14.
-14.

-15.
.00
.00

-15.
.00
.00

-15.
.00

-15.
.00

-15.
.00
.00

-14.

00

00

00

00

00

00

PRESSURE

(USPU)

-28.

-35.
-35.
-35.
-50.
~36.
-35.
-36.
-36.
-37.
-37.
-39.
-37.
-37.

23

(PSIA)

.61

.79
.61
.59
.59
.57
.57
.55
.55
.53
.53
.50
.94
.50
.47
.47
.47
.44
.44
.41
.41
.41
.87
.39
.41
.37
.37
.33
.33
.29
.34
.34

PRESSURE

(PSIG)

DENSITY
#/CF



J-148
J-149
J-15
J-150
J-151
J-152
J-153
J-154
J-155
J-156
J-157
J-158
J-159
J-16
J-160
J-161
J-162
J-163
J-164
J-165
J-166
J-167
J-168
J-169
J-17
J-170
J-171
J-172
J-173
J-174
J-175
J-176
J-177
J-178
J-179
J-18
J-180
J-181
J-182
J-183
J-184
J-185
J-186
J-187
J-188
J-189
J-19
J-190
J-191
J-1982
J-193
J-194
J-195
J-196
J-197
J-198
J-199
J-2
J-20
J-200
J-201
J-202

W69
W70
W67
wes
W66

We3

W62
32

wel

81
117

82
W58

94

96
130R
123
We4
123R

1A

129
100

65R
62R

2R
2B

34
101

22
W65
11

15

~14

=70

.00
-14.
.00
~14.
.00
.00
.00
-14.
-14.
.00
-14.
.00
-14.
-70.
.00
-14.
.00
.00
.00
.00
-70.
-70.
.00
~70.
-14.
.00
.00
-70.
.00
.00
.00
.00
~70.
-70.
-70.
-14.
~70.
.00
-70.
.00
.00
=70.
=70.
.00
=70.
~70.
.00
-70.
=70.
-70.
.00
=-70.
-70.
-70.
.00
-70.
.00
-70.
-14.
-70.
.00
-70.

00

00

00
00

00

00
00

00

00
00

00
00

00

00
00
00
00
0o

00

00

00

00
00

00
00
00

00
00
00
00
00
00
00

00

-36

-36.
-52.
~-36.
-34.
~-34.
-34.
-34.
-33.
-32.
-32.
-31.
-31.
-53.
-31.
-31.
-43.
~43.
-47.
-43.
-42.
-47.
-42.
~42.
-31.
-42.
-45.
~43.
-43.
—-42.
-48.
-42.
-45.
-40.
-40.
-32.
-36.
-46.
-45,
-45.
~-53.
-38.
-44,
-46.
-48.
-36.
-31.
-46.
-45,
-45.
-46.
-46.
—-46.
-46.
-47.
-47.
~-48.
-49,
~32.
-48.
-409.
-49.

.28

28
87
27
73
73
73
71
66
23
22
91
91
29
57
56
71
45
42
31
73
89
84
53
09
64
92
33
13
83
39
76
79
51
45
55
63
15
47
02
15
14
88
55
29
08
50
04
56
41
98
65
17
01
85
77
41
91
54
37
10
06

13.
13.
12.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
12.
13.
13.
13.
13.
12.
13.
13.
12.
13.
13.
13.
13.
13.
13.
13.
13.
12.
13.
13.
13.
.24

13

13.
13.
13.
13.
.07

13

12.
13.
13.
13.
12.
13.
13.
13.
13.
13.
13.
13.
13.
13.
12.
12.
.95

12

12.
13.
12.
12.
12.

39
39
79
39
44
44
44
44
48
53
53
54
54
717
56
56
12
13
98
13
15
97
15
16
57
16
04
13
14
15
95
15
04
23

52
37
03
06

78
32
08
02
95
39
56
03
05
06
00
01
03
04
97
97

89
52
95
92
93

-1

-1.
-1.
-1.
~1.
-1.
.25
~-1.
.21

-1

-1

-1.
~1.
-1.
-1.
-1.
-1.
=1.
~1.
-1.
~-1.
-1.
-1.
-1.
-1.
~1.
-1.
.54

-1

-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
~-1.
-1.
-1.
-1.
~-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
~-1.
-1.
77
-1.

-1

.31

31
91
31
25
25

25

16
16
15
15
92
14
14
58
57
71
56
54
73
55
53
12

66
56
56
55
75
54
65
46
46
17
32
67
64
62
92
38
62
68
74
30
14
66
64
64
70
68
67
66
73
72
75
80
17
75

77

KYG-30
.065
.065
.062
.065
.065
.065
.065
.065
.065
.065
.065
.065
.0865
.062
.065
.065
.063
.063
.063
.063
.063
.063
.063
.063
.065
.063
.063
.063
.063
.063
.062
.063
.063
.064
.064
.065
.065
.063
.063
.063
.062
.064
.063
.063
.062
.065
.065
.063
.063
.063
.063
.063
.063
.063
.063
-063
.062
.062
.065
.062
.062
.062



J-203
J-204
J-205
J-206
J-207
J-208
J-209

J-21
J-210
J-211
J-212
J-213
J-214
J-215
J-216
J-217
J-218
J-219

J-22
J-220
J-221
J-222
J-223
J-224
J-225
J-226
J-227
J-228
J-229

J-23
J-230
J-231
J-232
J-233
J-234
J-235
J-236
J-237
J-238
J-239

J-24
J-240
J-241
J-242
J-243
J~-244
J-245
J-246
J-247
J-248
J-249

J-25
J-250
J-251
J-252
J-253
J-254
J-255
J-256
J-257
J-258
J-259

18

19

23

26

27

132

58R
52R

124

9R
125
T5R

124
T7R

91
T9
17R
34

EDI

37R
109

=TT osE =

76
68

74

-70

=70

-71

.00
-70.
.00
-70.
.00
~70.
-70.
.00
.00
-70.
.00
=170.
.00
.00
.00
.00
-70.
=70.
.00
-70.
~170.
-70.
~70.
.00
=-70.
.00
-70.
=70.
.00
=70.
.00
-70.
=-70.
.00
.00
-71.
.00
.00
.00
.00
.00
-70.
-70.
.00
.00
.00
.00
.00
.00
-71.
-71.
.00
-71.
.00
=71.
.00
.00
=70.
-70.
.00
~-70.
.00

0a

00

(1]4]

00

[8]4]

00

00
00

00
0Q
00
00
00

00
00

00
00
00

00

00
00

00
00

00

00

00

00

00

-49.
=49,
-49.
-49.
-50.
.29

-50

-50.
-52.
-51.
-51.
-48.
~47.
-47.
-48.
-48.
.26

-49

-48.
-47.
~44,
~48.
-47.
-48.
~-45.
-48.
-46.
~47.
-48.
-49,
-50.
-42.
-53.
~48.
-53.
-48.
-54.
-48.
-54.
-53.
~48.
-44.
-47.
-55.
-50.
-55.
-53.
.59

-38

-50.
-48.
-49,
-49.
~-49.
-47.
-47.
-50.
-46,
-43.
-42.
-42.
-39.
-41.
-41.
-40.

38
31
68
58
33

94
17
47
43
36
29
81
70
32

81
09
46
21
52
98
60
02
16
63
65
43
62
04
36
74
35
34
40
89
24
46
88
46
59
90
54
96
49

62
82
34
00
81
55
02
00
16
79
62
55
19
67
61
57

12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
13.
13.
12.
12.
12.
13.
12.
13.
12.
12.
12.
12.
13.
12.
12.
12,
12.
12.
12.
12.
12.
12,
13.
12,
12.
12.
12.
12,
13.
12.
12.
12.
12.
12.
12.
13.
12.
13.
13.
13.
13.
13.
13.
13.
13.

21
92
90
91
88
88
86
81
84
84
95
99
97
94
95
92
93
00
0¢%
96
928
93
05
96
01
98
94
91
87
18
77
94
77
95
73
93
74
71
93
09
°8
68
87
68
77
30
87
93
92
93
90
98
00
89
03
12
16
16
28
19
19
23

-1.
-1.
-1.
-1.
-1.
-1.
.84
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
~-1.
-1.
-1.
-1.
-1.
.71
-1.
.65
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
~-1.
-1.
-1.
.76
=-1.
.93
-1.
-1.
-1.
.02
=1.
.02
-1.
~-1.
-1.
-1.
.78
-1.
-1.
-1.
-1.
~-1.
.67
-1.
-1.
-1.
-1.
-1.
-1.
.46

-1

-1

-1

-1

-1

-2

-2

-1

-1

-1

78
78
79
79
82
81

88
86
86
75
71
73
76
74
78
76
70
60
74

77

73
69
72
76
78
83
52
93
76
93
74
96

96

76
60
72

82

93
39
83
76

77
80
72
70
80

58
54
54
41
50
50

KYG-31
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.063
-063
.062
.062
.062
.062
.063
-063
.063
.063
.062
.063
.063
.063
-063
.062
.062
.062
.064
.062
.062
.062
.062
.061
.062
.061
.062
.062
.063
.063
.061
.062
.061
.062
.064
.062
.062
.062
.062
.062
.063
.063
.062
.063
.063
.063
.063
.064
.064
.064
.064



J-26
J-260
J-261
J-262
J-263
J-264
J-265
J-266
J-267
J-268
J-269

J-27
J-270
J-271
J-272
J-273
J-274
J-275
J-276
J-277
J-278
J-279

J-28
J-280
J-281
J-282
J-283
J-284
J-285
J-286
J-287
J-288
J-289

J-29
J-290
J-291
J-292
J-2983
J-294
J-285
J-286
J-297
J-298
J-299

J-3

J-30
J-300
J-301
J-302
J-303
J-304
J-305
J-306
J-307
J-308
J-302

J-31
J-310
J-311
J-312
J-313
J-314

73
166
T1

71
165
T2

70
164
10
T3
T4

=55

78

79
93
142

83R
143
140
122
90C

144
141

141A
145
121
121A
90A
90B
120
122A
91A
5R

EEg=s==

L=

=71

-71.

.00
-70.

.00
-70.
-70.
-70.

.00
=-70.
=70.
~-70.
-70.
-70.

.00
=70.
=70.

.00
-70.
=-70.
.00

-70

=70.
-70.
-70.
-70.
-70.
.00
=-70.
.00
.00
.00
-71.
-71.
-71.
-71.
-71.
.00
.00
-71.
-71.
=70.

.00
-71.
-71.

.00
-71.

=70

=71

~-71

.00
-70.
-70.
-70.

.00
-70.
-70.
-70.

.00
-70.
-70.
=70.
~70.
-70.

.00
-71.
.00

00
00
00

00
00
00

00
00
00
00
00

00

00

00

00
00
00

00
00
00
00
00

00
00

00
00

00
00
00
00
00

00

00
00
00
00
00

00
00
00

00
00

00

-48.
-40.
-39.
-39.
-39.
~39.
-38.
-38.
-39.
-39.
-37.
-48.
-37.
-37.
~38.
~-50.
-49,
-49.
-43.
.21

-43

~43.
-42.
-43.
-42.
-43.
-42.
-41.
-38.
-40.
-36.
~-40.
-40.
-39.
-45.
-38.
-37.
~41.
-41.
-38.
-37.
—-41.
-41,
-41.
-42,
-49.
-48,
-48.
~44,
-47.
-45.
-49.
-47.
-48.
-48.
-48.
-47.
-48.
~-48.
-47.
-48.
-48.
-46.

12
12
55
43
87
40
86
74
49
45
82
04
70
72
68
03
86
99
51

26
47
33
26
05
03
92
80
84
78
28
10
44
52
42
97
70
16
35
21
47
33
91
74
36
84
28
49
16
73
18
47
82
31
47
76
81
34
90
33
70
93

12

13

13

13

13

12

12

12

12

.96
13.
.27
13.
13.
13.
13.
13.
13.
13.
13.
12.
13.
13.
13.
12.
12.
12.
13.
13.
.14
13.
.13
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
.20
13.
13.
12.
.93
12.
13.
12.
13.
12.
12.
12.
12.
.95
12.
.93
12.

25

27
26
27
29
30
27
27
33
96
34
34
30
89
S0
89
13
14

16

17
14
18
18
30
22
37
24
25
27
05
31
33
12
21
31
35
20

18
15
91

95
09
99
05
92
98
93
95

97

95

.97
12.
12.
13.

95
94
00

-1.
~-1.
-1.
-1.
-1.
-1.
-1.
.40
-1.
-1.
-1.
.73
-1.
.36
-1.
.81
-1.
.80
-1.
-1.
=-1.
.53
.56
.52
-1.
.52
-1.
-1.
-1.
-1.
-1.
.45
-1.
.64
-1.
-1.
-1.
~-1.
.38
-1.
.50

-1

-1

-1

-1

-1

-1
-1
-1

-1

-1

-1

-1

-1

=1.
-1.
i
.78
=1.
-1.
-1.
.70
-1.
-1.
-1.
-1.
-1.
-1.
~1.
.16
-1.
-1.
.74
-1.
-1.

-1

-1

-1

-1

74
45
43
42
44
42
40

42
42
36

36

40

80

57
56
56

55

51
40
47
33
45

42

39
37
50
48

34

49
51
54

76
74
61

65
71
71
76
74
75
72

74
73

76
69

KYG-32
.063
.064
.064
.064
.064
.064
.064
.064
.064
.064
.064
.063
.064
.064
.064
.062
.062
.062
.063
.063
.063
.064
.063
.064
.063
.064
.064
.064
.064
.065
.064
.064
.064
.063
.064
.064
.064
.064
.064
.064
.064
.064
.064
.063
.062
.062
.062
.063
.063
.063
.062
.063
.062
.062
.062
.063
.062
.062
.063
.062
.062
.063



J-315
J-316
J-317
J-318
J=-319

J-32
J-320
J-321
J-322
J-323
J-324
J-325
J-326
J-327
J-328
J-329

J-33
J-330
Jg-331
J-332
J-333
J-334
J-335
J-336
J-337
J-338
J-338

J-34
J-340
J-341
J-342
J-343
J—-344
J-345
J-346
J-347
J-348
J-349

J-35
J-350
J-351
J-352
J-353
J-354
J-355
J-356
J-357
J-358
J-3589

J-36
J-360
J-361
J-362
J-363
J-364
J-365
J-366
J-367
J-368
J-369

J-37
J-370

2= =558 Es=Evs = = =

=

=
o
=

-
-
S sssFfososEssssss

s=3 8

555

-71.
-71.

.00
-71.
-71.
-70.
-71.
-71.
-7L.

.00
=71.
=71.
~71.
-71.
-71.

.00

.00
-71.

.00
-71.

.00
-71.
-71.
-71.
-71.
~71.
-71.
-14.
.00

=71

~70.
-71.
-71.
-71.
-71.
-71.
-71.
=71.
~71.
.00
.00
.00

=71

-71.
-71.
-71.

.00
=71.
=71.
-71.

.00

.00
-71.

.00
-71.
-71.
~71.

.00
-71.
=-70.
=-71.
-71.
-14.
-71.

00
00

0aQ
00
00
00
00
00

00
00
00
00
00

00

00

00
00
00
00
00
00
00

00
00
00
00
0a0
00
00
00
00

00
00
00

00
00
00

00

00
00
00

00
00
00
00
00
00

-49.,
-49.
-49.
-48.
-49.
-37.
-46.
-46.
-47.
-48.
-49.
-49,
-47.
-48.
-47.
-50.
-31.
-48.
-50.
~-48.
-49.
-49.
-50.
-49.
-48.
-48.
-48.
-31.
.29
-47.
-51.
-50.
-50.
~50.
-50.
~-50.
-51.
-50.
-31.
-52.
-50.
~51.
-53.
-50.
-51.
-51.
-51.
-49.
-51.
-56.
-49.
-50.
-50.
-50.
-49.
-51.
.40

-50

~-52

-52.
~49.
-50.
-30.
-51.

39
65
38
77
49
79
89
73
44
49
43
65
36
62
12
05
35
21
10
46
62
02
08
22
04
02
19
34

38
47
21
34
36
50
29
13
54
08
29
88
61
40
33
46
05
06
94
20
94
95
64
80
a7
87
58

19
88
58
68
84

12.
12,
12.
12.
12.
13.
13.
13.
12.
12.
i2.
12.
12.
12.
12,
12.
13.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
13.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
13.
12.
12.
12.
.77

12

12.
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KYG-38
THE NET SYSTEM DEMAND (USFU) = -21000.000

SUMMARY OF INFLOWS (+) .AND.OUTFLOWS (-)

NAME FLOW (USFU) FPN TITLE
R-1 -21000.0 R-1
MAXIMUM MACH NUMBER = .05 IN LINE NO. P-77

SUMMARY OF MINIMUM.AND.MAXIMUM VELOCITIES (FT/S)

MINIMUM MAXIMUM
P-361 05 p-77 52.85
R-1 .08 P-340 52.64
P- %6 .19 P-343 49.21
pP-225 .43  P-329 48.05
P-226 .47 P-339 48.03
P- 93 81 P-337 47.21
P-356 1.20 P-6 47.16
p-224 1.33 P-336 46.44
P-227 1.37 P-510 45.68
P-268 1.52 P-335 41.87

SUMMARY OF MINIMUM.AND.MAXIMUM LOSS/1000. (PSI )

MINIMUM MAXIMUM
R-1 00 p-17 41
P-36l 00 P-334 27
P- 96 00 ©P-49 27
P-225 00 P-71 27
P- 93 .00 P-14 27
P-226 .00 P-249 22
P-356 00 P-395 .22
P-45 00 P-250 21
pP-372 00 P-248 .20
P~ 97 00 P-247 19

MINIMUM MAXIMUM
R-1 -60.00 J-88 -27.78
J-4 -56.97 J-87 -27.78
J-36 -56.94 J-83 ~27.79
J-501 -56.91 J-85 ~27.79
J-93 -56.90 J-81 -27.79
J-242 -55.96 J-82 -27.178
J-240 -55.90 J-80 -27.78
J-497 -55.28 J-84 -27.79
J-411 -55.14 J-78 -27.79
J-410 -55.08 J-78 -27.80
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Lorain County Landfill KYG-39
Landfill Gas Collection and Control System
Site Plan
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Lorain County Landfill
Landfill Gas Collection and Control System
Junction and Pipe Names
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Lorain County Landfill
Landfill Gas Collection and Control System

Junction LFG Demand (scfin) and Pipe Diameter Size (in.) Information
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Lorain County Landfill
Landfill Gas Collection and Control System ‘
Junction Available Vacuum (in. w.c.) and Pive Flow Velocity (fos) Information
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LORAIN [ HEADER SYSTEM
KY-GAS ANALYSIS - EXISTING WELLFIELD
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KYGAS HEADLOSS CALCULATIONS

KYGAS was developed by Dr. Don J. Wood and Dr. James E. Funk at the University of
Kentucky. The program was modeled after KYPIPE, which models water distribution
systems. KYGAS is used to determine head losses, system pressures, and velocities in
piping systems controlled under vacuum. KYGAS operates under the assumptions that
all flow in the piping system is steady, one-dimensional, isothermal flow for an ideal gas.
The program uses the Darcy-Weisbach equation for head losses related to
uncompressible flow and the Ideal Gas Law for pressure-temperature-density
relationships.

KYGAS has several useful options to develop a LFG system. The program allows the
user to model any type of piping system material or configuration to coincide with field
conditions. The program includes tabular and graphic interfaces for the input of
information regarding the system. Multiple blower locations may be used in the program
to simulate actual field conditions. In addition, blower performance curves may be
entered into the program for comparison to operational and actual field conditions.
KYGAS is capable of running multiple scenarios for any piping configuration including
looped header systems. LFG flow units and pressure values at the wells are user
specified for comparison to values obtained in the field.

The following parameters are required for operation of KYGAS.

Pipe inside diameter

Pipe length

Minor loss coefficient

Roughness within the pipe

LFG flow rate into the system at each well or node
LFG operating temperature (120°F)

Specific gravity of the LFG (1.036)

Ratio of specific heats (1.303)

Absolute viscosity of LFG (2.82 x 107 Ib*sec/ft?)

e & ¢ © © o @ ¢ ®

The design process begins with the development of the LFG flow rates for use in the
program. The LFG flow is determined from the USEPA LandGEM LFG model. The
LFG model is developed based on site specific information relating to waste inflow,
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KYG 2012 -2

composition, landfill capacity, and site life. The second step involves evaluating the
design of the LFG system. Based on the conceptual design and a general understanding
of the planned phasing of the landfill, the total LFG flow for a landfill is divided into
various amounts to simulate varied flow rates at the wellheads over the life of the site.

As mentioned before, KYGAS allows the user to input information in either a tabular or
graphical method. The graphical method is called KYCAD. KYCAD allows the user to
input the piping network to scale in an AutoCAD format. The user constructs the system
in the computer by drawing the system as it will appear in the field, and then adjusts the
necessary pipe lengths and locations of wells (nodes) as required. Site-specific
conditions are considered when laying out a system. No elevations are used for the
various nodes in this analysis. It is assumed that all LFG flow will proceed through the
system regardless of node elevations.

The system was evaluated in the as-built configuration and the results have been
compared to typical final design criteria.

The design criteria for the header system are (from the GCCS Design Plan and previous
Evaluations):

Maximum Con-Current Velocity 55 fps

Maximum Counter-Current Velocity 35 fps

Maximum Pressure Drop 17 w.c. per 100 feet of pipe
(0.36 psig per 1000 feet of pipe)

Minimum Available Vacuum 207w.c.

These values are consistent with typical industry design practices.

The results of the KYGAS analysis indicate a total system pressure drop of
approximately 13” w.c. Please refer to the attached KYGAS output files. This should
occur at Node 620. The maximum pressure drop in the pipe system is 0. 28 psig/1000 ft
(Pipe P-100), the maximum con-current velocity is 40.72 fps (Pipe 371), and the
maximum counter-current flow in the pipe system is 19.93 fps (Pipe P-207). The
minimum vacuum availability is approximately 46”w.c. As all values are at or within
allowable operational ranges, the design of the constructed system is appropriate for the
design flow rates.

The flow used for the KYGAS analysis is 8,800 standard cubic feet per minute (scfim).
This value is approximately 110% of the current extraction rate of 8,000 scfin. The flare
facility on site has been assigned vacuum of 60” w.c. This matches the level of recent
operating vacuum application recorded at the site.

#! CORNERSTONE

Environmental Group, LLC

XAPROJECTS\LORAINA120479 - 2012 OEPA RTC\ PROJECT FILES\Lorain Existing System KYGas Output - 8,300 scfin.doc



Lorain IT Landfill KYG 2012 -3
Existing Landfill Gas Collection and Control System
KYGas Report Output

*%%  GAS2010 Version 2.0 ***

GAS DISTRIBUTION NETWCRK ANALYSIS
COPYRIGHT 2010 - DON J. WOOD, SRINI LINGIREDDY
LEXINGTON, KY
Updated March 2010

INPUT DATA FILE NAME FOR THIS SIMULATION x:\projects\lorain\100068~1\AUGUST~
1\PHASEI~1.KYP\phase_ii.DAT
OUTPUT DATA FILE NAME FOR THIS SIMULATION = x:\projects\lerain\100068~1\AUGUST~

1\PHASEI~1.KYP\phase ii.0T2
DATE FOR THIS COMPUTER RUN : 8-06~2012
START TIME FOR THIS COMPUTER RUN : 15:59:32:95

SUMMARY OF DISTRIBUTION SYSTEM CHARACTERISTICS:

NUMBER OF PIPES = 397
NUMBER OF JUNCTION NODES = 388
UNITS SPECIFIED = ENGLISH

PROPERTIES OF THE GAS FOR THIS ANALYSIS ARE:

OPERATING TEMPERATURE = 120.000 DEGREES FAHRENHEIT
REFERENCE DENSITY (@ STD. PRESSURE) = .71E-01 POUNDS/CUBIC FOOT
GAS MOLECULAR WEIGHT = 30.010

GAS SPECIFIC GRAVITY = 1.036

RATIO OF SPECIFIC HEATS = 1.303

GAS CONSTANT = 51.489

ABSOLUTE VISCOSITY .282E-06 POUND SECONDS/SQUARE FQOT

SCF / MIN.
INCHES OF WATER (GAUGE)

USER SPECIFIED FLOW UNITS (USEU)
USER SPECIFIED PRESSURE UNITS (USPU)

PIPE NODE NODE LENGTH DIAM, ROUGHNESS SUM-M PUMP ELEVATION
NAME #1 #2 (FT.) (IN.) (MILLIFEET) FACT. 1ID CHANGE
1 b J-64 30.0 5.8 .100 1.8 0 .0
5 9 234 313.0 5.8 100 1.8 0 .0
7 13 14 21.0 5.8 100 1.8 0 .0
9 17 24 262.0 7.6 100 1.8 0 .0
10 19 182 309.0 5.8 100 1.8 0 .0
11 21 22 19.0 5.8 100 1.8 0 .0
12 23 24 19.0 5.8 100 1.8 0 .0
13 25 26 21.0 5.8 100 1.8 0 .0
15 29 739 63.0 5.8 100 1.8 0 .0
19 38 126 67.0 5.8 100 1.8 o} .0
34 67 69 309.0 15.8 .100 1.8 0 .0
35 63 70 130.0 5.8 100 1.8 0 .0
36 71 72 13€.0 5.8 100 1.8 0 .0
37 74 J-64 168.0 5.8 100 1.8 0 .0
38 75 76 200.0 15.8 100 1.8 0 .0
41 80 81 14.0 5.8 100 1.8 0 .0
42 82 83 18.0 5.8 100 1.8 0 .0
44 86 87 68.0 5.8 100 1.8 0 .0
45 88 89 97.0 5.8 100 1.8 0 .0
49 96 97 197.0 5.8 100 1.8 0 .0
55 S8 J-2 88.0 11.2 100 1.8 0 .0
58 106 J-58 48.0 7.6 100 1.8 0 .0

@ CORNERSTONE
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Lorain II Landfill
Existing Landfill Gas Collection and Control System
KYGas Report Output
60 111 112 88.0 5.8 .100
61 113 388 122.0 5.8 .100
65 121 122 175.0 5.8 .100
67 123 J-37 294.0 5.8 .100
68 126 739 221.0 5.8 .100
69 128 129 179.0 5.8 .100
71 129 131 41.0 5.8 .100
72 128 132 48.0 5.8 .100
75 118 350 202.0 5.8 .100
76 136 613 204.0 5.8 .100
77 136 719 154.0 5.8 .100
78 138 136 42.0 5.8 .100
79 140 223 667.0 11.2 .100
80 142 153 279.0 21.0 .100
83 147 169 231.0 21.0 .100
87 152 153 170.0 5.8 .100
g8 154 155 109.0 5.8 .100
8% 156 157 71.0 5.8 .100
90 80 158 33.0 5.8 .100
91 158 160 37.0 5.8 .100
92 161 162 89.0 5.8 .100
93 163 164 100.0 5.8 .100
94 165 166 51.0 5.8 .100
96 80 169 43.0 5.8 .100
a7 170 171 129.0 5.8 .100
98 172 173 106.0 5.8 .100
101 176 177 213.0 5.8 .100
102 178 176 220.0 5.8 .100
103 179 739 228.0 5.8 .100
104 180 154 174.0 5.8 .100
105 156 181 183.0 5.8 .100
106 182 80 184.0 5.8 .100
107 183 184 132.0 5.8 .100
109 186 J-15 142.0 5.8 .100
110 468 558 185.0 5.8 .100
112 718 184 173.0 7.6 .100
114 129 368 258.0 5.8 .100
115 181 515 240.0 5.8 .100
117 121 197 193.0 5.8 .100
118 198 179 210.0 5.8 .100
120 94 200 49.0 5.8 .100
121 201 202 79.0 5.8 .100
122 178 203 166.0 5.8 .100
126 207 180 160.0 5.8 .100
127 123 500 338.0 5.8 .100
129 145 158 127.0 21.0 .100
132 212 J-61 51.0 5.8 .100
133 214 J-114 568.0 15.8 .100
135 109 J-57 51.0 5.8 .100
137 100 J-56 64.0 7.6 .100
139 J-73 J-114 81.0 7.6 .100
141 16 223 46.0 5.8 .100
143 226 227 140.0 15.8 .100
144 96 228 60.0 5.8 .100
145 229 J-10 265.0 15.8 .100
1486 231 J-28 234.0 5.8 .100
148 232 J-68 272.0 5.8 .100
150 237 238 387.0 5.8 .100
151 170 J-51 205.0 5.8 .100
152 234 J-101 192.0 15.8 .100
153 241 242 174.0 5.8 .100
154 243 129 63.0 5.8 .100
155 244 245 323.0 5.8 .100
157 231 374 387.0 5.8 .100
159 250 J-101 231.0 5.8 .100
161 375 75 407.0 5.8 .100
162 256 J-99 315.0 5.8 .100
167 252 75 15.0 15.8 .100
171 265 22 141.0 15.8 .100
172 77 268 51.0 15.8 .100
173 267 268 88.0 5.8 .100
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Existing Landfill Gas Collection and Control System

Lorain IT Landfill
KYGas Report Output
174 266 270
175 270 271
177 273 17
179 274 348
180 J-47 273
192 293 J-73
193 294 J-73
194 296 132
195 297 298
196 300 J-91
200 J-85 314
201 306 307
203 J-33 314
205 312 313
208 317 132
209 177 J-2
211 306 226
212 R-1 J-8
213 322 323
215 324 J-45
216 326 J-7
217 328 J-32
218 329 464
219 331 329
228 215 J-209
231 348 589
232 350 351
233 232 J-78
241 362 250
243 365 84
244 121 367
246 177 369
247 176 370
249 203 371
250 124 372
251 179 373
255 377 J~-105
257 379 J-46
263 389 J-92
265 139 391
277 411 J-39
278 412 J-137
279 421 441
280 416 417
281 418 419
282 421 J-138
283 418 J-127
285 425 426
295 413 441
296 442 J-414
297 423 J-246
298 444 445
299 445 446
300 447 446
301 444 448
302 448 449
304 439 423
306 449 J-116
307 735 344
308 448 315
309 444 B6
310 445 454
311 446 455
314 442 426
318 461 J-3
319 463 464
324 468 J-55
337 494 J-58
338 495 J-54
340 487 498
341 499 118
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Existing Landfill Gas Collection and Control System

Lorain II Landfill
KYGas Report Output

343 501 183
346 505 506
347 507 267
348 508 J—-43
349 510 612
350 307 J-42
354 516 231
356 518 519
357 26 520
358 24 J-108
359 22 J-18
360 J-246 545
361 524 525
362 5286 527
363 528 244
371 R-1 J-36
374 545 596
379 197 555
380 556 J-61
384 562 J-53
385 180 563
388 86 14
404 596 597
405 598 599
408 601 603
409 604 J-31
410 606 J-144
420 620 122
424 511 J-5
426 J-32 228
450 673 J-125
456 678 683
457 684 J-130
459 688 689
461 691 692
464 410 694
466 687 J-105
468 700 J-107
470 702 252
471 703 244
472 J-49 518
482 718 139
491 734 735
495 344 84
499 230 743
500 214 142
501 744 167
502 250 745
503 746 329
504 747 748
505 442 7438
P-100 J-37 J-56
p-108 261 183
p-111 557 3-57
P-113 184 193
P-116 J-10 230
P-119 506 200
P-123 560 J—-37
P-124 124 197
P-125 J-54 364
P-128 147 166
P-130 J-208 344
P-131 212 J-62
P-134 106 109
P-136 109 212
P-138 J-91 718
P-~14 J-68 517
P-140 527 J-102
P-142 J-41 228
P~147 155 157
P-149 J-28 232
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Lorain II Landfill KYG 2012 -7
Existing Landfill Gas Collection and Control System

KYGas Report Output

P-~156 J-44 601 208.0 5.8 .100 1.8 0 .0
P-158 J-50 J-63 135.0 5.8 .100 1.8 0 .0
P-16 J-32 J-148 216.0 15.8 .100 1.8 0 .0
P-160 J-93 411 425.0 21.0 .100 1.8 ol .0
P-163 273 274 2.0 15.8 .100 1.8 0 .0
P-164 524 315 297.0 5.8 .100 1.8 a .0
P~165 261 J-99 53.0 5.8 .100 1.8 0 .0
p-166 J-101 252 284.0 15.8 .100 1.8 o] .0
P-168 J-93 76 34.0 21.0 .100 1.8 0 .0
P-169 735 76 897.0 21.0 .100 1.8 0 .0
P-17 447 J-32 156.0 5.8 .100 1.8 0 .0
P-170 J-104 J-105 151.0 5.8 .100 1.8 0 .0
P-176 274 270 95.0 15.8 .100 1.8 0 .0
P-178 348 350 310.0 5.8 .100 1.8 0 .0
P-18 J-8 225 149.0 21.0 .100 1.8 0 .0
p-181 J-41 J-246 216.0 15.8 .100 1.8 0 .0
P-182 J-127 434 152.0 5.8 .100 1.8 0 .0
P-183 599 67 209.0 21.0 .100 1.8 0 .0
P-184 J-33 J-150 54.0 11.2 .100 1.8 0 .0
P-185 67 410 1%92.¢0 21.0 .100 1.8 0 .0
P-186 227 510 312.0 11.2 .100 1.8 0 .0
P-187 J-42 511 147.0 5.8 .100 1.8 0 .0
pP-188 512 J-42 19.0 5.8 .100 1.8 0 .0
P-189 511 6 47.0 5.8 .100 1.8 0 .0
P-190 225 J-4 122.0 21.0 .100 1.8 0 .0
P-191 458 463 101.0 11.2 .100 1.8 0 .0
p-197 J=7 353 166.0 21.0 .100 1.8 0 .0
P-198 J-36 J~246 153.0 21.0 .100 1.8 0 .0
P-199 353 464 80.0 5.8 .100 1.8 0 .0
P-2 J-3 J-4 280.0 5.8 .100 1.8 0 .0
P-20 545 5989 266.0 21.0 .100 1.8 0 .0
P-202 J-103 313 153.0 11.2 .100 1.8 0 .0
P-204 157 158 185.0 21.0 .100 1.8 0 .0
P-206 J-116 J-115 156.0 5.8 .100 1.8 0 .0
P-207 J-46 J-143 377.0 21.0 .100 1.8 0 .0
pP-21 J-44 J-34 73.0 5.8 .100 1.8 0 .0
P-210 98 J-114 398.0 15.8 .100 1.8 0 .0
P-214 323 199 187.0 21.0 .100 1.8 0 .0
P-22 J-43 315 251.0 5.8 .100 1.8 0 .0
P-220 11 J-46 37.0 5.8 .100 1.8 0 .0
pP-221 J-46 748 191.0 21.0 .100 1.8 0 .0
P-222 J-12 199 9.0 21.0 .100 1.8 0 .0
P-223 78 J-12 18.0 5.8 .100 1.8 0 .0
P-224 173 174 219.0 21.0 .100 1.8 0 .0
P-225 174 J-47 131.0 21.0 .100 1.8 0 .0
P-226 J-47 151 18.0 21.0 .100 1.8 0 .0
P-227 200 J-12 209.0 21.0 .100 1.8 0 .0
P-229 26 J-51 259.0 5.8 .100 1.8 0 .0
P-23 J-39 701 18.0 5.8 .100 1.8 0 .0
P-230 J-79 237 123.0 15.8 .100 1.8 0 .0
P-234 J=-52 J-51 21.0 5.8 .100 1.8 0 .0
P-235 237 744 34.0 15.8 .100 1.8 0 .0
P-236 160 162 1¢89.0 21.0 .100 1.8 0 .0
pP-237 J-79 236 260.0 15.8 .100 1.8 0 .0
P-238 236 242 231.0 15.8 .100 1.8 0 .0
P-239 J-63 J-64 214.0 5.8 .100 1.8 0 .0
P-24 J-39 260 214.,0 5.8 .100 1.8 0 .0
P-240 242 234 5.0 15.8 .100 1.8 0 .0
P-242 J-62 111 162.0 11.2 .100 1.8 0 .0
P-245 410 J-146 450.0 21.0 ,100 1.8 3} .0
P-248 J-15 J-20 76.0 5.8 .100 1.8 0 .0
P-25 353 J-45 33.0 21.0 .100 1.8 0 .0
P-252 J-20 313 204.0 11.2 .100 1.8 0 .0
P-253 J-107 24 221.0 7.6 .100 1.8 0 .0
pP-254 309 J-116 15.0 5.8 .100 1.8 0 .0
P-254 J-115 J-103 42.0 11.2 .100 1.8 0 .0
P-258 J-85 376 422.0 5.8 .100 1.8 0 .0
P-259 J-60 113 216.0 11.2 .100 1.8 0 .0
P-26 236 518 100.0 7.6 .100 1.8 0 .0
P-260 213 J-61 154.0 5.8 .100 1.8 0 .0
P-261 J-92 117 189.0 11.2 .100 1.8 0 .0
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Existing Landfill Gas Collection and Control System

Lorain II Landfill
KYGas Report Output

P-262 498 J-60
P-264 J-104 J-107
P-266 J-59 498
b-267 J-65 J-59
P-268  J-66 J-65
P-269 134 J-65
p-27 215 J-62
P-270 266 22
pP-271 265 268
P-272 717 69
P-273 J-110 J-45
P-274 J-95 J-110
pP-275 35 J~-110
P-276 J-125 J-120
P-28 J-2 317
P-284 423 426
pP-286 J-137 413
P-287 J-138 J-135
p-288 J-135 433
P-289 608 J-144
P-29 141 223
P-290 J-144 86
pP-291 314 J-115
P-292 732 261
P-293 229 160
P-294 441 687

P-3 J-4 J-40
P-30 140 317
P-303 J-120 674
P-305 J-118 J-120
p-31 J-53 296
P-312 675 J-125
P-313 J-44 692
P-315 162 B3
p-316 166 164
P-317  J-130 685
pP-32 J-49 J-63
P-320 688 687
P-321 689 J-133
P-322 6390 J-133
P-323 164 83
P-325 J-143 J-110
P-326 Jg-146 411
P-327 J-148 226
pP-328 455 J-148
P-329 J-150 510
P-33 71 J-49
P-330 315 J-150
P-331 225 J—-246
P-344 692 328
P-375 J-34 604
P-39 J-68 27
P-390 604 596

P-4 J-7 J—-4
P-40 149 171
P~-401 595 J~-41
P-43 88 84
P-46 169 202
p-47 174 J-48
P-48 275 350
P-480 674 683
P-486 J-414 417
P-50 100 98
P-506 417 419
P-507 419 421
P-508 687 684
P-509 684 683
P-51 J-30 198
P-52 J-56 126
P-53 528 230
P-54 528 527
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Existing Landfill Gas Collection and Control System

DEMAND
(USFU)

Lorain IT Landfill
KYGas Report Output
P-56 J-91 J-92
B-57 J-58 468
P-59 J-57 J-54
P-6 748 323
P-62 J-60 117
P-63 297 117
P-64 111 113
P-66 123 197
P-70 J-55 469
P-73 100 106
P-74 118 297
P-8 J-20 88
P-81 153 155
P-82 229 145
P-84 202 149
P-85 151 506
P-86 171 173
P-95 J~79 352
P-99 744 147
JUNCTION NODE
NAME TITLE
1 EW-127R2
[ EW-154R2
S EW~17R3
11 EW-31R
13
14
16 EW-5R2
17 EW-108R
19 EW-101R2
21 EW-112R
22
23 EW-113R
24
25 EW-114R
26
27 EW-117R
29 EW-121R
35 EW-35R2
38 EW-B87R2
67
69
70 EW-133
71 EW-116R
72 EW-168
74 TEW~5R2
75
76
77
78
80
81 EW-3
82
83
B84
86
87
88
89 EW-64
80 EW-15
94 EW-27
96
97
98
100
106
108
111
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Lorain IT Landfill KYG2012-10
Existing Landfill Gas Collection and Control System

KYGas Report Output
112 EW-76 -47.00
113 .00
117 .00
118 .00
121 .00
122 .00
123 .00
124 .00
126 .00
128 .00
129 .00
131 .00
132 .00
134 TEW-1R -47.00
136 .00
139 .00
140 .00
141 .00
142 .00
145 .00
147 .00
149 .00
151 .00
152 EW-96 ~47.00
153 .00
154 EW-1 -47.00
155 .00
156 EW-2 ~47.00
157 .00
158 .00
159 EW-6 -47.¢C0
160 .00
161 EW-7 -47.,00
162 .00
163 EW-10 -47.00
164 .00
165 EW-11 -47.00
166 .00
167 EW-14 ~47.00
169 .00
170 EW-19 -47.00
171 .00
172 EW-22R -47.00
173 .00
174 .00
176 .00
177 .00
178 EW-90B -47.00
179 .00
180 .00
181 EW-2A -47.00
182 EW-3A -47.00
183 .00
184 .00
186 EW-162 -47.00
193 .00
197 .00
198 .00
199 .00
200 .00
201 EW-18 -47.00
202 .00
203 .00
207 EW-100R -47.00
212 .00
213 EW-~77 -47.00
214 .00
215 .00
223 .00
225 .00
226 .00

g CORNERSTONE

Environmental Group, LLC




Lorain II Landfill KYG 2012 -11
Existing Landfill Gas Collection and Control System

KYGas Report Output
227 .00
228 .00
229 .00
230 EW-118 -47.00
231 EW-118 -47.00
232 .00
234 .00
236 .00
237 .00
238 EW-106 -47.00
241 EW-13R -47.00
242 .00
243 EW-120RS -47.00
244 .00
245 EW-63 -47.00
250 .00
252 .00
256 EW-147R -47.00
260 EW-53R -47.00
261 .00
265 .00
266 .00
267 125R -47.00
268 .00
270 .00
271 EW-109 -47.00
273 .00
274 .00
275 EW-124R -47,00
293 EW-83R -47.00
294 EW-94R -47.00
296 EW-91R -47.00
297 .00
298 EW-71R -47.00
300 EW-68R -47.00
306 EW-46 -47.00
307 .00
309 .00
312 EW-59 -47.00
313 .00
314 .00
315 EW-54R -47.00
317 .00
322 EW-29 -47.00
323 .00
324 EW-36R -47.00
326 EW-37R -47.00
328 EW-138R -47.00
329 .00
331 TEW-9R -47.00
344 .00
348 .00
350 .00
351 EW-111 -47.00
352 EW-105 -47.00
353 .00
362 EW-63R -47.00
364 EW-79R -47.00
365 EW-65R -47.00
367 EW-228 -47.00
368 EW-227 -47.00
369 EW-90R -47.00
370 EW-224 -47.00
371 EW-122R -47.00
372 EW-140R -47.00
373 EW-226 -47.00
374 EW-128R -47.00
375 EW-57R2 -47.00
376 EW-58R -47.00
377 EW-48R -47.00
379 EW-32R -47.00

@ CORNERSTONE
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Existing Landfill Gas Collection and Control System

Lorain IT Landfill
KYGas Report Output
388 EW-74R
389 EW-70R
390 TEW-2R
391 EW-164R
410
411
412 EW-304
413
416 EW-309
417
418 EW-310
419
421
423
425 EW-305
426
433 EW-303
434 EW-302
438 EW-301
441 EW-312
442
444 HS
445 HB
446 H7
447 H6
448 H10
449 H11
454
455 EW~-45R
458
461 H4
463
464
468
469 EW-148
494 EW-82R
495 EW-142R
497 EW-73R
498
499 EW-165R
500 EW-144R
501 EW-163R
505 EW-28R
506
507 TEW-7R2
508 EW-152
510
511
512 EW-47R
515 EW-2BR
516 EW-118S
517 EW-117s
518
519 EW-116S
520 EW-1148
524 EW-51R
525 EW-153
526 EW-150
527
528
545
555 EW-141R
556 EW-78R
557 EW-81R
558 EW-143R
560 EW-85R
562 EW-91AR
563 EW-1a
589 EW-110R
585 EW-38R
596

-47.00
-47.00
-47.00
-47,00
~-47.00
-47.00

-47.00

-47.00

-47.00

-47.00

-47.00
-47.00

-47.00
-47.00
-47.00
-47.00

-47.00

-47.00

-47.00
-47.00
~-47.00
-48.00

-48.00
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Lorain II Landfill KYG2012-13
Existing Landfill Gas Collection and Control System

KYGas Report Output

597 EW-39R -48.00
598 EW-159 -48.00
599 .00
601 .00
603 EW-40R2 -48.00
604 .00
606 .00
608 .00
612 .00
613 TEW-3R -48.00
620 EW-145R2 -48.00
673 .00
674 .00
675 H-14 -48.00
679 H12 ~48.00
683 .00
684 .00
685 EW-315 -48.00
687 .00
688 EW-316 -48.00
689 .00
690 EW-313 -48.00
691 EW-43R2 -48.00
692 .00
694 EW-160 ~48.00
697 EW-161 -48.00
700 EW-126R ~48.00
701 EW-129R -48,00
702 .00
703 EW-9R2 -48.00
718 .00
719 TEW-4R -48.00
732 EW-62R2 -48.00
734 EW-146R -48.00
735 .00
739 .00
743 EW-1183 -48.00
744 .00
745 EW-58R2 -48.00
746 EW-34R2 -48.00
747 EW-29 -48.00
748 .00
749 .00
J-10 EW-102 -48.00
J-101 EW-135 ~48.00
J-102 EW-149 -48.00
J-103 .00
J-104 TEW-6R -48.00
J-105 .00
J-107 .00
J-108 EW-1138 ~-48.00
J-110 .00
J-114 .00
J-115 .00
J-116 .00
J-119 H13 -48.00
J-12 .00
J-120 .00
J-125 .00
J-127 EW-306 -48.00
J-130 EW-317 -48.00
J-133 EW-314 -48.00
J-135 EW-307 -48.00
J-137 EW-308 -48.00
J-138 EW-311 -48.00
J-143 .00
J-144 .00
J-146 .00
J-148 .00
J-15 ZW-60 -48.00
J-150 .00

CORNERSTONE

Environmental Group, LLC
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Lorain II Landfill KYG 2012 -14
Existing Landfill Gas Collection and Control System

KYGas Report Output
J-18 EW-1123 -48.00
J-2 .00
J-20 .00
J-209 .00
J-246 .00
J-28 EW-103 -48.00
J-3 H3 -48.00
J-30 EW-122R ~48.00
J-31 EW-41 -48,00
J-32 EW-42 ~48.00
J-33 .00
J-34 .00
J-36 .00
J-37 .00
J-39 .00
J-4 H2 -48.00
J-40 H1 ~48.00
J-41 .00
J-414 .00
J-42 .00
J-43 EW-151 ~-48.00
J-44 .00
J-45 .00
J-46 .00
J-47 .00
J~48 EW-23 ~48.00
J-49 .00
J-5 EW-158R -4B.00
J=-50 EW-115R -48.00
J-51 .00
J-52 EW-107R -48.00
J-53 .00
J-54 .00
J-55 EW-83R ~-48,00
J-56 .00
J-57 .00
J-58 .00
J-59 .00
J-60 .00
J-61 .00
J-62 .00
J-63 EW-115R ~48.00
J-64 .00
J—-65 .00
J-66 EW-166R -48.00
J-68 .00
J-7 .00
J-73 .00
J-79 .00
J-8 .00
J~-85 EW-55 -48.00
J-91 .00
J-92 .00
J-93 EW-52R2 ~48.00
J-95 EW-155R -48.00
J-99 EW-167 -48.00
R-1 .00 ~60.00

RESULTS FOR THIS SIMULATION FOLLOW

Solution was obtained in 20 trials
Flow Accuracy = .3951E-04[ < ,500E-02]
RV Accuracy = .0000E+00[ < .100E-02]
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Lorain IT Landfill KYG2012-15
Existing Landfill Gas Collection and Control System

KYGas Report Output

PIPE NODE NODE FLOW LOSS VELOCITY DENSITY FRICTION AREXA
NO. #1 #2 (USFU) (USPU) (FT/8) (#/CF ) FACTOR RATIO
1 1 J-64 46.000 02 5.34 062 0271 008

5 9 234 47.000 11 5.49 062 0270 008

7 13 14 .000 00 .00 06l 0000 000

9 17 24 -286.000 .11 19.72 062 0194 .030
10 19 182 47.000 11 5.47 062 0270 008
11 21 22 47.000 02 5.51 061 0270 .008
12 23 24 47.000 .02 5.48 .062 .0270 008
13 25 26 47.000 .02 5.47 .062 .0270 .008
15 29 739 47,000 .03 5.43 .062 .0270 .008
19 38 126 47.000 .03 5.44 .062 .0270 .008
34 67 69 -1040.350 .29 16.59 .061 .0171  .025
35 69 70 -47.000 .05 3.52 .061 .0270 .008
36 71 72 -46.,000 .05 5.36 .062 ,0271  .008
37 74 J-64 46.000 .06 5.34 .062 .0271 .008
38 75 76 1049.888 .22 16.67 .06l .0170 .025
41 8O 81 -47.000 .01 5.47 .062 .0270 .008
42 B2 83 .000 .00 .00 .062 .0000 .000
44 86 87 .000 .00 .00 .061  .0000 .000
45 88 89 -47.000 .04 5.50 .062 .0270 .008
49 96 97 .000 .00 .00 .061 .0000 .000
55 98 J-2 -424.000 .12 13.30 .062 .0191 .020
58 106 J-58 -150.000 .11 13.02 .062 .0209 .020
60 111 112 -47.,000 .04 5.45 .062 .0270 .008
61 113 388 -47.000 .05 5.45 .062 .0270 .008
65 121 122 -48.000 .07 5.50 .063 .0269 .008
67 123 J-37 236.000 1.87 27.18 .062 .0194 .041
68 126 739 -142.000 .58 16.42 .062 .0212 .025
69 128 129 -94.000 .23 10.90 .062 .0231 .017
71 129 131 .000 .00 .00 .062 .0000 .000
72 128 132 94,000 .09 10.90 .062 .0231 .017
75 118 380 -47,000 .07 5.43 .062 .0270 .008
76 136 613 -48.000 .08 5.54 .062 .0269 .008
77 136 719 -48,000 .06 5.54 .062 .0265 .008
78 139 136 -86.000 .09 11.08 .062 .0230 .017
79 140 223 -47,000 .01 1.47 .062 L0317 .o002
80 142 153 862.447 .05 7.66 .062 .0185 ,012
83 147 169 1839,558 .19 16.39 .062 L0161 .025
87 152 153 47.000 .06 5.47 .062 .0270 .008
88 154 155 142.000 .33 16.52 .062 0212 .025
89 156 157 141.000 .24 16.41 .062 .0213 ,025
90 80 158 141,000 .16 16.42 .062 .0213 .025
91 159 160 47.000 .02 5.48 .062 .0270 .008
92 161 162 47.000 .04 5.48 .062 .0270 .008
93 163 164 47.000 .04 5.48 .062 .0270 .008
94 165 166 47.000 .03 5.48 .062 .0270 .008
96 90 169 47.000 .02 5.49 .062 .0270 .o008
87 170 171 189.000 .64 22.09 .062 .0201 .034
98 172 173 47.000 .04 5.50 .061 .0270 .008
101 176 177 141.000 .55 16.33 .062 .0213 .025
102 178 176 94.000 .27 10.87 .062 .0231 .017
103 179 739 95.000 .28 10.97 .062 .0230 .017
104 180 154 95.000 .23 11.04 .062 .0230 .017
105 156 181 -94.000 .23 10.93 .062 .0231 .017
106 182 B8O 94.000 .23 10.94 .062 .0231 .017
107 183 184 150.000 .65 21.92 .062 .0201 .033
109 186 J-15 47.000 .05 5.50 .062 .0270 .008
110 468 558 -48.000 .07 5.56 .062 .0269 .,008
112 718 184 -190.000 .24 12.95 .062 .0208 .020
114 129 368 -47.000 .09 5.45 .062 .0270 .008
115 181 515 -47,000 .08 5.46 .062 .0270 .008
117 121 187 95.000 .24 10.90 .063 L0230 .017
118 198 179 48.000 .08 5.54 .062 .0265 .008
120 94 200 47.000 .03 5.52 .061 .0270 .008
121 201 202 47,000 .03 5.49 062 .0270 .008
122 178 203 ~47.000 .06 5.43 .062 .0270 .008

Environmental Grounp, LLC
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Lorain IT Landfill

Existing Landfill Gas Collection and Control System

KYGas Report Output
126 207 180 47.000 .08 5.46
127 123 500 ~47.000 .11 5.40
129 145 158 -1333.447 .08 11.85
132 212 J-61 -94,000 .09 10.92
133 214 J-114 ~-862.447 .32 13.60
135 108 J-57 -141.000 .20 16.38
137 100 J-56 -473.000 .70 32.41
139 J-73 J-114 94.000 .04 6.45
141 16 223 47.000 .02 5.46
143 226 227 -769.994 .10 12.30
144 96 228 .000 .00 .00
145 2239 J-10 -333.000 .03 5.26
146 231 J-28 141.000 .60 16.41
148 232 J-68 -94,000 .33 10.96
150 237 238 -47.000 .13 5.49
151 170 J-51 -142.000 .55 16.57
152 234 J-101 859.888 .15 13.63
153 241 242 47.000 .06 5.49
154 243 129 47.000 .03 5.45
155 244 245 ~47.000 .11 5.47
157 231 374 -47.000 .13 5.46
159 250 J-101 95.000 .29 11.10
161 375 75 47.000 .14 5.50
162 256 J-99 47.000 .11 5.41
167 252 75 1002.888 .09 15.91
171 265 22 -899.350 .14 14.31
172 77 268 -983.350 11 15.82
173 267 268 94.0C0 .13 11.04
174 266 270 -804.350 .10 12.79
175 270 271 ~47.,000 .02 5.51
177 273 17 -333.000 .96 23.01
179 274 348 -142.000 .64 16.63
180 J-47 273 282.350 01 4.49
192 293 J-73 47.000 05 5.46
193 294 J-173 47.000 07 5.46
194 296 132 95.000 07 11.02
195 297 298 -47.000 02 5.43
196 300 J-91 47.000 .02 5.43
200 J-85 314 85.000 05 11.13
201 306 307 -142.,000 45 16.70
203 J-33 314 -519.511 24 16.45
205 312 313 47.000 02 5.50
208 317 132 -185.000 34 21.94
209 177 J-2 188.000 82 21.81
211 306 226 189.000 37 22,25
212 R-1 J-8 -4312.220 1.17 39.12
213 322 323 47.000 02 5.52
215 324 J-45 47.000 02 5.55
216 326 J-17 47.000 04 5.55
217 328 J-32 -10.668 .01 1.26
218 328 464 85.000 .36 11.21
219 331 329 47.000 .06 5.54
228 215 J-209 1357.553 1.6l 21.47
231 348 589 -48,000 .02 5.62
232 350 351 -47.000 .02 5.49
233 232 J-79 283.000 .47 19.49
241 362 250 47.000 .07 5.49
243 365 84 47.000 .09 5.50
244 121 367 -47.000 .03 5.39
246 177 369 -47.,000 .02 5.45
247 176 370 ~47.000 .03 5.44
249 203 371 -47.000 .02 5.43
250 124 372 -47.000 .03 5.39
251 179 373 -47.000 .02 5.43
255 377 J-105 47.000 .08 5.47
257 379 J-46 47.000 .07 5.53
263 388 J-92 47.000 .03 5.43
265 139 391 -47.000 .02 5.43
277 411 J-39 -95,000 .25 11.14
278 412 J-137 47.000 .06 5.55
279 421 441 -526.000 .05 8.43

.062 .0270
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.062. .0230
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.06l .0201
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.06l .0270
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.063 .0270
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.062 .0270
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.061 .01%4
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.008
.008
.018
.017
.021
.025
.049
.010
.008
.019
.000
.008
.025
.017
.008
.025
.021
.008
.008
.008
.008
.017
.008
.008
.024
.022
.024
.017
.019
.008
.035
. 025
.007
.008
.008
.017
.008
.008
.017
. 025
.025
.008
.033
.033
.034
. 060
.008
.008
.008
.002
.017
.008
.033
.009
.008
.030
.008
.008
.008
.008
.008
.008
.008
.008
.008
.008
.008
.008
.017
.008
.013
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Lorain IT Landfill

Existing Landfill Gas Collection and Control System

KYGas Report Output
280 416 417 47.000 .03 5.56
281 418 415 142.000 .19 16.78
282 421 J-138 -143.,000 .15 16.89
283 418 J-127 -95,000 .21 11.22
285 425 426 47.000 .04 5.56
295 413 441 95.000 .10 11.22
296 442 J-414 -858.000 .11 13.76
297 423 J-246 952.000 .06 8.59
288 444 445 121.868 .49 14.30
299 445 446 168.868 .89 19.85
300 447 446 -94,581 .30 11.14
301 444 448 -74.868 .20 8.77
302 448 449 -42.350 .07 4.96
304 439 423 47.000 .04 5.56
306 449 J-116 4,650 .00 1.1¢
307 735 344 -1173.691 .21 10.47
308 448 315 14.482 .01 1.70
308 444 86 .000 .00 .00
310 445 454 .000 .00 .00
311 446 455 121.287 .28 14.28
314 442 426 858.000 03 7.74
318 461 J-3 47.000 .05 5.55
319 463 464 .000 .00 .00
324 468 J=55 -95.000 06 11.01
337 494 J-58 47,000 .05 5.46
338 495 J-54 47.000 10 5.45
340 497 498 47.000 .02 5.44
341 499 118 47.000 .02 5.43
343 501 183 47.000 .02 5.41
346 505 506 47.000 .02 5.51
347 507 267 47.000 .06 5.52
348 508 J~-43 47.000 .10 5.50
349 510 612 .000 .00 .00
350 307 J-42 -142.000 .30 16.68
354 516 231 47.000 .02 5.47
356 518 519 -47.000 .01 5.48
357 26 520 -47.000 .02 5.47
358 24 J-108 -48.000 .02 5.60
359 22 J-18 ~48.000 .02 5.63
360 J-246 545 -3800.598 .65 34.29
361 524 525 -47.000 .11 5.50
362 526 527 47.000 .03 5.47
363 528 244 -95.000 .05 6.53
371 R-1 J-36 ~4487.780 1.17 40.72
374 545 596 ~249.668 .10 7.96
379 197 555 -47.000 .02 5.39
380 556 J-61 47,000 .06 5.46
384 562 J-53 48.000 .02 5.57
385 180 563 -48.000 .02 5.58
388 86 14 .000 .00 .00
404 596 597 -48.000 .01 5.67
405 598 599 48.000 .03 5.66
408 601 603 -48.000 .03 5.66
409 604 J-31 -48.000 .03 5.67
410 606 J-144 .000 .00 .00
420 620 122 48.000 .02 5.50
424 511 J-5 ~-48.000 .06 5.63
426 J-32 228 1306.194 .46 20.91
450 673 J-125 .000 .00 .00
456 679 683 48.000 .02 5.67
457 684 J-130 -96.000 .11 11.33
459 688 689 48.000 .01 5.67
461 691 692 48.000 .10 5.66
464 410 694 ~-48.000 .08 5.64
466 697 J-105 48.000 .03 5.58
468 700 J-107 48.000 .02 5.60
470 702 252 .000 .00 .00
471 703 244 48.000 .02 5.59
472 J-49 518 280.000 .21 19.27
482 718 139 -143.000 .17 9.74
491 734 735 48.000 .03 5.62
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Lorain II Landfill
Existing Landfill Gas Collection and Control System
KYGas Report Output
495 344 84 183.862 .06 5.81
499 230 743 -48.000 .02 5.59
500 214 142 862.447 .04 7.66
501 744 167 -47.000 .02 5.49
502 250 745 ~-48.000 .02 5.61
503 746 329 48.000 .03 5.66
504 747 748 48.000 .02 5.65
505 442 749 .000 .00 .00
P-100 J-37 J-56 284.000 1.52 32.87
P-108 261 183 143.000 .50 16.47
P-111 557 J-57 47.000 .06 5.46
pP-113 184 183 .000 .00 .00
P-116 J~-10 230 -285.000 .02 4.50
P-119 506 200 1982.208 .20 17.74
P-123 560 J-37 48.000 .02 5.54
P-124 124 197 47.000 .08 5.39
P-125 J-54 364 ~47.000 .02 5.45
P-128 147 166 -1854.446 .17 16.51
P-130 J-209 344 1357.553 16 12.11
P-131 212 J-62 553.553 09 8.73
P-134 106 109 318.553 .06 5.02
P-136 109 212 459,553 .08 7.24
P-138 J-91 718 -333.000 .06 10.39
P-14 J-68 517 -47.000 .02 5.48
P~140 527 J-102 -48.000 .00 .76
p-142 J-41 228 -1306.194 .37 20.93
P-147 155 157 1051.447 .06 9.34
P-148 J-28 232 189.000 .34 13.00
P-156 J-44 601 -48.000 08 5.66
P-158 J-50 J-63 48.000 .05 5.58
P-16 J-32 J-148 -1127.281 .27 18.02
P-160 J-93 411 2319.580 44 20.74
P-163 273 274 615.350 .03 9.78
P-164 524 315 94.000 .36 11.01
P-165 261 J-93 -95.000 .10 10.93
P-166 J-101 252 1002.888 26 15.90
P-168 J-93 76 ~2271.580 16 20.30
P-169 735 76 1221.692 23 10.91
P-17 447 J-32 141.581 44 16.69
P~170 J-104 J-105 -95.000 .20 11.06
P-176 274 270 757.350 .08 12.04
P~-178 348 350 -94,000 .37 10.99
P-18 J-8 225 -4312.220 .83 39.01
p-181 J-41 J-246 1354.184 .39 21.72
P-182 J-127 434 -47.000 .06 5.55
P-183 599 67 -3502.929 .64 31.48
P-184 J-33 J-150 519.511 .14 16.45
P-185 67 410 -2462,580 .31 22.10
P~186 227 510 -769.994 .83 24 .47
pP-187 J-42 511 -95,000 .20 11.15
P-188 512 J-42 47.000 02 5.52
P-189 511 6 -47.000 .02 5.51
P-190 225 J-4 ~2693.208 .31 24.31
pP-191 458 463 .000 .00 .00
P~197 J-7 353 -2455.208 .29 22.12
pP-198 J-36 J-246 -4487.780 .91 40.60
P-199 353 464 -95.000 .13 11.21
P-2 J-3 J-4 95.000 .35 11.23
P-20 545 598 -3550.929 .75 31.98
P-202 J-103 313 -419.862 .16 13.28
P-204 157 158 1192.447 .08 10.58
P-206 Jg-11e6 J-115 4.650 .00 .54
P-207 J-46 J-143 2218.208 .37 19.93
P-21 J-44 J-34 153.668 .30 18.14
P-210 98 J-114 768.447 .20 12.11
P-214 323 198 ~2029.208 21 18.19
P-22 J-43 315 95.000 .31 11.12
P-220 11 J-46 47.000 .02 5.53
P-221 J-46 748 -2124,208 .23 19.07
P-222 J-12 199 2029.208 .11 18.18
P-223 78 J-12 .0C0 .00 .00
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.0227 .009
.0269 .008
.0185 .012
.0270 .008
.0269 .009
.0269 .009
.0269 .009
.0000 .000
.0188 .050
.0212  ,025
.0270 .008
.0000 .000
.0221  .007
.0159  .027
.0269 .008
.0270 .008
.0270 .008
.0lel .025
.0170 .o018
.0192 .013
.0216 .008
.0200 .011
.0200 .016
.0270 .008
.0347 .001
.0164 .032
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.0269 .009%
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.0230 .017
.0172 .024
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.0173  .017
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.0230 .017
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.0184 .025
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L0172 .037
.0230 .017
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.0270 .008
L0151 .037
.0000 .0060
.0154 .034
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.0230 .017
.0230 .017
.0145 ,049
.0191 .020
.0174 .016
.0060 .001
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.0209 .028
.0180 .018
.0158 .028
.0230 .017
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.0157 .029
.0158 .028
.0oco .oo0

* CORNERSTONE

Environmental Group, LLC




Lorain IT Landfill
Existing Landfill Gas Collection and Control System
KYGas Report Output
P-224 173 174 2169.558 .26 18.38
P-225 174 J-47 2217.558 .21 19.83
P-226 J-47 151 1935.208 11 17.31
P-227 200 J-12 2029.208 .22 18.18
P-229 26 J-51 94.000 .31 10.96
P-23 J-39 701 -48.000 .02 5.63
P-230 J-79 237 -108.888 .00 1.72
P-234 J-52 J-51 48.000 .02 5.60
P-235 237 744 -61.888 .00 .98
P-236 160 162 1713.44¢ .16 15.23
P-237 J-79 236 438.888 .05 6.85
P-238 236 242 765.888 .13 12.13
P-239 J-63 J-64 ~92.000 .26 10.68
P-24 J-38 260 -47.,000 .08 5.51
P-240 242 234 812.888 .06 12.88
P-242 J-62 111 -804.000 .56 25.23
P-245 410 J-146 -2414.580 49 21.64
P-248 J-15 J-20 95.000 12 11.11
P-25 353 J-45 -2360.208 17 21.25
p-252 J-20 313 372.862 .16 11.7¢
P-253 J-107 24 191.000 .29 13.15
P-254 309 Jg-116 .000 .00 .00
P-256 J-115 J-103 ~419.862 .09 13.28
P-258 J-85 376 -47,000 .14 5.50
P-259 J-60 113 710.000 .54 22.22
P-26 236 518 -327.000 .45 22.53
P-260 213 J-61 47.000 .06 5.46
P-261 J-92 117 427.000 .19 13.33
P-262 498 J-60 142.000 .01 4.44
P-264 J-104 J-107 143.000 .54 16.66
P-266 J-59 498 95.000 .24 10.99
P-267 J-65 J-59 95,000 .09 10.59
P-268 J-66 J-65 48.000 .02 5.55
P-2695 134 J-65 47,000 .06 5.43
P-27 215 J-62 ~1357.553 .32 21.41
P-270 266 22 804.350 12 12.80
P-271 265 268 859.350 .10 14.32
pP-272 77 69 983.350 .30 15.83
P-273 J-110 J-45 2313.208 .35 20.81
P-274 J-85 Jg-110 48.000 .02 5.66
P-275 35 J-110 47.000 .02 5.54
P-276 J-125 J-120 48.000 .00 1.53
P-28 J-2 317 -236.000 .04 7.40
pP-284 423 426 -905.000 04 8.17
P-286 J-137 413 95.000 .15 11.22
P-287 J-138 J-135 -95.000 .21 11.22
P-288 J-135 433 -47.000 .06 5.55
P-289 608 J-144 .000 00 .00
P-29 141 223 .000 .00 .00
P-290 J-144 86 .000 .00 .00
P-291 314 J-115 -424.,511 .07 13.43
P-292 732 261 48,000 lé 5.52
P-293 229 160 1666.446 10 14.81
P-294 441 687 -384.000 .14 12.25
p-3 J-4 J-40 -48.000 .03 5.68
P-30 140 317 47.000 o3} 1.47
P-303 J-120 674 96.000 .01 3.06
P-305 J-119 J-120 48.000 .01 5.67
pP-31 J-53 296 48.000 .06 5.57
P-312 675 J-125 48.000 .01 5.67
pP-313 J-44 692 -105.668 .07 12.46
P-315 162 83 1760.446 .13 15.66
P-316 166 164 -1807.446 17 16.09
P-317 J-130 685 -48.000 .06 5.66
P-32 J-48 J-63 ~188.000 1.12 21.88
P-320 689 687 144.000 .01 4.59
pP-321 689 J-133 -96.000 01 3.06
pP-322 690 J-133 48.000 Go 1.53
P-323 164 83 -1760.446 11 15.66
P-325 J~-143 J-110 2218.208 .14 19.85
P-326 J-146 411 -2414.580 .30 21.61
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Lorain II Landfill KYG 2012 -20
Existing Landfill Gas Collection and Control System

KYGas Report Output
p-327 J-148 226 ~958.994 .18 15.32 .061 L0173  .023
P-328 455 J-148 168.287 .19 19.83 .061 .0205 ,030
P-329 J-150 510 769.994 .57 24,42 .061 L0172 .037
P-33 71 J-49 92.000 .04 10.72 .062 .0232  .016
P-330 315 J-150 250,482 .37 29.37 .061 L0192 .045
P-331 225 J-246  ~1619.012 .08 14.62 .061 .0165 .022
p-344 692 328 -57,668 .03 6.80 .06l .0257 .010
P-375 J-34 604 153.668 .02 4,90 .061 .0236 .007
P-39 J-68 27 -47.000 .02 5.48 .062 .0270 .008
P-390 604 596 201.668 .04 6.43 .061 L0222 .010
P-4 J-7 J-4 2502.208 .30 22.57 .061 .0153 .034
P-40 149 171 1933.558 .13 17.25 .062 .0160 .026
P-401 595 J-41 48.000 .05 5.67 .061 .0269 .009
P-43 88 84 -230.862 .03 7.29 .062 .0216 .011
P-46 169 202 1886.558 .19 16.82 .062 L0160 .026
P-47 174 J-48 ~48.000 .03 5.62 .061 .0269 .009
P-48 275 350 47.000 .09 5.49 .062 .0270 .008
P-480 674 683 96.000 .01 3.06 .061 .0264 .005
P-486 J-414 417 -858.000 .08 13.76 .061 .0177 .021
B-50 100 98 344.447 .04 5.43 .062 .0212  ,008
P-506 417 419 -811.000 .11 13.00 .061 .0179 .020
P-507 419 421 -669.000 .08 10.72 .061 .0185 .016
P-508 687 684 -240.000 .06 7.65 .061 .0214  .012
P-509 684 683 -144.000 .04 4.59 .061 .0239  .007
pP-51 J-30 198 48.000 .02 5.54 .062 .0269 .008
P-52 J-56 126 -189.000 .61 21.90 .062 .0201 .033
P-53 528 230 190.000 .01 3.00 .062 .0242 005
P-54 528 527 -95.000 .00 1.50 .062 .0288 .002
P-56 J-91 J-92 380.000 .15 11.86 .062 .0195 .018
P-57 J-58 468 -143.000 .58 16.60 .062 .0212  .025
P-59 J-57 J-54 -94,000 .22 10.91 .062 L0231 .017
P-6 748 323  -2076.208 .23 18.63 .061 .0158 .028
P-62 J-60 117 -568.000 .34 17.75 .062 .0181  .027
P-63 297 117 141.000 .17 16.30 .062 .0213 .025
P-64 111 113 ~757.000 .46 23,72 .062 .0172 .036
P-66 123 197 -189.000 .34 21.70 .063 .0201 .033
P-70 J-55 469 -47.000 .06 5.45 .062 .0270 .008
P-73 100 106 128.553 .01 2.03 .062 .02866 .003
P-74 118 297 94.000 .29 10.86 .062 .0231  .017
P-8 J-20 88 -277.862 .09 8.78 .062 .0208 .013
P-81 153 155 909.447 .03 8.07 .062 .0183 .012
P-82 229 145  -1333.447 .05 11.85 .062 L0171  .018
P-84 202 149 1933.558 .18 17.25 .062 .0160 .026
P-85 151 506 1935.208 .13 17.31 .061 L0160 .026
P-86 171 173 2122.558 .24 18.95 .061 .0157 .029
P-95 J-79 352 -47.000 .05 5.49 .062 .0270 .008
P-99 744 147 -14.888 .00 .24 .062 .0502 .000
R-1 R-1 R-1  -8799.999 .00 .04 .060 .0260 .000
JUNCTION NODE DEMAND PRESSURE PRESSURE PRESSURE  DENSITY
NAME TITLE (USFU) (USEU) (PSIA) (PSIG) #/CF

1 EW-127R2 -46.00 -51,21 12.85 ~1.85 .062

6 EW-154R2 -47.00 -54,91 12.71 -1.98 .061

9 EW-17R3 -47.00 -53.35 12.77 ~-1.93 .062

11 EW-31R ~-47.00 -56.04 12.67 -2.02 .061

13 00 -54 .58 12.73 -1.97 061

14 .00 ~54,58 12.73 -1.97 .061

16 EW-5R2 -47.00 -51.26 12,85 -1.85 .062

17 EW-108R -47.00 -53.66 12.76 -1.94 .062

19 EW-101R2 -47.00 -51.,73 12.83 -1.87 .062

21 EW-112R -47.00 -54,93 12.71 -1.98 .061

22 .00 -54,95 12.71 -1.98 061

23 EW-113R -47.00 -52.94 12.79 -1.91 .062

24 .00 ~52.95 12.79 -1.91 062

25 EW-114R -47.00 -52.37 12.81 -1.89 .062

26 00 -52.39 12.81 -1.889 062
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Lorain IT Landfill

Existing Landfill Gas Collection and Control System
KYGas Report Output
27

29
35
38
c7
69
70
71
72
74
75
76
77
78
80
81

152
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156
157
158
159
160
léel
162
163
164
165
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EW-117R
EW-121R
EW-35R2
EW-87R2

EW-133
EW-116R
EW-168
TEW-5R2

EW-3

EW-64
EW-15
EW-27

EW-76

TEW-1R

EW-96
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EW-14
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-47.00
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-52.39
-49.49
~56.56
-50.06
~55.88
-55.59
~55.54
-52.56
=52.51
-51.17
~53.95
-54.18
-55.29
-55.27
=52.07
-52.06
-52.75
-52.75
-53.79
-54.58
-54.58
-53.82
-53.78
-53.38
-55.02
-57.17
-57.17
-51.45
-51.41
-51.41
-51.47
-51.08
-51.04
-50.62
-49.74
-49.28
-46.73
-46.66
-47.31
-46.89
-50.09
-50.86
=50.¢64
-50.64
=-50.95
-49.68
-49.09
-49.17
-51.29
-51.29
=52.01
-52.31
=53.21
-53.77
-54.71
~52.,00
-52.06
-51.76
-52.09
-51.91
-52.16
-52.23
-52.44
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-52.58
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-52.82
-52.87
-53.01
-53.04
~53.19
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.84
.83
.83

B4

.79
.77
.77

85

.85
.88
.89

92
94
97
88
88

.87
.88

87

.88

88

.89

89

.90
.90
.91

91

.91

91

.92
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.061
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Lorain IT Landfill

Existing Landfill Gas Collection and Control System

KYGas Report Output

169
170
171
172
173
174
176
177
178
179
180
181
182
183
184
186
183
187
188
189
200
201
202
203
207
212
213
214
215
223
225
226
227
228
229
230
231
232
234
236
237
238
241
242
243
244
245
250
252
256
260
261
265
266
267
268
270
271
273
274
275
293
294
296
297
298
300
306
307
309
312

EW-19

EW-22R

EW-90B

EW-2A2
EW-3A

EW-162

EW-119
EW-118

EW-106
EW-13R

EW-120RS

EW-63

EW-147R
EW-53R

125R

EW-109

EW-124R
EW-93R
EW-94R
EW-91R

EW-71R

EW-68R
EW-46

EW-59

.00
-47.00
.00
-47.00

=53.40
-53.25
-53.89
-54.09
~54.13
-54.39
-49.86
-50.51
~49.69
-49.23
~51.53
-51.68
-51.84
—-48.46
-49.11
~-53.73
-49.11
-46.97
-49.16
-55.38
-55,04
-53.56
-53.59
-49.63
-51,47
-51.55
-51.39
-51.97
-51.96
-51.29
~58.00
-56.26
-56.16
-57.17
-52.36
-52.31
-51.80
-52.74
-53.46
-53.26
-53.21
-53.08
~53.33
-53.40
-50.61
-52.25
-52.,14
-53.31
-53.86
-47.75
-54.45
-47.96
-55.08
-54.83
~55.05
-55.,18
-54.,73
-54.71
-54.62
-54.65
-53.55
-51.56
-51.55
-50.88
-49.57
-49.55
-49.39
-55.89
-55.43
-54.31
-54.05

12.77
12.77
12.75
12.74
12.74
12.73
12.89
12.87
12.50
12.92
12.84
12.83
12.83
12.95
12.92
12.76
12.92
13.00
12.92
12.70
12.71
12,76
12.76
12.91
12.84
12.84
12.84
12.82
1l2.82
12.85
12.60
12.67
12.67
12.63
12.81
12.81
12.83
12.79
12.77
12.77
12.78
12,78
12.77
12,77
12.87
12.81
12.81
12.77
12.75
12,97
12.73
12.97
12.71
12.72
12.71
12.70
12.72
12,72
12.72
12.72
12.76
12.84
12.84
12.86
12,91
12.081
12.91
12.¢8
12.70
12.74
12.75

-1.93
-1.92
-1.94
-1.95
-1.95
-1.96
-1.80
-1.82
-1.79
-1.78
-1.86
-1.86
-1.87
-1.75
-1.77
-1.94
-1.77
-1.70
-1.77
-2.00
-1.%9
-1.83
-1.93
-1.79
~1.86
-1.86
-1.85
-1.88
-1.88
~1.85
-2.09
-2.03
~2.03
-2.06
-1.89
-1.8¢%
-1.87
-1.90
-1.93
-1.92
-1.92
-1.92
-1.92
-1.93
-1.83
-1.89
-1.88
-1.92
~1.94
~1.72
-1.97
-1.73
-1.99
-1.98
-1.99
-1.99
-1.98
-1.97
-1.97
-1.97
-1.93
~-1.86
~-1.86
-1.84
-1.79
~1.79
-1.78
-2.02
-2.00
-1.96
-1.95
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Existing Landfill Gas Collection and Control System

Lorain IT Landfill
KYGas Report Output
313
314
315 EW-54R
317
322 EW-29
323
324 EW-36R
326 EW-37R
328 EW-138R
329
331 TEW-9R
344
348
350
351 EwW-111
352 EW-105
353
362 EW-63R
364 EW-79R
365 EW-65R
367 EW~228
368 EW-227
369 EW-90R
370 EW-224
371 EW-122R
372 EW-140R
373 EW-2286
374 EW-128R
375 EW-57R2
376 EW-58R
377 EW-48R
379 EW-32R
388 EW-74R
389 EW-70R
390 TEW-2R
391 EW-164R
410
411
412 EW-304
413
416 EW-309
417
418 EW-310
419
421
423
425 EW-305
426
433 EW-303
434 EW-302
439 EW-301
441 EW-312
442
444 H9
445 H8
446 H7
447 HE
448 H10
449 H11
454
455 EW-45R
4538
461 H4
463
464
468
469 EW-148
494 EW-82R
495 EW-142R
497 EW-73R
498

0o

.00

-47.

00

.00

-47.

00

.00

~-47
-47
-47

.00
.00
.00

.00

-47.

00

.00
.00
.00

-47.
-47.,

00
00

.00

-47.
-47.
-47,
-47.
-47.
-47.
~-47,
=-47.
~-47.
-47.
-47,
-47.
~-47.
-47.
—-47.
-47.
~-47.
-47.
-47,

-47.
—-47.

-47.

-47.

-47.
—-47.
—-47.
-47.

-47,
-47.
-47,
-47.
~47.
—-47.

-47.

~-47.

-47,
-47.
-47.
~-47.

-54.06
-54.38
-54.39
-51.30
~55.57
-55.59
-56.90
-57.34
-56.71
-56.61
-56.55
-53.73
-54.02
-53.65
-53.63
~53.17
-57.10
~53.25
-51.03
=53.70
-46.70
-50.55
-50.49
-49.93
-49.60
-46.86
-49.21
-51.67
-53.82
-54.19
-51.84
-55.99
-50.57
-49.,53
-49.21
-49.15
—~55.57
-54.,78
-57.03
-57.24
-57.56
-57.5%
-57.28
-57.47
-57.39
-57.86
-57.78
-57.82
-56.97
-57.02
-57.82
-57.34
~57.78%
-54.58
-55.07
-55.97
-56.27
-54.38
-54.31
-55.07
-56.25
-56.97
-57.30
-56.97
-36.97
-50.73
-50.61
-51.25
=50.95
-50.06
-50.07

12.74
12.73
12.73
12.84
12.69
12.69
12.64
12.63
12.65
12.65
12.66
12.76
12.75
12.76
12.76
12.78
12.064
12.77
12.85
12.76
13.01
12.87
12.87
12.89
12.91
13.01
12.92
12.83
12.75
12.74
12.83
12.68
12.87
12.91
12.92
12.92
12,868
12.72
12.64
12.63
12.62
12.62
12.63
12.62
12.62
12.61
12.61
12.61
12.064
12.64
12.61
12.63
12.61
12.73
12.71
12.68
12.67
12.73
12.74
12.71
12,67
12.64
12.63
12.64
12.64
12.87
12.87
12.85
12.8¢
12.89
12.89

-1.85
-1.96
-1.96
-1.85
-2.01
-2.01
-2.05
-2.07
-2.05
-2.04
-2.04
-1.94
-1.85
-1.94
-1.94
-1.92
-2.06
-1.92
-1.84
-1.94
~-1.69
-1.82
-1.82
-1.80
-1.79
-1.69
-1.78
-1.86
~1.94
~-1.96
~1.87
-2.02
-1.83
-1.79
-1.78
-1.77
-2.01
-1.98
-2.06
-2.07
-2.08
~2.08
-2.07
-2.07
-2.07
-2.08
-2.09
-2.09
-2.06
-2.06
-2.09
-2.07
-2.08
-1.97
-1.88
-2.02
-2.03
-1.86
~-1.96
-1.99
-2.03
~-2.06
-2.07
-2.06
-2.06
-1.83
-1.83
-1.85
-1.84
-1.81
-1.81
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Existing Landfill Gas Collection and Control System

Lorain IT Landfill
KYGas Report Output
499 EW-165R
500 EW-144R
501 EW~163R
505 EW-28R
506
507 TEW~TR2
508 EW-152
510
511
512 EW-47R
515 EW-2BR
516 EwW-1183
517 EW-1178
518
519 EW-116S
520 EW-1148
524 EW-51R
525 EW-153
526 EW-150
527
528
545
555 EW-141R
556 EW-78R
557 EW-81R
558 EW-143R
560 EW-85R
562 EW-91AR
563 EW-1A
589 EW-110R
595 EW-3BR
596
597 EW-35R
598 EW-159
589
601
603 EW-40R2
604
606
608
612
613 TEW-3R
620 EW-145R2
673
674
675 H-14
679 H12
683
684
685 EW-315
687
688 EW-316
689
690 EW-313
691 EW-43R2
692
694 EW-160
697 EW-161
700 EW-126R
701 EW-129R
702
703 EW-9R2
718
719 TEW-4R
732 EW-62R2
734 EW-146R
735
738
743 EW-1198
744
745 EW-58R2

-47
~47
~-47
~-47

=47
-47

=47
-47
-47
-47

~47
-47
-47

-47.

—-47

-47
-47

-47.
-48.

-48
-48

~48.

-48
-48

-48.
-48.

-48.

-48
—-48

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
-00
.00
.00
.00
.00
.00
.00
0o
.00
.00
.00
.00
.00
.00
00
00
.00
.00
00
.00
.00
.00
)Y
00
.00
.00
00
.00
.00
.00
.00
.00
.00

-49.26
-47.19
-48.,44
-54.81
-54.84
-54.99
-53.97
-55.33
~54.93
-55.12
~-51.59
~51.78
-52.39
-52.81
-52.80
-52.37
-54.03
-53.92
-52.27
-52.30
-52.30
-57.27
-46.96
-51.39
-51.21
-50.65
-49.17
-50.80
-51.52
-53.99
-57.49
-57.17
-57.16
-56.49
-56.52
-56.74
-56.71
-57.13
-54.58
-54.58
-55.33
-49.01
-46.65
-57.08
-57.09
-57.06
-57.08
-57.09
-57.14
-56.897
-57.20
-57.18
-57.19
-57.18
-56.65
-56.74
-55.49
-51.88
-52.64
-54.51
-53.86
-52.23
-49.35
-49.03
-47.80
-53.91
-53.95
~49,52
-52.29
-53.21
-53.30

12.65
12.65
12.63
12.73
12.73
12.70
12.93
13.01
12.64
12.64
12.64
12.64
12.64
12.63
12.64
12.63
12,63
12.63
12.63
12.65
12.65
12.69
12.82
12.80
12.73
12.75
12.81
12.92
12.83
12.97
12.75
12.75
12.91
12.81
12.78
12.77

-1.78
-1.70
-1.75
-1.98
-1.98
-1.98
-1.95

-1.98

~-1.85

-1.83
-1.77
~1.83
-1.86
-1.95
-2.07
=-2.06
-2.06
-2.04
-2.04
-2.05
-2.05
-2.06
~1.97
-1.97
-2.00
-1.77
-1.68
~2.06
-2.06
-2.06
~2.06
-2.06
~2.06
-2.06
-2.06

-2.06

-1.77

~1.95
-1.85
-1.79
-1.89
-1.92
-1.92
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Lorain IT Landfill

Existing Landfill Gas Collection and Control System

KYGas Report Output

746
747
748
749
J-10
J-101
J-102
J-103
J-104
J-105
J-107
J-108
J-110
J-114
J-115
J-116
J-119
J-12
J-120
J-125
J-127
J-130
J-133
J-135
J-137
J-138
J-143
J-144
J-146
J-148
J-15
J-150
J-18
J-2
J-20
J-209
J-246
J-28
J-3
J-30
J-31
J-32
J-33
J-34
J-36
J-37
J-39
J-4
J=-40
J-41
J-414
J-42
J-43
J-44
J-45
J-46
J-47
J-48
J-49
J=5
J-50
J=-51
J-52
J-53
J-54
J-55
J-56
J-57
J-58
J-59
J-60

EW-34R2
EW-29

EW-102
EW-135
EW-149

TEW-6R

EW-1133

H13

EW-306
EW-317
EW-314
EW-307
EW-308
EW-311

EW-60

EW-1125

EW-103
H3
EW-122R
EW-41
EW-42

H2
H1

EW-151

EW-23

EW-158R
EW-115R

EW-107R

EW-83R

-48.00
-48.00

.00

.00
-48.00
-48.00
-48.00

.00

-56.58
-55.81
-55.82
-57.79
=52.33
-53.61
-52.29
-54.23
-52.12
~51.92
-52.66
-52.83
-56.58
-51.65
-54.31
~-54,31
=57.07
-55.27
-57.08
-57.08
-57.07
~57.02
-57.18
-57.03
-57.09
-57.24
=56.43
-54.58
-55.08
~56.44
-53.79
~54.76
-54.93
-51.33
-53.91
-53.57
-57.92
~52.40
-57.34
-49.13
-57.10
-56.71
-54.62
-57.11
-58.83
-49.18
-54.53
-57.69
=57.66
-57.54
-57.67
-55.13
-54.07
-56.81
-56.92
-56.,06
-54.60
-54.36
~52.60
~-54.88
-51.43
=52.70
-52.69
-50.82
~51.05
-50.67
-50.71
-51.27
-51.31
-49.83
~-50.08

12.65
12.68
12.68
12.61
12.81
12.76
12.81
12.74
12.82
12.82
12.80
12.79
12.65
12.83
12.74
12.74
12.64
12.70
12.64
12.64
12.64
12.64
12.63
12.64
12.64
12.63
12.66
12.73
12,71
12.66

12.72
12.71
12.84
12.75
12.76
12.61
12.81
12.63
12.92
12.64
12.65
12.72
12.63
12.57
12.92
12.73

12.61
12.62
12.61
12.71
12.74
12.65
12,64
12.67
12.73
12.73
12.80
12.72
12.84
12.79
12.78
12.86
12.85
12.87
12.87
12.85
12.84

12.89

-2.04
-2,01
-2.01
-2.09
-1.89
-1.93
-1.89
~1.96
-1.88
-1.87
-1.%0
-1.91
-2.04
-1.86
~1.96

~2.06
-1.99
-2.06
-2.06
-2.06
-2.06
-2.06
-2.06
-2.06
~2.07
~2.04
~1.97
-1.99
-2.04
-1.94
-1.98
-1.98
-1.85
-1.95
-1.93
-2.08
-1.89
-2.07
-1.77
-2.06
~2.05
-1.97
-2.06
-2.12
-1.77
-1.97
-2,08
-2.08
-2.08
-2.08
-1.98
-1.95
-2.05
-2.05
-2.02
-1.97
-1.96
-1.90
-1.98
-1.86
-1.90
-1.90
-1.83
-1.84
-1.83
-1.83
-1.85
-1.85
-1.80
-1.81

g
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Lorain IT Landfill

Existing Landfill Gas Collection and Control System

KYGas Report Output

J-61
J-62
J-63
J-64
J-65
J-66
J-68

J-7
J=-73
J-79

J-8
J-85
J-91
J-82
J=-93
J-95
J-99

R-1

EW-115R

EW-166R

EW-55

EW-52R2
EW-155R
EW~167

.00
.00
-48,00
.00
.00
~48.00
.00
.00

=51.45
-51.64
-51.48
-51.23
~48.74
-48.72
-52.41
-57.39
-51.61
-53.21
-58.83
~54.33
-49.41
-49.55
-54.34
-56.56
~47.86
-60.00

12.84
12,83
12.84
12.85
12.90
12.90
12.80
12.62
12.83
12.78
12.57
12.74
12.91
12.91
12.74
12.65
12.97
12.53

-1.
-1.
-1.
-1.
-1.
-1.
-1.
-2.
-1.
-1.
-2,
-1.
-1.
-1.
-1.
-2.
~-1.
-2.

86
B6
86
85
78
78
89
07
86
92
12
96
78
79
96
04
73
17

* This designates the use of default density in a low pressurxe region

®
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Lorain IT Landfill
Existing Landfill Gas Collection and Control System
KYGas Report Output
THE NET SYSTEM DEMAND (USFU) = -8800.000
SUMMARY OF INFLOWS (+) .AND.CQUTFLOWS (-)
NAME FLOW (USEU) FPN TITLE
R-1 ~8800.0
MAXIMUM MACH NUMBER = .04 IN LINE NO. 371
SUMMARY OF MINIMUM.AND.MAXIMUM VELOCITIES (FT/S)
MINIMUM MAXIMUM
R-1 04 371 40.72
P-99 .24 P-198 40.60
P-206 .54 212 39.12
P~-140 .76 P-18 39.01
P-235 .98 360 34.29
306 1.18 P-100 32.87
217 1.26 137 32.41
79 1.47 P-20 31.98
P-30 1.47 P-183 31.48
P-54 1.50 P-330 29.37
SUMMARY OF MINIMUM.AND.MAXIMUM LOSS/1000. (PSI )
MINIMUM MAXIMUM
R-1 .00 P-100 .28
P-98 .00 P-330 .23
P-206 .00 67 .20
P-140 .00 137 .20
P-235 .00 211 .14
P-54 .00 97 .14
P~230 .00 107 13
79 .00 208 .13
P-30 .00 P-52 .13
P-276 .00 P-32 .13
SUMMARY OF MINIMUM,AND.MAXIMUM PRESSURES (USPU)

MINIMUM
R-1 -60.00 620
J-36 -58.83 122
J-8 -58.83 367
225 -58.00 121
J=-246 -57.92 372
423 -57.86 124
439 -57.82 555
426 -57.82 197
442 ~-57.79 500
425 ~57.78 123

hdkdkkhhdhkhhhhhhrrhoh b kndhw

END OF KYGAS SIMULATION
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KYG 2012 -27

# CORNERSTONE

- Environmental Group, LLC
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ATTACHMENT 4
ODOR COMPLAINT LOG



CORNERSTONE]||

Environmental Group, LLC |

Ohlo /oS 1RIN |
Technologless

e 1 L z

LORAIN COUNTY LANDFILL

2010 ODOR COMPLAINTS
ORIGINATION MAP




Notes:

Qdor Log - 2010

Site Name: Lorain County Il Landfill
Division No.: F08
EM: Chris Jaquet
Designated RO(s) to Maintain Log: Jeff Kraus
Date Complainant T Date Odor Time Odor Address of T e Returned Call | Location of g Wind Barometric Fll\:v?(gggﬁ; Average Methana Ng;:'i‘lli:vevd flenshot
Called Rt Detected Delected | Name of Complamant | o oinant Summasy afiCompiaint. ]} Regiest (Date) Odor Speed | piodtion | Pressare | forDayof | Concentration | (scimatso% | MSW Correns
eturn Silidge/ {mph) Complaint CH4) Received
Call? Special
(YinN) MEW Yiaste | Gas
Twp. Trustee Received
complaint from
Gerhardinger of strong
odars coming from NW
corner of Landfill. Checked
17/2010)  9:50PM John Piwinski himself and agreed. X N & NW 7 S 29.97 7,297 3745 |Rick Kostelnick checked next morning and found nothing at that time,
Strong Methane all day. So
44276 Butternut bad tonight she had a
1/7/2010|  10:30 PM Sue Gerhardinger Ridge Road headache and eyes burning X NW 7 S 29.97 Rick Kostelnick checked next morning and found nothing at that time.
Strong odor coming from
north side of Landfill just
west of bike path past Rick Kostelnick Checked once he arrived in morning and did not
1/23/2010]  6:09 AM John Piwinski Gerhardinger farm X N 5 ESE 30.02 7,800 152 |confirm anything at that time.
44604 Butternut
1/23/2010|  7:30 AM Pat Justin Ridge Road Strona edor from Landfill X NW 5 ESE 30.02 7.800 Investigated by Rich Heier Monday Morning
Rick Kostelnick called Mr. Justin at 12:10 to verify odors coming from
44604 Butternut | Strong Chemical Odor from landfill were from a load dumped by Chemtron and is off spec GoJo
2/22/2010]  11:29 AM Pat Justin Ridoe Road landfill X NW 10 Wwsw 29.68 7,537 4,338 [soap.
Rick Kostelnick was at Mr. Justin’s home with in 10 minutes. No
44604 Butternut odors found and confirmed with Mr. Justin. Mr. Justin also stated
3/9/2010 5:26 PM — Pat Justin Ridge Road Strong odor from Landfill X _ NwW 2 SSE 30 7,400 3747 |odors are getting better cverall.
Rick Kostelnick and Chris Jaquet were at Jfustin's home at 9:15 AM
44604 Butternut and no odors verified. Employee of Mr. Justin verified no odors
3/10/2010 8:43 AM Rick Justin Ridge Road Strong cdor from Landfill X NW S SSE 29.84 7,283 3,962 lpresent at that time.
Rich Heier performed odor patrol at 6:10 AM and no odors present.
44604 Butternut Justin’s followed him during inspection. Due to this odor patrol was
3/11/2010 6:20 AM = Pat Justin Ridue Road Strong odor from Landfill Y X Nw 5 SE 29.81 7,536 - 3,926 |performed again at 6:50 AM, no odors detected.
44604 Butternut
3/11/2010 9:37 AM Rick Justin Ridze Road Left message wanting call Y NW 5 SE 29.81 7,536 3,926
10:00am Rich Heier "I leave to check out complaint....while at
location five alang Butternut Ridge Road Rick Justin stopped to ask
me why no one has returned his calls yet, informed me that | was
supposed to check odors at his house (he had been waiting from
6:00am to 7:00am for me lo come past) and that odors were
horrendous this morning especially by Fred Swanson's house, | told
Rick Justin that Mr. Kostelnick was busy preparing for a mesting.....
and that | was up and down the road twice today and had smelled
nothing at any of the locations...he disagreed. Mr. Justin then
informed me that it was brought up in the last township meeting that |
would be stopping at his house to check for odors per Mr. Kostelnick
and Dave Kidder. He was going to have the minutes pulled. He also
said that there were still odors that | could not smell. | told him that |
was not going to argue with him, Rick Justin then made the comment
that Fred would never say anything about the odors because he has
Abusive call demanding call a signed contract with us." 10:45 Rich Heier returns to landfill and
44604 Butternut | back and response was picks up Dan Brotherton to verify odor findings. Both confirm no
3/11/2010 9:46 AM Rick Justin Ridie Road taking too lona. Y 7,536 odors present.
Justin's were at twp. Hall
complaining that responses
were taking too long from Rick Kostelnick in meeting at Hauling Company. Dan Brotherton
3/11/2010 11:27 AM Patty Brubaker landfill Y NW 5 SE 28.81 7,536 3,926 |returned her call.

1. Average Methane Concentration and Normalized LFG Flow Columns Added July 2010.




QOdor Log - 2010

Site Name:  Lorain County I Landfill
Division No.: F08
EM: Chris Jaquet
Designated RO(s) to Maintain Log: Jeff Kraus
Date Complainant s Date Odor Time Odor Address of T bl dCall | Locationof | Vind Wind Basstairc || Fwiacm | & Metrane | Gas How | Tomsof
1] " 4 " 2l O lon of rometnc rage as Flo
CalI:d Corgplamant Detected Detected £ G G Complainant Summary of Complaint IREREE] (Sfte) 3 Odor EpEed Direlcr:]lion ;ressurr; f:vv:l()ay of ) ‘gcnrg:enlr:tiua: j {scfm at 5\3“:. MS.W Commenl
alled Return Sludg_el {mph) Cormplaint CH4) Received
Call? Special
(YIN) MSW Waste | Gas
Phone message from un-
named resident that on 3/10
at 7:15PM there were Rick's reply to e-mail ") just got off the Phone with Rick Justin 1 hour
strong methane odors ago and he did not mention any odors when asked if there were any
throughout evening and recent odors. We have been investigating odor complaints from him
garbage odors during the over the last 2 days and have not confirmed any once we arrived at
3/12/2010 12:29 AM Clarissa Gereby e-mail day. NW 9 SE 29.71 7,784 4,175 |his location.
Rick Kostelnick called Mr. Justin at 8:40 AM. No odor complaint, he
claimed Rich Heier did not stop at Gerhardingers. 1t was verified with
44604 Butternut | Requested Call, did not Rich that he did patrol the location and does not have to stop. Mr,
3/16/2010 6:25 AM Rick Justin Ridge Road state problem Y NW 6 NNW 30.14 7,788 4,319 |Justin hung up.
Rich Heier - "6:05am began odor inspection along Butternut Ridge
Road. Started at location 3 then drove west to Oberlin Road with
windows down. Turned around at Oberlin Road and traveled east
stopping at locations 5, 4 & 8, While at location 8 which is across
from Fred Swanson’s a white pickup drove by and pulled into the old
orchard parking lot. When | left location 8 the pickup truck pulled out
and followed me back to the landfill entrance. | did not stop at
location 3 again because | figured it was Rick Justin and | did not
want to get into an argument with him. Last time we talked he said he
smelled odors and | said that | did not. {No odors were detected
along Butternut Ridge Road). 6:35 AM went into the office to check
the complaint phone. There was one message from Rick Justin for
Rick Kostelnick to call him. Figuring that he had called about odors
again | asked Dan Brotherton lo ride along to verify my findings.
3/186/2010 8:49 AM 7.788 Again, No odors present.”
44604 Butternut Smali Fire put out with additional cover and wells in area isolated per
4/14/2010 6:30 AM Pat Justin Ridge Road Smells Smoke X NW 5 SE 30.47 8,544 4,602 |SOP
Didn't receive complaint until morning of 22nd. Atthat time no ador
4/21/2010 8:30 PM Clarissa Gersby e-mail Strany odor from landiill X NW 3 NNW 20.82 8,400 4,249 |was detected during the morning odor patrol
44604 Butternut Rich Heier performed the odor patrol at 6:10 and no odors wers
4/23/2010 6:45 AM Pat Justin Ridige Road Strong odor from landfill X NW 2 ENE 29.97 7,899 3,822 |present. Rick Kostelnick checked at 6:20 and no odors were present.
10:00 AM, Complaint was e-mailed, no phone message received. Personnel is
noon, 11:30 44604 Butternut on site every Saturday and could have checked to verify odors had
4/24/2010 PM Pat Justin Ridge Road Strong odor from landfilt X NW 7 ESE 29.82 8,308 225  |the complaint been called in.
44604 Butternut
4/29/2010 9:00 PM 4/29/2010 9:00 PM Rick Justin Ridge Road Strong odor from landfiil x | 4/28/2010 NW 3.3 S/SE 29.77 7068 1
Lorain 1 landfill flare was down for service for two days, Thursday
and Friday but that would not effect the flare and power plant on
44276 Butternut Lorain I1., Miller Bros. was working on the NE side-slope riser
4/29 39:05 PM 4/29/2010 9:05 PM Sue Gerhardinger Ridge Road Strong odor from landfill X | 4/29/2010 NW 3.3 SISE 29.77 7068 yesterday and will be completing that work today, which ]
Returned phone call and notified Dennis about the work we're doing.
5/5/2010 2:15 PM 5/5/2010 2:15 PM Dennis Luttrell | 13184 Hale Road Strong odor 5{5/2010 S 12.7 NE 29.68 0 nvited him to facility.

Notes:

1. Average Methane Concentration and Normalized LFG Flow Columns Added July 2010,

Page 2 of 2



ATTACHMENT 5

DIRECTOR’S CONDITIONAL APPROVAL
JUNE 28, 2007



. Siate of Ohio Environmental Protection Ageney
_ STREET ADDRESS:

- I s 1 MAILING ADDRESS:
Lazarus Govemment Center TELE: (514) B44-5020 FAX: (614) 544-3184 B a' P.0. Box 1049
50 W. Town St., Suite 700 ks Spaeiainstizg ;' Cqlimbus, OM 43216-1048
Columbus, Ohlo 43215 ¥ S . o
H =
= £ =
§ certify this to be:a true and accurate copy of the | 5 o om
June 28, 2007 officiat docurments gz filad in the records of e Ol | g P o
Envlmmﬁmlﬂgency 2P
-’ 1 B et
e &
—7] 7& / [
Ms. Elena Goodhall VAR e & 2% /87 CERTIFIED MAIL
BFI-Lorain County Landfm -y

43502 Oberlin-Elyria Road  {/ _j
Oberlin, OH 44074 <

RE: Extension of the Director's approval for an environmentally bensficial project

determination involving the installation of a temporary landfill flare at the BFl-Lorain
County Landfill

Dear Ms Goodhall;

On May 4, 2007, BFI requested a one-year extension to the June 14, 2006 director's
approval of an environmentally beneficial project involving the installation of a
temporary flare for the control of landiill gas emissions at the BFI-Lorain County Landfill
in Lorain County. The environmentally beneficial determination was made in
accordance with Ohio Administrative Code (OAC) rule 3745-31-01(PPPY1)(a)(vi). The
2006 approval allowed for the temporary flare to operate for ons year from the date of
initial startup, which was on July 4, 2006. This letter conditionally approves an
extension to that 2006 approvat until July 4, 2008.

Pursuant to OAC rule 3745-31-01(PPP)(1)(a){(vi), the director may determine that a
poliution control or prevention project is environmentally beneficial and does not
constitute a "medification” of the air contaminant source  In evaluating whether to
grant this request, the proposed project may not:

Cause or contribute to a violation of a national ambient air quality standard;
Cause or contribute to a violation of an increment per OAG rule 3745-31-11(B);
Adversely impact a visibility imitation; and

Be expressly prohibited under any Ohio EPA or Federal Clean Air Act permit
condition or applicable requirement.

The May 2007 request indicates that all of the above conditions wili be met. The letter
also indicates that the temporary flare will be used to control the migration of landfill
gas. Control of the gas will result in the reduction of methane, non-methane organic
compounds, and hydrogen sulfide emissions, which would otherwise be released to the
ambient air,

The addition of the temporary flare will bring the source-wide emissions levels of carbon
monoxide (CO) above Prevention of Significant Deterioration (PSD) thresholds. The

Ted Strickkand, Govemor
Lee Fisher, Lieulenant Governor
Chris Korleski, Director

& Printed on Recyrted Paper Ohio £PA is an Equal Opportunity Employer




Ms. Elena Goodhall
BFi-Lorain County Landfill
Page 2

propesed flare will be a temporary solution. As such, the facility is requesting an
exemption from permitting pursuant to OAC rule 3745-31-13(F) - Temporary Increases.
BFl-Lorain County Landfill proposes that the flare will be in operation for no more than
one more year In order to be granted this exemption, two criteria must be mef;

» The temporary increase in CO emissions will not impact a Class | area; and
» The temporary increase will not be in an area where an applicable increment is
known to be violated.

The closest Class | areas (Shenandoah National Park, Dolly Sods Wildemess, and
Otter Creek Wilderness) are all located more than 250 kilometers to the southeast from
the Lorain County Landfill. In determining whether or not to perform an analysis of the
impacts at these Class | areas, the facility considered the PSD application for the
Energy Developments, Inc. (EDI) power plant located at the Lorain County Landfill. The
emissions of critetia pollutants from this facility are much greater than the incremental
increase in emissions from the installation of the temporary flare in question. Because
of the distance from the Lorain County Landfill to these Class | areas, the relatively low
emission rates and release heights (i.e., <50 feef) of criteria pollutants from EDI's
facility, ED did not need-fo perform an analysis of impacts at these Class | areas.
Likewise, because of the relatively Jower level of ciiteria poliutant emissions from the
temporary flare, BF1 did not perform an analysis of impacts at these Class | areas.

Finally, U S. EPA has not established PSD increments for CO, therefore, a baseline
has not been triggered and PSD increments have not been consumed. The emissions
from the utility flare will be in an area where there is no applicable increment known to
be violated.

Subject to the condition discussed in the following paragraph, | have determined that
installation of the temporary flare at the BFl-Lorain County Landfill is environmentally
beneficial pursuant to OAC rule 3745-31-01(PPP)(1)(a)(vi)}, and that the planned
temporary use of the flare meets the temporary increase exemption pursuant fo OAC
rule 3745-31-13(F), and as proposed, does not require an air pollution PTI.

It is my undersianding that the installation of the temporary flare was to allow BFI time
to develop a permanent solution to the landfill's flare capacity deficiencies. My finding a
year ago, and today,; is based on the understanding that the flare will in fact be
temporary, that BFI is aggressively pursuing a permanent solution, and that an air PTI
is not required for the temporary solution, as detailed above. On April 5, 2007, BFI
submitted a permit-to-install {(PTI) request (number 02-22570) for the installation of
additional flare capacity fo control landfill gas on a permanent basis This PTI
application was preceded by a meeting on November 9, 2008, where details of what
Ohio EPA would require in a technically complete PTI application were discussed with
representatives of BFI and Cornerstone Environmental Group (BFI's consultant). On
June 6, 2007, Ohio EPA returned the PTI application because it was technically



Ms. Elena Goodhall
BFkLorain County Landfill
Page 3

incomplete. Given that the facility has had sufficient time to prepare a PTI application
that was fechnically complete but has not done so, this extension of one year is
conditioned upon BF| submitting in the next four months (by November 4, 2007), a
technically complete PTI application for expansion fo the landfill's gas collection and
control system. This PTI application shall detail the interim gas control measures to be
undertaken between the expiration of this approval and the installation of the
permanent enclosed flare. In addition, BFI shall expeditiously respond fo any follow-up
requests for information Ohio EPA needs to process the PTI application. If | find these
conditions have not been met, this determination and extension will be terminated.

You are hereby notified that this action of the Director is final and may be appealed to
the Environmental Review Appeals Commission pursuant to Section 3745 04 of the
Chio Revised Code. The appeal must be in writing and set forth the action complained
of and the grounds upon which the appeal is based. The appeal must be filed with the
Commission within thirty {(30) days after notice of the Director's action. The appeal must
be accompanied by a filing fee of $70.00 which the Commission, in its discretion, may
reduce if by affidavit you demonsirate that payment of the full amount of the fee would
cause extreme hardship. Notice of the filing of the appeal shall be filed with the
Director-within three (3) days of filing with the Commission. Ohio EPA requests that a
copy of the appeal be served upon the Ohio Attorney General's Office, Environmental
Enforcement Section. An appeal may be filed with the Environmental Review Appeals
Commmission at the following address:

Environmental Review Appeals Commission
309 South Fourth Street, Room 222
Columbus, OH 43215

If you have any questions regarding this letter, please contact Jee Loucek of the
Division of Air Pollution Control at the Northeast District Office at (330) 963-1258, or
Dave Morehart of the Division of Air Pollution Control at Central Office at (614) 644-
3601. '

Sincerely,

(2P 1R

Chris Korleski
Director

CK/JL/mt

ce: Joe Loucek, Ohio EPA, DAPG, NEDQ
Jennifer Kurko, Ohic EPA, DAPC, NEDQ
Dave Morehart, Chio EPA, DAPC, CO
Terri Smith (2), Ohic EPA, DAPC, CO



Ms. Efena Goodhall
BFI-Lorain County Landfil
Page 2

proposed flare will be a femporary solution. As such, the facility is requesting an
exemption from permitting pursuant to OAC rule 3745-31-13(F) - Temporary Increases.
BFI-_orain County Landfill proposes that the flare will be in operation for no more than
one more year In order io be granted this exemption, two criteria must be met:

» The temporary increase in CO emissions will not impact a Class | area; and
» The temporary increase will not be in an area where an applicable increment is
known to be violated.

The closest Class | areas (Shenandoah National Park, Dolly Scds Wilderness, and
Otter Creek Wilderness) are all located more than 250 kilometers to the southeast from
the Lorain County Landfill. In determining whether or not to perform an analysis of the
impacts at these Class | areas, the facility considered the PSD application for the
Energy Developments, Inc. (EDI) power plant located at the Lorain County Landfill. The
emissions of criteria pollutants from this facilily are much greater than the incremental
increase in emissions from the installation of the temporary flare in question. Because
of the distance from the Lorain County Landfill to these Class | areas, the relatively low
emission rates and release heights (i.e., <560 feet) of criteria pollutants from EDI's
facility, EDI] did not need -to perform an analysis of impacts at these Class | areas.
Likewise, because of the relatively lower level of criteria poliutant emissions from the
femporary flare, BF1 did not perform an analysis of impacts at these Class | areas.

Finally, U S. EPA has not established PSD increments for CO, therefore, a baseline
has not been triggered and PSD increments have not been consumed. The emissions
from the utility flare will be In an area where there is no applicable increment known to
be violated.

Subject to the condition discussed in the following paragraph, | have determined that
installafion of the temporary flare at the BFl-Lorain County Landfill is environmentally
beneficial pursuant to OAC rule 3745-31-01(PPP)(1)(@}(vi}, and that the planned
femporary use of the flare meets the temporary increase exemption pursuant to OAC
rule 3745-31-13(F), and as proposed, does not require an air pollution PTI.

[t is my understanding that the installation of the temporary flare was fo allow BFI time
to develop a permanent solution to the landfill's flare capacity deficiencies. My finding a
year ago, and today; is based on the understanding that the flare will in fact be
temporary, that BFI is aggressively pursuing a permanent solution, and that an air PTI
is not required for the temporary solution, as detailed above. On April 5, 2007, BFI
submitted a permit-to-install (PT!) request (number 02-22570) for the installation of
additional flare capacity to control landfil gas on a permanent basis This PTI
application was preceded by a meeting on November 9, 2008, where details of what
Ohio EPA would require in a technically complete PT1 application were discussed with
representatives of BFI and Cornerstone Environmental Group (BFI's consultant), On
June 6, 2007, Ohio EPA returned the PTI application because it was technically



Ms. Elena Goodhali
BFI-Lorain County Landfill
Page 3

incomplete. Given that the facility has had sufficient time to prepare a PTI application
that was fechnically complete but has not done so, this extension of one year is
conditfioned upon BFl submitting in the next four months (by November 4, 2007), a
technically complete PT1 application for expansion to the landfil’'s gas collection and
control system. This PTI application shall detail the interim gas control measures to be
undertaken between the expiration of this approval and the installation of the
permanent enclosed flare. In addition, BFI shall expeditiously respond to any follow-up
requests for information Ohio EPA needs to process the PTi application. If | find these
conditions have not been met, this determination and extension will be terminated.

You are hereby notified that this action of the Director is final and may be appealed to
the Environmental Review Appeals Commission pursuant to Section 3745 04 of the
Ohio Revised Code. The appeal must be in writing and set forth the action complained
of and the grounds upon which the appeal is hased. The appeal must be filed with the
Commission within thirty (30} days after notice of the Director's action. The appeal must
be accompanied by a filing fee of $70.00 which the Commission, in its discretion, may
reduce if by affidavit you demonstrate that payment of the full amount of the fee would
cause extreme hardship. Notice of the filing of the appeal shall be filed with the
Director-within three (3} days of filing with the Commission. Ohio EPA requests that a
copy of the appeal be served upon the Ohio Attorney General's Office, Environmental
Enforcement Section. An appeal may be filed with the Environmental Review Appeals
Commission at the following address:

Environmental Review Appeals Commission
309 South Fourth Street, Room 222
Columbus, OH 43215

If you have any questions regarding this letter, please contact Joe loucek of the
Division of Air Pollution Control at the Northeast District Office at (330) 963-1258, or
Dave Morehart of the Division of Air Pollution Control at Central Office at (614) 644-
3601.

Sincerely,

—
(P 1R
Chris Korleski
Director

CR/JL/mit

ce: Joe Loucek, Chio EPA, DAPC, NEDO
Jennifer Kurko, Ohio EPA, DAPC, NEDO
Dave Morehart, Ohio EPA, DAPC, CO
Terri Smith (2), Ohio EPA, DAPC, CO



ATTACHMENT 6
DATA NORMALIZATION EXAMPLE



COMPUTATION SHEET

PROJECT TITLE: Typical Calculation PROJECT NO:
DESCRIPTION: LFG Data Normalization SHEET: 1
Calculation Template OF: 3

PREPARED BY: TAB DATE: CHECKED BY: DATE:
Purpose: Normalize data to a common standard, typically 50% CH, by volume or a thermal basis, to provide an

accurate comparison of data sets. Comparing extraction rates (volumetric rates) at differing methane

contents does not provide an accurate evaluation of changing conditicns. Data needs to be converted to

a uniform standard for an accurate comparison.
Given: LFG extracted from the wellfield at a rate of 4000 scfm and a methane content of 60% CH,.

Calculation Methodology:
1. Convert to Thermal Rate

Thermal Rate = (oo scfm) * (yy% CH,) * (1,014 BTU/cf) {Note: HV qyy =1,014 BTU/CH

Thermal Rate = 2,433,600 BTU/min

2. Normalize - i.e. convert to "standard" methane content for comparison

Normalized Rate = Thermal Rate
(50% CH,) * (1,014 BTU/cf)

Normalized Rate = 4800 scfm {Note: @ 50%CH ,}

Alternate Calculation:

Normalized Rate * 50% CH, = Measured Rate * Measured CH, Content

Measured Rate * Measured CH, Content
50% CH,

Normalized Rate

Normalized Rate = 4800 scfm {Note: @ 50%CH ,}

@ CORNERSTONE

Environmental Group, LLC




COMPUTATION SHEET

PROJECT TITLE: Typical Calculation PROJECT NO:

DESCRIPTION: LFG Data Normalization SHEET: 2
Example Calculation OF: 3

PREPARED BY: TAB DATE: CHECKED BY: DATE:

Purpose: Normalize data to a common standard, typically 50% CH, by volume or a thermal basis, to provide an

accurate comparison of data sets. Comparing extraction rates (volumetric rates) at differing methane
contents does not provide an accurate evaluation of changing conditions. Data needs to be converted to
a uniform standard for an accurate comparison.

Given: LFG extracted from the wellfield at a rate of 1,000 scfm and a methane content of 60% CH, by volume.

Calculation Methodology:
1. Convert to Thermal Rate

Thermal Rate = (1,000 scfm) * (60% CH,) * (1,014 BTU/cf) {Note: HV oy, = 1,014 BTU/cf}

Thermal Rate = 608,400 BTU/min

2. Normalize - i.e. convert to "standard” methane content for comparison

Normalized Rate = (608,400 BTU/min)
(50% CH,) * (1,014 BTU/cf)

Normalized Rate = 1200 scfm

Alternate Calculation:

Normalized Rate * 50% CH, = Measured Rate * Measured CH, Content

Measured Rate * Measured CH4 Content
50% CH,

1l

Normalized Rate

Normalized Rate = 1200  scfm

Summary: On a thermal basis, 1,000 scfm @ 60% CH 4 is equivalent to 1,200 scfm @ 50% CH ,.

@ CORNERSTONE

Eavironmental Group, LLC




COMPUTATION SHEET

PROJECT TITLE: Typical Calculation PROJECT NO:

DESCRIPTION: LFG Data Normalization SHEET: 3
Nomagraph OF: 3

PREPARED BY: TAB DATE: CHECKED BY: DATE:

Data can also be normalized graphically, utilizing a nomograph such as the one shown below. The
measured flow rate (X-axis) can be translated to the normalized rate (Y-axis) via the measured methane
content of the gas stream.

Normalized Data Nomograph
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.9 800 —30%
o — 40%
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O T T T

0 100 200 300 400 500 600 700 800 900 1000
Measured Flow Rate (scfm)

®! CORNERSTONE

Eavironmental Group, LLC




ATTACHMENT 7
OEPA WASTE RECEIPT RECORDS



Table 8. Tons of Solid Waste Accepted by Ohio Landfills in 1998

Tans of Solid Waste Disposed

SWMD Name In-district Out-of-district Out-of-State Total
**% Lake County SWMD
County: LAKE
LAKE COUNTY SOLID WASTE FACILITY LF
43 00 07 184,863 13,832 0 198,696
Totals for SWMBD: 184,863 13,832 0 198,696

*%% Lawrence-Scicto Joint SWMD

County: LAWRENCE
NO SOLID WASTE LANDFILES [N LAWRENCE

44 00 00 0 0 0 0

County: SCIOTO
NO SOLID WASTE LANDFILLS IN SCloTo

73 .00 00 0 0 0 °
Totals for SWMD: 0 0 ° °
* %% Logan County SWMD

County: LOGAN
LWS LOGAN CO.{CHEROKEE RUN) LANDFILL

46 00 01 42,519 .296,179 1,300 . 339,998
Totals for SWMD: 42,519 296,179 1,300 339,399
*% % Lorain County SWMD

County: LORAIN
BT (LORAIN COUNTY) LANDFILL

47 00 -16 285,453 326,397 o] 611,850

OiHi0 EDISON EDGEWATER PLANT LANDFILL .

47 00 =14 0 0 0 o]
Totals for SWMD: 285,453 326,397 o 611,850
*%*% Lucas County SWMD

County: LUCAS
ENVIROSAFE SERVICES HW & INDUSTRIAL LF

48 00 -0L° 80 216 5,131 5,428

HOFFMAN ROAD SANITARY LANDFILL }

48 01 -06 200,688 ] 0 200,688
Totals for SWMD: 200,769 216 5,131 206,117
**% Mahoning County SWMB

County: MAHONING
AWS MAHONING LANDFILL
50 -00 06 66,051 74,103 60,519 200,674
BT CARBON LIMESTONE LANDFILL
50 00 04 213,242 343,541 731,207 1,287,992
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Table 8. Tons of Solid Waste Accepted by Ohio Landfills in 1999

Tons of Solid Waste Disposed:

SWMD Name In-district Out-of-district Qut-of-State Total
*%% Lake County SWMD
County: LAKE
LAKE COUNTY SGUD WASTE FACILITY LF
43 00 07 202,821 10,958 o 213,780
Totals for SWMD: 202,821 10,958 0 213,780

* %% Lawrence-Scioto Joint SWMD

County: LAWRENCE
O SOUD WASTE LANDFILLS IN LAWRENCE
44 00 00 ’ 0 0 0 0

County: SCIOTO
NG SOLID WASTE LANDFILLS IN SCIOTO

73 0000 0 0 0 0
Totals for SWMD: 0 0 0 0
*** Logan County SWMD

Comnty: LOGAN
{WS LOGAN CO.(CHEROKEE RUN) LANDFALL

46 D001 £5,705 305,675 1,511 352,892
Totals for SWMD: 45,705 305,675 1,511 352,892
*%*% Lorain County SWMD

County: LORAIN
BFT (LORAIN COUNTY) LANDRILL

47 00 -16 284,228 383,726 0 667,955
Totals for SWMD: 284,228 383,726 0 667,955
*** Lneas County SWMD

County: LUCAS
ENVIROSAFE SERVICES HW & INDUSTRIAL LF -
48 00 01 0 3,046 37,434 40,481

HOFFMAN ROAD SANITARY LANDFIL

48 01 06 197,782 o] 0 197,782
Totals foxr SWMD: 197,782 3,046 37,434 238,263
*%% Mahoning County SWMD

County: MAHONING

AWS MAHONING LANDFILL

50 00 -06 54,011 96,127 107,336 257,474

BFl CARBON LIMESTONE LANDALL

50 00 -04 203,585 420,037 744,713 1,368,335

CENTRAL WASTES, INC. LANDFILL .

50 00 -08 23,632 118,075 11,632 153,339
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Table 7. Tons of Solid Waste Accepted by Ohio Landfills in 2000

SWMD Name

In-district

Tons of Solid Waste Disposed.

Out-of-district Out-of-State

Total

Totals for SWMD:

206,080

8,292

214,372

*%% Lawrence-Scioto Joint SWMD

County: LAWRENCE
NO SOUD WASTE LANDFILLS IN | AWRENCE
44 00 00

County: SCIOTO
NO SOLID WASTE LANDFILLS IN SCIQTO
73 00 00

Totals for SWMD:

**#* Logan County SWMD

County: LOGAN
LWS LOGAN CO.{CHEROKEE RUN) LANCFILI.

46 -00 01

Tatals for SWMD:

44,903

44,903

331,777

331,777

704

704

377,385

377,385

*%+% Lorain County SWMD

County: LORAIN
BFI (LORAIN COUNTY) LANDRILL

47 00 16

Totals for SWMD:

302,871

302,871

391,640

391,640

694,511

694,511

*x* | neas Coumnty SWMD
County: LUCAS
ENVIROSAFE SERVICES HW & INDUSTRIAL LF
48 0001
HOFFRAN ROAD SANITARY LANDFILL
48 01 -06

Toials for SWMD:

53

195,713

195,767

3,167

3,167

9,820

9,820

13,041

195,713

208,754

*%* Mahoning County SWMD
County: MAHONING

AWS MAHONING LANDFILL
50 -00 06
BF CARBON LIMESTONE LANDFILL
50 080 04
CENTRAL WASTES, INC. LANDFILL
50 00 -08

Totals for SWMD:

102,418
154,706

29,737

286,862

100,884
448,338

141,892

691,114

114,432
773,128

11,632

859,193

317,735
1,376,173

183,262

1,877,170

* %% Medina County SWMD
County: MEDINA
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Table 7. Tons of Solid Waste Accepted by Ohio Landfills in 2001

SWMD Name

Hamilton County SWMD
County: Hamilton
18465 Bond Road Landfill

33318 Rumpke Sanitary Landfill Inc

Tons of Waste Disposed———————

In-district  Out-of-District Qui-of-State Total
2174 3.7 11.46 36.91
884,941.40 837,560.62 156,640.49  1,879,142.51

Totals for SWMD:

31

Totals for SWMD: - 884,963.14  837,564.33 156,651.95  1,879,179.42
Hancock County SWMD
County: Hancock
21465 Hancock County Sanitary Landfiil 65,522.69 20,519.83 0.00 86,042.52
Totals for SWMD: 65,522.69 20,519.83 0.06 86,042.52
Henry County SWMD
County: Henry
22065 Hemy County Landfili 15,477.56 8,330.76 0.00 23,808.32
Totals for SWMD: 15,477.56 8,330.76 0.00 23,808.32
Holmes County SWMD
County: Holmes .
22641 Holmes County Landfill 6,276.25 4,730.38 0.0 11,006.63
Totals for SWMD: 6,276.25 4,730.38 0.00 11,006.63
Lalke County SWMD
County: Lake
" 24397 Lake County Solid Waste Facility 204,730.63 8,604.66 0.00 213,335.29
' Totals for SWMD: B 204,730.63 8,604.66 0.00 213,335.29
Logan County SWMD
County: Logan
139513 Cherokee Run Landfill 43,765.94  296,249.62 115.94 340,131.50
Totals for SWMD: 43,765.94  296,249.62 11594 340,131.50
Lorain County SWVD
County; Lorain
26024 Browning-Ferris Industries of Ohio Lorain County LF 321,996.05 483,710.45 0.00 805,706.50
Totals for SWMD: = 321,996.05  483,710.45 0.00 8G5,706.50
Lucas County SWMD
County: Lucas
27057 Hoffman Road Sanitary Landfill 189,904,18 0.00 0.00 189,904.18
27256 Envirosafe Services of Ohio Inc 2,202.59 3,093.76 11,177.14 '16,473.49
Totals for SWMD: . 192,106.77 3,093.76 11,177.14 206,377.67
Mahoning County SWMD
County: Mahoning
28809 Central Waste Inc 27,599.98  114,770.25 1,076.06 143,446.29
26084 Mahoning Landfill Inc 98,072,64 04,215.41 111,605.28 303,893.33
28726 BFI Carbon Limestone Sanitary Landfill 164,107.58  415,724.55  830,652.64  1,410,484.77
289,780.20  624,710.21 94333398  1,857,824.39
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Tons of Sclid Waste Accepted by Ohio Landfills in 2002

Table 7.
Tons of Waste Disposed—
" SWMD Name In-district OQut-of-Distriet Qut-of-State Total
Hancock County SWMD
County: Harcock
21465 Hancock County Sanitary Landfill 72,031.13 25,405.44 0.00 97,436.57
Totals for SWMD: L 72,031.13 25,405.44 0.00 97,436.57
Henry County SWMD
County: Hemry
22065 Henry County Landfill 16,338.47 4,943.52 0.00 21,281.99
‘Totals for SWMD: 16,338.47 4,943.52 0.00 21,281.99
Holmes County SWMD
County: Holmes
22641 Holmes County Landfill 19,630.91 22.,529.65 0.00 42,160.56
Totals for SWMD: 19,630.91 22,529.65 0.00 42,160.56
Lake County SWMD
County: Lake
24397 Lake County Solid Waste Pacility 195,735.15 6,587.03 0.00 202,322.18
Totals for SWMD: 195,735.15 6,587.03 .00 20232218
Logan County SWMD
County: Logan
139513 Cherokee Run Landfill 3836219  310,142.20 0.00 348,504.39
Totals for SWMD: 38,362.1¢  310,142.20 0.00 348,504.39
Lorain Connty SWMD
County: Lorain
26024 Browning-Ferris Industries of Ohio Lorain County LF 358,137.05 556,026.81 0.00 914,163.86
Totals for SWMD: 358,137.05 556,026.81 0.00 914,163.86
Lueas County SWMD
County: Lucas
27057 Hoffinan Road Sanitary Landfill 187,966.86 0.00 0.00 187,966.86
27256 Envirosafe Services of Ghio Inc 17.17 1,118.37 8,456.81 9,592.35
Totals for SWMD: 187,984.03 1,118.37 8,456.81 197,559.21
Mahoning County SWMD
County: Mahoning
28809 Cenfral Waste Inc 9,969.81 85,306.48 120,146.41 215,422,770
29084 Mahoning Landfill Inc 109,683.16 58,510.33 98,091.42 266,284.91
28726 BFI Carbon Limestone Sanitary Landfill 176,741.55  418,343.15 923,627.06  1,518,711.76
Totals for SWMD: 296,394.52  562,159.96 1,141,864.89 2,000,419.37
Mercer County SWMD
County: Mercer
140649 Celina Sanitary Landfill 32,648.03 56,218.86 12,123.98 100,990.87
Totals for SWMD: 32,648.03 56,218.86 12,123.98 100,990.87
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Tons of Solid Waste Accepted by Ohio Landfiils in 2003

Table 7.
Tons of Waste Disposed—————
SWMD Name In-distriet Out-of-District Qut-of-State Tofal
Hancock County SWMD
County: Hancock .
21465 Hancock County Sanitary Landfill 75,593.71 30,24727 0.00 105,840.58
Totals foxr SWMD: 75,593.71 30.247.27 0.00 105,840.98
Henxy County SWMD
County: Henry
22065 Heunry County Landfill 19,673.92 6,331.21 0.00 26,005.13
Totals for SWMD:_ 19,673.92 6,331.21 000 2600513
Holmes Connty SWMD
County: Holmes
22641 Holmes County Landfill 29,456.90 13,071.09 6,265.40 48,797.39
Totals for SWMD: - 29,456.90 13,071.69 6,269.40 48,797.39
Lake County SWMD
County: Lake
24397 Lake County Solid Waste Facility 203,323.88 5,508.23 0.00 208,832.11
Totals for SWMD: 203,323.88 5,508.23 02.00 208,832.11
Logan County SWMD
County: Logan
139513 Cherokee Run Landfill 44,942.83 371,566.49 20.47 416,529.79
Totals for SWMD: 44,942.83  371,566.49 20.47 416,529.79
Lorain County SWMD
County: Lorain
26024 Browning-Fetris Industries of Ohio Lorain County LF 394,760.44 581,839.41 0.00 976,599.85
Tatals for SWMD: 394,760.44  581,839.41 0.00 976,599.85
Lucas County SWMD
County: Lucas
27057 Hoffiman Road Sanitary Landfill 179,560.12 0.00 0.00 179,560.12
27256 Envirosafe Scrvices of Ohio Inc 81.20 144.70 2,034.96 2,260.86
Totals for SWMD: B 179.641.32 144.70 2,034.96 181,820.98
Mahoning County SWMD
County: Mahoning
28726 BFI Carbon Limestone Sanitary Landfill 174,904.23 305,72348 1,021,004.49  1,501,632.20
28809 Central Waste Inc 10,590.96 105,365.48 70,556.19 186,512.63
29084 Mahoning Landfill Inc 139,686.54 92,872.78 100,401.98 332,961.30
Totals for SWMD: 32518173 50396174 [191,962.66 2,021,106.13
Mercer County SWMD
County: Mercer
140649 Celina Sanitary Landfill 26,339.00 58,620.00 5,740.00 90,699.00
Totals for SWMD: 26,339.00  58,620.00 3,740.00 90.699.00
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Chio Environmental Protection Agency

2004 Ohio Solid Waste Facility Data Tables and Figures

Table 7. Tons of Solid Waste Accepted at Ohio's Landfills 2004
SWMDID/FACID  Facility In-District  Out-of-District Qut-of-State  Total Of Total
22641 Helmes County Landfitl 44,012.49 26,10045 8,675.67 78,788.61
Totals for SWMD: 44,012.49 26,100.45 8,675.67 78,788.61
Lake County SWMD
24397 Lake County Solid Waste Facility (Landfill) 195,747.01 8,241.92 0.00 203,988.93
Totals for SWMD: 195,747.01 8241.92 0.00 203,988.93
Logan County SWMD
139513 Cherokee Run Landfill 34,289.40 550,423.49 1,659.27 586,372.16
Totals for SWMD: 34,289.40 550,423.49 1,659.27 586,372.16
Lorain County SWMD
26024 BFI of Ohio Lorain County Eandfilf 372,067.11 699,391.14 0,00 1,071,458.25
Totals for SWMD: 372,067.11 699391.14 .00 1,071,458.25
Lncas County SWVD
27256 FEnvirosafe HW & Ind Landfll 10.91 144.08 667.23 832.22
27057 Hoffinan Road Sanitary Landfill 190,279.64 0.00 0.00 190,279.64
Tatals for SWMD: 190,290.55 144.08 667.23 82222
Mzhoning County SWMD
29084 WM Mattoning Landfill, Inc. 142,937.61 91,970.27 93,662.64 328,570.52
28809 Central Waste, Ine. Landfill 4,88746 70,010.70 5,308.79 80,206.95
28726 BFI Carbon Limestone Sanitary Landfill 198,323.44 324,301.44 971,186.13 1,493,811.01
Fotals for SWMD: 346,148.51 486,282.41 1,070,157.56 328,570.52
Mercer County SWMD
140649 Celina Sanitary Landfilt 14,852.58 49,200.15 574.00 64,626.73
Totals for SWMD: 14,852.58 49,200.15 374.00 64,626.73
Montgomery County SWMD
32719 Stony Hotlow Rec. & Disposal Facility 255,732.18 315,417.09 0.00 571,149.27
Totals for SWMD: 255,732.18 315,417.09 0.00 571,149.27
Ottawa-Sandusky-Seneca Joint SWMD .
52732 Brush Wellman Ine, Landfiil 2,025.00 0.00 0.00 2,025.00
33916 Graymont Dolime Ohio Inc. Landfill 9,008.30 0.00 0.00 9.008.30
37706 Sunny Farms LF 94,645.14 12,010,71 296,965.33 403,621.18
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Oliio Environmental Protection Agency

2005 Ohio Solid Waste Facility Data Report

Table 7. Tons of Solid Waste Accepted at Ohio's Landfills for 2005

SWMDID/FACID Facility

In-Distriet

Out-of-Districe

Qut-of-State Total Of Total

Holnics County SWMD
22641 Holmes County Landfill 43,495.66 32,343.71 3,501.56 79,340.93
Tofals for SWMD: ) 43,495.66 32,343.71 3,501.56 79,340.93
Lake Couaty SWMD
24397 Lake County Solid Waste Facility {Landfill) 201,685.99 8,666.35 0.00 210,352.34
Totals for SWMD: 201,685.99 8,666.35 0.00 210,352.34
Logan County SWMD
139513 Cherokee Run Landfill 39,532.60 539,502.99 48.04 579,083.63
_Totals for SWMD: ~ 39,532.60 539,502.99 £8.04 579,083.63
Lorain County SWMD
26024 BFI of Ohio Lorain Connty Landfill 432,166.07 696,240.93 0.00 1,128,407.00
Totals for SWMD: 432,766.07 696,240.93 a.00 1,128,407.00
Lueas County SWMD
27057 Hoffiman Road Sanitary Landfill 186,107.99 0.00 0.00 186,107.99
27256 Envirosafe HW & Ind Landfiil 313.44 646.85 1,659.00 2,659.29
Totals for SWMD: 186,421.43 646,85 1,699.00 188,767.28
Mahoning County SWMD
29084 WM Mahoning Landfill, Inc. 146,736.47 101,720.62 $5,062.34 334,419.43
28726 BFI Carbon Limestone Sanitary, Landfill 197,507.06 335,234.39 983,586.75 1,516,328.20
28809 Central Waste, Inc. Landfill 244.75 2,874.64 0.00 3,119.39.
Totals for SWMD: 344,488.28 439,829.65 1,069,549.09 1,853,867.02
Mercer County SWMD
140649 Celina Sanitary Landfill 26,422 81 61,675.89 57.92 88,156.62
Tofals for SWMD: 26,422.81 61,675.89 57.92 88,156.62
Montgomery County SWMD
32719 Stony Hollow Ree. & Disposal Facility 256,276.07 335,623.77 0.00 591,899,84
.Totals for SWNID: 256,276.07 335,623.77 0.60 591,899.84
Ottawa-Sandusky-Seneca Joint SWMD
33837 BFI Ottawa County Landfill 115,397.51 135,168.53 263,293.51 514,459.55
52732 Brush Wellman Inc. Landfill 1,508.00 0.00 0.00 1,508.00
37706 Sunny Farms LF 63,627.95 5,992.05 581,280.09 650,900.09
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Ohio Environmental Protection Agency 2006 Ohio Solid Waste Facilily Data Report

Table 7. Tons of Solid Waste Accepted at Ohio's Landfills 2006
SWMDID/FACID Facility In-District Out-of-Distriet Out-of-State Totfal Of Total
Hancack County SWMD
21465 Hancock County Sanitary Landfill DH 84,422 41 42,611.98 0.00 127,034.39
Totals for SWMD: 84,422,471 42,611.98 000 127,034.39
Henry County SWMD
22065 Henry Connty Landfill DH 20,662.78 6,525.48 0.00 27,188.26
Totals for SWMD: 20,662.78 6,525.48 0.00 27,188.26
Holmes Com‘ﬁy SWMD
22641 Iolmes County Landfill DH 43,004.04 28,346.99 429,91 71,780.94
Totals for SWMD: . - 43,004.04 28,346.99 429.91 71,780.94
Lake County SYYMD _
24397 Lake County Solid Waste Facility DH 208,591.39 8,265.94 0.00 - 216,857.33
{Landfill}
Totals for SWMD: 208,591.39 826594 i 0.00 216,857.33
' Logan County SWMD
139513 Cherolee Run Landfill W 0.00 400,555.06 0.00 400,555.06
139513 Cherokee Run Landfill DH 39,157.01 130,819.43 0.00 169,976.44
Totals for SWMD: 39,157.01 331,374.49 0.00 570,531.50
Lc;raiu County SWMD
26024 BFIof Obio Lorain County Landfill  TW 2,718.81 311,030.10 0.00 313,748.91
26024 BFIof Ohio Lorain County Eandfill DH 502,152.61 409,03028 0.00 911,182.89
Tetals for SWMD: A 504,871.42 720,060.38 0.00 1,224,931.80
o Lucas County SWMD o
' 27256 Envirosafe HW & Ind Landfill DH 93.80 1,199.67 2,545.10 3,838.57
27057 Hoffman Road Sanitary Landfill Di 186,279.73 0.00 0,00 186,279.73
Totals for SWMD: 186,373.53 1,199.67 254510 190,118.30
Mahoning County SWMD
28726 BFI Carbon Limestone Sanitary W 0.00 157,727.07 770,316.52 928,043.59
Landfifl -
29084 WM Mahoning Landfill, Inc. ™ 4,993.81 16,173.70 32243 21,489.94
28726 BFI Carbon Limestone Sanitary DH 190,912.52 173,186.85 261,725.11 625,824.48
Landfiil
29084 WM Mahoning Landfill, Ine, DH 141,479.36 72,418.06 76,658.86 290,556.28
28809 Central Waste, Inc, Landfilt DH 0.00 1.07 0.00 1.07
Totals for SWMD: B 337,385.69 419,506.75 1,109,022.92 _ 1,865815.36
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Ohio Environmenral Protection Agency Ohio Solid Waste Facility Data Report

Draft
Table 7. Tons of Solid Waste Accepted at Ohio Landfills in 2008
SWMD/Facility In-District - Out-of-District Qut-of-State Total
42096 Severstal Watren Inc DH 112,032,00 0.00 0.00 112,032.00
Total for SWMD '. 112,032,008 4.00 0.00 112,032.00
m::r_n Co.unty ;WM]) -
33318 Rumpke Sanitary Landfill, Inc. ™W 0.00 339,423.35 8,943.94 348,367.29
33318 Rumpke Sanitary Landfill, Tnc. DH 896,477.91 827,110.79 102,703.81 1,826,292.51
18465 Bond Road Landfiil DH 0.00 0.00 25.59 25.59
Total for SWMD ) 896,477,91 1,166,534.14 ‘ 111,673.34 - 2,174,685.39
H_a;c;)ck County SWMD
21465 Hancock County Sanitary Landfill  DH 96,701.58 40,244,12 0.00 136,945.70
Total for SWMD ) ) 96,701.58 40,244.12 a.00 13 6,_945. 70
Henry County SWMD
22065 Henry County Land£lE DH 18,502.64 1,603.96 0.00 20,106.60
Total for SWMD 18,502.64 1,603.96 0.00 20,106. 6Q
Holmes County SWMD _
- 22641 Holmes County Landfill DH 32,693.15 8,858.40 0.00 41,551.55
Total for SWMD L 32,693.15 8,858.40 &.00 41,551.55
Lake County SWI\B
24397 Lake County Solid Waste Facility DH 184,924.99 7,300.31 ) 0.00 192,225.30
(Land$ll)
Total for SWMD 184,924.99 7.300.31 2.00 1 9_2,225.3 0
Logan County SWMD
139513 Cherokee Run Landfill DH - 37,125.18 - 108,012.41 (.00 145,137.59
139513 Cherokee Run Landfill T™W 0.00 257,007.64 0.00 257,007.64
Totat for SWMD 37,125.18 365,020.05 a.00 402,145,23
Lorain County SWMD
26024 BFI of Ohio Lorain County Landfill DH 513,625.90 397,768.00 0.00 911,363.98
26024 BFI of Ohio Lorain County Landfill TW 708.73 229,836.05 .00 230,544.78
Total for SWMD 514,334,63 627,604.05 6.00 1,141,938.68
Lucas County SWMD
27057 Hoffinan Road Sanitary Landfill DH 153,512.52 0.00 0.00 153,512.52
Total for SWMD ) 153,512.52 0.00 0.00 153,512.52
Makhoning County SWMD
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Abstract

The Landfill Gas Emissions Model (LandGEM) is an automated estimation tool with a
Microsoft Excel interface that can be used to estimate emission rates for total landfill gas,
methane, carbon dioxide, nonmethane organic compounds, and individual air pollutants
from municipal solid waste landfills. This guide provides step-by-step guidance for using
this software application, as well as an appendix containing background information on the
technical basis of LandGEM. LandGEM can use either site-specific data to estimate
emissions or default parameters if no site-specific data are available. The model contains
two sets of default parameters, CAA defaults and inventory defaults. The CAA defaults are
based on federal regulations for MSW landfills laid out by the Clean Air Act (CAA) and can
be used for determining whether a landfill is subject to the control requirements of these
regulations. The inventory defaults are based on emission factors in EPA’s Compilation of
Air Pollutant Emission Factors (AP-42) and can be used to generate emission estimates for
use in emission inventories and air permits in the absence of site-specific test data.
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Foreword

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting
the Nation’s land, air, and water resources. Under a mandate of national environmental laws,
the Agency strives to formulate and implement actions leading to a compatible balance
between human activities and the ability of natural systems to support and nurture life. To meet
this mandate, EPA’s research program is providing data and technical support for solving
environmental problems today and building a science knowledge base necessary to manage
our ecological resources wisely, understand how pollutants affect our health, and prevent or
reduce environmental risks in the future.

The National Risk Management Research Laboratory (NRMRL) is the Agency’s center for
investigation of technological and management approaches for preventing and reducing risks
from pollution that threaten human health and the environment. The focus of the Laboratory’s
research program is on methods and their cost-effectiveness for prevention and control of
pollution to air, land, water, and subsurface resources; protection of water quality in public
water systems; remediation of contaminated sites, sediments and ground water; prevention
and control of indoor air pollution; and restoration of ecosystems. NRMRL. collaborates with
both public and private sector partners to foster technologies that reduce the cost of
compliance and to anticipate emerging problems. NRMRL'’s research provides solutions to
environmental problems by: developing and promoting technologies that protect and improve
the environment; advancing scientific and engineering infarmation to support regulatory and
policy decisions; and providing the technical support and information transfer to ensure
implementation of environmental regulations and strategies at the national, state, and
community levels.

This publication has been produced as part of the Laboratory’s strategic long-term research

plan. It is published and made available by EPA’s Office of Research and Development to
assist the user community and to link researchers with their clients.

Sally Gutierrez, Acting Director
National Risk Management Research Laboratory
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EPA Review Notice

This report has been peer and administratively reviewed by the U.S. Environmental
Protection Agency and approved for publication. Mention of trade names or commercial
products does not constitute endorsement or recommendation for use.

This document is available to the public through the National Technical Information
Service, Springfield, Virginia 22161.
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Introduction

This document provides step-by-step guidance for using the Landfill Gas Emissions Model
(LandGEM), a software application with a Microsoft Excel interface that estimates air
pollutants and other gases from municipal solid waste (MSW) landfills. Using this
document, you will learn how to

» Enter landfill-specific data,

+ Choose between site-specific and default model parameters,

» Estimate emission rates, and

* View and print tabular and graphical results.

Overview of How LandGEM Works

LandGEM is an automated tool for estimating emission rates for total landfill gas, methane,
carbon dioxide, nonmethane organic compounds (NMOCs), and individual air pollutants
from MSW landfills. Landfill owners and operators can use LandGEM to determine if a
landfill is subject to the control requirements of the federal New Source Performance
Standards (NSPS) for new MSW landfills (40 CFR 60 Subpart WWW), the federal Emission
Guidelines (EG) for existing MSW landfills (40 CFR Subpart Cc), or the National Emission
Standards for Hazardous Air Pollutants NESHAP) for MSW landfills (40 CFR Subpart
AAAA).

LandGEM can use either site-specific data to estimate emissions or default parameters if no
site-specific data are available. LandGEM contains two sets of default parameters.

CAA Defaults—The CAA defaults are based on requirements for MSW landfills
laid out by the Clean Air Act (CAA), including the NSPS/EG and NESHAP. This set
of default parameters yields conservative emission estimates and can be used for
determining whether a landfill is subject to the control requirements of the NSPS/EG
or NESHAP.

Inventory Defaults—With the exception of wet landfill defaults, the inventory
defaults are based on emission factors in the U.S. Environmental Protection



Agency’s (EPA’s) Compilation of Air Pollutant Emission Factors (AP-42). This set
of defaults yields average emissions and can be used to generate emission estimates
for use in emission inventories and air permits in the absence of site-specific test
data.

The default parameters in Version 3.02 of LandGEM represent values specified by
NSPS/EG and NESHAP for determining applicability of CAA requirements. Also included
are values specified in AP-42 for developing national and state emission inventories. The
AP-42 values are being updated with new information that has been collected by EPA from
more recent field tests. In addition, research is underway to obtain data for developing
emission factors for wet/bioreactor landfills where leachate and other liquids are added to
accelerate waste decomposition.



Section 1.
Understanding LandGEM

LandGEM is based on a first-order decomposition rate equation for quantifying emissions
from the decomposition of landfilled waste in MSW landfills. The software provides a
relatively simple approach to estimating landfill gas emissions. Model defaults are based on
empirical data from U.S. landfills. Field test data can also be used in place of model defaults
when available. Further guidance on EPA test methods, CAA regulations, and other
guidance regarding landfill gas emissions and control technology requirements can be found

at http://www.epa.gov/ttnatw0 1/landfill/landflpg.html.

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 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 to include in LandGEM along with defaults for
conventional landfills (no leachate or liquid additions) for developing emission inventories
and determining CAA applicability. Refer to the Web site identified above for future
updates to LandGEM.

Appendix A provides further background information regarding the technical basis of
LandGEM and how it relates to landfill emissions, methane, carbon dioxide, NMOCs, and
air pollutants.

1.1 Spreadsheet Design
LandGEM consists of nine worksheets within a Microsoft Excel spreadsheet. The worksheet
names and their functions are listed in Table 1.



Table 1. Worksheet Names and Funections in LandGEM

Worksheet Name Function

Contains an overview of the model and important notes about

INTRO using LandGEM
Allows users to provide landfill characteristics, determine
model parameters, select up to four gases or pollutants (total
USER INPUTS landfill gas, methane, carbon dioxide, NMOCs, and 46 air
pollutants), and enter waste acceptance rates
Allows users to edit air pollutant concentrations and molecular
FOELLUTANCS weights for existing pollutants and add up to 10 new pollutants
INPUT REVIEW Allows users to review and print model inputs
METHANE Calculates methane emission estimates using the first-order

decomposition rate equation

Shows tabular emission estimates for up to four gases/
pollutants (selected in the USER INPUTS worksheet) in

RESULTS megagrams per year, cubic meters per year, and user’s choice
of a third unit of measure (average cubic feet per minute, cubic
feet per year, or short tons per year)

Shows graphical emission estimates for up to four gases/
pollutants (selected in the USER INPUTS worksheet) in

GRAPHS megagrams per year, cubic meters per year, and user’s choice
of a third unit of measure (selected in the RESULTS
worksheet)

INVENTORY D1§plays tabular emission estimates for all gases/pollutants for
a single year specified by users

REPORT Allows users to review and print model inputs and outputs in a

summary report

1.2 First-Order Decomposition Rate Equation

LandGEM uses the following first-order decomposition rate equation to estimate annual
emissions over a time period that you specify. The model parameters & and L, used by this
decomposition equation are described further in Section 3.0.

0, =3 T[]

=1 7=0.1



where
Qcus = annual methane generation in the year of the calculation (m*/year)
i=1 year time increment
n = (year of the calculation) - (initial year of waste acceptance)
j=0.1 year time increment
k= methane generation rate (year™)
L, = potential methane generation capacity (m*/Mg)
M, = mass of waste accepted in the i year (Mg)
t; = age of the j™ section of waste mass M, accepted in the i® year (decimal years, e.g.,
3.2 years)

1.3 Software Requirements
LandGEM requires Microsoft Excel 97 or a more recent version of Excel. Earlier versions
of Excel are unable to properly run the model because macros are embedded in the software.

Enable Macros—You must select Enable Macros when prompted (immediately
after opening the file) to allow the LandGEM software to use macros embedded in
the file. LandGEM has been carefully screened and is free of any viruses.

Macro Security—If you are using Microsoft Excel 2000 or Excel 2002 (within the
Microsoft Office XP software package), you must set your Macro Security Level to
Medium prior to opening the software to allow the Enable Macros option to be
selected. If your Macro Security Level is set to High when the model is opened, then
the warning message shown in Image 1 will appear, and the embedded macros
needed to run LandGEM properly will be disabled. You can adjust the Macro
Security Level in Excel by selecting Macro...Security from the Tools menu and
clicking on the Medium radio button. Although LandGEM can operate with the
Macro Security Level set to Low, this setting is not recommended by Microsoft.

Microsoft Excel

signed or verified as safe. To run the macros, you can either have them signed or change your security level, Click

Macros in this workbook are disabled because the security level is high, and the macros have not been digitafly
A’ Help For more information,

,TI Help J

Image 1. Macro Security Warning Message.



Memory Requirements—Y ou should have a minimum of 64 megabytes of random
access memory (RAM). In addition, you will need a minimum of 2 megabytes of free
space on your hard drive to accommodate the LandGEM software.

Read Only Feature—LandGEM has been specified as a Read Only file. You save a
copy of LandGEM under a new file name when running each landfill scenario. The
Read Only restriction is intended to protect the original file from being inadvertently
over-written. If necessary, you can remove this restriction by changing the file
properties via a file management program (e.g., Windows Explorer).

Password Protection Feature—To avoid user modifications from occurring within
the model, all of the worksheets contained in LandGEM and the Microsoft Excel
workbook itself have been password protected.

Screen Resolution—The optimum screen resolution for viewing LandGEM is 1024
by 768 pixels. To change the screen resolution, you can open the Control Panel from
the Start menu, open the Display folder, select the Settings tab at the top of the
window, and adjust the Screen resolution or Screen area option (depending on your
version of Windows) accordingly.

1.4 Significant Differences Between Model Versions

LandGEM Version 3.02 replaces Versions 2.01 and 3.01. Significant differences between
Versions 2.01 and 3.02 of LandGEM include:

* Version 3.02 uses a revised first-order decomposition rate equation that improves the
accuracy of emission estimates over time, especially for landfills being modeled
using higher methane generation rate (k) values. The equation used in Version 2.01
integrates emissions over each year, whereas the revised equation in Version 3.02
integrates emissions over a 0.1 year time increment. This revision is considered an
improvement over the previous calculation methodology. This new equation in
Version 3.02 results in slightly lower emission estimates than previous versions for
typical & values. For example, Version 3.02 emission estimates are 2% lower for a k
of 0.05 year” (CAA Conventional) and 1% lower for a & of 0.02 year" (CAA Arid
Area). Version 3.02 estimates significantly lower emissions for higher & values—for
example, 25% lower for a k of 0.7 year” (Inventory Wet).



1.5

Version 3.02 allows users to model emissions of total landfill gas, which can be
calibrated using a user-specified methane content other than 50 percent. In Version
2.01, users cannot estimate total landfill gas emissions directly and must calculate
total landfill gas off-line using methane emission estimates.

Version 2.01 uses metric units of measure exclusively, whereas Version 3.02 allows
users to choose between several English (e.g., short tons, cubic feet) and metric (e.g.,
megagrams, cubic meters) units of measure for model inputs and outputs.

Version 2.01 reports emissions for 200 years past closure year of the landfill,
whereas Version 3.02 reports emissions for 140 years total.

Version 2.01 does not allow waste to be accepted in the closure year. To provide
users with more flexibility when entering inputs, Version 3.02 was changed to allow
waste to be accepted in the closure year.

Version 2.01 contains AP-42 default values and air pollutant concentrations and
molecular weights that were current as of September 1997 (Supplement C of the 5%
Edition). Version 3.02 contains revised AP-42 default values (within the inventory
defaults), air pollutant concentrations, and molecular weights that are current as of
November 1998 (Supplement E of the 5® Edition).

Version 3.02 incorporates inventory default £ and L, values for wet landfills (such as
bioreactors).

Version 3.02 replaces Version 3.01 by correcting an error when av ft*/min or ft*/year
is selected as the user-specified unit in the RESULTS worksheet.

Differences Between the Model and AP-42

Significant differences between Version 3.02 of LandGEM and EPA’s Compilation of Air
Pollutant Emission Factors (AP-42) include:

The inventory defanlt values for NMOC concentration and several air pollutant
concentrations used in Version 3.02 of LandGEM differ slightly from those in the
November 1998 version (Supplement E of the 5" Edition) of AP-42. These minor
differences are due to rounding of the concentration values to more accurately reflect
their relative uncertainty. These rounding differences are expected to be rectified in



an upcoming revision of AP-42 for MSW landfills because the uncertainty of the
values within the current version of AP-42 do not accurately correspond with the
inherent uncertainty of the NMOC and air pollutant concentrations.

Due to a revision in the first-order decomposition rate equation used in Version 3.02
of LandGEM (Section 1.4), the methane generation equation (Equation 1) within
AP-42 no longer matches the equation used by LandGEM. Differences between the
two calculation methodologies are expected to be rectified in an upcoming revision
of AP-42 for MSW landfills.



Section 2.
Providing Landfill Characteristics

Enter data on the USER INPUTS worksheet that relate to the identity and size of the landfill
being modeled.

» Landfill name or identifier,

* Landfill open year,

« Landfill closure year,

* Option to have model calculate closure year, and

»  Waste design capacity.

Image 2 shows these inputs as they appear on the USER INPUTS worksheet. To clear all of
the landfill characteristic inputs, gas/pollutant selections (see Section 4.0), and waste
acceptance rate data (see Section 5.0), click on Clear ALL Non-Parameter Inputs/Selections
in the USER INPUTS worksheet. These inputs will then return to their defaults.

USER INPUTS Landfill Name or ldentiﬁer:l I

Clear ALL Non-Parameter

1: PROVIDE LANDFILL CHARACTERISTICS nputySelectiony

Landfill Open Year

Landfill Closure Year
Have Model Calculate Closure Year? [I” Yes % No
Waste Design Capacity megagrams -

Image 2. Landfill Characteristics Inputs.

2.1 Landfill Name or Identifier

Use the Landfill Name or Identifier to enter a landfill’s name and scenario information (for
example, “Landfill A - Closed Cells” or “Landfill A - Leachate Recirculation Cells”). You
can also enter information about the landfill as it relates to the types of model parameters
chosen (for example, “Landfill B - NSPS/EG Conventional k Value” or “Landfill B - User-
specified k = 0.06”). Model parameters are discussed further in Section 3.0. The Landjfill
Name or Identifier entry box is limited to 50 characters.



The Landfill Name or Identifier you enter on the USER INPUTS worksheet is shown in the
same location on other worksheets within LandGEM. You are not required to enter
information into the Landfill Name or Identifier entry box. The Landfill Name or Identifier
entry box is not affected by the Clear ALL Non-Parameter Inputs/Selections button.

2.2 Landfill Open Year

Landfill Open Year is a required input and represents the year that the landfill began
accepting waste. The open year should be in a four-digit year format (¢.g., 2004).

2.3 Landfill Closure Year

Landfill Closure Year represents either of the following in LandGEM:
* Final year the landfill accepted waste, or
*  Year the landfill is expected to reach Waste Design Capacity.

LandGEM uses the closure year of the landfill to determine the final year the landfill has
accepted or is planning to accept waste. The “permitted” closure year of the landfill does not
always represent the same year the landfill ceases to accept waste.

Landfill Closure Year is not a required input. However, if Landfill Closure Year is unknown,
then you must select Yes for the Have Model Calculate Closure Year? option, AND you
must enter Waste Design Capacity. If you enter a closure year, but still select Yes for the
option to have the model calculate closure year, then the model will disregard the closure
year you entered and automatically calculate closure year for you.

The model limits the number of years for entering Waste Acceptance Rates to 80 years (see
Section 5.0 for further discussion about Waste Acceptance Rates). If the Landfill Closure
Year entered is greater than 80 years from the Landfill Open Year entered (i.e., over 80 years
of waste acceptance), then the model will disregard the Landfill Closure Year entered and
will assign the 80" year past the Landfill Open Year as the final year of waste acceptance (or
the closure year) used by the model to estimate emissions. For example, if you enter a
Landfill Open Year of 1940, a Landfill Closure Year of 2030, and Waste Acceptance Rates
for 1940-2004, then the model will only allow Waste Acceptance Rates to be entered for
2005 to 2019 and will calculate emissions as though the landfill closed in 2019. See Section
2.6 for instructions on estimating total emissions properly for scenarios where landfills
accept waste beyond the waste acceptance limit of 80 years.
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2.4 Have Model Calculate Closure Year?

If Landfill Closure Year is unknown, select Yes for the option to have the model calculate
closure year. The default option is No. You must enter the Waste Design Capacity if you
want the model to calculate closure year for you. Waste Design Capacity is discussed further
in Section 2.5.

If you allow LandGEM to determine the closure year, it does so based on Landjfill Open
Year, Waste Design Capacity, and Waste Acceptance Rates you entered. Essentially,
LandGEM calculates the closure year by summing the Waste Acceptance Rates entered,
subtracting this “waste-in-place” amount from the Waste Design Capacity entered, and then
dividing by the final (or most recent) acceptance rate entered. The model assumes that your
final waste acceptance rate entered will continue to be the annual amount of waste accepted
until closure of the landfill or until there are 80 years of waste acceptance, whichever
scenario comes first (see Section 5.0 for further discussion about Waste Acceptance Rates).

Example 1 illustrates how the model calculates the closure year if it is unknown.

Example 1. Scenario for Unknown Landfill Closure Year

Landfill open year = 1970

Landfill closure year = ?

Have model calculate closure year? = Yes

Waste design capacity = 5,000,000 short tons

Waste acceptance rate from 1970 to 1990 = 100,000 short tons/year
Waste acceptance rate from 1991 to 2000 = 200,000 short tons/year

(Waste design capacity — 2 (Waste acceptance rates))]

Caleularid Tandfil closite yEar = [ Final waste acceptance rate in 2000

+ Year of final waste acceptance rate

(5,000,000 short tons - 4,100,000 short tons)
Calculated landfill closure year —

200,000 short tons :| + 2000

2005

The model limits the number of years for entering Waste Acceptance Rates to 80 years (see
Section 5.0 for further discussion about Waste Acceptance Rates). If the Waste Design
Capacity has not been reached by the 80™ year of waste acceptance, then the model will
assign the 80" year past the Landfill Open Year entered as the final year of waste acceptance
(or the closure year) used by the model to estimate emissions. For example, if you allow the
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model to calculate closure year and enter a Landfill Open Year of 1960, a Waste Design
Capacity of 10,000,000 Mg, and Waste Acceptance Rates of 100,000 Mg/year for
1960—2004, then the model will calculate emissions as though the landfill closed in 2039
because that is when it will reach the 80-year limit of waste acceptance. See Section 2.6 for
instructions on estimating total emissions properly for scenarios where landfills accept waste
beyond the waste acceptance limit of 80 years.

2.5 Waste Design Capacity

Waste Design Capacity represents the total amount of waste that can be disposed of in the
landfill, or the amount of “waste-in-place” upon closure. Enter Waste Design Capacity only
when you select Yes for the Have Model Calculate Closure Year? option. If you enter Waste
Design Capacity without selecting Yes, the model will simply disregard the capacity amount
you entered.

Waste Design Capacity can be entered in metric units of megagrams or English units of
short tons. (Note: One megagram is equivalent to one metric ton.) Select the units of
measure using the drop-down menu. The default unit of measure for Waste Design Capacity
is megagrams.

Landfill gas emission factors were developed using empirical data from U.S. MSW landfills.
The composition of waste in the landfills reflects U.S. waste composition including MSW;
inert material, and other non-hazardous waste streams. If a portion of the landfill contains
primarily non-biodegradable waste (i.e., inert material), such as ash from waste combustion,
this portion may be subtracted from the Waste Design Capacity, depending upon
documentation and approval from a regulatory authority. However, this is not recommended
for sites that are typical of MSW landfills, which contain a range of waste that may or may
not be degradable. This is because the emission factors were developed relating total waste
quantity to total quantity of landfill gas.

2.6 Landfills Accepting Waste Over 80 Years

Sections 2.3 and 2.4 explain scenarios where LandGEM will implement a waste acceptance
limit of 80 years in order to estimate emissions properly. If you are modeling a landfill that
either has accepted or will accept waste for over 80 years, then multiple model runs are
required to calculate emissions for the entire waste acceptance lifetime of the landfill. You
should associate a unique file name and Landfill Name or Identifier in the USER INPUTS
worksheet for each model run to properly identify the order of the model runs (“Landfill X -
Run 1 of 2” and “Landfill X - Run 2 of 2,” for example).

12



When the 80-year waste acceptance limit is exceeded, the INPUT REVIEW worksheet
reports the actual landfill closure year that would be reached in absence of the 80-year limit.
The additional years of waste acceptance can be modeled in a successive model run in order
to capture the total emissions from the actual waste acceptance lifetime. The METHANE
worksheet provides the waste-in-place amount at the end of the initial 80 years and
remaining waste capacity from the final year of the initial model run if you have chosen to
have model calculate closure year. These values can be used as inputs for the second model
run. Once both model runs have been completed, then the emissions on the RESULTS
worksheet from each run can be summed together by year for each gas/pollutant to result in
total emissions for the actual waste acceptance lifetime of the landfill.

Example 2 outlines a scenario for running LandGEM multiple times in order to accurately
represent the emissions for landfills accepting waste over 80 years.

13



Example 2. Scenario for Landfills Accepting Waste Over 80 Years

First Model Run Inputs on USER INPUTS Worksheet:
Landfill open year = 1940

Landfill closure year =?

Have model calculate closure year? = Yes

Waste design capacity = 12,000,000 Mg

Waste acceptance rate from 1940 to 2000 = 100,000 Mg/year
Waste acceptance rate from 2001 to 2004 = 200,000 Mg/year

First Model Run Results on METHANE Worksheet:

Closure year (with 80-year limit) = 2019

Actual closure year (without limit) = 2030

Calculated waste acceptance rate from 2005 to 2019 = 200,000 Mg/year
Waste-in-place at start of next model run = 9,900,000 Mg

Capacity remaining at start of next model run = 2,100,000 Mg

Second Model Run Inputs on USER INPUTS Worksheet:

Landfill open year = 2020 [One year past closure year from the first model run]

Landfill closure year =?

Have model calculate closure year? = Yes

Waste design capacity = 2,100,000 Mg [Capacity remaining from the first model run]

Waste acceptance rate for 2020 = 200,000 Mg/year [Calculated waste acceptance rate from the
first model run]

Second Model Run Results on METHANE Worksheet:

Closure year (with 80-year limit) = Actual closure year (without limit) = 2030

Total annual emissions for each gas/pollutant = (Run 1 emissions) + (Run 2 emissions)
For example, methane emissions for 2021 = 2.586x107 + 1.662x10® = 2.752x107
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Section 3.
Determining Model Parameters

LandGEM relies on several model parameters to estimate landfill emissions.
* Methane generation rate (k),
» Potential methane generation capacity (L,),
«  NMOC concentration, and
* Methane content.

Default values for the model parameter inputs on the USER INPUTS worksheet are shown
in Image 3. Model parameters should be selected using consistent default options. For
example, if “Inventory Conventional - 0.04” is chosen for %, then “Inventory Conventional -
100" should be selected for L, and “Inventory No or Unknown Co-disposal - 600” or
“Inventory Co-disposal - 2,400 should be selected for NMOC Concentration. When using
LandGEM to determine whether a landfill is subject to the control requirements of the
NSPS/EG or NESHAP, CAA defaults must be chosen for all four model parameters.

Reslore Default Model
Parameters

2: DETERMINE MODEL PARAMETERS

Methane Generation Rate, k (year")

| cAA Conventional - 0.05 -]
Potential Methane Generation Capacity, L, (m®/Mg)
| CAA Conventional - 170 v|

NMOC Concentration (ppmv as hexane)

| ‘cAa - 4,000 =
Methane Content (% by volume)

| CAA - 50% by volume |

Image 3. Model Parameters Inputs.

You may select each of the model parameters from the drop-down menu. Alternatively, you
may enter site-specific model parameter values other than the default values based on field
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data or other information. Select User-specified for the model parameter for which you
would like to enter site-specific data. A User-specified value entry box will appear to the
right of that parameter and you can enter the site-specific value. User-specified value entry
boxes only appear when User-specified is selected from the drop-down menu for a particular
model parameter.

Clicking on Restore Default Model Parameters in the USER INPUTS worksheet resets all
four of the model parameters back to their default values (shown in Image 3) and removes
any user-specified values entered.

3.1 Methane Generation Rate (k)

The Methane Generation Rate, k, determines the rate of methane generation for the mass of
waste in the landfill. The higher the value of %, the faster the methane generation rate
increases and then decays over time. The value of £ is primarily a function of four factors:

»  Moisture content of the waste mass,

» Availability of the nutrients for microorganisms that break down the waste to form

methane and carbon dioxide,
= pH of the waste mass, and
* Temperature of the waste mass.

Use EPA Method 2E to determine site-specific & values for user-specified data. The & value,
as it is used in the first-order decomposition rate equation, is in units of 1/year, or year”. The
five k values used by LandGEM are shown in Table 2. Arid area landfills are located in
areas that receive less than 25 inches of rainfall per year. The default & value is the CAA &
value for conventional landfills.

Table 2. Values for the Methane Generation Rate (k).

Default Type Landfill Type ky‘e,::-ﬂe
CAA Conventional 0.05 (default)
CAA Arid Area 0.02

Inventory Conventional 0.04
Inventory Arid Area 0.02
Inventory Wet (Bioreactor) 0.7
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3.2 Potential Methane Generation Capacity (L)

The Potential Methane Generation Capacity, L ,, depends only on the type and composition
of waste placed in the landfill. The higher the cellulose content of the waste, the higher the
value of L,. The default L, values used by LandGEM are representative of MSW. The L,
value, as it is used in the first-order decomposition rate equation, is measured in metric units
of cubic meters per megagram to be consistent with the CAA. The five L, values used by
LandGEM are shown in Table 3. The default L, value is the CAA L, value for conventional
landfills.

Table 3. Values for the Potential Methane Generation Capacity (L,).

Emission Type Landfill Type L‘;n ‘;/?{l[lge }
CAA Conventional 170 (default)
CAA Arid Area 170

Inventory Conventional 100
Inventory Arid Area 100
Inventory Wet (Bioreactor) 96

3.3 Nonmethane Organic Compound Concentration

The NMOC Concentration in landfill gas is a function of the types of waste in the landfill
and the extent of the reactions that produce various compounds from the anaerobic
decomposition of waste. NMOC Concentration is measured in units of parts per million by
volume (ppmv) and is used by LandGEM only when NMOC emissions are being estimated.
The NMOC Concentration for the CAA default is 4,000 ppmv as hexane. The NMOC
Concentration for the inventory default is 600 ppmv where co-disposal of hazardous waste
has either not occurred or is unknown and 2,400 ppmv where co-disposal of hazardous

waste has occurred.

The default NMOC Concentration is the CAA value. If you use a site-specific value for
NMOC concentration, then you must correct for air infiltration. EPA Method 25C is
recommended for obtaining a site-specific concentration of NMOCs.

3.4 Methane Content

For LandGEM, landfill gas is assumed to be 50 percent methane and 50 percent carbon
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dioxide, with additional, trace constituents of NMOCs and other air pollutants. When using
LandGEM for complying with the CAA, Methane Content must remain fixed at 50 percent
by volume (the model default value).

You may choose other methane amounts for the Methane Content using the User-specified
selection if data exist to support using another concentration. However, using LandGEM at
landfills that have methane content outside the range of 40 to 60 percent is not
recommended. The first-order decomposition rate equation used by LandGEM to determine
emissions may not be valid outside of this range.

The production of methane is determined using the first-order decomposition rate equation
and is not affected by the concentration of methane. However, the concentration of methane
affects the calculated production of carbon dioxide. The production of carbon dioxide (Q,,)
is calculated from the production of methane (Q,) and the methane content percentage
(Pcps) using the equation

Ceor = Dens ¥ {[1/(PCH4/100)]“ 1}

This equation is derived as follows:

total = QCH4 + Qcoz
Ocris = Qi X (P CH4 / 100)

Ocos = Qo =~ Cema = [Qcm / (P e/ 100)]" Ocirs
Ocor = Ocua X { [1/(PCH4 /100)]— 1}

where O, is the total production of landfill gas.
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Section 4.

Selecting Gases/Pollutants

You can choose four gases or air pollutants to be modeled at one time. The gases and

pollutants to choose from and data associated with them are shown in Table 4.

Table 4. Gas/Pollutant Default Data Used in LandGEM.

Gas/Pollutant Con(:c;?:::;tlon | Mv(:}:icglﬁ:r Notes
Gases
Total landfill gas Not applicable 30.03
Methane Not applicable 16.04 |
Carbon dioxide Not applicable 44.01 |
4,000 for CAA -
600 for Inventory No or
NMOCs Unknown Co-disposal 86.18
2,400 for Inventory
ke Co-disposal
Pollutants: 3
1,1,1-Trichloroethane (_methyl chloroform) 0.48 | 133.41 A
1,1,2,2-Tetrachloroethane ' e 167.85 | A,B
1,1-Dichloroethane (ethylidene dichloricle) 2.4 9897 | A,B
1,1-Dichloroethene (viny_l_iiiene chloride) 2 0.20 5 96.94 A,B
1,2-Dichloroethane (ethylene dichloride) 0.41 98.96 | A,B
1,2-Dichloropropane (propylene dichloride) | 0.18 11299 | A,B
2-Propanol (isopropyl alcohol) 50 60.11 B
Acetone 2} 7.0 58.08
Acrylonitrile 6.3 53.06 ,B
Bt 1.9 for No or Unknq.wn Co-disposal 7811 | A,B
5 11 for Co-disposal =
Bromodichloromethane 3 1 163.83 B
Butane - 5.0 58.12 B
Carbon disulfide 0.58 76.13 | A,B
Carbon monoxide 140 28.01




Table 4. Gas/Pollutant Default Data Used in LandGEM (Concluded)

Carbon tetrachloride 4.0x1073 153.84 | A,B
Carbonyl sulfide 0.49 60.07 | A,B
Chlorobenzene J 0.25 11256 | A,B
Chlorodifluoromethane 1.3 86.47
Chloroethane (ethyl chloride) e 6452 | A,B
Chloroform 0.03 119.39 A B
Chloromethane 152 50.49 B
Dichlorobenzene 0.21 147 B,C
Dichloredifluoromethane 16 - i 12091 |
Dichlorofluoromethane 2.6 102.92 B
Dichloromethane (methylene chloride) 14 84.94 A
Dimethyl sulfide (methyl sulfide) 7.8 6213 | B
Ethane 890 30.07 |
Ethanol 27 4608 | B
Ethyl mercaptan (ethanethiol) 293 62.13 B
Ethylbenzene 4.6 106.16 | A, B
Ethylene dibromide 1.0x10™ 187.88 | A,B
Fluorotrichloromethane 0.76 137.38 B
Hexane 6.6 86.18 A, B
Hydrogen sulfide 36 34.08
Mercury (total) - 2.9x10 20061 | A
Methyl ethyl ketone 7.1 7211 | A,B
Methyl isobutyl ketone %9 | 100.16 | A,B
Methyl mercaptan ¥ 25 48.11 B
Pentane 3.3 7215 | B
Perchloroethylene (tetrachloroethylene) Bl 165.83 | A
Propane 11 44.09 B
t-1,2-Dichloroethene 2.8 96.94 B
39 for No or Unknown Co-disposal

Aalione 170 for Co-disposal | >0 | AB
Trichloroethylene (trichloroethene) 2.8 13140 | A, B
Vinyl chloride Sl 6250 | A,B
Xylenes 12 106.16 | A'B

A. Hazardous air pollutants (HAP) listed in Title III of the 1990 Clean Air Act Amendments.
B. Considered volatile organic compounds (VOC), as defined by U.S. EPA in 40 CFR 51.100(s).
C. Source tests did not indicate whether this compound was the para- or ortho- isomer. The para- isomer is a Title ITI-

listed HAP.

Concentrations, molecular weights, and notes for NMOCs and the 46 air pollutants
contained in Table 4 are from Tables 2.4-1 and 2.4-2 of AP-42 (November 1998 version).
These default pollutant concentrations have already been corrected for air infiltration, as

stated in AP-42. If you use a site-specific value for NMOC Concentration, then you must
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correct for air infiltration.

As discussed in Section 3.3, the NMOC Concentration for the inventory default is 600 ppmv
where co-disposal of hazardous waste has either not occurred or is unknown and 2,400
ppmv where co-disposal of hazardous waste has occurred. Similarly, benzene and toluene
have different concentrations depending upon the co-disposal status of the landfill. Both no
or unknown co-disposal and co-disposal concentrations are shown in Table 4 for these
pollutants.

The molecular weight of landfill gas was estimated using a weighted average of the
molecular weights for methane and carbon dioxide. The molecular weight of 30.03
represents landfill gas as 50 percent methane and 50 percent carbon dioxide. If the Methane
Content model parameter is changed to a value other than 50 percent, then the molecular
weight of total landfill gas is adjusted to represent the appropriate methane content.

Image 4 shows where you can select four gases or pollutants on the USER INPUTS
worksheet. Each of the gas or pollutant entries can be selected from the drop-down menus.

3: SELECT GASES/POLLUTANTS

Gas / Pollutant #1 Default pollutant parametersare currently beingiused by made.

| Total landiil gas z Edit Existing or Add

Gas / Pollutant #2 New Pollutant
Methane 3 | Parameters

Gas / Pollutant #3

‘ Carbon dioxide -vl Restore Default

Pollutant
Gas / Pollutant #4 Parameters

| NMOC j

Description/Comments:

Image 4. Gas/Pollutant Inputs.
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The Edit Existing or Add New Pollutant Parameters button in the USER INPUTS worksheet
allows you to change the default pollutant parameters, including concentrations and
molecular weights, for any of the 46 air pollutants listed on the drop-down menus, as well as
add new pollutants and corresponding parameters. Clicking on the Edit Existing or Add New
Pollutant Parameters button lets you view and edit the default parameters for existing
pollutants in the POLLUTANTS worksheet. The default parameters shown on the
POLLUTANTS worksheet are identical to the ones in Table 4. In addition, there are entry
boxes at the bottom of the POLLUTANTS worksheet where you can enter new pollutants
and corresponding concentrations and molecular weights. The Enter New Pollutant
Parameters and Edit Existing Pollutant Parameters buttons at the top of the POLLUTANTS
worksheet help guide you through this worksheet.

The model does not allow you to edit default parameters for total landfill gas, methane,
carbon dioxide, or NMOCs, nor does it allow you to change names of existing pollutants. To
restore the defanlt pollutant parameters for existing pollutants and remove any new
pollutants you may have added, click on the Restore Default Pollutant Parameters button in
the USER INPUTS worksheet. Clicking this button also returns the gas/pollutant drop-down
menus in the USER INPUTS worksheet to their default selections.

In the Description/Comments entry box, you can enter detailed information about the
landfill or the scenario you are modeling. The Description/Comments entry box is limited to

450 characters.

To clear all of the gas/pollutant selections (but not the pollutant parameters) and the landfill
characteristics and waste acceptance rate inputs (see Section 5.0), click on Clear ALL Non-
Parameter Inputs/Selections in the USER INPUTS worksheet. The gas/pollutant drop-down
menus will return to their default selections, as shown in Image 4. The
Description/Comments box is not affected by the Clear ALL Non-Parameter
Inputs/Selections button.
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Section 5.
Entering Waste Acceptance Data

Waste Acceptance Rates must be entered in the USER INPUTS worksheet for LandGEM to
properly estimate emissions. Enter annual acceptance rates for each year listed in the Waste
Acceptance Rates table from the Landfill Open Year to the current year or the Landjfill
Closure Year. The Waste Acceptance Rates table is shown in Image 5. Once you enter the
Landfill Open Year, the year column of the Waste Acceptance Rates table automatically
shows the years for which acceptance rate data are needed.

4: ENTER WASTE ACCEPTANCE RATES

Input Units: Moysar =
Yius Input Units | Calculated Units
{NMg/year) (short tons/year)
0
1
2
3
4
5
B
7
g
9
10

Image 5. Waste Acceptance Rate Inputs.

You may enter Waste Acceptance Rates in metric units of megagrams per year or English
units of short tons per year by selecting from the drop-down menu. The default unit of
measure for Waste Acceptance Rates is megagrams per year. If you enter acceptance rates in
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units of megagrams per year, then LandGEM automatically calculates and displays the
acceptance rates in units of short tons per year. Likewise, if you enter acceptance rates in
short tons per year, then LandGEM automatically calculates and displays acceptance rates in
megagrams per year.

The model makes the assumptions outlined in Table 5. regarding data entered in the Waste
Acceptance Rates table.

Table 5. Acceptance Rate Input Options.

If you... Then LandGEM will...

Enter acceptance rates beyond the Ignore the acceptance rates you entered past the
Landfill Closure Year you entered, Landfill Closure Year.

Enter acceptance rates through the Apply the final (or most recent) acceptance rate
current year but not up to the Landfill  you entered to the years between the current
Closure Year you entered, year and the Landfill Closure Year.

Enter acceptance rates through the Apply the final (or most recent) acceptance rate
current year and choose to have the you entered to each successive year not having
model caleulate closure year, an acceptance rate until the waste design

capacity is reached. A smaller acceptance rate
may be used the last year to achieve the exact
design capacity. The final year the landfill
receives waste becomes the closure year.

The model limits the number of years for entering Waste Acceptance Rates to 80 years. See
Section 2.6 for instructions on estimating total emissions properly for scenarios where
landfills accept waste beyond the waste acceptance limit of 80 years.

Landfill gas emission factors were developed using empirical data from U.S. MSW landfills.
The composition of waste in the landfills reflects U.S. waste composition including MSW,
inert material, and other non-hazardous waste streams. For a landfill that may have a portion
containing non-biodegradable waste (i.e., inert material), such as ash from waste
combustion, this portion may be subtracted from the Waste Acceptance Rates depending on
documentation and approval from a regulatory authority. However, this is not recommended
for sites that are typical of MSW landfills containing a range of waste that may or may not
be degradable. This is because the emission factors were developed relating total waste
quantity to total quantity of landfill gas.
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To clear all entries in the Waste Acceptance Rates table, in addition to landfill
characteristics inputs and gas/pollutant selections, click on Clear ALL Non-Parameter
Inputs/Selections in the USER INPUTS worksheet. The Waste Acceptance Rates table then

returns to its defaults, as shown in Image 5.
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Section 6.
Printing Inputs

To review your inputs as they will be used by LandGEM, go to the INPUT REVIEW

worksheet. All data entered in the USER INPUTS worksheet as well as inputs determined
by the model, such as calculated landfill closure year and waste acceptance rates as they are

interpreted by LandGEM, appear on the INPUT REVIEW worksheet. Image 6 shows a
scenario where closure year is unknown.

&3 Microsoft Excol - LandGEM-V3.02 [Foad-Only] | ")__(
@ Eile; Edk !iew Ircert  Format  Tooke {sta Window LandGEM  Help Tope anusteabeholp - _ & %
VFUHGRP LB - {R T - E [ laut. Bl - @ 19| d-3 20 BREQ.
R 833 T 8 ) | sy hihoens Epitenes (R RIF W JFmREA Y AT 2.
§ Avial 10D YIEESEH O %, BQEE LA
01 -4 ,;__.. -
| TS T e e e e e (e T T (] J K | L | M =
1 JINPUT REVIEW Landfill Name or Identifiers Example Landfil |
2 |
3 LANDFILL CI IARACTERISTICS WASTE ACCEPTANCE RATES
4 Landfll Open Year 1985 Year (Mygiyear) {short tonsiyear) |
5 | Lsndfill Clasure Year fwith 83-yaar limit) 2006 1985 . deieis) 200,00
6 ! Actual Closura Year tatthont fimi) 2000 1986 | 181.818) 200000 J
7 I lave Model Caiculate Closuie Year? Yes 1887 131 ‘B@f 200,000,
| 8 | Waste Design Capscity 5,000,000 magagrams 1383 181815 200,007
9 | 1909 101 G150 200,000
10| MODEL PARAMETERS 1920 _I81818 200
1 | Hethane Generation Rate, k 0050  yeor’? 1991 la1ai8 200,000
12 | Putenis Melhane Generalion Capacily, Lo 170 Mg 1992 IULG‘IBI 200,000
13| NMOC Concentration 4000 pomy 38 herans 1993 181518] 200,000
14| Mothano Conlent 50 % byvolme 1w | mipal o
15 1935 161,010 200,000
16| GASES/POLLUTANTS SELECTED 1995 191,818 200,000
17 Gag / Pollutant #1:  Total landfill gas 1997 181 518 200 0|
18| Gas/Polltant #2  Methane 1993 181.818 200,000
19| Gus/Pulllanl 3.  Carbun dionide L 1199,._ e 1818618 QUJ‘MJI
20| Gas/Polltert #:  Mercury ftotal) - HAP 2 191,519 Afiml
N 2001 27 273 250,000
22  |Description/Comments: J L A7 ECDEOJI
231 A3 318,162 ETITTY
W4 nINTRO f USER INPUTS £ POLLUTANTS ), INPUT REVIEW { METHANE ( RESULTS / GRAPHS { INVENTCRY A REFORT / | 4] ] Y]

:Draw s B | AuuSliopes S ‘QDOBJ*WH:Q'L"A'EEEE.-

Ready HuM

Image 6. INPUT REVIEW Worksheet.

To print the INPUT REVIEW worksheet, select Print... from the File menu. The INPUT
REVIEW worksheet is set to print on one page. However, you may adjust this, as well as
other print settings, by selecting Page Setup... from the File menu.
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Section 7.
Viewing and Printing Tabular Results

To view emission estimates in a tabular format, go to the RESULTS worksheet. When
comparing results from LandGEM with measurements of extracted gas collected at a site,
the landfill owner or operator must adjust for air infiltration prior to any comparisons. Image
7 displays the RESULTS worksheet for the scenatio shown in Image 6.

' Microsofl Fxeel -1andGEM-V3.07 [Read-(Inly)

DEHBGRY EBE-F |- - ®z-2 i MBow ~F.
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LirAsi|isw B [CSN D | E F i G H I = aibe
1 ' RESULTS Landfill Nome or Identifier: Cxample Landfil
12
3 Plaasa clinose a third unif of measute 10 represent ail
| 4| Closure Year (with 80-year fimity = 2006 of the emission rates befow.
5 | Methane = £9 % by volume User-specified Unit:
G
7 Yoar Waste Accepted Waste-Inllace Total landfill gas Methe
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10 1 IQ_B§_ 181 518/ 181818 200000 3. 775_|§'H_J3 3.022E+406 2031E+42 1.008E+03 1511E
1] 1907 101 ,010] _ 263 66 400000 7.065C+00 SOS7E0G | J90OE+02 | 1.967€+00 | 294%E
1211988 | 181815 545,154 509993 1078E+04 | 8632EA6 | 5800E+2 |  28ROF03 13168
149y | s 120242 799999 TAUSESU4 114 ISESEAI | J74/END SB1/E
14| 1930 181518 909,020 989935 1.712E+04 1.371E407 _9211E402 4 5F3E+03 B.854E
1501981 [ wvgte  o00000) 1000003 1,100990]  200GE04 1.6065107 1.070E103 53508E103 8.031E
16| 1902 _1sigig]l  200000| 1272126 1 339 4 2.286E+04 1.830E407 1 23E+03 B.105E403 9.151E
1711995 |  13t8iE 200000 1.454.544. 1593995 2551E+04 2.043E-H7 13736403 |  BBISEH3 | 1.0226
18} 1934 1581 318 200000/ 1836552 1 ?93,998‘ 2.8D5E+04 22468407 1.509E+03 7. 491E1-03 11238
191 1995 181 818 200000( 1818180 3.045E404 243E07 1.638E+03 8.134E403 _1.219E
N9k | iR AR AN 1FBaR 3 J74EH04 7 RIIET T7RIF3 A 74REHM 1311
21| 1997 181,818 200000 _ 2.181816 3.492E404 — 275BEH7 _ 1B7SE+H3 9.327E403 1.398E
2[1990 | 10010 200000 236364 3.699E+04 29626407  1.990C+03 9.001E+03 1.401E
23] 1998 181 818 200000 2545452 3.806E404 _3120E407 2095E403 1.0MEH0E 1.560E
Z4] AN VAR ANJNRL| AR M T ALHAEHR AXUEAY T 7THEHE | TIMIEHM 1H&E
251 2001 27 203 260,000/ __ 2,909 055 4_262E+04 34136407 2.293E4H13 1.138E+04 1.706€
26 | 2002 27277 EIIII IIIJ 3 135 3651 4.526E 104 3.624E:07 2435103 12092104 1.812E
¥ 712003 | 319182 08,068 4. 871E+04 JUIEH07 ___ 25621403 T T=T 1.850E ¥/
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NUM

Ready

Image 7. RESULTS Worksheet.

Data on the RESULTS worksheet include
Landfill closure year (provided on USER INPUTS worksheet or calculated),

Methane content from USER INPUTS worksheet,
Years of waste acceptance from open year to closure year of the landfill,
Annual waste acceptance rates used by the model in megagrams per year and short
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tons per year,

* Annual waste-in-place amounts based on acceptance rates used by the model, in
megagrams and short tons,

* Annual emission estimates for the four gases/pollutants selected on the USER
INPUTS worksheet in megagrams per year, cubic meters per year, and a third
measurement unit that you may select from the drop-down menu. The third unit of
measure options are average cubic feet per minute, cubic feet per year, and short tons
per year. LandGEM uses average cubic feet per minute as the defanlt third unit.

To print the RESULTS worksheet, select Print... from the File menu. The RESULTS
worksheet is set to print on one page. However, you may adjust this as well as other print
settings by sclecting Page Setup... from the File menu.

Formatting of the values contained in the RESULTS worksheet is protected from user
modification. To adjust the number formats of the values contained in the RESULTS
worksheet, you will need to copy and paste the emission estimates into a new Microsoft
Excel file by following the instructions below:
1. Highlight cells A7 to Q149 and select Copy from the Edit menu,
2. Open a new Microsoft Excel file by selecting New... (Blank Workbook) from the File
menu,
3. Select Paste Special... from the Edit menu and click on the Values radio button in the
Paste Special window that appears.
4. You can now change the number formats of these emission values by selecting
Cells... Number from the Format menu.

It is important to note that when the Methane Content is assumed to be 50 percent by
volume (default), then methane and carbon dioxide emission rates are identical on a volume
basis (e.g., cubic meters per year, average cubic feet per minute, cubic feet per year) because
carbon dioxide is also assumed to be 50 percent by volume. However, methane and carbon
dioxide emission rates will differ from one another on a mass basis (e.g., megagrams per
year, short tons per year) because methane and carbon dioxide have different molecular
weights and, thus, different mass emissions.
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Section 8.
Viewing and Printing Graphical Results

To view the emission estimates in a graphical format, go to the GRAPHS worksheet. Image
8 contains one of the three graphs generated on the GRAPHS worksheet for the scenario

shown in Image 6.

G RAPHS Landfill Hame or Identifier: Example Landfil

Megagrams Per Year

7.000E+04

6.000E+04 -
5.000E+04 ! \

4 ODOE+04 / \

Emissions

3.000E+04 / \
N\

2.000E+04
/ - o \\\

0.000E+00 %m

Ay o B b b b o &
FELEPF PP E P00
Year
= Ttal landfil gas kethane s NRAOC : Mercury (total) - HAP

Image 8. Graphical Results in Units of Megagrams per Year.

A total of three graphs are generated for each scenario, one for each unit of measure of
emissions on the RESULTS worksheet. The top two graphs are in units of megagrams per
year and cubic meters per year, respectively. The third graph represents the units you
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selected on the RESULTS worksheet (see Section 7.0 for further discussion), which defaults
to average cubic feet per minute. The emission estimates for all four gases or pollutants are
shown on each of the three graphs using a different color to represent each gas or pollutant’s

emissions.

To print the GRAPHS worksheet, select Print... from the File menu. The GRAPHS
worksheet is set to print on one page. However, you may adjust this as well as other print
settings by selecting Page Setup... from the File menu.

Editing and formatting of the graphs are protected from user modification. To create graphs
that can be edited or formatted, you will need to copy and paste the emission estimates from
the RESULTS worksheet or the INVENTORY worksheet into a new Microsoft Excel file by
following the instructions below.
1. Highlight the cells containing the values to be graphed and select Copy from the Edit
menu.
2. Open a new Microsoft Excel file by selecting New... (Blank Workbook) from the File
ment.
3. Select Paste Special... from the Edit menu and click on the Values radio button in the
Paste Special window that appears.
4. You can now create graphs from these emission values by selecting Chart... from the
Insert menu and following the instructions in the Chart Wizard window.
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Section 9.
Viewing and Printing Inventory Results

To view emission estimates for use in emission inventories and air permits, go to the
INVENTORY worksheet. This worksheet allows you to view and print emission estimates
for a particular year for all gases or pollutants in megagrams per year, cubic meters per year,
average cubic feet per minute, cubic feet per year, and short tons per year. You must enter a
valid four-digit year in the designated entry box to obtain estimates for a particular year. The
inventory year entered must be between the year after the Landfill Open Year entered and
140 years past the Landfill Open Year. Image 9 displays the INVENTORY worksheet for
the scenario shown in Image 6.
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Image 9. INVENTORY Worksheet.
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To print the INVENTORY worksheet, select Print... from the File menu. The INVENTORY
worksheet is set to print on one page. However, you may adjust this as well as other print
settings by selecting Page Setup... from the File menu.

Formatting of the values contained in the INVENTORY worksheet is protected from user
modification. To adjust the number formats of the values contained in the INVENTORY
worksheet, you will need to copy and paste the emission estimates into a new Microsoft

Excel file by following the instructions below:
1. Highlight cells B5 to K68 and select Copy from the Edif menu.
2. Open a new Microsoft Excel file by selecting New... (Blank Workbook) from the File

menu.
3. Select Paste Special... from the Edit menu and click on the Values radio button in the

Paste Special window that appears.
4. You can now change the number formats of these emission values by selecting

Cells... Number from the Format menu.
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Section 10.
Viewing and Printing the Summary Report

To view the summary report, go to the REPORT worksheet. Information contained in the
sumumary report on the RESULTS worksheet includes

= A cover page showing the LandGEM title screen (pop-up introduction window that
includes the model version and date), Landfill Name or Identifier and
Description/Comments entered in the USER INPUTS worksheet, the current date,
the first-order decomposition rate equation used to estimate emissions, and a general
description of the model,

* Data contained in the INPUT REVIEW worksheet, including landfill characteristics,
model parameters, gases/pollutants selected, waste acceptance rates, and yearly
waste-in-place amounts,

* Emission estimates in graphical format, as shown on the GRAPHS worksheet, and

» Emission estimates in tabular format, from the RESULTS worksheet.

To print the REPORT worksheet, select Print... from the File menu. The REPORT

worksheet is set to print on seven pages. However, you may adjust this as well as other print
settings by selecting Page Setup... from the File menu.
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Section 11.
Additional iInformation and References

Additional Information

For further information regarding landfill gas emissions, please access the following Web

sites and documents:

Rules and Implementation Information for Standards of Performance for MSW
Landfills. EPA, Technology Transfer Network, Air Toxics Website:
http://www.epa. gov/ttnatw01/landfill/landflpg html.

The following topics are included on this Web site:

- Proposed and Promulgated Rules, including the NSPS/EG requirements,

- Closely Related Rules, Policies or Program Guidance,

- Technical Information, including Background Information Document
(BID)/Response to Comments, Fact Sheets, and Risk Assessment,

- Implementation and Enabling Documents,

- Emission Estimation Tools, including the LandGEM software,

- Source Identification and Location,
- Outreach and Training Materials,

- Permitting,

- Compliance and Enforcement.

NESHAP Rule and Implementation Information for Municipal Solid Waste Landfills.
EPA, Technology Transfer Network, Air Toxics Website:
http://www.epa.gov/ttnatw01/landfill/Indfillpg.html.

The following topics are included on this Web site:

- Proposed and Promulgated Rules, including the NESHAP requirements,
- Closely Related Rules, Policies or Program Guidance,

- Technical Information, including Background Information Document
(BID)/Response to Comments, Fact Sheets, and Economic Analysis,

- Implementation Documents,

- Source Identification and Location,

- Outreach and Training Materials,
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- Permitting,

- Compliance and Enforcement.

Compilation of Air Pollutant Emission Factors (AP-42), Volume 1: Stationary Point
and Area Sources, 5" ed., Chapter 2.4: Municipal Solid Waste Landfills. EPA,
Office of Air Quality Planning and Standards. Research Triangle Park, NC.

http://www.epa.gov/ttn/chief/ap42/ch02/final/c02s04.pdf.

Use of Landfill Gas Generation Model to Estimate VOC Emissions from Landfills.
Memorandum from Y.C. McGuinn, Radian Corporation, to Susan Thorneloe, EPA.
June 21, 1988. Public Docket No. A-88-09.

Sensitivity Analysis of Landfill Gas Generation Model. Memorandum from Y.C.
McGuinn, Radian Corporation, to Susan Thorneloe, EPA. June 21, 1988. Public
Docket No. A-88-09.

Methodology Used to Revise the Model Inputs in the Municipal Solid Waste
Landfills Input Database (Revised). Memorandum from W.R. Pelt, Radian
Corporation, to Municipal Solid Waste Landfills Docket A-88-09. April 28, 1993.
Public Docket No. A-88-09.

Methane Emissions from Landfills and Open Dumps, In £PA Report to Congress on
International Anthropogenic Methane Emissions: Estimates for 1990. S.A.
Thorneloe, M. Doorn, and M. Barlaz. EP A, Office of Policy, Planning and
Evaluation. Washington, DC, 1994. EPA-230-R-93-010.

Landfill Gas Utilization — Options, Benefits, and Barriers, The Second United States
Conference on Municipal Solid Waste Management, Arlington, VA. S.A. Thomeloe.
Published in Conference Proceedings, June 3—5, 1992.

Global Methane Emissions from Waste Management. S.A. Thorneloe, M. A. Barlaz,
R. Peer, L. C. Huff, L. Davis, and J. Mangino. Published in Atmospheric Methane:
Sources, Sinks, and Role in Global Change, NATO ASI Series, Vol. 13, 1993.
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Introduction

The Landfill Gas Emissions Model (LandGEM) provides an automated estimation tool

for quantifying air emissions from municipal solid waste (MSW) landfills. The model was
developed by the Control Technology Center (CTC) of the U.S. Environmental Protection
Agency and can be obtained by downloading from the TTNWeb
(http://www.epa.gov/ttn/cate/products.html#software). It is also available from the National
Technical Information Service (NTIS).

Air emissions from landfills come from landfill gas generated by the decomposition of waste
in the landfill. Landfill gas is assumed by this model to be roughly half methane and half
carbon dioxide with additional, relatively low, concentrations of other air pollutants. The
following information is needed to estimate emissions from a landfill (see the Glossary of
Terms at the end of Appendix A):
» The waste design capacity of the landfill,
¢ The amount of waste-in-place in the landfill or the annual waste acceptance rate for
the landfill,
* The methane generation rate (%),
= The potential methane generation capacity (L,),
» The concentration of total nonmethane organic compounds (NMOCs) and speciated
NMOC:s found in the landfill gas,
e The years the landfill has been in operation, and
*  Whether the landfill has been used for disposal of hazardous waste (co-disposal).

The estimation method used by the model is a simple first-order decay equation. Because
the data available for landfills (such as data on the quantity, age, and composition of the
waste in the landfill) are limited, using a more sophisticated calculation method is not
justified. The Landfill Gas Emissions Model estimates emissions of total landfill gas,
methane, carbon dioxide (CO,), NMOCs, and selected air pollutants. Information on the
assumptions used in the model can be found in the background information document (EPA,
1991a) written to support the Standards of Performance for New Stationary Sources
(NARA, 1997a) and Emission Guidelines for Control of Existing Sources (NARA, 1997b)
and in the public docket (McGuinn, 1988a; McGuinn, 1988b; Pelt, 1993).

The Landfill Gas Emissions Model can be used with site-specific data for all the information
needed to generate emission estimates, or it can be used with two different sets of default
values. One set of default values (the CAA defaults) is for estimating emissions to determine
the applicability of the Clean Air Act (CAA) regulations for MSW landfill emissions,

42



specifically the New Source Performance Standards (NSPS) for new MSW Landfills and the
emission guidelines (EG) for existing MSW landfills. The NSPS/EG were initially proposed
May 30, 1991 (EPA, 1991b), and the final rule was promulgated on March 12, 1996

(EPA, 1996).

The applicability of the NSPS/EG to a particular landfill can be determined based on
emissions estimated using the CAA defaults in the model. The applicability of the NSPS/EG
to a particular landfill is determined in tiers. There is, first, a size cutoff (i.e., 2.5 million
tons or 2.5 million cubic meters of waste) below which landfills are not subject to the rule.
After the size cutoff, the first tier of the applicability determination is to assess whether
emissions of NMOCs exceed a cutoff value of 50 Mg of NMOCs/yr using LandGEM with
all default values set for the CAA defaults. Landfills with emissions exceeding the cutoff
value can choose to install emission controls or move to the second tier of the applicability
determination, which is to test the landfill for landfill gas NMOC concentrations. If the
revised NMOC concentrations result in NMOC emissions that still exceed the cutoff value,
the landfill can choose to install emission controls or move to the third tier of the
applicability determination, which is to perform another test to obtain a site-specific k£ value
(the methane generation rate constant).

The CAA default values in the model provide emission estimates that would reflect the
expected maximum emissions and generally would be used only for determining the
applicability of the regulations to a landfill. To estimate actual emissions in the absence of
site-specific data, a second set of default values (the inventory defaults) is provided in the
model. The inventory default values in the model are based on emission factors from the
U.S. Environmental Protection Agency’s Compilation of Air Pollutant Emission Factors,
AP-42 (EPA, 1998). The inventory default values provide emission estimates that should
reflect typical landfill emissions and are the values suggested for use in developing
estimates for state inventories.

The EPA fully recognizes that modeling landfill air emissions accurately is difficult due to
limitations in available information for inputs to the model. However, as new landfills are
constructed and operated and better information is collected, the present modeling approach
can be improved. As better data become available, including longer term data on landfill air
emissions, better modeling approaches are expected to evolve. For example, several firms in
the landfill gas industry have models for estimating landfill emissions that are regarded as
proprietary. If this information is released to the public, the EPA can use it to improve the
present emission estimation approach. In addition, as data become available through the
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implementation of the NSPS/EG, the new data can be used to improve the modeling
calculations.

Landfill Emissions

The Landfill Gas Emissions Model estimates the emissions resulting from the
biodegradation of waste in landfills. The anaerobic decomposition of waste in MSW
landfills causes emissions of landfill gas. As landfill gas passes through the waste, it sweeps
NMOC:s and other air pollutants present in the waste to the surface. The composition of
MSW landfill emissions is estimated by the model to be about 50 percent methane (CH,)
and 50 percent carbon dioxide (CO,), with additional, trace constituents of NMOCs,
although, these default percentages can easily be changed. The concentration of total and
speciated NMOCs can be estimated by the model using either default or site-specific
concentrations. The pollutant regulated under the NSPS/EG is MSW landfill emissions, but
the surrogate for measuring MSW landfill emissions for the applicability of and compliance
with the regulations is NMOCs.

The EPA has determined that emissions from MSW landfills cause, or contribute
significantly to, air pollution that may reasonably be anticipated to endanger public health or
welfare. Some NMOCs are known or suspected carcinogens, or cause other noncancer
health effects. Public welfare concerns include the odor nuisance from the landfill gas and
the potential for CH, migration, both on-site and off-site, which may lead to explosions or
fires. The CH, emitted from landfills is also a concern because it is a greenhouse gas and
contributes to global climate change. It has been estimated that the United States contributed
8 to 16 Tg/yr of CH, to the atmosphere in 1990, about 40 percent of the worldwide amount
emitted from landfills and open dumps (Thorneloe and Pacey, 1994; Thorneloe et al., 1994).
The environmental and welfare concerns associated with MSW landfill air emissions are
documented in the preamble to the proposed NSPS/EG (EPA, 1991c¢).

This computer model uses a first-order decomposition rate equation and estimates annual
emissions over any time period specified by the user. Total landfill gas emissions are
estimated by estimating CH, generation and doubling it (the landfill gas is assumed to be
half CH, and half CO,). Methane generation is estimated using L , the potential CH,
genceration capacity of the waste, and %, the CH,, generation rate constant, which accounts for
how quickly the CH, generation rate decreases once it reaches its peak rate. The CH,
generation rate is assumed to be at its peak upon closure of the landfill or final placement of
waste at the site. The model allows the user to enter L, and & values derived using site-
specific test data collected at the landfill (site-specific data may be collected using the test
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methods specified in the NSPS/EG for MSW landfills), or to use the CAA or inventory
default values.

The model estimates emission rates for total landfill gas, CH,, CO,, NMOCs, and a list of air
pollutants expected to be emitted from landfills based on test data from AP-42 (EPA, 1998).

Methane and Carbon Dioxide

The NSPS/EG require only NMOC emission estimates, but the model provides estimates of
all landfill gas constituents. Landfill gas is assumed to be half CH, and half CO,. The model
assumes that CO, emissions are the same as CH, emissions and that landfill gas emissions
are twice the CH, emissions. The generation of CH, from a landfill is a function of %, the
CH, generation rate constant, and L, the CH, generation potential.

The CH, generation rate constant, k, determines the rate of CH, generation for each submass
of waste in the landfill. The higher the value of £, the faster the CH,, generation rate
increases and then decays over time. The value of & is a function of (1) waste moisture
content, (2) availability of the nutrients for methanogens, (3) pH, and (4) temperature. The k&
values obtained from the data collected for the NSPS/EG range from 0.003 to 0.21 (EPA,
1991a). These values were obtained from theoretical models using field test data and from
actual field test measurements. If no user-specified £ value is entered into LandGEM, a
default value is used. The default £ value used by the model is 0.05 year! for the CAA
conventional landfills option (EPA, 1991a).

The value for the potential CH, generation capacity of waste (L,) depends only on the type
of waste in the landfill. The higher the cellulose content of the waste, the higher the value of
L,. The values of theoretical and obtainable L, range from 6.2 to 270 m*/Mg of waste (EPA,
1991c). If no user-specified L, value is entered into LandGEM, a default value is used for
L,. The default L, value used in the model is 170 m*/Mg of waste for the CAA conventional
landfills option (EPA, 1991a).

Air Pollutants

Landfill gas contains low concentrations of air pollutants from the leaching and
decomposition of waste. The Landfill Gas Emissions Model can estimate emissions of such
air pollutants if users choose to do so. Emissions of air pollutants are based on
concentrations of air pollutants in the landfill gas. The model contains default concentrations
for specific air pollutant compounds. The list of air pollutants expected to be emitted with
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landfill gas and the concentrations of these air pollutants were taken from test data in AP-42
(EPA, 1998). The default air pollutants included in the model are designated as a hazardous
air pollutant (HAP) or a volatile organic compound (VOC) with the HAP or VOC
abbreviation after their chemical names. These designations are based on EPA HAP and
VOC definitions that are current as of April 2004.

Because some air pollutant concentrations in the landfill gas are slightly higher for landfills
that have been used for disposal of hazardous waste than for those that have not, there is a
choice in the model between “Co-disposal,” (i.e., landfills used for disposal of hazardous
and non-hazardous waste), and “No or Unknown Co-disposal,” (i.e., landfills that have not
been used for disposal of hazardous waste or unknown disposal of hazardous waste). For
example, concentrations in the model for benzene and toluene are different for landfills with
hazardous waste “Co-disposal” than for landfills with “No or Unknown Codisposal.”

Landfill sites that have hazardous waste co-disposal or Superfund sites should use the co-
disposal option for estimating air pollutant emissions. In general, it is recommended that
landfill owners and operators obtain actual test data for air pollutant concentrations in the
landfill gas for their specific landfill.

Nonmethane Organic Compounds

The NMOC concentration in the landfill gas is a function of the types of waste in the landfill
and the extent of the reactions that produce various compounds from the anaerobic
decomposition of waste. To determine NMOC concentrations, NMOC data were collected
from emission test reports from industry, state, and local regulatory agencies (Pelt, 1993).
The NMOC concentrations from 23 landfills ranged from 240 to 14,300 ppmv. Three
suggested default NMOC concentrations are used in the model: one for the CAA default
option and two for the inventory default option (one for co-disposal and one for no or
unknown co-disposal). For the CAA default option, the NMOC concentration as hexane is
4,000 ppmv. For the inventory default option, the NMOC concentration as hexane for
co-disposal is 2,400 ppmv and is 600 ppmv for no or unknown co-disposal. The analysis of
NMOC concentrations in landfill gas is documented in a memorandum (Pelt, 1993), which
can be found in Public Docket No. A-88-09 and in AP-42 (EPA, 1998). Because the NMOC
concentration in landfill gas varies from landfill to landfill, collection of site-specific data
using EPA Method 25C will provide the most accurate estimates (EPA, 1991c).
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GLOSSARY OF TERMS

Term Definition
Co-disposal Disposal of hazardous waste as well as other
kinds of waste in a landfill.
Waste Design Capacity The total amount of waste that can be

disposed of in the landfill.

Landfill Gas

Landfill gas is a product of biodegradation of
waste in landfills and consists of primarily
CH, and CO,, with trace amounts of NMOCs
and air pollutants.

Methane Generation Rate (k)

k is a constant that determines the rate of
landfill gas generation. The first-order
decomposition rate assumes that & values
before and after peak landfill gas generation
are the same. £ is a function of moisture
content in the landfill waste, availability of
nutrients for methanogens, pH, and
temperature,

Nonmethane Organic Compounds

(NMOCs)

NMOC:s are specified in this program as the
fraction of landfill gas containing
nonmethane organic compounds, expressed
as hexane. NMOCs include air pollutants and
VOCs. NMOC concentration can be
measured using guidance provided by EPA
Method 25C.

Potential Methane Generation Capacity

(LO)

L, is a constant that represents the potential
capacity of a landfill to generate CH, (a
primary constituent of landfill gas). L,
depends on the amount of cellulose in the
waste.

Air Pollutants

Compounds found in landfill gas or emitted
with landfill gas, some of which are listed as
air pollutants under section 112 of the Clean
Air Act (CAA). A total of 46 air pollutants
emitted from landfills are included in the
model.

Landfill Closure Year

The year in which the landfill ceases, or is
expected to cease, accepting waste.
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ATTACHMENT 9
VERTICAL WELL CONSTRUCTION SCHEDULE



Lorain County Landfill I and i
Landfill Gas Collection System

Vertical Well Schedule
Well ID STATUS | COORDINATES ELEVATIONS DEPTHS
North East Existing Base Refuse Bore Solid Perf.
EW-1 Lorain | |EXISTING| 595,507 | 2,054,791 | 815.9 761.9 54.0 39.0 19.0 21.5

EW-2 Lorainl [EXISTING| 595,507 | 2,054,616 | 818.6 766.6 52.0 37.0 19.0 19.0
EW-3 Lorain | |EXISTING| 595,506 | 2,054,428 | 821.1 757.1 64.0 49.0 19.0 28.5
EW-4 Lorain | |EXISTING| 595,421 | 2,054,132 | 823.7 768.7 55.0 40.0 20.5 30.5

EW-5 Lorain | |EXISTING| 595,686 | 2,054,359 | 818.4 767.4 51.0 36.0 19.0 18.5
EW-6 Lorain | |EXISTING| 595,833 | 2,054,383 | 817.0 767.0 50.0 35.0 19.0 18.0
EW-7 Lorain | [EXISTING| 595,863 | 2,054,058 | 823.2 766.2 57.0 42.0 19.0 250
EW-8 Lorain | [EXISTING| 595,904 | 2,053,734 | 828.3 770.3 58.0 43.0 19.0 25.0
EW-9 Lorain | |[EXISTING| 596,029 | 2,054,382 | 818.9 769.9 49.0 34.0 19.0 16.5
EW-10 (. Lorain| |EXISTING| 596,188 | 2,054,063 | 823.8 766.3 57.5 42,5 19.0 25.0

EW-11 | Lorain| |EXISTING| 596,188 | 2,054,397 | 819.4 764.9 54.5 39.5 19.0 23.5
EW-12R | Lorain| |EXISTING| 596,337 | 2,054,416 | 817.3 761.3 56.0 41.0 19.0 23.5

EW-13 | Lorain| [EXISTING| 596,497 | 2,054,437 | 819.9 762.9 57.0 42.0 18.0 25.0
EW-14 [ Lorain| [EXISTING| 596,669 | 2,054,448 | 816.8 763.3 53.5 38.5 198.0 21.5
EW-15 | Lorainl [EXISTING| 596,753 | 2,054,301 | 815.8 7573 58.5 43.5 19.0 13.0

EW-16 | Lorain| ([EXISTING| 596,759 | 2,054,127 | 816.3 764.3 52.0 37.0 19.0 19.5
EW-17 | Lorainl [EXISTING| 596,483 | 2,054,142 | 820.7 759.7 61.0 46.0 19.0 28.5

EW-18 | Lorain| |[EXISTING| 596,770 | 2,053,936 | 819.1 768.1 51.0 36.0 19.0 18.5
EW-19 | Lorain | |[EXISTING| 596,758 | 2,053,757 | 820.9 762.4 58.5 43.5 18.0 16.5
EW-20 | Lorainl |EXISTING| 596,499 | 2,053,826 | 823.7 7757 48.0 33.0 19.0 18.0

EW-21 | Lorain| [EXISTING| 596,642 | 2,053,626 | 821.6 761.6 60.0 45.0 19.0 28.0
EW-22 | Lorain| |[EXISTING| 596,511 | 2,053,509 | 822.7 765.7 57.0 42.0 19.0 24.5
EW-23 | Lorainl [EXISTING| 596,378 | 2,053,384 | 821.9 767.9 54.0 39.0 19.0 220
EW-24 | Lorainl [EXISTING| 596,215 | 2,053,678 | 827.7 771.2 56.5 41.5 19.0 24.5
EW-25 | Lorain| [EXISTING| 596,238 | 2,053,284 | 822.1 767.6 54.5 39.5 19.0 22.5
EW-26 | Lorain| [EXISTING| 596,093 | 2,053,160 | 822.3 772.8 49.5 34.5 19.0 17.5

EW-27 | Lorain | |EXISTING| 595,936 | 2,053,390 | 827.4 765.4 62.0 47.0 19.0 29.5
EW-28 | Lorain| |[EXISTING| 595,960 | 2,053,060 | 823.1 772.6 50.5 35.5 19.0 18.5
EW-29 | Lerain! [EXISTING| 595,800 | 2,052,935 | 822.1 7731 49.0 34.0 19.0 16.5
EW-30 | Lorainl |EXISTING| 595,634 | 2,053,178 | 826.6 766.1 60.5 45.5 19.0 28.5
EW-31 | Lorain| [EXISTING| 595,663 | 2,052,847 | 822.8 766.8 56.0 41.0 18.0 23.0
EW-32 | Lorain| [EXISTING| 595,511 | 2,052,723 | 8224 771.4 51.0 36.0 19.0 17.5
EW-33 | Lorainl [EXISTING| 595,427 | 2,052,915 | 823.9 778.4 45.5 30.5 19.0 145
EW-34 | ‘Lorain| [EXISTING| 595,385 | 2,052,624 | 820.6 765.6 55.0 40.0 19.0 225

CORNERSTONE

Environmentat Group, LLC
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Lorain County Landfill | and Il
Landfill Gas Collection System

Vertical Well Schedule

Well ID STATUS| COORDINATES ELEVATIONS DEPTHS

North East Existing Base Refuse Bore Solid Perf.
EW-35 | Lorainl [EXISTING| 595,246 | 2,052,570 816.0 760.0 56.0 41.0 19.0 22.0
EW-36 | Lorainl [EXISTING| 595,225 | 2,052,706 | 820.8 766.3 54.5 39.5 19.0 20.0
EW-37 | Lorainl [EXISTING| 595,220 | 2,052,887 | 821.6 768.6 53.0 38.0 19.0 20.0
EW-38 | Lorainl [EXISTING| 595,212 | 2,053,063 | 821.7 763.2 58.5 43.5 19.0 25.0
EW-39 | Lorainl [EXISTING| 595,037 | 2,053,271 | 819.9 757.9 62.0 47.0 19.0 29.0

EW-40 | Lorain| |EXISTING| 585,204 | 2,063,247 | 822.9 767.9 56.0 40.0 19.0 19.0
EW-41 | Lorain| [EXISTING| 595,006 | 2,053,436 | 821.4 768.9 52.5 37.5 20.5 20.5
EW-42 | Lorain| |EXISTING| 595,312 | 2,053,502 | 828.1 758.6 69.5 54.5 22,5 34.0
EW-43 | Lorain| |[EXISTING| 595,609 | 2,053,546 | 827.9 763.9 64.0 49.0 20.5 30.5
EW-44 | Lorainl |EXISTING| 595,017 | 2,053,626 | 821.9 769.4 52.5 37.5 20.5 19.5
EW-45 | Lorain| |EXISTING| 595,018 | 2,053,810 | 822.7 71.7 51.0 36.0 20.5 17.5
EW-46 | Lorain| |EXISTING| 595,298 | 2,053,808 | 830.7 775.7 55.0 40.0 20.5 22.0
EW-47 | Lorain| |EXISTING| 595,587 | 2,053,899 | 832.2 775.2 57.0 42.0 19.0 23.0
EW-48 | Lorain| |EXISTING| 594,963 | 2,053,983 | 821.5 765.5 56.0 41.0 20.5 23.0
EW-49 | Lorain| [EXISTING| 595,143 | 2,054,194 | 824.6 764.6 60.0 45.0 20.5 275
EW-50 | Lorain| |EXISTING| 594,819 | 2,053,973 | 820.5 773.5 47.0 32.0 20.5 13.0

EW-51 | Lorain| [EXISTING| 594,658 | 2,053,975 | 824.2 767.2 57.0 42.0 18.5 25.0
EW-52 | Lorain| |EXISTING| 594,500 | 2,053,986 | 821.7 764.7 57.0 42.0 20.5 24.0
EW-53 | Lorainl |EXISTING| 594,329 | 2,053,978 | 823.1 780.1 43.0 28.0 20.5 9.0

EW-54 [ Lorain| [EXISTING| 594,165 | 2,053,975 | 823.1 760.1 63.0 48.0 20.5 30.5
EW-85 | Lorain| |EXISTING| 594,006 | 2,053,981 | 819.8 772.8 47.0 32.0 20.5 15.0

EW-56 | Lorain| |EXISTING| 593,854 | 2,053,996 | 816.6 771.8 45.0 30.0 20.5 12.5
EW-57 | Lorain| |EXISTING| 593,867 | 2,054,181 | 812.7 765.2 47.5 32.5 14.8 20.7
EW-58 | Lorainl |EXISTING| 593,932 | 2,054,347 | 815.5 760.5 55.0 40.0 17.3 257
EW-59 | Lorainl [EXISTING| 594,246 | 2,054,340 | 818.7 764.7 54.0 39.0 17.0 25.0
EW-60 | Lorain| [EXISTING| 593,966 | 2,054,403 | 821.5 771.0 50.5 35.5 15.8 22.6

EW-61R | Lorain! |EXISTING| 594,053 | 2,054,697 | 817.8 760.3 57.5 42.5 18.2 27.3
EW-62 | Loraini |EXISTING| 594,192 | 2,054,723 | 817.6 7471 70.5 55.5 22.5 36.0
EW-63 | Lorainl EXISTING 594,417 | 2,054,709 | 816.5 749.5 67.0 52.0 21.3 33.7
EW-64R | Lorain| |EXISTING| 594,606 | 2,054,710 | 824.9 763.4 61.5 48.5 19.5 30.0
EW-65 | Lorainl |EXISTING| 594,578 | 2,054,371 | 824.9 757.9 67.0 52.0 214 44.7
EW-66R | Lorainl |EXISTING| 594,790 | 2,054,719 | 816.2 753.2 63.0 48.0 20.0 31.0
EW-67 | Lorainl |EXISTING| 594,977 | 2,054,744 | 814.5 758.5 56.0 41.0 17.7 26.3
EW-68 | Lorainl |EXISTING| 584,886 | 2,054,373 | 822.0 765.5 56.5 41.5 17.8 26.7
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L.orain County Landfill | and Il
Landfill Gas Collection System
Vertical Well Schedule

Well ID STATUS| COORDINATES ELEVATIONS DEPTHS

North East Existing Base Refuse Bore Solid Perf.
EW-69 | Lorainl [EXISTING| 595,151 | 2,054,770 | 811.5 755.5 58.0 41.0 17.7 26.3
EW-70 | Lorainl [EXISTING| 595,252 | 2,054,502 | 812.3 751.3 61.0 46.0 19.3 297
EW-71 | Lorain| |[EXISTING| 595,326 | 2,054,776 | 817.0 758.5 58.5 43.5 18.5 28.0
EW-1 Lorain il |EXISTING| 595,881 | 2,056,872 | 825.0 760.0 85.0 50.0 20.0 30.0
EW-1A | Lorain Il |[EXISTING| 596,053 | 2,056,894 | 836.0 760.0 76.0 56.0 20.0 36.0
EW-2 | Lorain ll |EXISTING| 595,891 | 2,057,171 | 825.0 760.0 65.0 50.0 20.0 30.0
EW-2A | Lorain Il |[EXISTING| 596,069 | 2,057,211 | 841.0 760.0 81.0 61.0 20.0 41.0
EW-2B | Lorain [l [EXISTING| 596,289 | 2,057,210 | 881.0 758.0 123.0 100.0 20.0 80.0

EW-3 Lorain Il |EXISTING| 595,899 | 2,057,361 | 825.0 761.0 64.0 49.0 20.0 29.0
EW-3A | Lorain Il |[EXISTING| 596,073 | 2,057,421 | 840.0 760.0 80.0 60.0 20.0 40.0
EW-5R | Lorain [l [EXISTING| 596,554 | 2,057,424 | 894.0 756.0 138.0 100.0 20.0 80.0
EW-6 Lorain Il |[EXISTING| 595,916 | 2,057,570 | 825.0 761.0 64.0 49.0 20.0 29.0
EW-7 Lorain Il |EXISTING| 595,933 | 2,057,766 | 825.0 761.0 64.0 49.0 20.0 29.0
EW-9R | Lorain [l [EXISTING| 596,609 | 2,057,747 | 903.0 755.0 148.0 133.0 20.0 113.0
EW-10 | Lorain Il |EXISTING| 595,929 | 2,057,963 | 825.0 762.0 63.0 48.0 20.0 28.0
EW-11 | Lorain [l [EXISTING| 595,897 | 2,058,160 | 825.0 763.0 62.0 47.0 20.0 27.0
EW-13R | Lorain Il [EXISTING| 596,572 | 2,058,109 | 900.0 756.0 144.0 129.0 20.0 109.0
EW-14 | Lorain I [EXISTING| 595,877 | 2,058,354 | 825.0 763.0 62.0 47.0 20.0 27.0
EW-15 | Lorain Il [EXISTING| 595,858 | 2,058,559 | 825.0 763.0 62.0 47.0 20.0 27.0
EW-17R | Lorain Il [EXISTING| 596,625 | 2,058,508 | 894.0 755.0 139.0 124.0 20.0 104.0
EW-18 | Lorain Il [EXISTING| 595,851 | 2,058,749 | 825.0 763.0 62.0 47.0 20.0 27.0
EW-19 | Lorain il [EXISTING| 595,883 | 2,058,955 | 822.0 762.0 60.0 45.0 20.0 25.0
EW-22 | Lorain I [EXISTING| 595,926 | 2,059,143 | 822.0 761.0 61.0 46.0 20.0 26.0
EW-23 | Lorain Il |EXISTING| 595,955 | 2,059,350 | 820.0 760.0 60.0 45.0 20.0 25.0
EW-26 | Lorain Il [EXISTING| 595,966 | 2,059,542 | 822.0 759.0 63.0 48.0 20.0 28.0
EW-27 | Lorain Il |EXISTING| 585,968 | 2,059,732 | 821.0 759.0 62.0 47.0 20.0 27.0
EW-29 | Lorain !l |EXISTING| 596,084 | 2,059,894 | 820.0 757.0 63.0 48.0 20.0 28.0
EW-30 | Lorain Il |[EXISTING| 596,290 | 2,059,890 | 821.0 755.0 66.0 51.0 20.0 31.0
EW-31 | Lorain Il |[EXISTING| 596,488 | 2,059,878 | 825.0 753.0 72.0 57.0 20.0 37.0
EW-32R | Lorain Il |[EXISTING| 596,626 | 2,059,772 | 843.0 752.0 91.0 76.0 20.0 56.0
EW-34R | Lorainll | PROP. | 596,988 | 2,059,520 | 890.0 761.0 129.0 114.0 20.0 94.0
EW-35R | Lorain Il |[EXISTING| 596,851 | 2,058,740 | 860.0 765.0 95.0 80.0 20.0 60.0
EW-36R | Lorain It [EXISTING| 597,135 | 2,059,831 | 832.0 764.0 68.0 53.0 20.0 33.0
EW-37R | Lorain I |EXISTING| 597,337 | 2,059,844 | 827.0 762.0 65.0 50.0 20.0 30.0
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Lorain County Landfill | and Il
Landfill Gas Collection System
Vertical Well Schedule

Well ID STATUS | COORDINATES ELEVATIONS DEPTHS
North East Existing Base Refuse Bore Solid Perf.
EW-38R | Lorain [l [EXISTING| 597,462 | 2,059,813 | 837.0 760.0 77.0 62.0 20.0 42.0

EW-39R | Lorain Il [EXISTING| 597,507 | 2,059,673 | 875.0 757.0 118.0 103.0 20.0 83.0
EW-40R | Lorain Il | PROP. | 597,326 | 2,059,529 | 890.0 758.0 132.0 117.0 20.0 97.0
EW-43R | Lorain Il | PROP. | 597,289 | 2,059,151 | 883.0 764.0 119.0 104.0 20.0 84.0
EW-47R | Lorain Il | PROP. | 597,311 | 2,058,889 | 923.0 759.0 164.0 140.0 20.0 120.0
EW-48R | Lorainll | PROP. | 596,972 | 2,058,807 | 908.0 761.0 147.0 132.0 20.0 112.0
EW-51R | Lorain Il [EXISTING| 597,486 | 2,058,408 | 937.0 763.0 174.0 140.0 20.0 120.0
EW-52R | Lorain It |EXISTING| 597,162 | 2,058,543 | 930.0 763.0 167.0 140.0 20.0 120.0
EW-53R | Lorain Il | PROP. | 596,792 | 2,058,489 | 912.0 780.0 132.0 117.0 20.0 97.0
EW-56R | Lorain II [EXISTING| 597,506 | 2,057,983 | 886.0 762.0 124.0 109.0 20.0 89.0
EW-57R | Lorain Il |EXISTING| 597,163 | 2,058,014 | 928.0 764.0 164.0 140.0 20.0 120.0
EW-58R | Lorain Il | PROP. | 596,845 | 2,058,125 | 915.0 766.0 149.0 134.0 20.0 114.0
EW-62R | Lorain Il [EXISTING| 597,232 | 2,057,742 | 915.0 764.0 151.0 136.0 20.0 116.0
EW-63R | Lorain Il |EXISTING| 596,950 | 2,057,993 | 916.0 767.0 149.0 134.0 20.0 114.0

EW-65R | Lorain Il | PROP. | 597,938 | 2,057,276 | 824.0 770.0 54.0 39.0 15.0 24.0
EW-68 | Lorain [l [EXISTING| 597,939 | 2,057,134 | 832.0 765.0 67.0 52.0 20.0 32.0
EW-70 | Lorain Il [EXISTING| 597,933 | 2,056,975 | 828.0 764.0 64.0 48.0 20.0 29.0
EW-71 | Lorain Il [EXISTING| 597,938 | 2,056,756 | 830.0 764.0 66.0 51.0 20.0 31.0
EW-73 | Lorain Il |[EXISTING| 597,938 | 2,056,552 | 830.0 753.0 77.0 62.0 20.0 42.0
EW-74R | Lorain Il |EXISTING| 597,925 | 2,056,305 | 830.0 754.0 76.0 61.0 20.0 41.0
EW-76 | Lorain Il [EXISTING| 597,950 | 2,056,199 | 818.0 754.0 64.0 49.0 20.0 29.0
EW-77 | Lorain [l [EXISTING| 597,766 | 2,056,202 | 820.0 755.0 65.0 50.0 20.0 30.0
EW-78 | Lorain Il [EXISTING| 597,575 | 2,056,196 | 822.0 755.0 67.0 52.0 20.0 32.0
EW-79R | Lorain il |EXISTING| 597,413 | 2,056,213 | 823.0 755.0 68.0 53.0 20.0 33.0
EW-81 | Lorain Il [EXISTING| 597,191 | 2,056,198 | 825.0 755.0 70.0 55.0 20.0 35.0
EW-82 | Lorain il [EXISTING| 597,200 | 2,056,353 | 830.0 754.0 76.0 61.0 20.0 41.0
EW-83R | Lorain Il |[EXISTING| 597,273 | 2,056,632 | 842.0 751.0 91.0 76.0 20.0 56.0
EW-85 | Lorain Il [EXISTING| 597,056 | 2,056,757 | 817.0 749.0 68.0 53.0 20.0 33.0
EW-87R | Lorain Il [EXISTING| 596,896 | 2,056,815 | 826.0 747.0 79.0 64.0 20.0 44.0
EW-G0R | Lorain Il [EXISTING| 586,715 | 2,056,815 | 828.0 752.0 76.0 61.0 20.0 41.0
EW-90A | Lorain [l [EXISTING| 596,673 | 2,057,006 | 871.0 754.0 117.0 97.0 20.0 77.0
EW-80B | Lorain Il |[EXISTING| 596,770 | 2,057,203 | 888.0 782.0 106.0 86.0 20.0 66.0

EW-90C | Lorain Il [EXISTING| 596,694 | 2,057,350 | 896.0 754.0 142.0 100.0 20.0 80.0
EW-81 | Lorain Il [EXISTING| 596,464 | 2,056,807 | 822.0 754.0 68.0 53.0 20.0 33.0
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Lorain County Landfill | and Hl
Landfill Gas Collection System
Vertical Well Schedule

Well ID STATUS COORDINATES ELEVATIONS DEPTHS

North East Existing Base Refuse Bore Solid Perf.
EW-91A | Lorain [l |EXISTING| 596,358 | 2,056,949 | 860.0 756.0 104.0 84.0 20.0 64.0
EW-93 | Lorain il |[EXISTING| 596,264 | 2,056,789 | 827.0 756.0 71.0 56.0 20.0 36.0
EW-94 | Lorain Il |[EXISTING| 596,060 | 2,056,786 | 827.0 758.0 69.0 54.0 200 34.0

EW-96 | Lorain il |[EXISTING| 595,869 | 2,056,775 | 824.0 760.0 64.0 49.0 20.0 29.0
EW-100 | Lorain Il [EXISTING| 596,241 | 2,057,031 | 876.0 758.0 118.0 98.0 20.0 78.0
EW-101R| Lorain Il |EXISTING| 596,352 | 2,057,421 | 879.0 757.0 123.0 93.0 20.0 73.0
EW-102 | Lorain Il |EXISTING| 596,133 | 2,057,653 | 855.0 759.0 96.0 81.0 20.0 61.0

EW-103 | Lorain Il |EXISTING| 596,129 | 2,057,917 | 852.0 760.0 92.0 77.0 20.0 57.0
EW-104 | Lorain [l |EXISTING| 596,083 | 2,058,188 | 840.0 761.0 79.0 64.0 20.0 44.0
EW-105 | Lorain Il [EXISTING| 596,087 | 2,058,430 | 845.0 761.0 84.0 69.0 20.0 49.0
EW-106 | Lorain [I |[EXISTING| 596,084 | 2,058,688 | 840.0 760.0 80.0 65.0 20.0 45.0
EW-107 | Lorain Il |[EXISTING| 596,086 | 2,058,927 | 835.0 760.0 75.0 60.0 20.0 40.0
EW-108 | Lorain Il | PROP. | 596,124 | 2,059,164 | 842.0 752.0 83.0 68.0 20.0 48.0
EW-109 | Lorain Il | PROP. | 596,164 | 2,059,401 | 855.0 758.0 87.0 82.0 20.0 62.0

EW-110 | Lorainll | PROP. | 596,166 | 2,059,667 | 855.0 757.0 98.0 83.0 20.0 63.0
EW-111 | Lorain Il | PROP. | 596,418 | 2,059,676 | 872.0 755.0 117.0 102.0 20.0 82.0
EW-112 | Lorain Il | PROP. | 596,418 | 2,059,443 | 892.0 755.0 137.0 122.0 20.0 102.0
EW-113 | Lorain Il | PROP. | 596,369 | 2,059,166 | 8%30.0 756.0 134.0 119.0 20.0 89.0
EW-114 | Lorain il |[EXISTING| 596,345 | 2,058,918 | 887.0 757.0 130.0 115.0 20.0 95.0
EW-115 | Lorain Il |EXISTING| 596,345 | 2,058,667 | 887.0 758.0 129.0 114.0 20.0 24.0
EW-116 | Lorain [l |[EXISTING| 596,338 | 2,058,419 | 887.0 758.0 129.0 114.0 20.0 94.0
EW-117 | Lorain Il |[EXISTING| 596,348 | 2,058,179 | 890.0 758.0 132.0 117.0 20.0 97.0
EW-118 | Lorain Il |[EXISTING| 596,364 | 2,057,918 | 890.0 758.0 132.0 117.0 20.0 97.0
EW-119 | Lorain Il |[EXISTING| 596,371 | 2,057,650 | 890.0 757.0 133.0 118.0 20.0 98.0
EW-120 | Lorain Il |[EXISTING| 596,529 | 2,057,023 | 863.6 753.8 109.8 76.0 20.0 56.0
EW-120R| Lorain Il [EXISTING| 596,589 | 2,057,044 | 883.0 753.0 130.0 115.0 20.0 95.0
EW-121 | Lorain Il [EXISTING| 596,829 | 2,057,027 | 881.8 752.0 129.8 95.0 20.0 74.0
EW-121A| Lorain Il |[EXISTING| 596,972 | 2,057,173 | 888.0 754.0 134.0 100.0 20.0 80.0
EW-122 | Lorain Il |[EXISTING| 596,911 | 2,057,375 | 898.0 754.0 144.0 100.0 20.0 80.0
EW-122A( Lorain Il |[EXISTING| 596,532 | 2,057,219 | 890.0 756.0 134.0 100.0 20.0 80.0
EW-123R| Lorain l | PROP. | 596,670 | 2,057,564 | 907.0 754.0 153.0 138.0 20.0 118.0
EW-124 | Lorain I [ PROP. | 596,672 | 2,059,562 | 887.0 752.0 135.0 120.0 20.0 100.0
EW-125 | Lorain Il | PROP. | 596,578 | 2,059,341 | 900.0 754.0 146.0 131.0 20.0 111.0
EW-126 | Lorain Il | PROP. | 596,573 | 2,059,084 | 200.0 755.0 145.0 130.0 20.0 110.0

CORNERSTONE

XAPROJECTSWORAIN - 2010 GCCS Enpineering - 100068\Loraln Caunty Master Well Schedule 07-15-2010.xls Environmental Group, LLC



Lorain County Landfill | and Il
Landfill Gas Collection System
Vertical Well Schedule

Weil ID STATUS| COORDINATES ELEVATIONS DEPTHS
North East Existing Base Refuse Bore Solid Perf.

EW-127 | Lorainll | PROP. | 596,945 | 2,057,930 | 919.0 768.0 151.0 136.0 20.0 116.0
EW-127R| Lorain Il |[EXISTING| 596,639 | 2,058,819 | 893.0 755.0 138.0 123.0 20.0 103.0
EW-128R| Lorain Il |[EXISTING| 596,747 | 2,057,949 | 899.0 780.0 119.0 104.0 20.0 84.0

EW-129 | Lorainll | PROP. | 597,031 | 2,057,725 | 920.0 760.0 160.0 140.0 20.0 120.0
EW-130R| Lorain Il | PROP. | 596,894 | 2,057,557 | 912.0 756.0 156.0 140.0 20.0 120.0

EW-131 | Lorainll | PROP. | 597,161 | 2,057,906 | 922.0 766.0 156.0 140.0 20.0 120.0

EW-132 | Lorainll | PROP. | 597,070 | 2,058,134 | 925.0 764.0 161.0 140.0 20.0 120.0

EW-133 | Lorain Il | PROP. | 596,967 | 2,059,062 | 914.0 765.0 149.0 134.0 20.0 114.0

EW-134 | Lorainil | PRQOP. | 597,149 | 2,059,220 | 905.0 765.0 140.0 125.0 20.0 105.0

EW-135 | Lorain Il | PROP. | 597,154 | 2,058,980 | 917.0 762.0 155.0 140.0 20.0 120.0

EW-136 | Lorainll | PROP. | 597,145 | 2,058,754 | 927.0 760.0 167.0 140.0 20.0 120.0

EW-137 | Lorain [l | PROP. | 597,176 | 2,058,328 | 930.0 766.0 164.0 140.0 20.0 120.0

EW-138 | Lorainll | PROP. | 597,298 | 2,059,357 | 900.0 761.0 139.0 124.0 20.0 104.0

EW-139 | Lorainll | PROP. | 597,027 | 2,057,578 | 912.0 759.0 163.0 138.0 20.0 118.0
EW-140R| Lorain [l |EXISTING| 597,062 | 2,057,352 | 890.0 756.6 132.2 98.0 20.0 77.0

EW-141 | Lorain Il [EXISTING| 597,129 | 2,057,031 | 876.9 751.0 125.9 80.0 20.0 60.0
EW-141A| Lorain il [EXISTING| 597,268 | 2,057,211 | 890.0 760.0 130.0 100.0 20.0 80.0

EW-142 | Lorain !l |[EXISTING| 597,506 | 2,056,458 | 885.0 753.0 132.0 117.0 20.0 g97.0

EW-143 | Lorain Il [EXISTING| 597,421 | 2,056,663 | 882.0 751.0 131.0 116.0 20.0 96.0

EW-144 | Lorain Il [EXISTING| 597,404 | 2,056,956 | 882.7 7585.2 127.5 104.0 20.0 84.0

EW-145 | Lorain Il [EXISTING| 597,415 | 2,057,306 | 889.0 761.3 127.7 100.0 20.0 79.0
EW-145R | Lorain Il |[EXISTING| 597,423 | 2,057,366 | 900.0 761.0 138.0 124.0 20.0 104.0

EW-146 | Lorain Il |EXISTING| 597,479 | 2,057,563 | 888.0 765.5 122.5 93.0 20.0 72.0
EW-146R| Lorainll | PROP. | 597,471 | 2,057,571 | 800.0 766.0 134.0 119.0 20.0 99.0

EW-147 | Lorain [l [EXISTING| 597,282 | 2,057,463 | 887.0 760.0 127.0 112.0 20.0 92.0

EW-148 | Lorain |l | PROP. | 597,495 | 2,058,025 | 920.0 761.0 159.0 140.0 20.0 120.0

EW-149 | Lorain Il [ PROP. | 597,411 | 2,058,229 | 930.0 762.0 168.0 140.0 20.0 120.0

EW-150 | Lorain Il | PROP. | 597,351 | 2,058,414 | 937.0 765.0 172.0 140.0 20.0 120.0

EW-151 | Lorain ll | PROP. | 597,545 | 2,057,810 | 910.0 769.0 141.0 126.0 20.0 106.0

EW-160 | Lorain [l | PROP. | 597,070 | 2,059,657 | 880.0 761.0 119.0 104.0 20.0 84.0

EW-162 | Lorain I |[EXISTING| 597,739 | 2,057,713 | 855.4 771.5 83.9 64.0 20.0 43.0

EW-163 | Lorain Il |[EXISTING| 597,797 | 2,057,400 | 857.2 767.7 89.5 68.0 20.0 47.0
EW-164R| Lorain il [EXISTING| 597,692 | 2,057,097 | 877.0 760.0 117.0 102.0 20.0 82.0
EW-165 | Lorain il [EXISTING| 597,718 | 2,056,844 | 885.0 760.0 125.0 110.0 20.0 90.0
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Lorain County Landfill | and I
Landfill Gas Collection System
Vertical Well Schedule

Well ID STATUS| COORDINATES ELEVATIONS DEPTHS
North East Existing Base Refuse Bore Solid Perf.

EW-166 | Lorain Il [EXISTING| 597,709 | 2,056,546 | 885.0 752.0 133.0 118.0 20.0 98.0
EW-167R| Lorainll | PROP. | 597,604 | 2,057,440 | 891.0 765.0 126.0 111.0 20.0 91.0
EW-168 | Lorainil | PROP. | 597,652 | 2,057,638 | 900.0 769.0 131.0 118.0 20.0 96.0
EW-169 | Lorainll | PROP. | 597,740 | 2,057,861 | 906.0 761.0 145.0 130.0 20.0 110.0
EW-170 | Lorainll | PROP. | 597,678 | 2,058,086 | 917.0 758.0 159.0 140.0 20.0 120.0
EW-171 | Lorain Il | PROP. | 597,604 | 2,058,274 | 827.0 761.0 66.0 51.0 20.0 31.0
EW-172 | Lorain il | PROP. | 597,847 | 2,057,653 | 895.0 773.0 122.0 107.0 20.0 87.0
EW-173 | Lorain Il | PROP. | 597,977 | 2,057,517 | 885.0 773.0 112.0 97.0 20.0 77.0
EW-174 | Lorainll | PROP. | 598,014 | 2,057,773 | 895.0 790.0 105.0 90.0 20.0 70.0
EW-175 | Lorain Il | PROP. | 597,903 | 2,057,982 | 907.0 765.0 142.0 127.0 20.0 107.0
EW-176 | Lorain[l | PROP. | 597,836 | 2,058,198 | 917.0 757.0 160.0 140.0 20.0 120.0
EW-177 | Lorain I | PROP. | 597,799 | 2,058,371 | 927.0 760.0 167.0 140.0 20.0 120.0
EW-179 | Lorain il | PROP. | 598,130 | 2,057,365 | 836.0 790.0 46.0 31.0 15.0 16.0
EW-180 | Lorainll | PROP. | 598,156 | 2,057,598 | 885.0 770.0 115.0 100.0 20.0 80.0
EW-181 | Lorainll | PROP. | 598,312 | 2,067,468 | 830.0 767.0 63.0 48.0 20.0 28.0
EW-182 | Lorain il | PROP. | 598,489 | 2,057,569 | 830.0 764.0 66.0 51.0 20.0 31.0
EW-183 | Lorain Il | PROP. | 598,665 | 2,057,675 | 830.0 761.0 69.0 54.0 20.0 34.0
EW-184 | Lorain Il | PROP. | 598,320 | 2,057,701 | 885.0 764.0 121.0 106.0 20.0 86.0
EW-185 | Lorain il | PROP. | 598,201 | 2,057,874 | 895.0 782.0 113.0 98.0 20.0 78.0
EW-186 | Lorain Il | PROP. | 598,482 | 2,057,794 | 885.0 760.0 125.0 110.0 20.0 90.0
EW-187 | Lorain [l | PROP. | 598,842 | 2,057,767 | 827.0 757.0 70.0 55.0 20.0 35.0
EW-188 | Lorainll | PROP. | 598,830 | 2,057,978 | 880.0 753.0 127.0 112.0 20.0 92.0
EW-189 | Lorain Il | PROP. | 598,741 | 2,058,187 | 895.0 737.0 158.0 140.0 20.0 120.0
EW-180 | Lorain Il | PROP. | 599,011 | 2,057,873 | 830.0 753.0 77.0 62.0 20.0 42.0
EW-191 | Lorain Il | PROP. | 599,132 | 2,058,052 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-192 | Lorain{l | PROP. | 598,948 | 2,058,150 | 885.0 745.0 140.0 125.0 20.0 105.0
EW-183 | Lorain Il | PROP. | 599,252 | 2,058,237 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-194 | Lorainll | PROP. | 599,029 | 2,058,247 | 885.0 732.0 153.0 138.0 20.0 118.0
EW-195 | Lorain Il | PROP. | 598,851 | 2,058,365 | 895.0 732.0 163.0 140.0 20.0 120.0
EW-196 | Lorain Il | PROP. | 598,744 | 2,058,525 | 905.0 735.0 170.0 140.0 20.0 120.0
EW-197 | Lorainll | PROP. | 598,639 | 2,058,721 | 915.0 740.0 175.0 140.0 20.0 120.0
EW-198 | Lorain Il | PROP. | 599,142 | 2,058,409 | 880.0 730.0 150.0 135.0 20.0 115.0
EW-199 | Lorain Il | PROP. | 598,971 | 2,058,543 | 895.0 732.0 163.0 140.0 20.0 120.0
EW-200 | Lorain Il | PROP. | 598,827 | 2,058,678 | 905.0 745.0 160.0 140.0 20.0 120.0
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Lorain County Landfill | and Il
Landfill Gas Collection System

Vertical Well Schedule
Well ID STATUS COORDINATES ELEVATIONS DEPTHS
North East Existing Base Refuse Bore Solid Perf.

EW-201 | Lorainll | PROP. | 599,090 | 2,058,709 | 895.0 747.0 148.0 133.0 20.0 113.0
EW-202 | Lorainli | PROP. | 599,057 | 2,059,022 | 905.0 742.0 163.0 140.0 20.0 120.0
EW-204 | Lorainli | PROP. | 599,256 | 2,058,592 | 885.0 737.0 148.0 133.0 20.0 113.0
EW-203 | Lorain Il | PROP. | 599,364 | 2,058,411 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-205 | Lorain Il | PROP. | 599,207 | 2,058,884 | 895.0 745.0 150.0 135.0 20.0 115.0

EW-206 | Lorainll | PROP. | 599,475 | 2,058,585 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-207 | Lorainll | PROP. | 599,363 | 2,058,753 | 885.0 745.0 140.0 125.0 20.0 105.0
EW-208 | Lorainll | PROP. | 599,589 | 2,058,750 | 827.0 750.0 77.0 62.0 20.0 42.0
EW-208 | Lorainll | PROP. | 599,679 | 2,058,940 | 830.0 750.0 80.0 65.0 20.0 45.0

EW-210 | Lorain Il | PROP. | 599,467 | 2,058,913 | 885.0 741.0 144.0 129.0 20.0 109.0
EW-211 | Lorain Il | PROP. | 599,317 | 2,059,056 | 895.0 742.0 153.0 138.0 20.0 118.0
EW-212 | Lorainll | PROP. | 599,523 | 2,059,092 | 885.0 739.0 146.0 131.0 20.0 111.0
EW-213 | Lorain Il | PROP. | 599,713 | 2,059,143 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-214 | Lorainll | PROP. | 599,519 | 2,059,308 | 885.0 737.0 148.0 133.0 20.0 113.0
EW-215 | Lorainll | PROP. | 599,714 | 2,059,351 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-216 | Lorainll | PROP. | 599,716 | 2,059,555 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-217 | Lorain Il | PROP. | 599,140 | 2,059,197 | 905.0 745.0 160.0 140.0 20.0 120.0
EW-218 | Lorain il | PROP. | 599,323 | 2,059,280 | 895.0 740.0 155.0 140.0 20.0 120.0
EW-219 | Lorain Il | PROP. | 599,529 | 2,059,473 | 885.0 735.0 150.0 135.0 20.0 115.0
EW-220 | Lorainll | PROP. | 599,715 | 2,059,978 | 830.0 760.0 70.0 55.0 20.0 35.0
EW-221 | Lorain Il | PROP. | 599,721 | 2,059,766 | 830.0 755.0 75.0 60.0 20.0 40.0
EW-222 | Lorain Il | PROP. | 599,550 | 2,059,826 | 870.0 735.0 135.0 120.0 20.0 100.0
EW-223 | Lorain Il | PROP. | 599,535 | 2,059,672 | 880.0 735.0 145.0 130.0 20.0 110.0
EW-224 | Lorain Il |[EXISTING| 596,681 | 2,057,067 | 875.0 753.0 122.0 107.0 20.0 87.0
EW-225 | Lorain Il [EXISTING| 596,729 | 2,057,372 | 889.0 763.0 126.0 111.0 20.0 91.0
EW-226 | Lorain Il |[EXISTING| 596,938 | 2,057,205 | 883.0 754.0 129.0 114.0 20.0 94.0
EW-227 | Lorain Il |[EXISTING| 596,516 | 2,057,276 | 885.0 755.0 130.0 115.0 20.0 95.0
EW-228 | Lorain Il [EXISTING| 597,279 | 2,057,257 | 886.0 758.0 127.0 112.0 20.0 92.0
EW-229 | Lorainll | PROP. | 599,384 | 2,059,800 | 880.0 737.0 143.0 128.0 20.0 108.0
EW-230 | Lorainll | PROP. | 599,324 | 2,058,977 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-231 | Lorain Il | PROP. | 599,225 | 2,059,779 | 885.0 736.0 149.0 134.0 20.0 114.0
EW-232 | Lorain Il | PROP. | 599,132 | 2,069,974 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-233 | Lorain It | PROP. | 599,130 | 2,059,581 | 885.0 740.0 155.0 140.0 20.0 120.0
EW-234 | Lorainll | PROP. | 599,047 | 2,059,778 | 885.0 735.0 150.0 135.0 20.0 115.0
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Lorain County Landfill 1 and I
Landfill Gas Collection System
Vertical Well Schedule

Well ID STATUS COORDINATES ELEVATIONS DEPTHS
North East Existing Base Refuse Bore Solid Perf.

EW-235 | Lorainlt | PROP. | 598,941 | 2,059,967 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-236 | Lorain I | PROP. | 598,744 | 2,059,965 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-237 | Lorain Il | PROP. | 598,848 | 2,059,781 | 882.0 732.0 150.0 135.0 20.0 115.0
EW-238 | Lorain Il | PROP. | 598,928 | 2,059,587 | 895.0 735.0 160.0 140.0 20.0 120.0
EW-239 | Lorain Il | PROP. | 598,928 | 2,059,384 | 905.0 737.0 168.0 140.0 20.0 120.0
EW-240 | Lorainll | PROP. | 598,656 | 2,059,780 | 880.0 730.0 150.0 135.0 20.0 115.0
EW-241 | Lorainll | PROP. | 598,719 | 2,059,599 | 895.0 732.0 163.0 140.0 20.0 120.0
EW-242 | Lorainll | PROP. | 598,560 | 2,059,381 | 905.0 735.0 170.0 140.0 20.0 120.0
EW-243 | Lorain Il | PROP. | 598,514 | 2,059,182 | 915.0 735.0 180.0 140.0 20.0 120.0
EW-244 | Lorain Il | PROP. | 598,756 | 2,059,400 | 904.0 735.0 169.0 140.0 20.0 120.0
EW-245 | Lorain Il | PROP. | 598,722 | 2,059,209 | 915.0 735.0 180.0 140.0 20.0 120.0
EW-246 | Lorainll | PROP. | 598,649 | 2,059,058 | 920.0 735.0 185.0 140.0 20.0 120.0
EW-247 | Lorain il | PROP. | 598,263 | 2,059,759 | 885.0 730.0 155.0 140.0 20.0 120.0
EW-248 | Lorain Il | PROP. | 598,339 | 2,059,568 | 895.0 732.0 163.0 140.0 20.0 120.0
EW-249 | Lorain Il | PROP. | 598,363 | 2,059,366 | 905.0 735.0 170.0 140.0 20.0 120.0
EW-250 | Lorain Il | PROP. | 598,084 | 2,059,757 | 885.0 730.0 155.0 140.0 20.0 120.0
EW-251 | Lorain Il | PROP. | 598,149 | 2,059,565 | 895.0 730.0 165.0 140.0 20.0 120.0
EW-252 | Lorainll | PROP. | 598,149 | 2,059,357 | 905.0 731.0 174.0 140.0 20.0 120.0
EW-253 | Lorainll | PROP. | 598,308 | 2,059,166 | 915.0 735.0 180.0 140.0 20.0 120.0
EW-254 | Lorain Il | PROP. | 598,428 | 2,059,022 | 923.0 745.0 178.0 140.0 20.0 120.0
EW-255 | Lorain |l | PROP. | 598,581 | 2,058,921 | 922.0 737.0 185.0 140.0 20.0 120.0
EW-256 | Lorain it | PROP. | 598,434 | 2,058,770 | 925.0 745.0 180.0 140.0 20.0 120.0
EW-257 | Lorainll | PROP. | 598,535 | 2,058,546 | 915.0 740.0 175.0 140.0 20.0 120.0
EW-258 | Lorain Il | PROP. | 598,609 | 2,058,356 | 905.0 735.0 170.0 140.0 20.0 120.0
EW-259 | Lorainll | PROP. | 598,575 | 2,058,098 | 895.0 755.0 140.0 125.0 20.0 105.0
EW-260 | Lorain It | PROP. | 598,664 | 2,057,895 | 885.0 757.0 128.0 113.0 20.0 93.0
EW-261 | Lorainll | PROP. | 598,446 | 2,058,270 | 907.0 754.0 153.0 138.0 20.0 118.0
EW-262 | Lorain il | PROP. | 598,348 | 2,058,460 | 917.0 742.0 175.0 140.0 20.0 120.0
EW-263 | Lorain Il | PROP. | 598,284 | 2,058,635 | 927.0 752.0 175.0 140.0 20.0 120.0
EW-264 | Lorainll | PROP. | 598,262 | 2,058,838 | 930.0 737.0 183.0 140.0 20.0 120.0
EW-265 | Lorain Il | PROP. | 598,090 | 2,068,506 | 925.0 775.0 150.0 135.0 20.0 115.0
EW-266 | Lorain Il | PROP. | 598,210 | 2,058,362 | 817.0 745.0 172.0 140.0 20.0 120.0
EW-267 | Lorainll | PROP. | 598,281 | 2,058,166 | 907.0 745.0 162.0 140.0 20.0 120.0
EW-268 | Lorainll | PROP. | 598,379 | 2,057,988 | 896.0 757.0 139.0 124.0 20.0 104.0
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Lorain County Landfill | and Il
Landfill Gas Collection System
Vertical Well Schedule

Well ID STATUS COORDINATES ELEVATIONS DEPTHS
North East Existing Base Refuse Bore Solid Perf.

EW-269 | Lorainil | PROP. | 598,093 | 2,058,095 | 907.0 790.0 117.0 102.0 20.0 82.0
EW-270 | Lorain Il | PROP. | 598,020 | 2,058,316 | 920.0 770.0 150.0 135.0 20.0 115.0
EW-271 | Lorain Il | PROP. | 597,906 | 2,058,562 | 932.0 790.0 142.0 127.0 20.0 107.0
EW-272 | Lorain ll | PROP. | 598,093 | 2,058,727 | 935.0 765.0 170.0 140.0 20.0 120.0
EW-273 | Lorainll | PROP. | 598,075 | 2,058,939 | 925.0 755.0 170.0 140.0 20.0 120.0
EW-274 | Lorainll | PROP. | 598,075 | 2,059,145 | 915.0 745.0 170.0 140.0 20.0 120.0
EW-275 | Lorainll | PROP. | 597,891 | 2,058,783 | 930.0 790.0 140.0 125.0 20.0 105.0
EW-276 | Lorainll | PROP. | 597,869 | 2,058,985 | 920.0 780.0 140.0 125.0 20.0 105.0
EW-277 | Lorain Il | PROP. | 597,842 | 2,059,185 | 910.0 780.0 130.0 115.0 20.0 95.0
EW-278 | Lorain il | PROP. | 597,974 | 2,059,344 | 905.0 765.0 140.0 125.0 20.0 105.0
EW-279 | Lorainll | PROP. | 597,971 | 2,059,556 | 895.0 755.0 140.0 125.0 20.0 105.0
EW-280 | Lorainll | PROP. | 598,262 | 2,058,979 | 925.0 735.0 120.0 140.0 20.0 120.0
EW-281 | Lorainll | PROP. | 598,003 | 2,059,951 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-282 | Lorain Il | PROP. | 597,905 | 2,059,739 | 885.0 765.0 120.0 105.0 20.0 85.0
EW-283 | Lorain Il | PROP. | 597,823 | 2,059,443 | 897.0 770.0 127.0 112.0 20.0 92.0

EW-284 | Lorain Il | PROP. | 597,820 | 2,058,928 | 832.0 780.0 52.0 37.0 15.0 22.0
EW-285 | Lorainil | PROP. | 597,637 | 2,059,892 | 830.0 790.0 40.0 25.0 15.0 10.0
EW.-286 | Lorainll | PROP. | 597,720 | 2,059,707 | 880.0 785.0 95.0 80.0 20.0 60.0
EW-287 | Lorain Il | PROP. | 597,685 | 2,059,513 | 892.0 790.0 102.0 87.0 20.0 67.0

EW-288 | Lorain Il | PROP. | 597,510 | 2,059,443 | 895.0 757.0 138.0 123.0 20.0 103.0
EW-289 | Lorain Il | PROP. | 597,688 | 2,059,317 | 903.0 780.0 123.0 108.0 20.0 88.0
EW-290 | Lorainll | PROP. | 597,649 | 2,059,138 | 910.0 760.0 150.0 135.0 20.0 115.0
EW-291 | Lorain il | PROP. | 597,475 | 2,059,241 | 905.0 761.0 144.0 129.0 20.0 109.0
EW-292 | Lorain Il | PROP. | 597,479 | 2,059,019 | 915.0 759.0 156.0 140.0 20.0 120.0
EW-293 | Lorain Il | PROP. | 597,667 | 2,058,936 | 920.0 756.0 164.0 140.0 20.0 120.0
EW-294 | Lorain Il | PROP. | 597,692 | 2,058,734 | 8930.0 755.0 175.0 140.0 20.0 120.0
EW-285 | Lorain Il | PROP. | 597,514 | 2,058,627 | 935.0 758.0 177.0 140.0 20.0 120.0
EW-296 | Lorain [l | PROP. | 597,695 | 2,058,540 | 935.0 758.0 177.0 140.0 20.0 120.0
EW-297 | Lorain Il | PROP. | 598,949 | 2,058,863 | 905.0 743.0 162.0 140.0 20.0 120.0
EW-208 | Lorain It | PROP. | 598,744 | 2,058,893 | 915.0 740.0 175.0 140.0 20.0 120.0
EW-299 | Lorainll | PROP. | 598,836 | 2,059,049 | 915.0 740.0 175.0 140.0 20.0 120.0
EW-300 | Lorainll | PROP. | 598,550 | 2,059,964 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-301 | Lorain Il | PROP. | 598,462 | 2,059,765 | 885.0 732.0 153.0 138.0 20.0 118.0
EW-302 | Lorain il | PROP. | 598,547 | 2,059,572 | 895.0 732.0 163.0 140.0 20.0 120.0
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Lorain County Landfill | and I
Landfill Gas Collection System
Vertical Well Schedule

Well ID STATUS| COORDINATES ELEVATIONS DEPTHS

North East Existing Base Refuse Bore Solid Perf.
EW-303 | Lorain il | PROP. | 598,366 | 2,059,957 | 830.0 750.0 80.0 65.0 20.0 45.0
EW-304 | Lorainll | PROP. | 598,181 | 2,059,956 | 830.0 750.0 80.0 65.0 20.0 45.0

EW-305 | Lorainll | PROP. | 597,492 | 2,058,799 | 925.0 756.0 169.0 140.0 20.0 120.0
EW-306 | Lorainll | PROP. | 596,682 | 2,057,964 | 905.0 755.0 150.0 135.0 20.0 115.0
EW-307 | Lorainll | PROP. | 596,697 | 2,058,302 | 905.0 760.0 145.0 130.0 20.0 110.0
EW-308 | Lorainll | PROP. | 586,971 | 2,058,609 | 920.0 764.0 156.0 140.0 20.0 120.0
EW-308 | Lorainll | PROP. | 597,311 | 2,058,649 | 935.0 760.0 175.0 140.0 20.0 120.0
EW-310 | Lorainll | PROP. | 597,133 | 2,067,550 | 912.0 760.0 152.0 137.0 20.0 117.0
EW-311 | Lorainll | PROP. | 597,283 | 2,057,528 | 907.0 762.0 145.0 130.0 20.0 110.0
EW-312 | Lorainll | PROP. | 599,317 | 2,059,473 | 895.0 740.0 155.0 140.0 20.0 120.0
EW-313 | Lorainll | PROP. | 599,127 | 2,059,381 | 905.0 745.0 160.0 140.0 20.0 120.0
EW-314 | Lorainll | PROP. | 598,931 | 2,059,212 | 912.0 740.0 172.0 140.0 20.0 120.0

EW-315 | Lorainll | PROP. | 589,508 | 2,059,980 | 830.0 760.0 70.0 56.0 20.0 35.0
EW-316 | Lorainll | PROP. | 599,330 | 2,059,630 | 897.0 737.0 160.0 140.0 20.0 120.0
TEW-1R | Lorain Il |EXISTING| 597,535 | 2,056,637 | 877.0 751.0 126.0 111.0 20.0 91.0
TEW-2R | Lorain Il |EXISTING| 597,527 | 2,056,837 | 878.0 757.0 121.0 106.0 20.0 86.0
TEW-3 | Lorain Il |[EXISTING| 597,569 | 2,057,021 | 890.0 788.0 132.0 117.0 20.0 97.0

TEW-4 | Lorain il [EXISTING| 597,569 | 2,057,221 | 892.0 763.0 129.0 114.0 20.0 94.0
TEW-5R | Lorain Il |[EXISTING| 596,757 | 2,058,722 | 910.0 780.0 130.0 115.0 20.0 95.0
TEW-6R | Lorain It |[EXISTING| 596,757 | 2,058,956 | 910.0 780.0 130.0 115.0 20.0 95.0

TEW-7R | Lorain Il |[EXISTING| 596,770 | 2,059,194 | 907.0 780.0 127.0 112.0 20.0 92.0
TEW-8R | Lorain Il |EXISTING| 596,953 | 2,059,307 | 902.0 765.0 137.0 122.0 20.0 102.0
TEW-9R | Lorain Il |[EXISTING| 596,795 | 2,059,491 893.0 780.0 113.0 98.0 20.0 78.0

TEW-10R| Lorain il |EXISTING| 597,133 | 2,059,451 | 895.0 761.0 134.0 119.0 20.0 99.0
TOTAL 33,662 7,207 26,586

NOTES:

1. Final contours taken from final cover grading at closure.

2. Base grade elevations were taken from a drawing titled "Leachate Management System Plan”, provided by CEC.

3. Proposed well cocrdinates based on the existing site coordinate system.

4. Additional existing Lorain Il data provided by Wellert.

5. Northings, Eastings, and Final Cover elevations taken from a composite developed by CEC, Inc. Incorporatine Aerial
Mapping dated 10/16/98, 2/28/01 prepared by Intermap, Inc., 2/27/05 prepared by Keddal Aerial Mapping, and USGS
mapping taken from the Oberlin, Ohio quadrangle dated 1969, photo revised 1879.

6. Solid pipe lengths, perforated pipe lengths, ground elevations, and bore depths for Lorain | wells provided by Air
Quality Specialists, Inc. "Lorain One Gas Extraction Well Log", dated July 16, 2005.

7. Proposed extraction well data based upon Final Development grade conditions.
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ATTACHMENT 10
LORAIN LANDFILL Il FINAL COVER PLAN
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ATTACHMENT 11
CONDENSATE GENERATION PROJECTION



COMPUTATION SHEET

PROJECT TITLE: Lorain Landfill GCCS Design Plan PROJECT NO: 070170
DESCRIPTION: Landfill Gas Condensate Generation - Worst Case Conditions SHEET: 1

OF: 1
PREPARED BY: KJK DATE: 8/27/2008 CHECKED BY: TAB DATE: 8/27/2008

Assumptions:
1. LFG temperature at the wellhead is the warmest gas.
2. LFG ftraveling in a buried header will try to stabilize its temperature consistent with the ground temperature.
3. Ground temp. below the frost line remains constant year round at 59 °F
4. LFG header pipe is installed below frost depth.
5. The LFG temperature (just before the blower) depends on the distance traveled in buried header pipe and the

thermal conductivity of the header pipe.
6. Work at the blower compresses the LFG, but no additional condensate is generated due to the heat of compression.

Wellhead Conditions

14.34

0.950

P (psia) VP (psia) Y (moles)

0.066

Blower Inlet Conditions

59 °F
60 °F
70 °F
80 °F
90 °F

P (psia)
12.90
12.90
12.90
12.90
12.90

VP (psia) Y (moles)

0.217
0.256
0.363
0.507
0.699

0.017
0.020
0.028
0.039
0.054

Y(moles) = VP/P

LFG Flow Data

Typical Pressure at Wellhead

Blower Inlet Pressure

Typical Wellhead Temperature

Total Site LFG Flow

-10
-50
100

20,000

in. w.c.
in. w.c.
°F
scfm

Summary:

Anticipated condensate generation rate will be

8,075

Condensate Generation (gallons/day) = (Ywellhead - Yblower inlet)*LFG Flow*(18/(380*8.35))*60min/hr*24 hrs/day

Temperature vs.
Vapor Pressure
LFG Vapor
Temperature Pressure

(°F) (psia)
0 0.080
35 0.100
40 0.122
45 0.147
50 0.178
55 0.217
60 0.256
65 0.310
70 0.363
75 0.435
80 0.507
85 0.603
90 0.699
95 0.825
100 0.950
105 1.115
110 1.280
115 1.485
120 1.690

Daily Condensate Generation

Rates

59 °F 8,075

60 °F 7,581

70 °F 6,225

80 °F 4,401

90 °F 1,868

gallons per day under the noted conditions.

&

CORNERSTONE

Environmental Group, LLC

XAPROJECTS\LORAIN\100068 - 2010 GCCS ENGINEERING\_PROJECT FILES\Lorain Condensate Worksheet




ATTACHMENT 12
2009 LANDFILL CAPACITY CALCULATION



Weaver Boos Consultants, LLC Lorain County Landfiil Job Number:  0120-470-10-06
4260 Tuller Road, Suite 202 2009 Annual Report ShestNo.: 1 of 0
Dublin, OH 43017 Calcuatedby: PEB  Date: apgry |
{614) 3394132 Landfill Capacity Calculation Sheet Checked by: Date:
Fax (614) 3894135

4.

Additional Capacity Permitted at the Facility During 2009 IZ cy

Remaining Capacity

End Dale of Reporting Year =| 12/31/09 Date of Latest Annual Survey = 0121110 (Survey date)
Date of Previous Annual Survey = 12/13/08 (survey dale)
Calendar Days Between Surveys = 404
Calendar Days Betwean 12/31/09 & 01/21/10 = 21
Operaling Days Betwsen 12/31/09 & 01/21/10 = 18
Remaining Gross Permited Airspace (RGA) at the End of 2008 (2008 RGA) = 26.040,417 oy (from 2008 annual rept.)
Remaining Gross Permitted Airspage as of 01/21/10 = 25,033,475 oy (CADD Valume Analysis)
2009 Waste Receipts = 999,550.00 tons {from facility recards)
2009 Operating Days = 312 days  |(from facility records)
Averags Daily Waste Receipt (operating days) = 3204 tons/day ’
Waste Receipts Belween Surveys = 1,103,239 tens (from facility records)
Gross Airspace Used Between Surveys = 1,250,296 cy (CADD Volume Analysis)
Average Emplaced Compaction Ratio = LB8 ___ ionsicy
1,765 Ibsfcy
Tolal Waste Tons Taken Between 12/31/09 and 01/21/10 = 57,347 tons (from facility records)’

a. Remaining Gross Airspace (RGA) as of 12/31/09 = 25,098,466 cy (using 2008 compaction ratic)
Remaining Constructed Airspace at the End of 2008 (2008 RGA) = 2,181,412 {from¥ previous annual rept.)
Remaining Censtructed Capacity as of Mosl Recent Survey = 3,017.690 cy (CADD Volume Analysis)
Airspace Conslructed in 2009'= 1,850,300 oy (from facility records)

b. Remaining Consiructed Capacity as of 12/31/09 = 3,082,681 cy {caloulated using 2009 compaclion ratio)
Constructed Capacity Cansumed in 2009 = 1,068,031 cy

¢. Projected Airspace Constructed il 2010 = 2,000,000 cy (from facilily records),

Remaining Life

a. Based gn AMDWR

AMDWR = | 6500 [tons/iday )
Days Operatirig = 312|daysfyr Receipts at AMDWR =| 2,028,000 ionslyr
Remaining Lifé = 25098466 cy* 0.88 tonsfcy/ 2028000 fons/yr= 10.92 years
b. Based on Actual 2009 Waste Receipts. N
Days Operating = 312 daysfyr |(site specific facility value)
2009 Waste Receipts =l i 999,550 Itonslyr Average Daily. Tonnage = 3,204 tons/day|{calc. using 2009 recéipis)
Remaining Lifé = 25,098,466 c¢y* 0.88 tons/cy/ 999,550  tons/yr= 22.2 years |(calc. using 2009 receipts)
Remaining Taens for Waste Placement = I 22,146,441 tons I(calc. using 2009 compaction rafio)

Gross Alrspace Used During 2009 = | 941,951 cy [(comparing 2008 & 2009)

C:Wsers\lom.bilgriVAppDatallocal\MicrosofiWindows\Temporary (nternet Files\Conlent.Oulloal\MSXDMTOMCopy of Landfil Annual Repart cale sheet
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LANDGEM MODELING BACKGROUND



OhioEPA
State of Ohio Environmental Protection Agency
Northeast District Office

2110 East Aurorg Rd. TELE: (330) 963-1200 FAX: (330) 487-0769 Ted Strickland, Governor
Twinsburg, Ohio 44087 wiww.apa.state.oh.us Lee Fisher, Lieutenant Governor

Chris Korigskd, Director

March 27, 2008

Mr. Chris Jaguet

Browning-Ferris Industries, of Chio, Inc.
43502 Qberlin-Elyria Road

Oberlin, OH 44014

Dear Mr. Jaquet:

RE: Reguest for additional information to process PTI application No. 02-2282 1

On March 14, 2008, | sent you an e-mail indicating that complications came up with the
processing of Allied’s permit-to-install application No. 02-22821. Upon consultation with
Chio EPA Division of Air Pollution Controf {DAPC) Central Office, | was informed that
while the exemption far the temporary flare is still in effect and applicable, we must fow
consider the emissions from the flare in determining PSD and NOx nonattainment New
Source Review {NSR) applicability. After a number of conference calls with Central
Office, | can now provide additional guidance on what is needed to continue processing

the application.

When the emissions from the temporary flare are included with the existing permitted
flares and diesel engine emissions, the facility will most likely exceed the 250 tons of
CO, which will require the pending PT! application to be either a PSD or netting
application. Likewise, the emissions are very close to 100 fons per year for NOx. The
100 TPY threshold for NOx is a critical number in considering nonattainment NSR.
Based on the discussions and correspondence to get us to this point, | assume Allied
will want to pursue a netting permit to avoid PSD and nonattainment NSR, and the

guidance herein is based on this assumption.

In order to process a netting permit, the facility is required to submit a demonstration of
the actual facility emissions for the past ten years, and the projected actual emissions
for the next five years. In calculating the actual emissions from the engines, | will be
looking for the demonstration to include copies of each engine’s operating hours or fuel
usage, and the use of the 0.34 Ib fuel/hp-hr conversion factor, if the AP-42 fuel input
emission factor is used. In calculating the actual emissions from the flares, | will be
looking for the chart recorder plots for flow, and AP-42 emission factors.

| think we have adequately addressed the future emissions from both the flare and the
diesel engines. In terms of the requested update, | will be looking for a reaffirmation of
what Allied’s projected actual emissions over the next five years, and through the life of
the existing facility to be clearly and completely explicated. For purposes of netting, the

@ Prinfed on racyciad papar. Ohio EPA is an Equa! Opporﬂmify Employer



Mr. Chris Jaquet
Browning-Ferris Industries, of Ohio, Inc

March 27, 2008
Page 2

landfil's projected actual emissions over the next five years will equal the potential to
emit for the flares for the next five years without considering any gas being routed fo
Energy Development, Inc.’s landfill gas to energy recovery facility.

Ohio EPA understands Allied’s concem with getting a2 PTI in time to meet the deadiine
for the authorization to operate the temporary flare. | have been authorized to prepare a

renewal of the authorization, and | will be preparing that in conjunction with the submittal
of the above requested information.

If you have any questions, please do not hesitale to contact me at (330) 863-1258,

Sincerely

.UO

Jogep oucek, [H
En ironiye tal Specialist
Divis on of Air Poliution Control

JCL/mt
ec: Bob Princic, Chio EPA, DAPG, NEDO

e e et A aasr da




ri, Tom

From: Jerry Parker [jerry.parker@epa.state.oh.us]

Sent: Friday, March 28, 2008 6:18 PM

To: Chris Jaquet

Ce: Alvie Green; Bilgri, Tom; Clarissa Gereby; Joseph Loucek; Murat Tukel;
jsabo@loraincountyhealth.com

Subject: Re: Lorain Landfilt

Chris,

Greetings. I hope this message finds you in good health and good spirits as well as the rest
of the staff at the landfill. Prior to reviewing the revised "Design and Operational
Evaluation - Landfill Gas Collection and Control System (GCCS)" for the above site which was
submitted on January 4, 2008, I had a conversation with DAPC-CO to discuss the status of the
air permit for the flares. Since some of the same assumptions that were based on the
LandGem model were being presented in both the air permit and the GCCS, DAPC-CO has
recommended to DSIWM-NEDO to wait to commence its review of the GCCS after the draft air
permit has been issued. If you desire an update on the air permit, you can reach Mr. Joe
Loucek at (33@0) 963-1258 or joseph.loucek@epa.state.oh.us. If you have any other questions
and/or comments, please do not hesitate to contact me.




Enclosed Flare PTI
Application
October 2007

Prepared for: ‘
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43502 Oberlin-Elyria Road
Oberlin, OH 44074

CORNERSTONE

» Envitoenmental Group, LLC

39395 W. 12 Mile Road, Suite 103, Farmington Hills, M! 48331

Building lifetime relationships with our clients and employees:



TABLE OF CONTENTS

Section No.

Introduction .ocovcvvveieriicricscninocenivannans eetigeriarsnrssanreesesedienatensoarsrrvins 1.0
Landfill Description
Purpose of PTE Application
Regulatory Discussion
PTI Application Strategy
Calculation Methodology

Process Flow Diagram

Site Map
Permit to Install Application Form ......cocoeaiicains PR TP 2.0
EAC Form 3100: General Process Operation (F002) ...coovcviacnnianana, I PR 3.0
Emissions Calculations: Enclosed Flare........... ieeaarasreerristaeeanes 3.1
EAC Form 3862: Stationary Internal Combustion Engine.........ccocieininnan 4.0
Appendix A Emission Summary
Appendix B LandGEM Model Qutput
Appendix C Director’s Exemption Letter — Temporary Flare
Appendix D Toxic Analysis
Appendix E Design and Operational Evaluation, Landfill Gas Collection

and Control System, Lorain County Landfill, Obexlin, Ohie



INTRODUCTION

Landfill Description

The Lorain County Facﬂiﬁes (LCF) is an existing solid waste disposal facility located in

Oberlin, Ohio. The LCF is owned and operated by the Browning-Ferris Industries of
Ohio, Inc (BFI).

The LCF consists of three separate operations: Lorain County Landfill #1, Lorain County
Landfill #2, and Lorain County Resource Recovery. Lorain County Landfill #1 is a
closed landfill that accepted waste from 1974-1985. Lorain County Landfill #2 is an
active landfill that began accepting waste in 1985. Lorain County Landfill #2 currently
accepts municipal solid waste, non-hazardous special waste and construction and
demolition debris. These two landfills are considered to be one landfill according to the
facility Title V Permit. The Lorain Resource Recovery facility consists of transfer
operations where glass, plastic, metals, and paper are separated from each other within an
enclosed building. In addition to the landfill, the LCF operates a landfill gas collection
and control system including an enclosed flare at Lorain County Landfill #1 and open
flares at Lorain County Landfill #2. An on-site landfill gas-to-energy plant operated by
Energy Developments, Inc. (EDI) utilizes the collected landfill gas to generate electric

power.

Landfill Gas Collection and Control System

Both Lorain County Landfills have collection and control equipment for landfill gas

(LFG). The existing gas collection and control system (GCCS) covsists of approximately
72 and 114 vertical extraction wells at Lorain County Landfill #1 and Lorain County
Landfill #2, respectively. LFG is exiracted from the Lorain I and Lorain II landfills via
the GCCS. Currently, all extracted LFG is cither destroyed via utility flares (2 - one
permitted, one temporary), enclosed flare or ntilized as a fuel source for the generation of

electricity. The electrical generating facility is owned and operated by EDI.



Purpose of PTl Application

This PTI Application is being submitted in order to ensure that LCF has enough flare
capacity to meet New Source Performance Standard obligations for at least the next five
(5) vears and up to the maximum, expected landfill gas generation capacity of the
landfill, without considering the capacity of EDL. As stated above LCF currently utilizes
2 utility flares and an enclosed flare. The goal of this application is to replace the
existing open flares with enclosed flares over the next few years. LCF is proposing to
have a normalized flow limitation, assuming a 500 Btu/cf landfill gas heat content and
cooresponding to the maximum, expected landfill gas generation capacity. This approach
will not limit flow to each individual flare and will provide LCF with needed flexibility
fo manage landfill gas collection from muliiple areas that have varying landfill gas
generation and flow, It is expected that landfill gas generation and flow at Lorain County
Landfill #1 will be decreasing steadily because it is no longer actively accepting MSW.
Conversely, Lorain County Landfill #2 is active and accepting MSW, therefore, landfill

gas generation will be increasing until it reaches capacity and waste acceptance ceases.

Regulatory Discussion

The Lorain County Landfill, source of the landfill gas that is proposed to be combusted in
the new enclosed flares, is subject to the MSW Landfill New Source Performance
Standards (NSPS) — 40 CFR 60, Subpart WWW and National Emission Standards for
Hazardous Air Pollutants (NESHAP) — 40 CFR 63, Subpart AAAA, any {andfill gas
generated by the LCF Landfill needs to be controlled in accordance with these two

reguiations.

The NSPS regulatory citation of concern for the control and/or treatment of landfill gas is
40 CFR 60.752(b}{(2)(ii1):

(iit) Route all the collected gas fo a control system that complies with the

requirements in either paragraph (B)(2)(iii) (4), (B) or (C) of this section.

(4) An open flare designed and operated in accordance with §60.18;



(B} A control system designed and operated to reduce NMOC by 98 weight-
percent, or, when an enclosed combustion device is used for control, lo either
reduce NMOC by 98 weight percent or reduce the outlet NMOC concentration fo
less than 20 parts per million by volume, dry basis as hexane at 3 percent oxygen.
The reduction efficiency or parts per million by volume shall be established by an
initial performance test to be completed no later than 1 80 days after the initial

startup of the approved conirol system using the test methods specified in

§60.754(d).

(1) If a boiler or process heater is used as the control device, the landfill gas

stream shall be introduced into the flame zone.

(2) The control device shall be operated within the parameter ranges established
during the initial or most recent performance test. T} he operating parameters to be

monitored are specified in §60.756;

(C) Route the collected gas to a treatment systein that processes the collected gas
for subsequent sale or use. All emissions from any atmospheric vent from the gas
treatment system shall be subject to the requirements of ‘paragraph (B)(2)(iii) (4) or
(B) of this section.

Specifically, 40 CFR 60.752(b)(2)(iii)(B) above allows for the use of an “enclosed
combustion device” that reduces NMOC by 98% or NMOC concentration to 20 ppmv as
hexane. The facility has selected new enclosed flares as the control devices, as well as
continuing to utilize the existing LC#1 Enclosed flare to continue to meet these
requirements well into the future. As discussed in further detail below, the facility is
proposing to temporarily keep an existing open flare LC#2 and restrict emissions until
June 2009 to ensure enough flare capacity for purposes of odor and NSPS control

between new enclosed flare installations.



Permit-to-lnstall Application Strategy

This Permit to Install (PTI) application is intended to provide the necessary details to
properly permit the proposed control devices at LCF. Upon issuance, the resulting PTI
lists applicable rules and requirements pertaining to each source, along with operafing

requirements, emission Hmits, stack information and monitoring requirements within a

facility.

Sources are categorized as either major or minor (non-major) for purposes of federal and
state pre-construction permitting by the calculated potential emissions (in ipy) for
specific compounds. Major-source thresholds vary by geographic area. The major-
source threshold for the region LCF is located (Obetlin, Lorain County) is more
complicated than in other places because it is located in an area that was designated non-
attainment for ozone (prior to May 1996), became attainment, and now is designated non-
attainment for the new 8-hour ozone and PM2.5 standards. Ozone is regulated by the
emission of pre-cursors to its development, volatile organic compounds (VOC) and
nitrogen oxides (NOx). Lorain County is designated attainment for all other criteria

pollutants (i.e. CO, SO2, NO2).

Therefore, a source located in Lorain County is considered major and triggers non-
attainment New Source Review (NSR) if it’s calculated potential NOx or VOC emissions
are at least 100 tpy. Also, if a source has emissions greater than 250 tpy for an attainment
poliutant {carbon monoxide (CO), sulfur dioxide (SOx), particulate matter (PMjg)], then
Prevention of Significant Deterioration (PSD) permitting would apply. Table 1 - below
presents a summary of the present emissions. Appendix A presents more details on the

source of the emissions presented in Tables 1-4.



Table 1

Existing PTI/Permitted Emissions

PTIiPermitted Maximum PUTENTIAL Emissions - Existing| NOx Faclor® | GO Faclor®
Source Gapacity Unils/Fuel PMy | SG; | NO, | €O | voC |HAPs IbfmmBiu {b/mmBiu
2,000 scfm Enclosed Flare - LC1 2000 stim, landfilgas | 450 | 880 | 1050 7450 | 545 | 887 003 0258
(PT102-17061; dated 3/6/2003) ]
3,000 scfm Enclosed/Open Flare - LC2 3,000 scfm, fandiifgas | 670 | €330 | 1580 14350 | 546 | 35.20 {038 0331
 (PTI# 0247061, daled 3/62003) | o IL!
Misc. Grinders, Engines, Eic. Diesel 628 | 335 | 2040| 703 | 236
| (PTiR02-14646; dated 87772001} | 3016 frsfyr, Restriction
= sef, landfill gas -
Controlied by L orain
5,002.00 Co. LF 1748 | 2555 | 5570 | 225.03 | 13.38 | 44.07 |

As depicted above, the existing permitted emissions are below the 100 TPY and 250 TPY

PSD triggering levels explained above. Therefore, LCF is a minor source.

It is important to note that LCF installed a second-3,000 scfin flare in July 2006 pursuant

to a Director's environmentally beneficial exemption dated June 14, 2006 (See Appendix

Q).

Therefore, the temporary 3,000 scfm open flare was not considered in the current

potential-to-emit because this flare was approved to operate on a temporary basis for one

year. As stated in the June 14, 2006 letter,

“The addition of the temporary will bring source-wide emission levels of carbon

monoxide (CO) above major modification thresholds (i.e., federal Prevention of

Significant Deterioration (PSD) thresholds). Because the proposed flare will be

operated temporarily, it is not subject to major modification review and pursuant to

OAC rule 3745-31-13(F), which applies to temporary increases of emissions from

proposed major stationary source or major modifications. In order for the rule to

apply to this case, two criteria must be met:



1) the temporary increase in CO emissions will not impact a Class I area (a park or

wildemess area meeting OAC rule 3745-31-1 I{D)); and

2) the temporary increase will not be in an area where an applicable increment (the

maximum allowable deterioration of air quality) is known to be violated.”

The temporary 3,000 scfm open flare met these criteria, therefore, should not be

considered part of the potential-to-emit for the’ facility. . Table 2 below depicts the

emissions based upon this temporary exemption.

‘Table 2

Current Emission Units On-Sife

T alculaied Maximum POTENTIAL Emissions - EXISTNG (1P1])

NOxFactor | COFaclor

3 Caleiated emission factor from FTH 0247061

“ Typical emnission gliarene for a new Encloseq Flare
& AP-42 Saction 135 - Indusirial Flares; Guarames from Cpan Hare Mapufackirer

Conversely, minor sources, which LCF is, are not subject to NSR and can increase

emissions (for a major modification) up to 100 tpy of VOC or 100 tpy of NOx and 250

TPY of CO, SOx or PMjo. If the increase is calculated to be above these thresholds, the

source becomes major and is subject to NSR.

Proposed Permitting Strafegy

LCF is a minor source for NOx, and, is proposing an insignificant modification. This

project has proposed an insignificant increase in NOx emissions from the new enclosed

flare and from other NOx emission increases over the last 5 years. The proposed annual

limit is a facilitv-wide normalized flow limit of 17.325 sefm (@ 50% methane

Souce - Capatity inisiFued Py S0, NO; Co Voo HAPs IfmmBie IWmmBtu
2,000 schin Enciosed Flare - LC1 200 st lndfilgas | 452 a4 | 73 | ok | 51 875 0067 | 0a0°
3000 50fn Cpent Fare-1C2 3000 scm, lndfigas | 678 660 2940 | 1044 | 778 1312 0.038° 037°
3,508 sefm Open Flare - Temporary 3,000 scim, fandill gas 6.78 660 044 48044 778 13420 008" a3
Nisc. Gilnders, Enaines, EE. [Hieset ] 3% %41 | 103 | 2 om0 |
309 hrshT, Resticion _ B -
Sefm, [andfil gas - T
Controfied by Lordin
£.000.00 Co.Lf %3 | oed | a7z | sy | 230 | 3409
Evissions without
Temporary Flare | 17.58 435 7673 | 252 | 532 | 2187



concentration of landfill gas. This level, along with guaranteed (see Appendix A for

manufacturer’s guaranteed value) emission factors from a flare manufacturer for the new
flare(s) and the proposed emission factors for Flare at LC1, will remain below the PSD
major source threshold of 250 tpy emissions for all attainment pollutants. Also, even
though the proposed facility-wide emissions of NOx will be above NSR major source
thresholds of 100 tpy for NOx, the proposed increase associated with this project, 68.85

tpy, is below the major source threshold, therefore not triggering NSR requirements at

this time.
Table 3
. a s e
Proposed Final Permitted Emissions
= — “Colcusedemited Maximim POTERTIAL Emissions - NEW (1PY] HOX Facler €O Factor
B Sourcs Capacily UnAsFuel Pilis 50, | No; [ €O —vot HAFE | lbiomBtu| | WiwwiBtu
NEW Enclosed Flare{sy 13,780 scfr), fandfil gas 11.0% 3024 kT 158.74 381 %52 085 ai
Standard Fare-tower EF . = — |
2,000 scfm Enciosed Flare -LCT
{cateulated envssions) NO Flow
Rasliton 2,800 scim, Sandfl g3 4.52 240 1445 291 5.19 815 005 8]
- = . ] SER— S— | \
Tiisc. Geinders, Engines, Elc. 3016 hrshyr 628 335 2940 703 236 a6a |
{3,016 Howrsfyreach Restricton}
scfo, [andfili gas -~
Confrolted by Lorain
15,750.80 | Co, LE 1 §50 Burcl 4188 319 14323 234.68 1135 2537
4,55310.00 snmBRuyd
17,3250 schn @ 5C0 Blulef 103950600 seffw
14,437.50 scin gp 600 Biulcd
[~ - B . T Cacufaleaioxingm POTERTIAL Emizsions HCHEASES [TV}
_ Seree Gapacy UnitsFued P 80, KGy co Voo HAPs
NEW Enclosed Flares {Stzadard Fare-
tower EF); 2000 scim-calcufated
emis Mtow restrict; HO 2000 scfm QPEN- scl, japdfll gas -
icz 224% TOTAL | 2441 1234 8753 2.65 2.8 2136
sckm, Bndfil jas - '
Misc. Grindess, Engines, Ele.- 3,016 Cortirotied by {.oain
frsiyreach 16,750 Co.LF 7 550 Blufcf
HOTE: Any NEW difsre based o d HOx jort factor {0.65 IbimmBhs} snd CO facter{0.1 )]

The above calculated maximum potential emissions increases are the difference between
the Potential Emissions presented in Table 3 and Table 1. At full implementation of the
above permitting strategy, LCF proposes to remove the current LC2 open flare and
temporary open flare and substitute with enclosed flare capacity. This replacement will
occur in the following phases. The current open flare capacity is approximately 6,000
scfm (depending on landfill gas heat content). LCF proposes to initially install a 6,000
scfim enclosed flare and keep 3,000 scfin @ 550 Btw/cf landfill gas heat content of open



flare capacity until June 2009 to account for anticipated increases in landfill gas
production and minimize the possibility of odor. This open flare capacity is being
requested to ensure that LCF has the extra flaring capacity to ensure continued
compliance with NSPS regulations and to prevent odors. Table 4 below presents the
emission scenario with the use of the additional 3,000 scfin of open flare capacity and
shows that emissions remain under major sowrce levels and there are no -significant

increases of any pollutant.

Table 4

Proposed Interim Emission Units/Emissions — Until June 2009

Unff 2609 - Calculaled Moximum POTENTIAL Emissions - REW (TPY) | NOx Facor CO Fador
Seurce Capatdy UniisiFuel Pidyg S0z NO, co vor | ua Imedle] | ibimmBh
NEW Enclused Flate 8.000 scim, faodfil gas 135 1320 4336 8672 1.66 725 405 0.10
Standard FHaretover EF —t
2,060 scfm Enclosed Flare - 1.C1
(ealculated entissfonsyFlow Restiction 1,500 sefm, landlif gas 31 330 10.84 2168 389 656 005 0.1¢
Mise. Grinders, Engites, Eit. 2000 g 418 F7) 1950 456 156 | 000
{2,009 Hourslytteach Restriclion} = )y
3,000 scint Opee Flare - LCZ 3,000 <fm, landfilgas 6.78 B.6a 2942 15044 0.83 13.12 0.068 037
{calaulated emissions) __ B6F,240.00 mmBiufyr )
3,300.00 scén @500 Biufcl
| 2796651 scfn>590BuWC | I
scimy, Endiff gas -
Contecifed by Lorain
10,500.0¢ Co,LF .90 2308 103,18 27351 _ T95 3603

3,635,340.00¢ ReBlulye
£4,550.80 Sofins €500 Blujel
§,62500 sefin @ 600 Blurcl

Calcylaled Maximum PUTENTIAL Emissions INCREASES (TPY] |
Souree Capaclfy _ UniisfFuel S0, NO; | Voo HAPs
UNTIL 2009 - NEYY 5,600 scfm alitfosed -
flare, 2000 scim-calculated emis. vifiow
resfriction, 3,000 scim OPEN-LC2 vilh fow:| scim, fandiili gas -

restriction 13083 TOTAL. 0.43 255 45.82 4848 555 -1979
stin, landif gas -
Hilse. Geinders, Engines, Eit. - 2,003 Contrelled by Losin
hisfyrigach _wme | calF L . ]

| The above calculated maximum potential emissions increases are the difference between
the Potential Emissions presented in Table 4 and Table 1. Based on the proposed annual
normalized flow limit, there is additional flaring capacity that LCF could install, when
needed. LCF proposes to install additional flare capacity, beyond the initial enclosed
flare installation whenever the facility deems it necessary based on the requirements of
the MSW Landfill NSPS [40 CFR 60.75%(c)] with only notification of the additional flare
capacity starfup to the OEPA. This start date will be the date from which the initial 180
day operation will require NSPS testing and reporting to show compliance with the

NMOC emission limits in the NSPS.



Lastly, LCF proposes to install flare(s) with capacity of 11,000 scfm @ 550 Btu/cf by
2009, as described below, and install the remaining new enclosed flare capacity as
needed beyond 2009. This installed capacity as of 2009 will not have emissions greater
than 100 tpy of NOx. The 100 tpy NOx potential emissions levels will not be exceeded
until after the next round of flare installation after 2013. (see table 5 below that presents
the emissions of the interim flare capacity and prove that emissions remain less than 100

tpy up to the year 2013, at a minimum.)

Table 5

Proposed Interim Emission Units/Emissions — Until 2013

NOx Faclor
thimmBhu

0|
L]

Calculated/Peimitted POTENTIAL Emisslons - HEW - UNTIE 2013 (TPY} ]
Souren Capacily UrilsfFuel | PMg | SGp HOy O [ voo HAPs
" NEW Enclosed Flare(s) 10400 scim, landiil gas 2351 267 7515 $5032 2.88 125
Standardf FiareLower EF
— Z¥1i'sefm Enclosed Flate -LG1 o T
{cafculated emissionsy RO Flows 1580 scfm, landfll gas 339 a3n 10684 2168 389 B.56
Wiisc, Gonders, Engines, Fle, il hrsiyr, Restrichon 273 12z 12 256 T0E 008
(1,300 Hotrsfyrfesth Residiction) = = | ) i  _
o o ~ | scfm, landRH gas - . - i
Contralied by Lorsin
14,900.00 | Co. LF @ 550 Bulef 29.19 239 93.72 17457 63 1813 |
3,440,052.00 mmBlufyr
13,090.00 scim @ 500 Blufcl 78540090 schhr

$0,208.33 scim @ 600 Brufel

Proposed Monitoring and Recordkeeping

Tn order to ensure that LCF does not exceed the proposed normalized flow limit, a

proposed 12-month rolling average monitoring, and recordkeeping procedure is
proposed. LCF will monitor landfill gas monthly at the inlet of each enclosed flare. The
monitoring will utilize a LANDTEC GEM™ 2000 or equivalent to determine the
methane concentration of the collected tandfifl gas. LCF proposes to apply a conversion
factor of 1012 Btu/scf applied to the methane percent (%) concentration (e.g. 55% *1012
Btu/sef = 556 Btu/scf) to obtain a monthly heating value of the landfill gas. LCF
monitors landfill gas flow at each 6f the points being monitored for methane quality,
utilizing a thermal dispersion flow meter or comparable equipment. The flow data is
acquired on a continuous basis, allowing LCF to document the total monthly throughput,
as well as an average daily throughput, of landfill gas at each unit. The monthly landfill
gas heating value will be applied to the landfill gas flow obtained from cach flare to

develop a monthly Btu and average flow (i.e. scfim=total flow (cubic feet} / numbers of

10
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days in month)-usage rate. In order to ensure compliance, LCF proposes to keep track of
normalized flow to 500 Btu/cf on a rolling 12-month basis with the first 12-months
projected utilizing and average of the previous months (actual value used for the first
month) to ensure compliance during the first 12 months. LCF will develop a proposed
recordkeeping and reporting template. LCF will work with OEPA to develop terms and

conditions for the PTIL

Title V Operating Peyrmit
LCF recently submitted a Title V Renewal Application for the whole facility in June

2006. The emissions, recordkeeping, and reporting requirements expected from the new
enclosed flares and proposed flow limitations are different than what is currently required
of the other open and enclosed flares operated by LCF. After issuance of this PTI
Application, LCF will submit an updated the Title V Renewal Application incorporating

the new requirements.

Calculation Methodology

The emissions presented in Table 1-4 above and in Appendix A were developed utilizing
multiple sources of information. Current permitted potential-to-cmit emissions were
developed based on review of the latest PTIs (PTH# 02-17061; dated 3/6/2003 and PTI#
02-14640; dated 8/7/2001). Based on these PTI permitted emission values, the current
site potential—to-eﬁﬁt are less than major sources levels for all criteria pollutants for
attainment and non-attainment major new source review. As stated above, the temporary
3,000 scfin open flare is not considered towards the potential-to-emit because of the
Director’s exemption. The goal of the calculation methodology was to increase LCF
flaring capacity to meet its NSPS goals, but also, to maintain all criteria pollutant
emissions below major sources levels/major modification levels for PSD and NNSR
permitting. There were three methodologies employed to restrict/limit emissions:

1) emission factor guarantees from flare manufacturer;

2) flow limitation; and

3) equipment operation (hours) limitation.

11



Based on past experience and flare manufacturer guarantees, Flare LC1 emission factors
are proposed to be increased for NOx emissions and decreased for CO emissions. The
emissions presented in the document “LC1 Pollutant Emissions Test Report Enclosed
Flare Exhaust Lorain County Landfill #1, dated January 30, 2007 by Air Quality
Specialists, Inc. showed that the proposed emission limits will allow LCF to operate the
flare as originally designed. Emission factors for the new, proposed enclosed flates will
be based on guarantees from flare manufacturers (see Appendix A) and will be slightly

lower than those proposed for Flare LC1.

In addition to emissions from the existing and proposed flare, there are miscellaneous
combustion sources that utilize diesel fuel. These miscellaneous combustion sources
have a limitation of 3,106 hours/year operation on PTI# 02-14640. As part of this
Application, LCF proposes a further restriction to 1,100 hours per year operation on each
of these miscellaneous combustion sources until the final flaring capacity is installed after
2013 (see Table 5 above). Section 4.0 presents the EAC Form 3862 for each
Miscellaneous Engine, along with the supporting calculations of emissions. Also as part
of this Application, LCF proposes to retain the 3,016 hours per year operation on each of
these miscellaneous combustion sources after the post 2013 installation of flaring
capacity. This reverting of the hours limitation to the cusrent level is proposed to expand
and allow the use of off-site vendor combustion devices (i.e. generators, pump engines,

other combustion devices) under the emissions of this restriction.

Lastly, LCF proposes a total normalized flare flow, based on 50% methane concentration
in the landfill gas, rather than individual flare flow or methane content restriction. This

will allow for the most flexibility for LCF and account for the varying Biu content of

landfiil gas.

Comerstone has developed, and provided in Appendix E, a document which was
submitted to the Ohio EPA Division of Solid and Infectious Waste entitled “Design and
Operational Evaluation, Landfill Gas Collection and Control System, Lorain County
Landfill, Oberlin, Ohio” (LFG Evaluation), originally submitted in March 2007, revised

and resubmitted on June 8, 2007. This document provides a detailed technical evaluation

12



of the current and future status of the landfill gas collection and control system at BFI-

Yorain.

Additionally, Comerstone has developed a graphical presentation to illustrate the reasons
why the assumptions used in the LandGEM model provides a conservative projection of
total LFG production over the life of the faéility. Each graph below is intended to

provide graphical details to support narrative below.

Figure 1

Lorain County Landfill
LFG Generation Potential - Volume Basis
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Figure 3

Lorain County Landfill
Existing LFG Control Units - Thermal Basis
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Figure 4
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Lorain County Landfill
Proposed LFG Contfrol Units - Thermal Basis
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The FPA LandGEM Model runs, provided in Appendix B, utilized a 0.07 value forkis a
more conservative value than AP-42 to insure LCF’s proposed control strategy will serve
the facility to the maximum projected landfill gas generation rate. As demonstrated in the
above graphs and further supported in the attached LFG Analysis document (Appendix
E), the use of AP-42 default value of 0.04 would only result in a lowered LFG generation

rate. Therefore, it would be less conservative from a permitting and planning

perspective.

The 140 for Lo value was selected to provide a more conservative approach than what
AP-42 provides. As demonstrated in the above graphs and further supported in the
attached LFG Analysis document, the use of AP-42 default value of 100 would only
result in a lowered LFG generation rate. Therefore, it would be less conservative from a

permitting and planning perspective.
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The methane concentration of 50% is the standard LandGEM default value. As
demonstrated in the above graph, LFG Generation Potential — Volume Basis, the use of
60% would only result in a lowered LFG generation rate. LandGEM is based upon a
first-order decomposition rate equation for qualifying emissions from the decomposition
of emplaced waste in a MSW landfill. This model is based upon law of conservation of
mass/matter. Therefore, a higher methane concentration results in lower total landfill gas
volume. Our control strategy is based on heating value of the LFG that typically has a

methane concentration between 45-65%.

The overall landfill gas collection and control system at the BFI-Lorain has been
designed to handle the maximum landfill gas expected to be produced by the current
permitted waste volume. The landfill gas capacity proposed includes the current flare at
the Lorain I area, a proposed increase in enclosed flare capacity of 13,750 scfm @ 550
Btu/cf (15,125 scfm @ 500 Btu/cf) to be “phased-in” and will be made up of more than
one flare. LCF proposes to install flare(s) with capacity of 11,000 scfin @ 550 Btu/cf by
2009, as described above, and install the remaining new enclosed flare capacity as needed
beyond 2009. The overall landfill gas collection and control system has been designed to
be expanded to account for the increase in waste placed over the years and the
corresponding landfill gas generated from the waste. Ohio EPA has approved this type of
approach at other facilities by insetting terms and conditions which will ensure

compliance with NSPS regulations and permit limits when the flare(s) are installed,

With approval of this PTI Application, and inclusion of the existing EDI facility, the
combined control will be capable of handling collected landfill gas (using a collection
efficiency of 80-90%) up to the highest predicted volume in year 2025. Therefore, the
PTI Application has met the requirements of the NSPS by developing a landfill gas
collection and control system plan that is designed to handle the maximum projected
landfill gas generation/collection rate, and at the same time allows the facility to “phase-
in” control components so that there are no unused and idle flares at this facility. It is
important to note that Ohio EPA has routinely issued PTIs to facilities for additional

control devices as it is determined to be needed over the life of the facility. However,
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BFI-Lorain, because of the complexities associated with having an energy partner on site

is requesting a more conservative approach.

As presented in the original April 2007 PTI Application, a collection efficiency of 75%
was used which is based on values and guidance presented in the US EPA AP-42 Section
2.4 — MSW Landfills. We have revised and increased the proposed landfill gas to be
controlled by BFI-Lorain to 17,325 scfin at 50% methane concentration of the landfill
gas. This proposed control will be enough control until the year 2025 assuming 90%

collection, based on a methane content of the landfill gas at 50%.
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APPENDIX A-2

RADIUS OF INFLUENCE AND
WELL SPACING CALCULATIONS



COMPUTATION SHEET

PROJECT TITLE:_Lorain County Landfill GCCS PROJECT NO:_100452
DESCRIPTION:_Vertical Well ROI Calculation = CALC NO: SHEET_1 _OF_6
PREP. BY:_PJL DATE:_11/15/10 CHKD BY: TAB  DATE:_11/15/10

Required: Determine the radius of influence (ROI) for vertical LFG extraction
wells, using both EMCON and NSPS methods for the average flow rate

condition.

Purpose:  The ROl is calculated in the design of an active gas exiraction system
to properly locate extraction wells. The location of the extraction well
will dictate the well depth, once the refuse depth is known. A detail of
each well can then be created with respect to total well depth, depth to
slotted pipe, applied vacuum and rate of extraction.

Although horizontal collectors are not modeled directly by this analysis,
the effected flow patterns developed by horizontal collectors are
analogous to those created by vertical exiraction wells. The net result
is that vertical well spacing criteria can be translated directly to
horizontal collectors in a similar environment.

Method: The following methods were used fo estimate the theoretical ROl for an
LFG extraction weill.

A) EMCON Methed (from Methane Generation and Recovery from
Landfills, EMCON, 1982, pg. 81)

kz R*tDr
Qw C
where: Q, = individual extraction well LFG flow rate [1/s]
k = conversion factor (1.157x10%) [(L/s)/(mL/day)]
R = radius of influence [m]
t = perforated pipe length [m]
D = in-place refuse density [kg/m?®]
r = methane production rate [mL/kg/day]
c = fractional methane concentration [-]

1. Noting that the methane production rate (r) divided by the fractional
methane concentration (C) is equal to the LFG production rate (G),
and solving for the ROI yields:

1/2
Rz(iQw )
kztDG
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COMPUTATION SHEET

PROJECT TITLE:_Lorain County Landfill GCCS PROJECT NO:_100452
DESCRIPTION:_Vertical Well ROI Calculation = CALC NO: SHEET_2 OF 6
PREP. BY:_PJL DATE:_11/15/10  CHKD BY: TAB _ DATE:_11/15/10

2. Converting from metric to English units yields the following
conversion factors (allowing input in English units):

Qy (from cfm to L/s):

1f° < I'min _ 28317L

- X 8 = 0.47195
min 60 sec ft

t (from fi to m):

1fix % = 0.3048

D (from lb/cy to kg/m®):

3
11b  04536kg 10y3 X( 1@_) _ 05030
1cy 11b 27 %~ \0.3048 m

In addition, converting G from flow per volume to flow per mass equals:

G (from cfm/cy to mL/kg/day):

L& (1 1yc13) 60min 24hr 28.317L 11b 1000 ml,

- S X[ = x X X 3 X X
min yd D 11b 1hr 1 day ft 0.4536 kg L
_ 89,895,238

D
Therefore:
o 1/2
R — 0.47195Q,, -

1.157x10° 7 (0.30481) (0.5932D) (w N G)

Where: R is in meters
Qy is in cfm
fis in feet
D is in Ib/cy
G is in cfm/cy

CORNERSTONE
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COMPUTATION SHEET

PROJECT TITLE; Lorain County Landfill GCCS PROJECT NO; 100452

DESCRIPTION: Vertical Well ROl Calculation CALC NO: SHEET 3 OF 6

PREP. BY: PJL DATE:_11/15/10 CHKD BY: TAB  DATE: 11/15/10
Then;

/2

R = 0.8938 (&)
tG
Converting results from meters to feet (1 ft = 0.3048 m):

’ Q 1/2
0.3048R = 0.8938 (—“’j

tG

1/2
R = 2.932 (&)
tG

B) NSPS Method (from EPA NSPS Bid, 1991, pg. G-1)

1/2
_ (_QW_DC ]

7 Lp Qu

Where: p = in-place density of refuse [kg/m°]
Qv = LFG flow rate per well [m%s]
DC = design capacity of landfill [kg]
L = perforated pipe length [m]
Qgen = peak LFG generation rate [m¥/s]
7 = system collection efficiency [%]
R = radius of influence [m]

1. Converting from metric to English uniis yields the following
conversion factors (allowing input in English units):

Qu (from cfm to m%/s):

3 = 3
1 ft. X 1 min « (0.3048 E) = 4719x10%
Imin 60 sec ft
DC (from tons to kg):
1tonx M 0.4536kg _ 907.2

lton — 1Ib
L (from ft to m):

Environmental Group, LLC
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COMPUTATION SHEET

PROJECT TITLE: Lorain Couniv Landfill GCCS PROJECT NO: 100452

DESCRIPTION:_Vertical Well ROl Calculation CALC NO: SHEET 4 OF 6

PREP. BY: PJL DATE:_11/15/10 CHKD BY: TAB  DATE: 11/15/10
1ftx -0'30;:8 M 0.3048

p (from Ib/cy to kg/m®):

11b  0.4536kg  1yd’ ( 1ft

3
T X X > X ——) = (.5933
yd 11b 271 0.3048 m

Converting results from meters to feet (1 ft = 0.3048 m):

/2
(4.719x10%) Q. (907.2) DC }1

0.3048R = —
7 (0.3048L) (0.5933p) (4.719x10"Q,..) 7

v
_ 1 [ @719x10%) Q, (9072) DC ’
0.3048 | 7 (0.3048L) (0.5933p) (4.719x10°Q,..) 7

Example Calculation:

Estimate the ROI for the following average LFG flow rate condition at
the XYZ Landfill

Given:

Design Capacity 2.5 x 107 tons

Collection efficiency = 70%
Average LLFG generation rate = 2,469 scfm
In-place refuse density = 1,400 Ib/cy
Depth of well = 100 ft

Well flow rate = 26 scfm

™ CORNERSTONE
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COMPUTATION SHEET
PROJECT NO:_100452

PROJECT TITLE: Lorain Countv Landfill GCCS
DESCRIPTION:_ Vertical Well ROI Calculation  CALC NO: SHEET 5 OF 6
DATE:_11/15/10 CHKD BY: TAB  DATE: 11/15/10

PREP. BY: PJL
A) EMCON Method
1/2
26 scfin
K= 2952 2,469 scf — 01b
(100 ﬂ)( : scfin _)( 1 ton )(1,40 )
25,000,000 tons/ \ 2,000 [b ley

R =180 ft

B) NSPS Method

-4 1/2
R - 1 (4.719x10 ")(26 scfm)(907.2)(25,000,(_)0_0 tons)
0.3048 | 7 (0.3048)(100 £t)(0.5933)(1,400 Ib / cy)(4.7 19x10'4)(2,469 scfm)(0.70)
R =215 ft
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COMPUTATION SHEET

PROJECT TITLE: Lorain County Landfill GCCS PROJECT NO:_ 100452
DESCRIPTION: Vertical Well ROl Calculation CALC NO: SHEET 6 OF 6
PREP. BY: PJL DATE:_11/15/10 _ CHKD BY: TAB  DATE: 11/15/10
Well Spacing

Utilizing the more conservative (EMCON) value for ROI of R = 180 ft for this
extraction well, and applying the criteria for.well spacing of:

SPACING = /3 ROI

SPACING DISTANCE

RADIUS OF INFLUENCE (ROI)

SPACING =312 fi

Site Specific Calculations:

ROI and Well Spacing calculations for the Lorain County Landfill are
shown on the attached spreadsheet (Table A-2). These calculations
were performed for a series of typical well depths, ranging from 40 feet
to 100 feet and will be utilized as the basis for determining well
placement across the selected area of the Project.

{2y CORNERSTONE

# Environmecntal Group, LLC
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