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1.0 INTRODUCTION 

Tetra Teen 

The purpose of this document is to provide a general design plan in accordance with the design 

requirements of 40 CFR Part 63, Subpart MAA, National Emission Standards for Hazardous Air 

Pollutants (NESHAP) for MSW Landfills (Subpart AAAA) and 40 CFR Part 62, Subpart 000, Approval 

and Promulgation of State Plans for Designated Facilities and Pollutants (Subpart 000) for the existing 

and future landfill gas collection and control system (GCCS) at the Brent Run Landfill ("facility" as defined 

by the Clean Air Act) located in Montrose, Michigan. This GCCS Design Plan is the document that will 

govern the operating, monitoring, and recordkeeping standards for the GCCS at the Brent Run Landfill , 

and supersedes all previous submittals. 

The facility has a design capacity greater than 2.5 million megagrams (Mg) and in 1996 demonstrated 

emissions of non-methane organic compounds (NMOC) exceeding 50 mg/year, triggering the 

requirement to install a GCCS under 40 CFR Part 60, Subpart WWW, New Source Performance 

Standards (NSPS) for MSW Landfills (Subpart WNW). In 1997, a GCCS Design Plan was developed 

and submitted to the Michigan Department of Environment, Great Lakes, and Energy (EGLE) (at that 

time known as the Michigan Department of Environmental Quality (MDEQ)) in accordance with the 

regulatory timeline. The facility's currently approved GCCS Design Plan is an update to this plan , 

submitted in 2004. Subpart WWW regulations were superseded by those of Subpart 000 on June 21 , 

2021 . As allowable by Subpart 000, the facility "opted-in" to the major compliance provisions of Subpart 

AAAA prior to the effective date of the revised rule (September 27, 2021 ). Due to this action, the facility 

maintains compliance by following the provisions of §63.1958, 63.1960, and 63.1961 of Subpart AAAA 

in lieu of compliance with §62.16716, 62.16720, and 62.16722 of Subpart 000. Due to actions taken 

pursuant to its prior applicability under Subpart WWW, Brent Run Landfill is categorized as a "legacy­

controlled" landfill under Subpart 000. 

1-1 



Tetra Tech Project #209-4231207 

June 19, 2023 

2.0 EXISTING SITE CONDITIONS 

2.1 LANDFILL DESCRIPTION 

Tetra Tech 

The Brent Run Landfill is located in Montrose, Michigan. The facility is owned and operated by Brent 

Run Landfill , Inc., a subsidiary of GFL Environmental Inc. (GFL) . The landfill was owned by City 

Management Corporation when it originally began receiving refuse in 1993. In subsequent years, 

ownership was transferred to Republic in 1999, Waste Connections in 2009, and to GFL in 2021 . 

The facility has a design capacity of approximately 26.9 million megagrams (Mg) [31 .5 million tons] of 

refuse. The site consists of 15 permitted cells , covering approximately 154.47 acres. Cells 1 and 2 and 

parts of 3, 4 and 5A, totaling approximately 30 acres, are at final grades and have final cover placement. 

Cells 11 through 12, approximately 88 acres, are actively being filled at the present time. Cells 13, 14 

and 15 (approximately 34 acres) are unconstructed and do not contain waste. The existing cells are 

underlain by a composite liner system. 

2.2 LANDFILL GAS COLLECTION AND CONTROL SYSTEM 

At the time of this report, an active GCCS has been constructed and is operating in Cells 1 through 12 of 

the Brent Run Landfill. This section identifies both existing and proposed components for landfill gas 

(LFG) management at the Brent Run Landfill. In conjunction with this report, a phased GCCS design will 

be implemented in order to comply with the NSPS regulations. The proposed design consists of vertical 

wells and interim horizontal trenches to extract LFG from the disposal area. 

The existing vertical extraction wells have a maximum well spacing ranging from 250-300 feet 

throughout the fill area. The proposed vertical wells located along the perimeter of the fill area shall 

have an average well spacing of approximately 200 feet , while interior wells shall have an average well 

spacing of approximately 250 feet. This spacing is more conservative than the minimum spacing 

guidelines and calculations provided in Appendix A-2 of this report . 

Interim horizontal collection trenches may also be utilized in areas that will not reach final grade within 

five years of initial waste deposition. Horizontal collection trenches allow extraction of LFG from areas 

that are not easily accessible by vertical wells, including active fill areas. Interim horizontal collectors may 

be utilized in waste older than 5 years to collect LFG once a sufficient barrier of waste (greater than 40 
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feet) is placed above the collector to reduce the potential for air infiltration. If utilized, interim trenches 

will be spaced at a frequency of not more than 250 feet horizontally and 50 feet vertically. 

Although no sections of the disposal area have been designated for the construction of permanent 

horizontal gas collection trenches, Brent Run Landfill reserves the right to install these components 

should future operational concerns dictate need. Additional extraction components, including caisson 

wells , pin wells, etc. may also be utilized for gas control as field conditions and industry practices warrant. 

Each extraction location will be fitted with an adjustable flow control well. head. The wellheads will include 

a sampling port where LFG will be evaluated for methane, oxygen, hydrogen sulfide, carbon dioxide and 

balance gases (nitrogen, NMOCs, and other compounds). Each wellhead will also have a flow 

measurement device (pitot tube or orifice plate) and a tuning valve to adjust vacuum application and flow 

out of the well. 

Wellheads will be connected to lateral pipes, which are in turn connected to larger, high-capacity 

header pipes. Permanent lateral and header pipes are installed generally below grade and are typically 

constructed of high-density polyethylene (HOPE) pipe. Occasionally, temporary piping may be installed 

either above or below ground surface to improve function of the GCCS or to restore operation in a 

failing area. LFG is conveyed through this pipe network of laterals and headers to the GCCS control 

devices. 

The devices which "control" the LFG collected by the facility's gas collection system as defined by 

governing federal regulations include one open flare , one enclosed flare , and LFG treatment system 

equipment located at an adjacent landfill gas to energy (LFGTE) facility. The LFGTE Plant is owned and 

operated by a third-party , and is contracted to receive LFG generated from the landfill as fuel. The LFGTE 

facility controls the LFG via a treatment system pursuant to §62.16714( c)(3) and §63.1959(b )(2)(iii)(C) . 

Downstream of the treatment system, five internal combustion engines (four Caterpillar G3520C model 

engines and one Caterpillar 3512 model engine) com bust LFG to generate electricity for sale. The LFGTE 

treatment system serves as the primary control device for LFG collected by the landfill , while the two 

flares , which are owned by the landfill , serve as backup control devices in the event the LFGTE Plant 

cannot control the full capacity of the LFG collected or is down for maintenance. Treated LFG which 

cannot be utilized by the LFGTE is combusted in the backup flares per regulatory requirements. GCCS 

components subject to the provisions of governing federal regulations are identified in the process flow 

diagram displayed in Figure 2-1 . Additional information on the LFG control system can be found in 

Section 4.6.5 of this document. 
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Figure 2-1: GCCS Process Flow Diagram 
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Condensate (liquid that forms in the GCCS piping as LFG cools) is discharged to the landfill 's leachate 

collection system (LCS). Condensate is removed from the GCCS piping via through dripleg drains with 

direct connections to LCS cleanout/access risers or to condensate pump stations located around the 

perimeter of the disposal area. Condensate drained by gravity to the condensate pump stations is 

discharged via force main(s) to leachate collection and storage locations on the site, and ultimately 

combined with leachate for disposal. Condensate collected in drains will be transported via gravity directly 

to the leachate collection system via leachate system access risers. The condensate will be disposed of 

coincidentally with landfill leachate in accordance with the requirements of the facility's applicable 

permits. 

Additional information and drawings of the GCCS are included in Appendix C. 
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3.0 FUTURE SITE DEVELOPMENT 

3.1 LANDFILL DEVELOPMENT PLAN 

Tetra Tech 

The Brent Run Landfill will continue waste filling operations in accordance with the facility Operating 

License and its internal fill progression plans. Installation of GCCS components is anticipated to be 

coordinated with fill development and as otherwise required by NSPS regulations regarding installation 

of GCCS components stipulated in §62.16714(b)(2)(ii) and §63.1959(b)(2)(ii). Due to operational 

changes, the GCCS design presented in Appendix C may be altered to maintain compliance with the 

provisions of the NSPS or NESHAP and to accommodate actual field conditions at the time of 

construction . 

3.2 LANDFILL GAS CONTROL SYSTEM EXPANSION CAPABILITIES 

The GCCS is designed to be expanded as fill operations proceed to reach final grade or to install interim 

systems. Vertical wells will typically be installed in areas that have reached final grade. Vertical wells 

and/or interim horizontal collection trenches may be installed as an interim control measure in disposal 

areas that have been in place for more than five years, but that are not yet at final waste grades. 

Vertical extraction wells installed prior to reaching final grade will either be extended to the final grade 

level or abandoned and replaced to maximize LFG collection. This determination will be made based 

upon the physical condition of the wells, their ability to provide effective LFG extraction, and field 

conditions at the time of final cap installation. 

Proposed LFG headers are sized to accommodate the maximum calculated LFG generation rate of 4,166 

scfm (refer to Section 4.5.2) and are designed with flanged connections for expansion as new collectors 

are installed, in accordance with NSPS requirements. Additionally, the use of HOPE header piping 

provides for flexible and efficient connections for future expansion of the header piping system. 

Additional information and drawings of the GCCS are included in Appendix C. 
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4.0 COMPLIANCE REVIEW AND EVALUATION 

Tetra Tech 

The purpose of this section is to describe and document information required to certify compliance of the 

GCCS with the applicable sections of Federal Plan Subpart 000 and NESHAP Subpart AAAA. 

4.1 Compliance with §62.16728(a)(1) AND §63.1962(a)(1) 

§62.16728(a)(1) and §63.1962(a)(1) The collection devices within the interior must be 

certified to achieve comprehensive control of surface gas emissions by a professional 

engineer. The following issues must be addressed in the design: depths of refuse, refuse 

gas generation rates and flow characteristics, cover properties, gas system expandability, 

leachate and condensate management, accessibility, compatibility with filling operations, 

integration with closure end use, air intrusion control, corrosion resistance, fill settlement, 

resistance to the refuse decomposition heat and ability to isolate individual components 

or sections for repair or troubleshooting without shutting down entire collection system. 

This GCCS has been designed to be consistent with NSPS requirements to achieve comprehensive 

control of both lateral migration and surface emissions of LFG. Issues related to compliance with 

§62 .16728(a)(1) and §63.1962(a)(1) are discussed in the following sections. 

Applicable information used in the design of the GCCS is included in Appendices A (Calculations}, 

Appendix B (Head Loss Analyses) , Appendix C (GCCS Design Plans), Appendix D (Surface 

Emissions Monitoring Plan) and Appendices E-F (Approved Alternatives to the NSPS). 

4.1.1 Control of Surface Emissions 

The GCCS was designed to minimize both subsurface lateral migration and surface emissions of LFG 

from the landfill. System performance depends upon the installation of a satisfactory GCCS system , its 

proper management, and maintenance of a final cover system. If there is a temporary exceedance in 

surface methane emissions it will be addressed by appropriate response, evaluating both the GCCS and 

final cover systems. Appropriate action will then be taken to correct the exceedance, as required by 

governing federal regulations. 

4.1.2 Depth of Refuse 

Depths of refuse will be calculated prior to installation of vertical LFG extraction wells based upon existing 

topography, final grade and liner grade permit plans, and record documentation of landfill liner grades. 
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4.1.3 Landfill Gas Generation Rates and Flow Characteristics 

Tetra Tech 

In compliance with §60.752(b)(2)(ii)(A) , the maximum expected LFG flow rate for the site was used for 

sizing the GCCS. The LFG generation rate calculations were performed using the United States 

Environmental Protection Agency (USEPA) Landfill Gas Emission Model (LandGEM) V3.03 (AP-42 

default values k = 0.04/year and Lo= 100 m3/Mg), historical waste receipts , the permitted design capacity 

of the facility, and current operating parameters were utilized to develop the LFG generation rate 

calculations. 

The maximum LFG generation rate of approximately 4, 166 scfm is projected to occur in 2054. 

The proposed GCCS components to be installed shall be sized to accommodate the maximum LFG 

generation rate of 4,166 scfm to ensure adequate future capacity. As discussed in Section 3.2 of this 

Design Plan , the GCCS is designed In a manner to allow expansion of the wellfield, piping, and LFG 

control device capacity. 

The LandGEM emissions model is a "design tool ," which uses the information available to project future 

operating conditions. This model was developed based upon operating conditions at a cross-section of 

landfills within the United States and is approved for use by the USEPA. The most up to date information 

pertaining to the site operating parameters was utilized for this GCCS Design Plan. Actual operating 

parameters may change in the future and may require changes in the system flow characteristics and 

process equipment as the system is developed. These changes will be made in accordance with 

governing federal regulations, including §62.16714. 

LFG generation projections are provided in Appendix A-1. 

4.1.4 Landfill Cover Properties 

The final cover design, for areas without an existing final cover system, will incorporate a composite 

geosynthetic/low permeability soil barrier. The primary purpose of the final cover system is to preclude 

infiltration of precipitation that would generate additional leachate. However, the final cover system 

design also provides a significant barrier to LFG emission and air infiltration when combined with an 

active LFG extraction system. The GCCS components will provide for collection of LFG, relieving 

pressures from LFG buildup from beneath this layer. 

4.1.5 Landfill Gas Control System Expandability 

4-2 
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Expandability of the GCCS is achieved by installing expansion points, such as tees with blind flanges, as 

access points to extend the GCCS. These expansion points provide planned access for expansion of the 

LFG transmission piping and LFG control device facility(s) in the future . Similarly, additional LFG control 

devices shall be added to expand the extraction capabilities of the GCCS. These flanges or expansion 

points provide planned access for expansion of the LFG transmission piping and LFG control device 

facility(s) in the future. In the event that actual LFG flow rates do exceed the capacity of the system 

additional GCCS components will be designed and installed in accordance with NSPS requirements , to 

supplement the original design . 

4.1.6 Leachate and Condensate Management 

Leachate management is accomplished using an engineered leachate collection and handling system 

(LCS). Leachate is collected in the LCS of each landfill cell, then is pumped through forcemain pipes to 

the permitted discharge point for the off-site disposal and treatment at the local Publicly Owned Treatment 

Works (POTW) waste water facili ty. The LCS is designed according to Subtitle D standards (40 CFR 

§257 and §258) and is part of the Solid Waste Disposal Area License. 

LFG piping grades will be maximized where practical to reduce the impact of differential settlement and 

promote positive condensate drainage. The proposed transmission header and lateral piping will be 

sloped at a minimum of three percent (3%) within waste limits (0.5 percent outside waste limits) , unless 

otherwise denoted, to promote condensate to flow by gravity to engineered low points in the GCCS piping , 

and subsequent collection of the condensate. Condensate collected at the engineered low points will be 

handled by pump stations or gravity drains that will discharge directly into the LCS or other leachate or 

condensate collection and control structures. 

4.1.7 Accessibility 

Accessibility to the GCCS components is achieved by installing commonly accessed components (such 

as wellheads and monitoring ports) on relatively flat surfaces of the landfill or near the facil ity 's Road 

network. Wellheads, piping risers, valves and monitoring ports of the proposed system will be installed 

above grade and raised as needed to maintain accessibility. 

4.1.8 Compatibility with Refuse Filing Operations 

At the time of this report, an active GCCS has been constructed and is operating in Cells 1 through 12 of 

the Brent Run Landfill. The proposed GCCS has been designed to integrate the existing GCCS 

components currently operating at the Brent Run Landfill. All construction is phased so existing collection 

can remain operational with minimal, localized interruptions. 
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As refuse filling operations proceed and portions of the site reach final or near-final grades, additional 

GCCS components will be installed. This method of installation allows GCCS components to be 

constructed in accordance with §62.16728(a)(1) and §63.1962(a)(1) while minimizing interference of the 

GCCS with ongoing filling operations. 

4.1.9 Integration with Closure End Use 

Currently, the post-closure end-use for the site is unspecified and will likely be utilized as open space. 

Any modifications to the closure end-use must be approved by facility personnel to evaluate the 

compatibility with the GCCS. Any items of concern related to maintaining and operating the GCCS will 

be mitigated by either altering the proposed post-closure end-use or by adjusting or modifying the GCCS 

in accordance with NSPS or NESHAP requirements. 

4.1.10 Air Intrusion Control 

Oxygen from air intrusion can cause subsurface reactions or reduce the heat content of the LFG. Air 

intrusion is minimized by using soil backfill in the upper zone of the vertical wells and above the horizontal 

collectors to seal pathways to the extraction zone. Where extraction wells are placed in final cover areas 

through a geosynthetic component, the penetration is sealed. To accommodate the penetration of the 

geomembrane component of the final cover system, in areas with a geosynthetic cap, the geomembrane 

component will be typically fitted to the pipe penetrations utilizing a "pipe boot". Potential air intrusion 

and LFG emissions through the cover system will be controlled through periodic monitoring and 

adjustment of the GCCS, in coordination with appropriate maintenance of the landfill cover system. 

4.1.11 Corrosion Resistance 

Corrosion resistance of the GCCS is achieved using corrosion resistant materials or materials that have 

a corrosion resistant coating, in accordance with §62.16728(b){1) and §63.1962 (b)(1 ). The primary 

components used in the construction of the GCCS are HOPE and polyvinyl chloride (PVC). Components 

will be inspected during routine GCCS monitoring for abrasion, chipping, or other potential deterioration 

of the components. If damage to the materials is observed that may be detrimental to the performance 

of the GCCS, the components will be replaced or repaired. 

4.1.12 Fill Settlement 

Settlement will occur due to overburden and decomposition of the refuse. The settlement of the waste 

can impact gas extraction wells , pulling them down, causing tipping or tilting, and deflecting the subgrade 

riser sections. To accommodate refuse settlement, the GCCS components were designed and are to be 

installed with several features to account for this settlement, including: 
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• LFG extraction well heads are connected to the LFG transmission piping by an above-ground 

flexible pipe or hose connection . This allows the LFG piping to accommodate some changes in 

the orientation of the LFG transmission piping or LFG extraction well while maintaining this 

connection. 

• LFG transmission piping will be sloped at sufficient grades (see Section 4.1 .6) so that reasonable 

amounts of differential and total settlement may occur without causing pipe breakage or disrupting 

the overall flow gradient of the LFG t ransmission piping. 

• HOPE piping will be used for the construction of the header piping and transmission system . 

HOPE piping is flexible and absorbs differential settlement without breaking or cracking. 

4.1.13 Resistance to Decomposition Heat 

Resistance of the GCCS to the heat generated from refuse decomposition is achieved through 

materials tested and proven to withstand temperatures well above those typically found in landfills. 

Waste and gas temperatures are monitored during construction and operation of the wellfield. 

Temperatures showing an increasing trend or sudden increase will be investigated and addressed. The 

GCCS will be inspected during routine LFG system monitoring for heat damage. If heat damage of the 

GCCS components is observed and is believed to be detrimental to the operation of the GCCS, the 

cause of the elevated landfill temperature will be investigated and the GCCS will be adjusted or 

modified to mitigate the effects of the elevated temperatures. 

4.1 .14 Abil ity to Isolate Individual Components or Sections for Repair 

The GCCS has been designed with isolation valves at various points throughout the GCCS. These valves 

allow for specific portions of the GCCS to be closed off for repair without shutting down the entire GCCS. 

These valves are frequently inspected to ensure they are properly functioning and are not damaged. 

4.2 COMPLIANCE WITH §62.16728(a)(2) AND §63.1962(a)(2) 

§62.16728(a)(2) and §63.1962(a)(2) The sufficient density of gas collection devices 

determined in paragraph (a)(1) of this section must address landfill gas migration issues 

and augmentation of the collection system through the use of active or passive systems 

at the landfill perimeter or exterior. 

Per the definitions given in §62.16730 and §63.1990, '' sufficient density" means "any number, spacing, 

and combination of collection system components .. . necessary to maintain emission and migration 
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control as determined by measures of performance set forth in this part." LFG well spacing was 

established using the method described in the book "Methane Generation and Recovery from Landfills , 

EMCON, 1982." The values developed by this method were compared to those developed by the 

equation from the NSPS Background Information Document, 1991 with a more conservative EMCON 

value utilized for design purposes. This is consistent with spacing criteria used at other landfills and 

should effectively control surface emissions and subsurface migration of LFG in accordance with NSPS 

requirements. 

Additionally , the spacing of vertical and interim horizontal extraction wells is within the guidelines defined 

in Table 5-1 , Summary of Suggested Collector Density, Training Course for Landfill Gas NSPSIEG 

Regulatory Personnel to Review GCCS Design Submittals, North Carolina State University, September 

1998. This guidance recommends a horizontal collector spacing of 30 feet to 50 feet vertically and 150 

feet to 300 feet horizontally for interim horizontal extraction wells , and a vertical well spacing of 250 feet 

to 300 feet in post-Subtitle D landfills with wet waste. 

Brent Run Landfill conducts quarterly surface emissions monitoring in accordance with applicable federal 

requirements. If the GCCS at the facility does not meet the measures of performance set forth , the GCCS 

will be adjusted or modified in accordance with the applicable federal requirements. These adjustments 

or modifications may include the installation of additional collection elements, cap repairs or other actions 

defined by field conditions at the time of monitoring. 

4.3 COMPLIANCE WITH §62.16728(a)(3) AND §63.1962(a)(3) 

§62.1672B(a)(3) and §63.1962(a)(3) The placement of gas collection devices determined 

in paragraph (a)(1) of this section must control all gas producing areas, except as provided 

by paragraphs (a)(3)(i) and (ii) of this section. 

Issues related to compliance with §62.16728(a)(3) and §63.1962(a)(3) are discussed in the following 

sections. 

4.3.1 Asbestos and Non-degradable Materials 

§62.16728(a)(3)(i) and §63.1962(a)(3)(i) Any segregated area of asbestos or 

nondegradable material may be excluded from collection if documented as provided under 

§62.16726(d) [of Subpart 000, or §63.1983(d) of Subpart AAAA]. The documentation 

must provide the nature, date of deposition, location and amount of asbestos or 
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nondegradable material deposited in the area, and must be provided to the Administrator 

upon request. 

No areas have been excluded from the coverage of the GCCS as a result of the placement of asbestos 

or other nondegradable materials. 

4.3.2 Non-productive Areas 

§62.1672B(a)(3)(ii) and §63.1962(a)(3)(ii) Any nonproductive area of the landfill may be 

excluded from control, provided that the total of all excluded areas can be shown to 

contribute less than 1 percent of the total amount of NMOC emissions from the landfill. 

The amount, location, and age of the material must be documented and provided to the 

Administrator upon request. A separate NMOC emissions estimate shall be made for 

each section proposed for exclusion, and the sum of all such sections shall be compared 

to the NMOC emissions estimate for the entire landfill. 

At the time of the design of the GCCS, no areas of the landfill were determined to be non-productive. No 

areas of the landfill have been excluded from the coverage of the GCCS on this basis. 

4.4 COMPLIANCE WITH §62.16728(b)(1), (2), AND (3) AND §63.1962(b)(1), 
(2), AND (3) 

§62.16728(b) and §63.1962 (b) Each owner or operator seeking to comply with 

§62.16714(b) [§63.1959(b)(2)(ii) for Subpart AAAAJ must construct the gas collection 

devices using the following equipment or procedures: 

4.4.1 Landfill Gas Extraction Component Construction 

§62.16728(b)(1) and §63.1962 (b)(1) The landfill gas extraction components must be 

constructed of polyvinyl chloride (PVC), high density polyethylene (HOPE) pipe, fiberglass, 

stainless steel, or other nonporous corrosion resistant material of suitable dimensions to: 

convey projected amounts of gases; withstand installation, static, and settlement forces; 

and withstand planned overburden or traffic loads. The collection system must extend as 

necessary to comply with emission and migration standards. Collection devices such as 

wells and horizontal collectors must be perforated to allow gas entry without head loss 

sufficient to impair performance across the intended extent of control. Perforations must 

be situated with regard to the need to prevent excessive air infiltration. 
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Issues related to compliance with §62.16728(b)(1) and §63.1962(b)(1) are discussed in the following 

sections. 

4.4.1.1 Materials 

The GCCS components will generally be constructed of polyvinyl chloride (PVC) or high-density 

polyethylene (HOPE). Some components of the collection assemblies or fittings may be constructed of, 

fiberglass , corrosion-resistant steel , Neoprene (gaskets and seals) and other non-porous corrosion 

resistant materials. 

4.4.1.2 Component Sizing 

The GCCS components proposed to be installed in the Facility are sized for a maximum LFG flow rate 

of 4,166 scfm (see Section 4.1.3). This accounts for the entire MSW disposal capacity, at the final grade 

development elevations of the landfill. 

The capacity of the current control devices (LFGTE plant and flares) is approximately 5,500 scfm. 

Capacity of the extraction and treatment system components will be phased in as waste placement 

progresses, and system generation and extraction rates increase. If LFG flow rates exceed the capacity 

of the control devices, additional control device capacity will be designed and installed in accordance with 

NSPS or NESHAP requirements. 

4.4.1.3 Component Loading 

The proposed GCCS components within the Facility are consistent with those installed at other landfills 

that have been in place for extended periods of time (in excess of 15 years) and verified to withstand 

installation , static, settlement, overburden, and traffic loads. The materials used for the GCCS 

construction are industry-standard materials that are proven to withstand typical loads within a landfill 

environment, and static loads such as overburden and traffic loads for the LFG transmission piping are 

calculated to be less than the allowable loads recommended by the piping manufacturer. In the event 

damage to GCCS components are identified the GCCS will be adjusted or modified in accordance with 

NSPS or NESHAP requirements. 

Typically, GCCS components requiring footings or foundations will be placed outside the waste area. 

Foundations supporting the GCCS components will include consideration for active and passive loading 

as well as any mechanical loads, and will be designed for the local soil conditions, and tolerances of the 

equipment. Within the landfill , settlement forces cannot accurately be predicted due to the non­

homogeneous nature of the refuse within the landfill. Road crossings will be designed to protect the 
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GCCS piping using casings or mitigated by burial depth. Traffic loading in active areas is less 

controllable, but will be mitigated by burial depth. 

4.4.1.4 System Expansion 

The GCCS shall be expanded as necessary to comply with NSPS requirements. The Brent Run Landfill 

will conduct monitoring and document compliance of the GCCS, in accordance with NSPS or NESHAP 

requirements. If the GCCS at the Brent Run Landfill does not meet the measures of performance set 

forth in these regulations, the GCCS will be adjusted or modified in accordance with NSPS or NESHAP 

requirements. 

4.4.1.5 Component Perforation 

The vertical well and horizontal collection piping will be perforated as shown on the design plan drawings 

(Appendix C) , to allow LFG entry without inducing head losses sufficient to impair performance across 

the intended extent of control. The perforation patterns used for the Brent Run Landfill GCCS design 

have been successfully used in previous LFG control applications. 

4.4.1.6 Air Infiltration 

The LFG collection elements were designed to prevent excessive air infiltration through the use of solid 

pipe and soil backfill near the ground surface for vertical LFG extraction wells and interim/supplemental 

horizontal collection trenches. Hydrated bentonite plugs and geomembrane seals, if warranted, will be 

provided around vertical well casings and interim/supplemental horizontal collection trench access piping , 

where they penetrate the landfill final cover or interim cover systems. Further, air intrusion control will be 

accomplished through the operational monitoring standards for the LFG collection elements in 

accordance with NSPS requirements. If the GCCS does not meet the operational monitoring standards, 

it will be adjusted or modified in accordance with NSPS or NESHAP requirements. 

4.4.2 Landfi ll Gas Extraction Component Installation 

§62.16728(b)(2) and §63.1962 (b)(2) Vertical wells must be placed so as not to endanger 

underlying liners and must address the occurrence of water within the landfill. Holes and 

trenches constructed for piped wells and horizontal collectors must be of sufficient cross­

section so as to allow for their proper construction and completion including, for example, 

centering of pipes and placement of gravel backfill. Collection devices must be designed 

so as not to allow indirect short circuiting of air into the cover or ref use into the collection 

system or gas into the air. Any gravel used around pipe perforations should be of a 

dimension so as not to penetrate or block perforations. 
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Issues related to compliance with §62.16728(b)(2) and §63.1962 (b)(2) are discussed in the following 

sections. 

4.4.2.1 Component Placement 

Future depths of refuse were calculated, at the time of the design of the GCCS, based upon the permit 

plan final grades and landfill liner grades. Vertical LFG extraction wells will be designed to extend from 

the landfill surface to within no less than fifteen (15) feet of the landfill base, unless otherwise designed 

for specific site considerations. 

4.4.2.2 Leachate 

The occurrence of leachate within the landfill will be addressed by the LCS as stated in Section 4.1.6 of 

this Design Plan. Leachate management within the portions of the landfill with a composite liner will be 

accomplished through the LCS which includes a leachate drainage layer, collection piping, side slope 

risers with liquid pumping equipment, and liquid disposal systems. 

For these reasons, it is not expected that free liquids will be frequently encountered during the drilling of 

the vertical LFG extraction wells . If free liquids are encountered, the drilling contractor will attempt to drill 

through the perched zone of liquids allowing drainage into the underlying waste mass and the LCS. If 

the zone of perched liquids cannot be penetrated, the well installation may be terminated. If necessary, 

appropriate measures will be taken to complete the well installation procedure at a nearby location. 

If perched liquids are observed within the extraction wells after installation, and it is determined that the 

liquid level is restrictive to efficient LFG extraction, the leachate level will be reduced. This is typically 

accomplished by periodic pumping of the liquids using either electric or pneumatic pumping systems. 

Uquids removed from the well casings will be discharged to the LCS or other leachate management 

infrastructure. 

4.4.2.3 Wells and Trenches 

Vertical wells and interim/supplemental horizontal collection trenches, constructed for LFG collection 

elements, will be of sufficient cross-section to allow for their proper construction and completion , including 

centering of the pipes and placement of suitable backfill. The wells and interim/supplemental horizontal 

collection trenches will be constructed under supervision of a construction quality assurance program 

implemented by Brent Run Landfill and verified to be properly constructed , as indicated on the design 

plans in Appendix C. 

4.4.2.4 Component Short Circuiting 
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To avoid short-circuiting, or self-damage, the LFG collection elements are designed to prevent air 

infiltration through the cover, refuse contamination of the collection elements, and direct venting of LFG 

to the atmosphere. Air intrusion control will be verified through monitoring of gas quality at the extraction 

components , monitoring of surface emission levels and maintenance of the landfill cover in accordance 

with NSPS or NESHAP requirements. Separation of the collection elements from the refuse is 

accomplished by placing gravel backfill in the annular borehole space around extraction wells casings 

and gravel backfill or other suitable materials for the interim/supplemental horizontal collection trench 

pipes, providing a filter pack between the refuse and the LFG collection elements. Direct venting of the 

LFG to the atmosphere is avoided by operating the GCCS under a controlled application of vacuum and 

the quarterly monitoring of surface emissions (see Section 4.2) . 

4.4.2.5 Backfill 

Gravel or other suitable backfill material of sufficient size is specified to prevent penetration or blockages 

of the LFG collector pipe perforations. Gravel (non-calcareous) to be utilized in vertical wells and 

horizontal collector trenches will be a nominal 1-inch to 3-inch particle size, as indicated on the design 

plans. Other suitable material , such as tire chips , may be utilized in interim/supplemental horizontal 

collection trenches. 

4.4.3 Landfill Gas Extraction Component Connections to Landfil Gas Transmission 
Piping 

§62.16728(b)(3) and §63.1962 (b)(3) Collection devices may be connected to the 

collection header pipes below or above the landfill surface. The connector assembly must 

include a positive closing throttle valve, any necessary seals and couplings, access 

couplings and at least one sampling port. The collection devices must be constructed of 

PVC, HOPE, fiberglass, stainless steel, or other non-porous material of suitable thickness. 

The collection devices are connected to the collection header pipes using lateral piping . The lateral piping 

is connected to the header piping either above or below the landfill surface, as required by field conditions 

at the time of installation. The connector assemblies (wellheads) will be located above grade. These 

assemblies include a positive closing throttle valve, necessary seals and couplings, access ports and 

couplings, and a minimum of one sampling port. The collection devices will be constructed of PVC, HOPE, 

fiberglass , corrosion-resistant steel , and other non-porous materials of suitable thickness. The GCCS 

components are designed to withstand anticipated installation, static, settlement, overburden, and traffic 

loads. 
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4.5 COMPLIANCE WITH §62.16728(c)(1) AND (2) AND §63.1962(c)(1) AND 
(2) 

§62.16728(c) and §63.1962(c) Each owner or operator seeking to comply with §62.16714(c) [of 

Subpart 000, or §63.1959(b)(2)(iii) of Subpart AAAAJ must convey the landfill gas to a control 

system in compliance with §62. 16714(c) [of Subpart 000, or §63. 1959(b)(2)(iii) of Subpart AAAAJ 

through the collection header pipe(s). The gas mover equipment must be sized to handle the 

maximum gas generation flow rate expected over the intended use period of the gas moving 

equipment using the following procedures: 

Issues related to compliance with §62.16728( c) and §63.1962( c) are discussed in the following sections. 

4.5.1 Existing Landfill Gas Flow Rate Data 

§62.16728(c)(1) and §63.1962(c)(1) For existing collection systems, the flow data must 

be used to project the maximum flow rate. If no flow data exists, the procedures in 

paragraph (c)(2) of this section shall be used. 

The current total LFG extraction rate is approximately 2,200 scfm. The current extraction rate is 

influenced by the percentage of waste covered by an active GCCS and the extent of final cover 

installation, which affects the collection efficiency. The current extraction rate is generally consistent with 

LandGEM projections. 

4.5.2 Future Landfill Gas Flow Rate Estimates 

§62.16728(c)(2) and §63.1962(c)(2) For new collection systems, the maximum flow rate 

must be in accordance with §62.16720(a)(1) [of Subpart 000, or §63.1960(a)(1) of 

Subpart AAAA]. 

A value of 4,166 scfm was determined to be the maximum LFG generation rate at final fill conditions, as 

estimated by Land GEM (see Appendix A-1 ). Assuming a maximum extraction efficiency of 

approximately 75% at the closure of this facility , a maximum expected recovery rate of 3,125 scfm is 

anticipated. However, to provide adequate capacity in the development of the GCCS design plan, a 

design capacity of 4,166 scfm (100% of the maximum calculated generation rate) was used, as discussed 

in Section 4.4.1.2. 

4.6 ALTERNATIVES AND COMPLIANCE WITH §62.16714(e)(2) AND 
§63.1962(b)(2) 
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§62.16714(e)(2) If the calculated NMOC emission rate, upon in;tial calculation or annual 

recalculation required in paragraph(e)(1 )(ii) of this section, is equal to or greater than 34 

megagrams per year, the owner or operator must . ... [Install a gas collection and control 

system meeting the requirements in paragraphs (b)(1) through (3) and (c) of this section 

and (c) of this section] 

§63.1959(b)(2)(ii) Install and startup a collection and control system that captures the gas 

generated within the landfill as required by paragraphs(b)(2)(ii)(B) or (C) and (b)(2}(iii) of 

this section within 30 months after:(AJ The first annual report in which the NMOC emission 

rate equals or exceeds 50 Mg/yr, unless Tier 2 or Tier 3 sampling demonstrates that the 

NMOC emission rate is less than 50 Mg 

In 1996, the original owner of Brent Run Landfill submitted a Tier 1 non-methane organic compound 

(NMOC) emission rate estimate that exceeded the 50 megagrams per year (Mg/year) limit, thus 

subjecting the landfill to section §60.752(b)(2) of the NSPS. Subsequent Tier 2 or Tier 3 testing was not 

performed at this time. When Tier 2 and Tier 3 testing was performed after landfill ownership was 

transferred in 1999, the more accurate estimations indicated the Brent Run Landfill did not currently 

exceed the maximum NMOC emission rate of 50 Mg/yr threshold . On May 10, 2001, the landfill submitted 

an NSPS applicability determination request to the Michigan Department of Environmental Quality 

(MDEQ) requesting acceptance of the Tier 2 and Tier 3 results . A similar request was submitted to the 

USE PA Region 5 on December 10, 2001. However, the US EPA concluded that the test results could 

not be accepted beyond the NSPS final compliance deadline of December 10, 1998. Therefore, Brent 

Run Landfill is required to comply with section §60.752(b)(2) of the NSPS. 

4.6.1 Submit a Design Plan 

§62.16714(e)(2) Submit a collection and control system design plan prepared by a professional engineer 

to the Administrator within 1 year 

The facility has a design capacity greater than 2.5 million Mg and in 1996 demonstrated emissions of 

NMOC exceeding 50 mg/year, triggering the requirement to install a GCCS under Subpart WWW. In 

1997, a GCCS Design Plan was developed and submitted to the M DEQ in accordance with the regulatory 

timeline. The facility's currently approved GCCS Design Plan is an update to this plan, submitted in 2004. 

Brent Run Landfill is defined as a "legacy controlled" landfill per §62.16730, as the facility had both 

submitted a collection and control system design plan prior to May 2P1, 2021 , in compliance with 
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§60.752(b)(2)(i) and had completed construction and began operations of the GCCS according to 

§60. 752(b)(2)(ii) . For legacy-controlled landfills, §62.16711 (h) specifies: 

When an MSW landfill subject to this subpart is a legacy controlled landfill, as defined in 

§62. 16730, the owner or operator is not subject to the following reports of this subpart, provided 

the owner or operator submitted these reports under 40 CFR part 60, subpart WWW ... (3) 

Collection and control system design plan. 

Therefore, the Brent Run Landfill is not subject to §62.16714(e)(2). 

§63.1959(b)(2)(i) Submit a collection and control system design plan prepared by a professional 

engineer to the Administrator within 1 year as specified in §63.1981(d) or calculate NMOC 

emissions using the next higher tier in paragraph (a) of this section. The collection and control 

system must meet the requirements in paragraphs (b)(2}(ii) and (iii) of this section. 

§63.1 981 states that if a facility has previously submitted a[n] ... initial or revised collection and control 

system design plan . . . under 40 CFR part 60, subpart WWW . . . then that submission constitutes 

compliance with the .... initial collection and control system design plan in paragraph (d) of this section, 

and that resubmittal is not required . Therefore, the Brent Run Landfill is not subject to §63.1959(b)(2)(i) . 

4.6.2 Landfill Gas Generation Rates and Flow Characteristics 

In compliance with §63.1959(b)(2)(ii)(C)(1) and §62.16714(b)(2), the maximum expected LFG flow rate 

for the site was used for sizing the GCCS. The LFG generation rate calculations were performed using 

the United States Environmental Protection Agency (USEPA) Landfill Gas Emission Model (LandGEM) 

V3.03 (AP-42 default values k = 0.04/year and Lo = 100 m3/Mg), historical waste receipts and the 

permitted design capacity of the facility. 

The maximum LFG generation rate of approximately 4, 166 scfm is projected to occur in 2054. LFG 

generation projections are provided in Appendix A-1 . 

The proposed GCCS components to be installed shall be sized to accommodate an LFG flow rate of 

4, 166 scfm. As discussed in Section 3.2 of this Design Plan, the GCCS is designed to allow expansion 

of the wellfield, piping, and LFG control device capacity. 

The LandGEM emissions model is a "design tool," which uses the information available to project future 

operating conditions. This model was developed based upon operating conditions at a cross-section of 
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landfills within the United States and is approved for use by the USEPA. Actual operating parameters 

may dictate changes in the system flow characteristics and process equipment as the system is 

developed. These changes will be made in accordance with These changes will be made in accordance 

with governing federal regulations, including §62.16714. 

4.6.3 NSPS and NESHAP Alternative Standards and Requirements 

The cited sections of Subpart 000 and Subpart AAAA both allow for alternatives to the operational 

standards, test methods, procedures, compliance requirements , monitoring , and record keeping , and 

reporting provisions to be requested in the Plan for MSW landfills: 

§62.16724(d)(2) and §63.1981(d)(2) The collection and control system design plan must include 

any alternatives to the operational standards, test methods, procedures, compliance measures, 

monitoring, record keeping or reporting provisions of §62.16716 through 62.16726 [of Subpart 

000, or §63. 1957 through 62. 1983 of Subpart AAAAJ proposed by the owner or operator. 

Alternatives to the NSPS or NESHAP are proposed in Appendix E. Brent Run Landfill will submit 

alternative requests under separate cover as future needs dictate. Approval of such future requests will 

be updated in Appendix E, requiring only that section of this GCCS design plan to be updated. 

4.6.4 Specifications for Active Collection Systems 

As stated in Sections 4.1 through 4.5 of this design plan, the GCCS proposed at the Brent Run Landfill 

complies with the specifications for active collection systems as stipulated in §62.16728 and §63.1962 of 

the NSPS. If future expansions of the GCCS are necessary, they will be designed to comply with the 

NSPS requirements or any approved alternatives. 

§62.16714(b)(1) Collection system. Install and start up a collection and control system that 

captures the gas generated within the landfill as required by paragraphs (b)(1) through (3) and (c) 

of this section within 30 months after: 

(ii) The first annual report in which the NMOC emission rate equals or exceeds 50 megagrams 

per year submitted under previously applicable regulations 40 CFR part 60, subpart viww, 40 

CFR part 62, subpart GGG, or a state plan implementing 40 CFR part 60, subpart Cc for a legacy 

controlled landfill or a landfill in the closed landfill subcategory .. . 

§62.16714(b)(2) Active. An active collection system must: 
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(i) Be designed to handle the maximum expected gas flow rate from the entire area of the landfill 

that warrants control over the intended use period of the gas control system equipment: 

(ii) Collect gas from each area, cell, or group of cells in the landfill in which the initial solid waste 

has been placed for a period of 5 years or more if active; or 2 years or more if closed or at final 

grade. 

The GCCS will be constructed within the prescribed schedule under §62.16714(b)(2)(ii). Future 

expansions to the GCCS will proceed in accordance with the schedules under paragraphs (i) and (ii) of 

this section. 

§62.16714 (b)(2)(iii) and §63.1959(b)(2)(ii)(B)(3) Collect gas at a sufficient extraction rate 

§62.16714 (b)(2)(iv) and §63.1959(b)(2)(ii)(B)(4) Be designed to minimize off-site migration of 

gas 

In compliance with §62.16714(b)(2){ii)(A)(3-4) and §63.1959(b)(2)(ii)(B)(3-4), the proposed GCCS is 

designed to extract LFG at a sufficient rate to minimize the subsurface lateral migratioh and surface 

emissions of LFG. This is achieved by sizing and installing sufficient collection elements , transmission 

piping , blower(s) , and LFG destruction equipment for the estimated maximum flow rate of LFG. 

The GCCS is designed to collect LFG at a sufficient rate, which per the definitions in 

§62.16730 and §63.1990 means to maintain a negative gauge pressure (vacuum) at all wellheads 

without causing air infiltration. Application of a negative gauge pressure and minimization of air infiltration 

will be verified by monitoring the static pressure and nitrogen or oxygen concentrations of the LFG at the 

wellheads. 

Each wellhead will be monitored monthly in accordance with §63.1958(b) and (c) . Monitoring will be 

performed for pressure, temperature, oxygen and/or nitrogen, at a minimum. Verification of the GCCS's 

ability to minimize off-site subsurface LFG migration is achieved through the routine quarterly perimeter 

monitoring for combustible gases at the site. 

Brent Run Landfill will monitor the GCCS wellheads, after installation, for static pressure and for LFG 

quality in accordance with NSPS requirements and will continue to monitor the perimeter LFG monitoring 

locations to detect the presence of off-site LFG migration . If off-site LFG migration is detected, the Brent 

Run Landfill will take the necessary actions in accordance with NSPS or NESHAP requirements . 
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The existing control systems (one LFG treatment system, one open flare , and one enclosed flare) have 

a combined maximum rated capacity of approximately 5,500 scfm . Control units operate in accordance 

with the work practice requirement operational standard given by §63.1958( e)(1 ). 

Additional control devices will be installed as future LFG recovery rates dictate need. All devices will be 

designed and operated in accordance with the applicable citations in this section. 

4.6.5.1 Flare Units 

The required operational performance of the open flare is stipulated by applicable regulations of 

§62.16714(c) and §63.1959(b)(iii), which allow collected LFG to be controlled by: 

§62.16714(c)(1) and §63.1959(b)(iii)(A) A non-enclosed flare designed and operated in 

accordance with the parameters established in 40 CFR 60. 18 [of Subpart 000, or §63. 11 (b) of 

Subpart AAAAJ, except as noted in §63.1959 of Subpart AAAA; or 

§62.16714(c)(1) and §63.1959(b)(iii)(A) A control system designed and operated to reduce 

NMOC by 98 weight percent; or when an enclosed combustion device is used for control, to either 

reduce NMOC by 98 weight percent or reduce the outlet NMOC concentration to less than 20 

parts-per- million by volume, dry basis as hexane at 3-percent oxygen or less; or 

§62.16714(c){3) and §63.1959(b)(2)(iii)(C) Route the collected gas to a treatment system that 

processes the collected gas for subsequent sale or beneficial use such as fuel for combustion, 

production of vehicle fuel, production of high-Btu gas for pipeline injection, or use as a raw material 

in a chemical manufacturing process. Venting of treated landfill gas to the ambient air is not 

allowed. If the treated landfill gas cannot be routed for subsequent sale or beneficial use, then the 

treated landfill gas must be controlled according to either paragraph (c)(1) or (2) of this section 

[either paragraph (b)(2)(iii)(A) or (8) of this section for Subpart AAAA]. 

The open flare unit and enclosed flare unit located on site have a combined maximum rated capacity of 

approximately 2,739 scfm. The open flare is non-assisted, and is designed and operated in accordance 

with 40 CFR §60.18. Per §62.16714(c)(1) and §63.1959(b)(iii)(A), the open flare will be operated within 

the parameter ranges established by the manufacturer(s) of these units. Both the open and enclosed 

flares are designed to reduce the concentration of the NMOC present in the LFG by at least 98 percent 
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by weight. This destruction is supported by design, initial performance testing per 40 CFR §60.18, and 

operation of the open flare in compliance with the requirements of 40 CFR §60.18 for non-assisted flares. 

The blowers which convey LFG to the flares are each rated for a total inlet vacuum of 45 in. w .c. and a 

discharge pressure of 15 in . w.c .. It is expected that the flares will operate as backup to the LFGTE plant, 

based on plant downtime and process needs. However, each flare has the capability to operate 24 hours 

per day, seven days per week, 365 days a year, excluding the routine operations and maintenance 

shutdown periods that are anticipated during the typical operation of the system. 

The applicable regulations list operation and monitoring requirements for a non-enclosed flare as follows: 

§63.1961(c) Each owner or operator seeking to comply with §63.1959(b)(2)(iii) using a non­

enclosed flare must install, calibrate and operate according to the manufacture's specifications 

for the following equipment: 

§63.1961(c)(1) A heat sensing device such as an ultraviolet beam sensor or thermocouple, at the 

pilot light or the flame itself to indicate the presence of a flame 

(i) Install, calibrate, and maintain a gas flow rate measuring device that records the flow to the 

control device at least once every 15 minutes; and 

(ii) Secure the bypass line in the closed position with a car-seal or lock-and-key type 

configuration. A visual inspection of the seal or closure mechanism must be performed at least 

once every month to ensure that the valve is maintained in the closed position and that the gas 

flow is not diverted through the bypass line . 

The applicable regulations list operation and monitoring requirements for an enclosed flare as follows : 

§63.1961(b) Each owner or operator seeking to comply with §63.1959(b)(2)(iii) using an enclosed 

combustor must install, calibrate and operate according to the manufacture 's specifications for 

the following equipment: 

§63.1961(b)(1) A temperature monitoring device equipped with a continuous recorder and having 

a minimum accuracy of ±1 percent of the temperature being measured expressed in degrees 

Celsius or ±0. 5 degrees Celsius, whichever is greater. 
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§63.1961(b)(2) A device that records flow to the flare and bypass of the flare (if applicable) . The 

owner or operator must 

(i) Install, calibrate, and maintain a gas flow rate measuring device that records the flow to the 

control device at least once every 15 minutes; and 

(ii) Secure the bypass line in the closed position with a car-seal or lock-and-key type 

configuration A visual inspection of the seal or closure mechanism must be performed at least 

once every month to ensure that the valve is maintained in the closed position and that the gas 

flow is not diverted through the bypass line. 

In accordance with §63.1961 , LFG flow rate and temperature ( enclosed flare) or presence of a flame 

(open flare) will be monitored when either flare is in use. To ensure the presence of a flame, either a 

thermocouple installed at the flare tip or a UV sensor shall be utilized. The LFG flow rates will be 

monitored using a thermal mass flow meter, or equivalent monitor.ing device, installed in a metering run , 

downstream of the blower(s) . 

4.6.5.2 LFG Treatment System 

As set forth in §62.16714(c)(3) and §63.1959(b)(2)(iii)(C), the owner may: 

Route the collected gas to a treatment system that processes the collected gas for subsequent 

sale or beneficial use such as fuel for combustion... Venting of treated landfill gas to the ambient 

air is not allowed. If the treated landfill gas cannot be routed for subsequent sale or beneficial use, 

then the treated landfill gas must be controlled according to §62.16714 (c)(1) or (c)(2)/ 

§63.1959(b)(2)(iil)(A) or (8). 

The LFGTE plant operates LFG treatment equipment which meets the definition of a control device per 

the definitions of §62.16730 and §63.1990. The blowers which convey LFG to the facility are each rated 

for a total inlet vacuum of 45 in. w.c. and a discharge pressure of 15 in. w.c. After passing through the 

compression, filtration , and dewatering processes of the LFG treatment system , the treated LFG 

undergoes combustion in one of five internal combustion engines to produce electricity for sale. 

When using a treatment system as a control system for LFG, §63.1961 (g) requires: 

Calibrate, maintain, and operate according to the manufacturer's specifications a device that records flow 

to the treatment system and bypass of the treatment system (if applicable). Beginning no later than 
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September 27, 2021 , each owner or operator must maintain and operate all monitoring systems 

associated with the treatment system in accordance with the site-specific treatment system monitoring 

plan required in§ 63.1983(b)(5)(ii). The owner or operator must: 

(1) Install, calibrate, and maintain a gas flow rate measuring device that records the flow to the treatment 

system at least eve,y 15 minutes; and 

(2) Secure the bypass line valve in the closed position with a car-seal or a lock and~key type configuration. 

A visual inspection of the seal or closure mechanism must be performed at least once every month to 

ensure that the valve is maintained in the closed position and that the gas flow is not diverted through 

the bypass line. 

LFG flow rate to the LFG treatment system is continuously monitored. The LFG treatment system is 

maintained and operated in accordance with the site-specific Treatment System Monitoring Plan 

prepared by the owner and operator of the LFGTE Plant to satisfy the requirements of §63.1983(b)(5)(ii), 
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5.0 LIMITATIONS 

Tetra Tech 

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. 

Tetra Tech 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. 
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PROJECT TITLE: 

COMPUTATION SHEET 

Brent Run Landfill - Gas Model Update PROJECT NO: 4231207 
DESCRIPTION: Landfill Gas Modeling Projections SHEET: 1 

OF: 5 
Prepared By: __ N_J_L_ Checked By: JPS Approved By: __ K_M __ DATE: 5/1/2023 

Given: 

Landfill gas generation projections have been made utilizing the USEPA's Landfill Gas 
Emission Model (LandGEM) V3.03. 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/ttnatwO 1 /landfill/landflpg. htm I. 

First-Order Decomposition Rate Equation: 

11 l 

LL 
i=l j=O.l 

Where: 

kL [ M; ] ( e - k1u ) 
0 10 

OcH• = annual methane generation in the year of the calculation (m 3 /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·1 ) 

L0 = potential methane generation capacity (m 3 /Mg) 

M; = mass of waste accepted in the ih year (Mg) 

t;i = age of the r section of waste mass M; accepted in the ith year (decimal years, e.g., 3.2 years) 

Land GEM 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. 

Site Conditions: 

Waste conditions at the Brent Run Landfill have been developed based upon recorded 
documentation and reports from site operations personnel. Degradable waste mass (MSW and 
other degradable waste streams) has been utilized in projecting LFG generation rates. Fill 
placement activities at the Brent Run Landfill began in 1993. Given the projected site life, the 
landfill will close in 2053. 
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COMPUTATION SHEET 

PROJECT TITLE: Brent Run Landfill - Gas Model Update 
DESCRIPTION: Landfill Gas Modeling Projections 

Prepared By: NJL Checked By: JPS Approved By: 

Annual Waste 

Waste in 

Intake Place 
Year (ton/year) (tons) 

1993 110,220 110,220 

1994 521,840 632,060 

1995 447,810 1,079,870 

1996 230,230 1,310,100 

1997 636,900 1,947,000 

1998 382,800 2,329,800 

1999 103,400 2,433,200 

2000 338,800 2,772,000 

2001 416,900 3,188,900 

2002 227,700 3,416,600 

2003 222,200 3,638,800 

2004 402,600 4,041,400 

2005 595,533 4,636,933 

2006 541,133 5,178,066 

2007 519,735 5,697,801 

2008 488,387 6,186,188 
2009 786,467 6,972,655 

2010 743,308 7,715,963 

2011 775,623 8,491,586 

2012 700,492 9,192,078 

2013 678,079 9,870,156 

2014 478,746 10,348,902 

2015 383,684 10,732,586 

2016 463,613 11,196,199 

2017 421,842 11,618,041 

2018 515,904 12,133,945 

2019 363,085 12,497,030 

2020 276,169 12,773,200 

2021 262,392 13,035,592 

2022 258,292 13,293,884 

2023 351,566 13,645,450 

2024 351,566 13,997,016 

2025 351,566 14,348,583 

2026 351,566 14,700,149 
2027 351,566 15,051,716 

2028 351,566 15,403,282 

2029 351,566 15,754,849 

2030 351,566 16,106,415 

2031 351,566 16,457,982 

2032 351,566 16,809,548 

2033 351,566 17,161,115 

2034 351,566 17,512,681 

2035 351,566 17,864,248 

2036 351,566 18,215,814 
2037 351,566 18,567,380 
2038 351,566 18,918,947 
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PROJECT NO: 4231207 

LFG 

Generation 

Rate 
(scfm) 

0 

53 

301 

504 

595 

877 

1,027 

1,036 

1,158 

1,313 

1,371 

1,424 

1,561 

1,786 

1,975 

2,147 

2,298 

2,585 

2,840 

3,101 

3,316 

3,511 

3,603 

3,646 

3,726 

3,782 

3,882 

3,904 

3,883 

3,857 

3,830 

3,848 

3,866 

3,883 

3,900 

3,915 

3,931 

3,945 

3,959 

3,973 

3,986 

3,998 

4,010 

4,022 

4,033 
4,043 

SHEET: 2 
OF: 5 
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COMPUTATION SHEET 

PROJECT TITLE: Brent Run Landfill - Gas Model Update 
DESCRIPTION: Landfill Gas Modeling Projections 

Prepared By: NJL Checked By: JPS Approved By: 

Annual Waste 

Waste in 

Intake Place 
Year (ton/year) (tons) 

2039 351,566 19,270,513 

2040 351,566 19,622,080 

2041 351,566 19,973,646 

2042 351,566 20,325,213 

2043 351,566 20,676,779 

2044 351,566 21,028,346 

2045 351,566 21,379,912 

2046 351,566 21,731,479 

2047 351,566 22,083,045 

2048 351,566 22,434,612 

2049 351,566 22,786,178 

2050 351,566 23,137,744 

2051 351,566 23,489,311 

2052 351,566 23,840,877 

2053 351,566 24,192,444 

2054 24,192,444 

2055 24,192,444 

2056 24,192,444 

2057 24,192,444 

2058 24,192,444 

2059 24,192,444 

2060 24,192,444 

2061 24,192,444 

2062 24,192,444 

2063 24,192,444 

2064 24,192,444 

2065 24,192,444 

2066 24,192,444 

2067 24,192,444 

2068 24,192,444 

2069 24,192,444 

2070 24,192,444 

2071 24,192,444 

2072 24,192,444 

2073 24,192,444 
2074 24,192,444 

2075 24,192,444 

2076 24,192,444 

2077 24,192,444 

2078 24,192,444 

2079 24,192,444 

2080 24,192,444 

2081 24,192,444 

2082 24,192,444 

2083 24,192,444 
2084 24,192,444 
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LFG 

Generation 

Rate 

(scfm) 

4,054 

4,063 

4,073 

4,082 

4,090 

4,099 

4,107 

4,115 

4,122 

4,129 

4,136 

4,142 

4,149 

4,155 

4,161 

4,166 

4,003 

3,846 

3,695 

3,550 

3,411 

3,277 

3,149 

3,025 

2,907 

2,793 

2,683 

2,578 

2,477 

2,380 

2,287 

2,197 

2,111 

2,028 
1,948 
1,872 
1,799 
1,728 
1,660 

1,595 
1,533 
1,473 
1,415 

1,359 
1,306 
1,255 
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COMPUTATION SHEET 

PROJECT TITLE: Brent Run Landfill - Gas Model Update 
DESCRIPTION: Landfill Gas Modeling Projections 

Prepared By: 

Year 

2072 

2073 

2074 

2075 

2076 

2077 

2078 

2079 

2080 

2081 

2082 

2083 

2084 

2085 

2086 

2087 

2088 

2089 

2090 

2091 

2092 

2093 

2094 

2095 

2096 

2097 

2098 

2099 

2100 

2101 

2102 

2103 

2104 

2105 

2106 

2107 

2108 

2109 

2110 

2111 

2112 

2113 

2114 

2115 

2116 
2117 

NJL Checked By: JPS 

Annual 

Waste 

Intake 
(ton/year) 

Approved By: 

Waste 

in 

Place 
(tons) 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 

24,192,444 
24,192,444 
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Brent Run - 2023 LandGEM.xlsm 

&EPA 

LandGEM 
Landfill Gas Emissions Model 

Version 3.03 

U.S. Environmental Protection Agency 
Office of Research and Development 

Center for Emergency Solutions and Environmental 
Response CESER) 

and 
Clean Air Technology Center (CATC) 

Research Triangle Park, North Carolina 

June 2020 

Summary Report 

Landfill Name or Identifier: Brent Run Landfill - SRN: N5987 

Date: Wednesday, May 3, 2023 

Description/Comments: 

5/312023 

NMOC Concentration from Tier II Sampling performed in 2001 . Data through 2022 is from site records and reporting. 
Naste intake projections from 2023-closure are based on site projections at assumed 90% MSW. Waste Design 
Capacity reflects MSW only. 

About LandGEM: 

First-Order Decomposition Rate Equation: 0 = ~ ~ kL _ x e -ktij 
11 

1 (M·) 
.....,CH4 ~ ~ o 10 

Where , i=l j=0.1 

OcH4 = annual methane generation fn the year of the calculation (m 3 /year) 
i = 1-year time increment 
n = (year of the calculation ) - (initial year of waste acceptance) 
j = 0.1-year time increment 
k = methane Qeneration rate (year1 ) 

L0 = potential methane generation capacity (m 3 /Mg) 

Mr= mass of waste accepted in the i'h year (Mg ) 
~ = age of the j1h section of waste mass M1 accepted in the ith year 
(decimal years, e.g., 3.2 years) 

LandGEM is based on a first-order decomposition rate equation for quantifying emissions from the decomposition of landfilled waste in 
municipal solid waste (MSW) landfi lls. The software provides a relatively simple approach to estimating landfill gas emissions. Model defaults 
are based on empirical data from U.S. landfills. Field lest data can also be used in place of model defaults when available. Further guidance on 
EPA test methods, Clean Air Act (CAA) regu lations. and other guidance regarding landfil l gas emissions and control technology requi rements 
can be found at http:l1Www.epa .gov/ttnatw01 /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 occu rring over time that impact 
the emissions potential. Changes to landfil l operation , such as operating under wet condit ions through leachate recirculation or other liquid 
additions, will resul t 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 applfcabil ity. Refer to the Web site identified above for future updates. 
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Input Review 

LANDFILL CHARACTERISTICS 
.andfill Open Year 
Landfill Closure Year (with 80-year limit) 
Actual Closure Year (without limit) 
Have Model Calculate Closure Year? 
Waste Design Capacity 

MODEL PARAMETERS 

Methane Generation Rate, k 
Potential Methane Generation Capacity, L0 

NMOC Concentration 
Methane Content 

GASES/ POLLUTANTS SELECTED 
Gas / Pollutant #1: 
Gas / Pollutant #2: 

Total landfill gas 
Methane 

Gas/ Pollutant #3: 
Gas / Pollutant #4: 

WASTE ACCEPTANCE RATES 

Carbon dioxide 
NMDC 

Year 
Waste Accepted 

(Mglvear) (short tons/year) 
1993 100,200 110,220 
1994 474,400 521,840 
1995 407,100 447,810 
1996 209,300 230,230 
1997 579,000 636,900 
1998 348,000 382,800 
1999 94,000 103,400 
2000 308,000 338,800 
2001 379,000 416,900 
2002 207,000 227,700 
2003 202,000 222,200 
2004 366,000 402,600 
2005 541,394 595,533 
2006 491,939 541,133 
2007 472,486 519,735 
2008 443,988 488,387 
2009 714,970 786,467 
2010 675,735 743,308 
2011 705,112 775,623 
2012 636,811 700,492 
2013 616,435 678,079 
2014 435,224 478,746 
2015 348,804 383,684 
2016 421,466 463,613 
2017 383,493 421,842 
2018 469,004 515,904 
2019 330,077 363,085 
2020 251,063 276,169 
2021 238,538 262,392 
2022 234,811 258,292 
2023 319,606 351,566 
2024 319,606 351,566 
2025 319,606 351,566 
2026 319,606 351,566 
2027 319,606 351,566 
2028 319,606 351,566 
2029 319,606 351,566 
2030 319,606 351,566 
2031 319,606 351,566 
2032 319,606 351,566 

1993 
2053 
2053 
No 

24,192,444 

0.040 
100 
516 
50 

short tons 

year·1 

m 3 /Mg 
ppmv as hexane 
% by volume 

Waste-In-Place 
(Mg) (short tons) 

0 0 
100,200 110,220 
574,600 632,060 
981,700 1,079,870 

1,191,000 1,310,100 
1,770,000 1,947,000 
2,118,000 2,329,800 
2,212,000 2,433,200 
2,520,000 2,772,000 
2,899,000 3,188,900 
3,106,000 3,416,600 
3,308,000 3,638,800 
3,674,000 4,041,400 
4,215,394 4,636,933 
4,707,333 5,178,066 
5,179,819 5,697,801 
5,623,807 6,186,188 
6,338,777 6,972,655 
7,014,512 7,715,963 
7,719,624 8,491,586 
8,356,435 9,192,078 
8,972,870 9,870,156 
9,408,093 10,348,902 
9,756,897 10,732,586 

10,178,363 11,196,199 
10,561,856 11,618,041 
11,030,860 12,133,945 
11,360,937 12,497,030 
11,612,000 12,773,200 
11,850,538 13,035,592 
12,085,349 13,293,884 
12,404,955 13,645,450 
12,724,560 13,997,016 
13,044,166 14,348,583 
13,363,772 14,700,149 
13,683,378 15,051,716 
14,002,984 15,403,282 
14,322,590 15,754,849 
14,642,196 16,106,415 
14,961,802 16,457,982 
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WASTE ACCEPTANCE RATES (Continued) 

Year 
Waste Accepted Waste-In-Place 

(Mg/year) (short tons/year) (Mg) (short tons) 
'2033 319,606 351,566 15,281,407 16,809,548 
2034 319,606 351,566 15,601,013 17,161,115 
2035 319,606 351,566 15,920,619 17,512,681 
2036 319,606 351,566 16,240,225 17,864,248 
2037 319,606 351,566 16,559,831 18,215,814 
2038 319,606 351,566 16,879,437 18,567,380 
2039 319,606 351,566 17,199,043 18,918,947 
2040 319,606 351,566 17,518,649 19,270,513 
2041 319,606 351,566 17,838,254 19,622,080 
2042 319,606 351,566 18,157,860 19,973,646 
2043 319,606 351,566 18,477,466 20,325,213 
2044 319,606 351,566 18,797,072 20,676,779 
2045 319,606 351,566 19,116,678 21,028,346 
2046 319,606 351,566 19,436,284 21,379,912 
2047 319,606 351,566 19,755,890 21,731,479 
2048 319,606 351,566 20,075,496 22,083,045 
2049 319,606 351,566 20,395,101 22,434,612 
2050 319,606 351,566 20,714,707 22,786,178 
2051 319,606 351,566 21,034,313 23,137,744 
2052 319,606 351,566 21,353,919 23,489,311 
2053 319,606 351,566 21,673,525 23,840,877 
2054 0 0 21,993,131 24,192,444 
2055 0 0 21,993,131 24,192,444 
2056 0 0 21,993,131 24,192,444 
2057 0 0 21,993,131 24,192,444 
2058 0 0 21,993,131 24,192,444 
2059 0 0 21,993,131 24,192,444 
2060 0 0 21,993,131 24,192,444 
2061 0 0 21,993,131 24,192,444 
2062 0 0 21,993,131 24,192,444 
2063 0 0 21,993,131 24,192,444 
2064 0 0 21,993,131 24,192,444 
2065 0 0 21,993,131 24,192,444 
2066 0 0 21,993,131 24,192,444 
2067 0 0 21,993,131 24,192,444 
2068 0 0 21,993,131 24,192,444 
2069 0 0 21,993,131 24,192,444 
2070 0 0 21,993,131 24,192,444 
2071 0 0 21,993,131 24,192,444 
2072 0 0 21,993,131 24,192,444 
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Pollutant Parameters 

as o u an e au arame ers: G I P II t t D f. It P ser-spec, 1e o utan u 'fi d P II tP arameters: 
Concentration Concentration 

Compound (ppmv) Molecular Weiqht (ppmv) Molecular Weiqht 
Total landfill gas 0.00 

VI 
Methane Q) 16.04 

VI 
n) Carbon dioxide 44.01 t!) 

NMOC 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 
1, 1-Dichloroethane 
(ethylidene dichloride) -
HAPNOC 2.4 98.97 
1, 1-Dichloroethene 
(vinylidene chloride) -
HAPNOC 0.20 96.94 
1,2-Dichloroethane 
(ethylene dichloride) -
HAPNOC 0.41 98.96 
1,2-Dichloropropane 
(propylene dichloride) -
HAPNOC 0.18 112.99 
2-Propanol (isopropyl 
alcohol) - VOC 50 60.11 
Acetone 7.0 58.08 

Acrylonitrile - HAPNOC 
6.3 53.06 

Benzene - No or 
Unknown Co-disposal -
HAPNOC 1.9 78.11 
Benzene - Co-disposal -

.l!l HAPNOC 11 78.11 
C: Bromodichloromethane -s voe 3.1 163.83 ::I 

0 Butane - voe 5.0 58.12 
a.. Carbon disulfide -

HAPNOC 0.58 76.13 
Carbon monoxide 140 28.01 
Carbon tetrachloride -
HAPNOC 4.0E-03 153.84 
Carbonyl sulfide -
HAPNOC 0.49 60.07 
Chlorobenzene -
HAPNOC 0.25 112.56 
Chlorodifluoromethane 1.3 86.47 
Chloroethane (ethyl 
chloride) - HAPNOC 1.3 64.52 
Chloroform - HAPNOC 0.03 119.39 
Chloromethane - voe 1.2 50.49 

Dichlorobenzene - (HAP 
for para isomerNOC) 

0.21 147 

Dichlorodifluoromethane 
16 120.91 

Dichlorofluoromethane -
voe 2.6 102.92 
Dichloromethane 
(methylene chloride) -
HAP 14 84.94 
Dimethyl sulfide (methyl 

I 
sulfide) - VOC 7.8 62.13 
Ethane 890 30.07 
Ethanol - VOC 27 46.08 
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Pollutant Parameters (Continued) 

as o u an e au arame ers: G IP II t t D f, It P ser-spec1 1e o u an arame ers: u "fi d P II t t P 
Concentration Concentration 

Compound (ppmv) Molecular Weight (ppmv) Molecular Weight 
Ethyl mercaptan 
(ethanethiol) - VOC 2.3 62.13 
Ethylbenzene -
HAPNOC 4.6 106.16 
Ethylene dibromide -
HAPNOC 1.0E-03 187.88 
Fluorotrichloromethane -
voe 0.76 137.38 
Hexane - HAPNOC 6.6 86.18 
Hydrogen sulfide 36 34.08 
Mercury (total) - HAP 2.9E-04 200.61 
Methyl ethyl ketone -
HAPNOC 7.1 72.11 
Methyl isobutyl ketone -
HAPNOC 1.9 100.16 

Methyl mercaptan - VOC 
2.5 48.11 

Pentane - VOC 3.3 72.15 
Perchloroethylene 
(tetrachloroethylene) -
HAP 3.7 165.83 
Propane - VOC 11 44.09 
t-1,2-Dichloroethene -
voe 2.8 96.94 
Toluene - No or 
Unknown Co-disposal -
HAPNOC 39 92.13 
Toluene - Co-disposal -
HAPNOC 170 92.13 
Trichloroethylene 

J!l (trichloroethene) -
C: HAPNOC 2.8 131.40 
(II 

'5 Vinyl chloride -
0 HAPNOC 7.3 62.50 
c.. Xylenes - HAPNOC 12 106.16 
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Brent Run - 2023 LandGEM.xlsm 
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Brent Run - 2023 LandGEM.xlsm 5/3/2023 

Results 

1Year 
Total landfill gas Methane 

(Mg/year) (m 3 lyear) (av ft"3/min) (Mg/year) (m 3 /year) (av ft"3lmin) 
1993 0 0 0 0 0 0 
1994 9.833E+02 7.874E+05 5.290E+01 2.626E+02 3.937E+05 2.645E+01 
1995 5.600E+03 4.484E+06 3.013E+02 1.496E+03 2.242E+06 1.506E+02 
1996 9.375E+03 7.507E+06 5.044E+02 2.504E+03 3.754E+06 2.522E+02 
1997 1.106E+04 8.858E+06 5.951E+02 2.955E+03 4.429E+06 2.976E+02 
1998 1.631E+04 1.306E+07 8.775E+02 4.356E+03 6.530E+06 4.387E+02 
1999 1.908E+04 1.528E+07 1.027E+03 5.098E+03 7.641E+06 5.134E+02 
2000 1.926E+04 1.542E+07 1.036E+03 5.144E+03 7.711E+06 5.181E+02 
2001 2.153E+04 1.724E+07 1.158E+03 5.750E+03 8.619E+06 5.791E+02 
2002 2.440E+04 1.954E+07 1.313E+03 6.518E+03 9.770E+06 6.564E+02 
2003 2.548E+04 2.040E+07 1.371 E+03 6.805E+03 1.020E+07 6.853E+02 
2004 2.646E+04 2.119E+07 1.424E+03 7.068E+03 1.059E+07 7.118E+02 
2005 2.901E+04 2.323E+07 1.561E+03 7.750E+03 1.162E+07 7.805E+02 
2006 3.319E+04 2.658E+07 1.786E+03 8.865E+03 1.329E+07 8.928E+02 
2007 3.671E+04 2.940E+07 1.975E+03 9.807E+03 1.470E+07 9.877E+02 
2008 3.991E+04 3.196E+07 2.147E+03 1.066E+04 1.598E+07 1.074E+03 
2009 4.270E+04 3.419E+07 2.298E+03 1.141E+04 1.71 0E+07 1.149E+03 
2010 4.804E+04 3.847E+07 2.585E+03 1.283E+04 1.924E+07 1.292E+03 
2011 5.279E+04 4.227E+07 2.840E+03 1.410E+04 2.114E+07 1.420E+03 
2012 5.764E+04 4.616E+07 3.101 E+03 1.540E+04 2.308E+07 1.551 E+03 
2013 6.163E+04 4.935E+07 3.316E+03 1.646E+04 2.468E+07 1.658E+03 
2014 6.526E+04 5.226E+07 3.511 E+03 1.743E+04 2.613E+07 1.756E+03 
2015 6.697E+04 5.363E+07 3.603E+03 1.789E+04 2.682E+07 1.802E+03 
2016 6.777E+04 5.427E+07 3.646E+03 1.810E+04 2.713E+07 1.823E+03 
2017 6.925E+04 5.545E+07 3.726E+03 1.850E+04 2.773E+07 1.863E+03 
2018 7.030E+04 5.629E+07 3.782E+03 1.878E+04 2.815E+07 1.891E+03 
2019 7.214E+04 5.777E+07 3.882E+03 1.927E+04 2.888E+07 1.941E+03 
2020 7.255E+04 5.810E+07 3.904E+03 1.938E+04 2.905E+07 1.952E+03 
2021 7.217E+04 5.779E+07 3.883E+03 1.928E+04 2.890E+07 1.942E+03 
2022 7.168E+04 5.740E+07 3.857E+03 1.915E+04 2.870E+07 1.928E+03 
2023 7.118E+04 5.700E+07 3.830E+03 1.901 E+04 2.850E+07 1.915E+03 
2024 7.152E+04 5.727E+07 3.848E+03 1.91 0E+04 2.864E+07 1.924E+03 
2025 7.185E+04 5.754E+07 3.866E+03 1.919E+04 2.877E+07 1.933E+03 
2026 7.217E+04 5.779E+07 3.883E+03 1.928E+04 2.890E+07 1.942E+03 
2027 7.248E+04 5.804E+07 3.900E+03 1.936E+04 2.902E+07 1.950E+03 
2028 7.277E+04 5.827E+07 3.915E+03 1.944E+04 2.914E+07 1.958E+03 
2029 7.306E+04 5.850E+07 3.931 E+03 1.951E+04 2.925E+07 1.965E+03 
2030 7.333E+04 5.872E+07 3.945E+03 1.959E+04 2.936E+07 1.973E+03 
2031 7.359E+04 5.893E+07 3.959E+03 1.966E+04 2.946E+07 1.980E+03 
2032 7.384E+04 5.913E+07 3.973E+03 1.972E+04 2.956E+07 1.986E+03 
2033 7.408E+04 5.932E+07 3.986E+03 1.979E+04 2.966E+07 1.993E+03 
2034 7.431 E+04 5.951 E+07 3.998E+03 1.985E+04 2.975E+07 1.999E+03 
2035 7.454E+04 5.968E+07 4.010E+03 1.991 E+04 2.984E+07 2.005E+03 
2036 7.475E+04 5.986E+07 4.022E+03 1.997E+04 2.993E+07 2.011E+03 
2037 7.495E+04 6.002E+07 4.033E+03 2.002E+04 3.001 E+07 2.016E+03 
2038 7.515E+04 6.018E+07 4.043E+03 2.007E+04 3.009E+07 2.022E+03 
2039 7.534E+04 6.033E+07 4.054E+03 2.012E+04 3.016E+07 2.027E+03 
2040 7.552E+04 6.048E+07 4.063E+03 2.017E+04 3.024E+07 2.032E+03 
2041 7.570E+04 6.062E+07 4.073E+03 2.022E+04 3.031 E+07 2.036E+03 
2042 7.587E+04 6.075E+07 4.082E+03 2.026E+04 3.038E+07 2.041E+03 
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Results (Continued) 

1Year 
Total landfill gas Methane 

(Mg/year) (m 3 /year) (av ft"3/min) (Mg/year) (m 3 /year) (av ft"3lmin) 
2043 7.603E+04 6.088E+07 4.090E+03 2.031E+04 3.044E+07 2.045E+03 
2044 7.618E+04 6.100E+07 4.099E+03 2.035E+04 3.050E+07 2.049E+03 
2045 7.633E+04 6.112E+07 4.107E+03 2.039E+04 3.056E+07 2.053E+03 
2046 7.648E+04 6.124E+07 4.115E+03 2.043E+04 3.062E+07 2.057E+03 
2047 7.661 E+04 6.135E+07 4.122E+03 2.046E+04 3.067E+07 2.061 E+03 
2048 7.675E+04 6.145E+07 4.129E+03 2.050E+04 3.073E+07 2.065E+03 
2049 7.687E+04 6.156E+07 4.136E+03 2.053E+04 3.078E+07 2.068E+03 
2050 7.699E+04 6.165E+07 4.142E+03 2.057E+04 3.083E+07 2.071E+03 
2051 7.711 E+04 6.175E+07 4.149E+03 2.060E+04 3.087E+07 2.074E+03 
2052 7.722E+04 6.184E+07 4.155E+03 2.063E+04 3.092E+07 2.077E+03 
2053 7.733E+04 6.192E+07 4.161E+03 2.066E+04 3.096E+07 2.080E+03 
2054 7.744E+04 6.201E+07 4.166E+03 2.068E+04 3.100E+07 2.083E+03 
2055 7.440E+04 5.958E+07 4.003E+03 1.987E+04 2.979E+07 2.001E+03 
2056 7.148E+04 5.724E+07 3.846E+03 1.909E+04 2.862E+07 1.923E+03 
2057 6.868E+04 5.500E+07 3.695E+03 1.835E+04 2.750E+07 1.848E+03 
2058 6.599E+04 5.284E+07 3.550E+03 1.763E+04 2.642E+07 1.775E+03 
2059 6.340E+04 5.077E+07 3.411 E+03 1.693E+04 2.538E+07 1.706E+03 
2060 6.091 E+04 4.878E+07 3.277E+03 1.627E+04 2.439E+07 1.639E+03 
2061 5.853E+04 4.686E+07 3.149E+03 1.563E+04 2.343E+07 1.574E+03 
2062 5.623E+04 4.503E+07 3.025E+03 1.502E+04 2.251E+07 1.513E+03 
2063 5.403E+04 4.326E+07 2.907E+03 1.443E+04 2.163E+07 1.453E+03 
2064 5.191 E+04 4.157E+07 2.793E+03 1.387E+04 2.078E+07 1.396E+03 
2065 4.987E+04 3.994E+07 2.683E+03 1.332E+04 1.997E+07 1.342E+03 
2066 4.792E+04 3.837E+07 2.578E+03 1.280E+04 1.918E+07 1.289E+03 
2067 4.604E+04 3.686E+07 2.477E+03 1.230E+04 1.843E+07 1.238E+03 
2068 4.423E+04 3.542E+07 2.380E+03 1.182E+04 1.771 E+07 1.190E+03 
2069 4.250E+04 3.403E+07 2.287E+03 1.135E+04 1.702E+07 1.143E+03 
2070 4.083E+04 3.270E+07 2.197E+03 1.091E+04 1.635E+07 1.098E+03 
2071 3.923E+04 3.141E+07 2.111 E+03 1.048E+04 1.571 E+07 1.055E+03 
2072 3.769E+04 3.018E+07 2.028E+03 1.007E+04 1.509E+07 1.014E+03 
2073 3.621 E+04 2.900E+07 1.948E+03 9.673E+03 1.450E+07 9.742E+02 
2074 3.479E+04 2.786E+07 1.872E+03 9.294E+03 1.393E+07 9.360E+02 
2075 3.343E+04 2.677E+07 1.799E+03 8.930E+03 1.338E+07 8.993E+02 
2076 3.212E+04 2.572E+07 1.728E+03 8.579E+03 1.286E+07 8.641E+02 
2077 3.086E+04 2.471 E+07 1.660E+03 8.243E+03 1.236E+07 8.302E+02 
2078 2.965E+04 2.374E+07 1.595E+03 7.920E+03 1.187E+07 7.976E+02 
2079 2.849E+04 2.281 E+07 1.533E+03 7.609E+03 1.141E+07 7.663E+02 
2080 2.737E+04 2.192E+07 1.473E+03 7.311E+03 1.096E+07 7.363E+02 
2081 2.630E+04 2.106E+07 1.415E+03 7.024E+03 1.053E+07 7.074E+02 
2082 2.527E+04 2.023E+07 1.359E+03 6.749E+03 1.012E+07 6.797E+02 
2083 2.428E+04 1.944E+07 1.306E+03 6.484E+03 9.719E+06 6.530E+02 
2084 2.332E+04 1.868E+07 1.255E+03 6.230E+03 9.338E+06 6.274E+02 
2085 2.241 E+04 1.794E+07 1.206E+03 5.986E+03 8.972E+06 6.028E+02 
2086 2.153E+04 1.724E+07 1.158E+03 5.751 E+03 8.620E+06 5.792E+02 
2087 2.069E+04 1.656E+07 1.113E+03 5.525E+03 8.282E+06 5.565E+02 
2088 1.987E+04 1.591 E+07 1.069E+03 5.309E+03 7.957E+06 5.347E+02 
2089 1.91 0E+04 1.529E+07 1.027E+03 5.101E+03 7.645E+06 5.137E+02 
2090 1.835E+04 1.469E+07 9.871 E+02 4.901E+03 7.346E+06 4.936E+02 
2091 1.763E+04 1.412E+07 9.484E+02 4.709E+03 7.058E+06 4.742E+02 
2092 1.694E+04 1.356E+07 9.112E+02 4.524E+03 6.781 E+06 4.556E+02 
2093 1.627E+04 1.303E+07 8.755E+02 4.346E+03 6.515E+06 4.377E+02 

REPORT- 9 



Brent Run - 2023 LandGEM.xlsm 5/3/2023 

Results (Continued) 

I Total landfill gas Methane 
Year 

(m 3 lyear) (av ftAJ/min) (Mglvear) (m 3 /year) (Malvear) (av ftAJ/min) 
2094 1.563E+04 1.252E+07 8.412E+02 4.176E+03 6.260E+06 4.206E+02 
2095 1.502E+04 1.203E+07 8.082E+02 4.012E+03 6.014E+06 4.041 E+02 
2096 1.443E+04 1.156E+07 7.765E+02 3.855E+03 5.778E+06 3.882E+02 
2097 1.387E+04 1.110E+07 7.460E+02 3.704E+03 5.552E+06 3.730E+02 
2098 1.332E+04 1.067E+07 7.168E+02 3.559E+03 5.334E+06 3.584E+02 
2099 1.280E+04 1.025E+07 6.887E+02 3.419E+03 5.125E+06 3.443E+02 
2100 1.230E+04 9.848E+06 6.617E+02 3.285E+03 4.924E+06 3.308E+02 
2101 1.182E+04 9.462E+06 6.357E+02 3.156E+03 4.731E+06 3.179E+02 
2102 1.135E+04 9.091E+06 6.108E+02 3.032E+03 4.545E+06 3.054E+02 
2103 1.091 E+04 8.734E+06 5.869E+02 2.914E+03 4.367E+06 2.934E+02 
2104 1.048E+04 8.392E+06 5.638E+02 2.799E+03 4.196E+06 2.819E+02 
2105 1.007E+04 8.063E+06 5.417E+02 2.690E+03 4.031E+06 2.709E+02 
2106 9.674E+03 7.747E+06 5.205E+02 2.584E+03 3.873E+06 2.602E+02 
2107 9.295E+03 7.443E+06 5.001 E+02 2.483E+03 3.721E+06 2.500E+02 
2108 8.930E+03 7.151E+06 4.805E+02 2.385E+03 3.576E+06 2.402E+02 
2109 8.580E+03 6.871 E+06 4.616E+02 2.292E+03 3.435E+06 2.308E+02 
2110 8.244E+03 6.601 E+06 4.435E+02 2.202E+03 3.301E+06 2.218E+02 
2111 7.921E+03 6.342E+06 4.261 E+02 2.116E+03 3.171 E+06 2.131E+02 
2112 7.610E+03 6.094E+06 4.094E+02 2.033E+03 3.047E+06 2.047E+02 
2113 7.312E+03 5.855E+06 3.934E+02 1.953E+03 2.927E+06 1.967E+02 
2114 7.025E+03 5.625E+06 3.780E+02 1.876E+03 2.813E+06 1.890E+02 
2115 6.749E+03 5.405E+06 3.631 E+02 1.803E+03 2.702E+06 1.816E+02 
2116 6.485E+03 5.193E+06 3.489E+02 1.732E+03 2.596E+06 1.744E+02 
2117 6.231 E+03 4.989E+06 3.352E+02 1.664E+03 2.495E+06 1.676E+02 
2118 5.986E+03 4.793E+06 3.221 E+02 1.599E+03 2.397E+06 1.610E+02 
2119 5.752E+03 4.606E+06 3.094E+02 1.536E+03 2.303E+06 1.547E+02 
2120 5.526E+03 4.425E+06 2.973E+02 1.476E+03 2.212E+06 1.487E+02 
2121 5.309E+03 4.251E+06 2.857E+02 1.418E+03 2.126E+06 1.428E+02 
2122 5.101 E+03 4.085E+06 2.745E+02 1.363E+03 2.042E+06 1.372E+02 
2123 4.901 E+03 3.925E+06 2.637E+02 1.309E+03 1.962E+06 1.318E+02 
2124 4.709E+03 3.771E+06 2.534E+02 1.258E+03 1.885E+06 1.267E+02 
2125 4.524E+03 3.623E+06 2.434E+02 1.208E+03 1.811 E+06 1.217E+02 
2126 4.347E+03 3.481 E+06 2.339E+02 1.161E+03 1.740E+06 1.169E+02 
2127 4.176E+03 3.344E+06 2.247E+02 1.116E+03 1.672E+06 1.124E+02 
2128 4.013E+03 3.213E+06 2.159E+02 1.072E+03 1.607E+06 1.079E+02 
2129 3.855E+03 3.087E+06 2.074E+02 1.030E+03 1.544E+06 1.037E+02 
2130 3.704E+03 2.966E+06 1.993E+02 9.894E+02 1.483E+06 9.965E+01 
2131 3.559E+03 2.850E+06 1.915E+02 9.506E+02 1.425E+06 9.574E+01 
2132 3.419E+03 2.738E+06 1.840E+02 9.134E+02 1.369E+06 9.199E+01 
2133 3.285E+03 2.631E+06 1.768E+02 8.775E+02 1.315E+06 8.838E+01 
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Results (Continued) 

'Year Carbon dioxide NMOC 
(Mc,lvear) (m 3 lyear) (av ft"3/min) (Mc,lvear) (m 3 /year) (av ft"3lmin) 

1993 0 0 0 0 0 0 
1994 7.206E+02 3.937E+05 2.645E+01 1.456E+00 4.063E+02 2.730E-02 
1995 4.104E+03 2.242E+06 1.506E+02 8.294E+00 2.314E+03 1.555E-01 
1996 6.871 E+03 3.754E+06 2.522E+02 1.389E+01 3.874E+03 2.603E-01 
1997 8.107E+03 4.429E+06 2.976E+02 1.638E+01 4.571E+03 3.071 E-01 
1998 1.195E+04 6.530E+06 4.387E+02 2.416E+01 6.739E+03 4.528E-01 
1999 1.399E+04 7.641E+06 5.134E+02 2.827E+01 7.886E+03 5.298E-01 
2000 1.411 E+04 7.711 E+06 5.181 E+02 2.852E+01 7.958E+03 5.347E-01 
2001 1.578E+04 8.619E+06 5.791 E+02 3.188E+01 8.894E+03 5.976E-01 
2002 1.788E+04 9.770E+06 6.564E+02 3.614E+01 1.008E+04 6.774E-01 
2003 1.867E+04 1.020E+07 6.853E+02 3.773E+01 1.053E+04 7.073E-01 
2004 1.939E+04 1.059E+07 7.118E+02 3.919E+01 1.093E+04 7.346E-01 
2005 2.126E+04 1.162E+07 7.805E+02 4.297E+01 1.199E+04 8.055E-01 
2006 2.432E+04 1.329E+07 8.928E+02 4.915E+01 1.371 E+04 9.214E-01 
2007 2.691 E+04 1.470E+07 9.877E+02 5.438E+01 1.517E+04 1.019E+00 
2008 2.925E+04 1.598E+07 1.074E+03 5.911 E+01 1.649E+04 1.108E+00 
2009 3.130E+04 1.710E+07 1.149E+03 6.325E+01 1.764E+04 1.186E+00 
2010 3.521 E+04 1.924E+07 1.292E+03 7.116E+01 1.985E+04 1.334E+00 
2011 3.869E+04 2.114E+07 1.420E+03 7.819E+01 2.181E+04 1.466E+00 
2012 4.224E+04 2.308E+07 1.551 E+03 8.537E+01 2.382E+04 1.600E+00 
2013 4.517E+04 2.468E+07 1.658E+03 9.128E+01 2.546E+04 1.711 E+00 
2014 4.783E+04 2.613E+07 1.756E+03 9.666E+01 2.697E+04 1.812E+00 
2015 4.908E+04 2.682E+07 1.802E+03 9.919E+01 2.767E+04 1.859E+00 
2016 4.967E+04 2.713E+07 1.823E+03 1.004E+02 2.800E+04 1.881 E+00 
2017 5.075E+04 2.773E+07 1.863E+03 1.026E+02 2.861 E+04 1.923E+00 
2018 5.152E+04 2.815E+07 1.891 E+03 1.041E+02 2.905E+04 1.952E+00 
2019 5.287E+04 2.888E+07 1.941E+03 1.068E+02 2.981 E+04 2.003E+00 
2020 5.317E+04 2.905E+07 1.952E+03 1.075E+02 2.998E+04 2.014E+00 
2021 5.289E+04 2.890E+07 1.942E+03 1.069E+02 2.982E+04 2.004E+00 
'2022 5.254E+04 2.870E+07 1.928E+03 1.062E+02 2.962E+04 1.990E+00 
2023 5.216E+04 2.850E+07 1.915E+03 1.054E+02 2.941 E+04 1.976E+00 
2024 5.242E+04 2.864E+07 1.924E+03 1.059E+02 2.955E+04 1.986E+00 
2025 5.266E+04 2.877E+07 1.933E+03 1.064E+02 2.969E+04 1.995E+00 
2026 5.289E+04 2.890E+07 1.942E+03 1.069E+02 2.982E+04 2.004E+00 
2027 5.312E+04 2.902E+07 1.950E+03 1.073E+02 2.995E+04 2.012E+00 
2028 5.334E+04 2.914E+07 1.958E+03 1.078E+02 3.007E+04 2.020E+00 
2029 5.354E+04 2.925E+07 1.965E+03 1.082E+02 3.019E+04 2.028E+00 
2030 5.374E+04 2.936E+07 1.973E+03 1.086E+02 3.030E+04 2.036E+00 
2031 5.393E+04 2.946E+07 1.980E+03 1.090E+02 3.041E+04 2.043E+00 
2032 5.412E+04 2.956E+07 1.986E+03 1.094E+02 3.051 E+04 2.050E+00 
2033 5.429E+04 2.966E+07 1.993E+03 1.097E+02 3.061 E+04 2.057E+00 
2034 5.446E+04 2.975E+07 1.999E+03 1.101E+02 3.071 E+04 2.063E+00 
2035 5.463E+04 2.984E+07 2.005E+03 1.104E+02 3.080E+04 2.069E+00 
2036 5.478E+04 2.993E+07 2.011 E+03 1.107E+02 3.089E+04 2.075E+00 
2037 5.493E+04 3.001 E+07 2.016E+03 1.110E+02 3.097E+04 2.081 E+00 
2038 5.508E+04 3.009E+07 2.022E+03 1.113E+02 3.105E+04 2.086E+00 
2039 5.522E+04 3.016E+07 2.027E+03 1.116E+02 3.113E+04 2.092E+00 
2040 5.535E+04 3.024E+07 2.032E+03 1.119E+02 3.121E+04 2.097E+00 
2041 5.548E+04 3.031 E+07 2.036E+03 1.121E+02 3.128E+04 2.102E+00 
2042 5.560E+04 3.038E+07 2.041 E+03 1.124E+02 3.135E+04 2.106E+00 
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Brent Run - 2023 LandGEM.xlsm 5/3/2023 

Results (Continued) 

1Year 
Carbon dioxide NMOC 

(Mg/year) (m 3 /year) (av ft"3/min) (Malvear) (m 3 /year) (av ft"3/min) 
2043 5.572E+04 3.044E+07 2.045E+03 1.126E+02 3.141E+04 2.111 E+00 
2044 5.583E+04 3.050E+07 2.049E+03 1.128E+02 3.148E+04 2.115E+00 
2045 5.594E+04 3.056E+07 2.053E+03 1.131E+02 3.154E+04 2.119E+00 
2046 5.605E+04 3.062E+07 2.057E+03 1.133E+02 3.160E+04 2.123E+00 
2047 5.615E+04 3.067E+07 2.061 E+03 1.135E+02 3.166E+04 2.127E+00 
2048 5.625E+04 3.073E+07 2.065E+03 1.137E+02 3.171E+04 2.131E+00 
2049 5.634E+04 3.078E+07 2.068E+03 1.139E+02 3.176E+04 2.134E+00 
2050 5.643E+04 3.083E+07 2.071E+03 1.140E+02 3.181E+04 2.138E+00 
2051 5.651 E+04 3.087E+07 2.074E+03 1.142E+02 3.186E+04 2.141E+00 
2052 5.660E+04 3.092E+07 2.077E+03 1.144E+02 3.191 E+04 2.144E+00 
2053 5.668E+04 3.096E+07 2.080E+03 1.145E+02 3.195E+04 2.147E+00 
2054 5.675E+04 3.1 00E+07 2.083E+03 1.147E+02 3.200E+04 2.150E+00 
2055 5.453E+04 2.979E+07 2.001 E+03 1.102E+02 3.074E+04 2.066E+00 
2056 5.239E+04 2.862E+07 1.923E+03 1.059E+02 2.954E+04 1.985E+00 
2057 5.034E+04 2.750E+07 1.848E+03 1.017E+02 2.838E+04 1.907E+00 
2058 4.836E+04 2.642E+07 1.775E+03 9.773E+01 2.727E+04 1.832E+00 
2059 4.647E+04 2.538E+07 1.706E+03 9.390E+01 2.620E+04 1.760E+00 
2060 4.464E+04 2.439E+07 1.639E+03 9.022E+01 2.517E+04 1.691E+00 
2061 4.289E+04 2.343E+07 1.574E+03 8.668E+01 2.418E+04 1.625E+00 
2062 4.121E+04 2.251 E+07 1.513E+03 8.328E+01 2.323E+04 1.561 E+00 
2063 3.959E+04 2.163E+07 1.453E+03 8.002E+01 2.232E+04 1.500E+00 
2064 3.804E+04 2.078E+07 1.396E+03 7.688E+01 2.145E+04 1.441 E+00 
2065 3.655E+04 1.997E+07 1.342E+03 7.386E+01 2.061E+04 1.385E+00 
2066 3.512E+04 1.918E+07 1.289E+03 7.097E+01 1.980E+04 1.330E+00 
2067 3.374E+04 1.843E+07 1.238E+03 6.818E+01 1.902E+04 1.278E+00 
2068 3.242E+04 1.771 E+07 1.190E+03 6.551 E+01 1.828E+04 1.228E+00 
2069 3.115E+04 1.702E+07 1.143E+03 6.294E+01 1.756E+04 1.180E+00 
2070 2.993E+04 1.635E+07 1.098E+03 6.047E+01 1.687E+04 1.134E+00 
2071 2.875E+04 1.571 E+07 1.055E+03 5.81 0E+01 1.621 E+04 1.089E+00 
2072 2.762E+04 1.509E+07 1.014E+03 5.582E+01 1.557E+04 1.046E+00 
2073 2.654E+04 1.450E+07 9.742E+02 5.364E+01 1.496E+04 1.005E+00 
2074 2.550E+04 1.393E+07 9.360E+02 5.153E+01 1.438E+04 9.660E-01 
2075 2.450E+04 1.338E+07 8.993E+02 4.951E+01 1.381E+04 9.281 E-01 
2076 2.354E+04 1.286E+07 8.641E+02 4.757E+01 1.327E+04 8.917E-01 
2077 2.262E+04 1.236E+07 8.302E+02 4.571E+01 1.275E+04 8.567E-01 
2078 2.173E+04 1.187E+07 7.976E+02 4.391E+01 1.225E+04 8.231 E-01 
2079 2.088E+04 1.141 E+07 7.663E+02 4.219E+01 1.177E+04 7.909E-01 
2080 2.006E+04 1.096E+07 7.363E+02 4.054E+01 1.131 E+04 7.599E-01 
2081 1.927E+04 1.053E+07 7.074E+02 3.895E+01 1.087E+04 7.301 E-01 
2082 1.852E+04 1.012E+07 6.797E+02 3.742E+01 1.044E+04 7.014E-01 
2083 1.779E+04 9.719E+06 6.530E+02 3.595E+01 1.003E+04 6.739E-01 
2084 1.709E+04 9.338E+06 6.274E+02 3.454E+01 9.637E+03 6.475E-01 
2085 1.642E+04 8.972E+06 6.028E+02 3.319E+01 9.259E+03 6.221 E-01 
2086 1.578E+04 8.620E+06 5.792E+02 3.189E+01 8.896E+03 5.977E-01 
2087 1.516E+04 8.282E+06 5.565E+02 3.064E+01 8.547E+03 5.743E-01 
2088 1.457E+04 7.957E+06 5.347E+02 2.944E+01 8.212E+03 5.518E-01 
2089 1.400E+04 7.645E+06 5.137E+02 2.828E+01 7.890E+03 5.301 E-01 
2090 1.345E+04 7.346E+06 4.936E+02 2.717E+01 7.581 E+03 5.093E-01 
2091 1.292E+04 7.058E+06 4.742E+02 2.611 E+01 7.284E+03 4.894E-01 
2092 1.241 E+04 6.781 E+06 4.556E+02 2.508E+01 6.998E+03 4.702E-01 

2093 1.193E+04 6.515E+D6 4.377E+D2 2.41DE+D1 6.724E+D3 4.518E-01 
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Brent Run - 2023 LandGEM.xlsm 5/3/2023 

Results (Continued) 

• Carbon dioxide NMOC 
Year 

(Malvear) (m 3 /year) (av ftAJ/min) (m 3 lyear) (av ftAJ/min) (Mg/year) 
2094 1.146E+04 6.260E+06 4.206E+02 2.316E+01 6.460E+03 4.340E-01 
2095 1.101E+04 6.014E+06 4.041 E+02 2.225E+01 6.207E+03 4.170E-01 
2096 1.058E+04 5.778E+06 3.882E+02 2.137E+01 5.963E+03 4.007E-01 
2097 1.016E+04 5.552E+06 3.730E+02 2.054E+01 5.729E+03 3.850E-01 
2098 9.764E+03 5.334E+06 3.584E+02 1.973E+01 5.505E+03 3.699E-01 
2099 9.381 E+03 5.125E+06 3.443E+02 1.896E+01 5.289E+03 3.554E-01 
2100 9.013E+03 4.924E+06 3.308E+02 1.821 E+01 5.082E+03 3.414E-01 
2101 8.660E+03 4.731 E+06 3.179E+02 1.750E+01 4.882E+03 3.280E-01 
2102 8.320E+03 4.545E+06 3.054E+02 1.681 E+01 4.691 E+03 3.152E-01 
2103 7.994E+03 4.367E+06 2.934E+02 1.615E+01 4.507E+03 3.028E-01 
2104 7.681 E+03 4.196E+06 2.819E+02 1.552E+01 4.330E+03 2.909E-01 
2105 7.379E+03 4.031 E+06 2.709E+02 1.491 E+01 4.160E+03 2.795E-01 
2106 7.090E+03 3.873E+06 2.602E+02 1.433E+01 3.997E+03 2.686E-01 
2107 6.812E+03 3.721E+06 2.500E+02 1.377E+01 3.841 E+03 2.580E-01 
2108 6.545E+03 3.576E+06 2.402E+02 1.323E+01 3.690E+03 2.479E-01 
2109 6.288E+03 3.435E+06 2.308E+02 1.271 E+01 3.545E+03 2.382E-01 
2110 6.042E+03 3.301 E+06 2.218E+02 1.221E+01 3.406E+03 2.289E-01 
2111 5.805E+03 3.171 E+06 2.131 E+02 1.173E+01 3.273E+03 2.199E-01 
2112 5.577E+03 3.047E+06 2.047E+02 1.127E+01 3.144E+03 2.113E-01 
2113 5.359E+03 2.927E+06 1.967E+02 1.083E+01 3.021 E+03 2.030E-01 
2114 5.148E+03 2.813E+06 1.890E+02 1.040E+01 2.903E+03 1.950E-01 
2115 4.947E+03 2.702E+06 1.816E+02 9.996E+00 2.789E+03 1.874E-01 
2116 4.753E+03 2.596E+06 1.744E+02 9.604E+00 2.679E+03 1.800E-01 
2117 4.566E+03 2.495E+06 1.676E+02 9.228E+00 2.574E+03 1.730E-01 
2118 4.387E+03 2.397E+06 1.610E+02 8.866E+00 2.473E+03 1.662E-01 
2119 4.215E+03 2.303E+06 1.547E+02 8.518E+00 2.376E+03 1.597E-01 
2120 4.050E+03 2.212E+06 1.487E+02 8.184E+00 2.283E+03 1.534E-01 
2121 3.891 E+03 2.126E+06 1.428E+02 7.863E+00 2.194E+03 1.474E-01 
2122 3.739E+03 2.042E+06 1.372E+02 7.555E+00 2.108E+03 1.416E-01 
2123 3.592E+03 1.962E+06 1.318E+02 7.259E+00 2.025E+03 1.361 E-01 
2124 3.451 E+03 1.885E+06 1.267E+02 6.974E+00 1.946E+03 1.307E-01 
2125 3.316E+03 1.811 E+06 1.217E+02 6.701 E+00 1.869E+03 1.256E-01 
2126 3.186E+03 1.740E+06 1.169E+02 6.438E+00 1.796E+03 1.207E-01 
2127 3.061 E+03 1.672E+06 1.124E+02 6.186E+00 1.726E+03 1.159E-01 
2128 2.941 E+03 1.607E+06 1.079E+02 5.943E+00 1.658E+03 1.114E-01 
2129 2.826E+03 1.544E+06 1.037E+02 5.710E+00 1.593E+03 1.070E-01 
2130 2.715E+03 1.483E+06 9.965E+01 5.486E+00 1.531E+03 1.028E-01 
2131 2.608E+03 1.425E+06 9.574E+01 5.271E+00 1.471 E+03 9.880E-02 
2132 2.506E+03 1.369E+06 9.199E+01 5.064E+00 1.413E+03 9.493E-02 
2133 2.408E+03 1.315E+06 8.838E+01 4.866E+00 1.357E+03 9.121 E-02 
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J APPENDIX A-2 

CALCULATIONS - RADIUS OF INFLUENCE AND WELL SPACING 
ESTIMATES 



COMPUTATION SHEET 

PROJECT TITLE: Brent Run Landfill 

DESCRIPTION: Vertical Well ROI Calculation 

PREPARED BY: NJL CHECKED BY: JPS 

PROJECT NO:209-4231207 

CALC NO: SHEET_1_OF_6_ 

APPROVED BY:-'-'K"-'-'-M_ DATE: 5/1/2023 

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 ROI is calculated in the design of an active gas extraction 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. 

Method : 

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 extraction wells. The net result is that vertical 
well spacing criteria can be translated directly to horizontal collectors in a 
similar environment. 

The following methods were used to estimate the theoretical ROI for an 
LFG extraction well. 

A) EMC ON Method (from Methane Generation and Recovery from 
Landfills, EMCON, 1982, pg . 81) 

Q" = k 1r R 2 t D r 
C 

where: Ow = 
k = 
R = 
t = 
D = 
r = 
C = 

individual extraction well LFG flow rate [Lis] 
conversion factor (1 .157x1 o-8) [(L/s)/(ml/day)] 
radius of influence [mJ 
perforated pipe length [m] 
in-place refuse density [kg/m3] 

methane production rate [ml/kg/day] 
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: 

( Q ) 
1/2 

R - w 

kn tDG 
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COMPUTATION SHEET 

PROJECT TITLE: Brent Run Landfill PROJECT NO:209-4231207 

DESCRIPTION: Vertical Well ROI Calculation CALC NO: __ SHEET 2 OF 6 

PREPARED BY: NJL CHECKED BY: JPS APPROVED BY:KM DATE: 5/1/2023 

2. Converting from metric to English units yields the following conversion 
factors (allowing input in English units): 

Ow (from cfm to Lis): 

-· -~-3 X 1 min X 28.317 L = 0.47195 
mm 60 sec ft3 

t (from ft to m): 

1 ft X 0.3048 ill = 0.3048 
ft 

D (from lb/cy to kg/m3): 

~ X 0.4536 kg X ~ X ( 1 ft 13 = 0.5932 
1 cy 1 lb 27 ft 3 0.3048 ~ 

In addition, converting G from flow per volume to flow per mass equals: 

G (from cfm/cy to ml/kg/day): 

lft3 ( 1 lyd 3 ) 60min 24hr 28.317L Jib l000mL ---x -x - - x--x--x---x --- x ---
minyd 3 D l lb 1 hr 1 day ft 3 0.4536kg L 

= 
89,895,238 

D 

Therefore: 

R = 0.47195Qw 

1.157xl0·8 n (0.3048t) (0.5932D) ( 89•8~ •238 xG) 

Where: R is in meters 
Ow is in cfm 
tis in feet 
D is in lb/cy 
G is in cfm/cy 
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COMPUTATION SHEET 

PROJECT TITLE: Brent Run Landfill 

DESCRIPTION: Vertical Well ROI Calculation 

PROJECT NO:209-4231207 

CALC NO:__ SHEET 3 OF 6 

PREPARED BY: NJL CHECKED BY: JPS APPROVED BY: ___ K;.;.;.M_ DATE: 5/1/2023 

Then: 

( J 1/1 

R = 0.8938 ~ -

Converting results from meters to feet (1 ft= 0.3048 m): 

( )
1/ 2 

0.3048R = 0.8938 ~ 

( )
I /? 

R = 2.932 ~ -

8) NSPS Method (from EPA NSPS Bid, 1991 , pg . G-1) 

( ) 

112 

R _ Q", DC 

7[ L P Q gcn rJ 

Where: p = in-place density of refuse [kg/m3] 

Ow = LFG flow rate per well [m3/s] 
DC = design capacity of landfill [kg] 
L = perforated pipe length [m] 
Ogen = peak LFG generation rate [m3/s] 

11 = system collection efficiency[%] 
R = radius of influence [m] 

1. Converting from metric to English units yields the following conversion 
factors (allowing input in English units) : 

Ow (from cfm to m3/s): 

1 ft 3 l min (0.3048 m) 3 

-- X -- X --- = 4.719xJ0·4 

1 min 60 sec ft 

DC (from tons to kg): 

1 ton x 2 000 lb x 0.4536 kg = 907_2 
1 ton 1 lb 

X:IPROJECTS\B RENT RUN\4231207 • 2023 AIR COMPLIANCE\GCCS Design Plan Update\Appendi• A-2 - ROI 

[ 1\:) TETRA T ECH 



COMPUTATION SHEET 

PROJECT TITLE: Brent Run Landfill 

DESCRIPTION: Vertical Well ROI Calculation 

PREPARED BY: NJL CHECKED BY: JPS 

PROJECT NO:209-4231207 

CALC NO: SHEET 4 OF 6 

APPROVED BY:KM DATE: 5/1/2023 

L (from ft to m): 

} ft X 0.3048 m = 0.3048 
ft 

p (from lb/cy to kg/m3): 

I lb X 0.4536 kg X 1 yd 3 X ( 1 ft ) 3 = 0.5933 
yd 3 l lb 27 ft 3 0.3048 m 

--

Converting results from meters to feet (1 ft= 0.3048 m): 

0.3048R = (4.719xl0 ) Qw (907.2) D: [ 
-4 ]112 

1[ (0.3048L) (0.5933p) (4.719xl0 Qgen) T/ 

R = 1 ( 4.719x 10 ) Qw (907.2) DC 
[ 

-4 ]1/2 
0.3048 7i (0.30481) (0.5933p) (4.719xl0"4 Qgen) '7 

Example Calculation: 

Estimate the ROI for the following average LFG flow rate condition at the 
XYZ Landfill 

Given: 

Design Capacity 
Collection efficiency 
Average LFG generation rate 
In-place refuse density 
Depth of well 
Well flow rate 

= 
= 
= 
= 
= 
= 

2.5 x 107 tons 
70% 
2,469 scfm 
1,400 lb/cy 
100 ft 
26 scfm 
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COMPUTATION SHEET 
PROJECT TITLE: Brent Run Landfill PROJECT NO:209-4231207 

DESCRIPTION: Vertical Well ROI Calculation CALC NO: __ SHEET 5 OF 6 

PREPARED BY: NJL CHECKED BY: JPS APPROVED BY: ____ KM ____ DATE: 5/1/2023 

A) EMCON Method 
1/2 

26 scfin 
R = 2.932 

( 2469scfm )( I ton )(1,400lb) 
( 1 OO ft) 25 000 000 tons 2,000 lb I cy 

, ' 

R= 180ft 

B) NSPS Method 

R = l [ (4.719x l0-4 )(26 scfin)(907.2)(25,000,000tons) ] 112 

0.3048 1r (0 .3048)(100 ft)(0.5933)(1 ,400 lb I cy)(4.7 I 9x10-4 )(2 ,469 scfm)(0 . 70) 

R=215ft 

X:\PROJECTS\BRENT RUN\4231207 - 2023 AIR COMPLIANCE\GCCS Des ign Plan Update\Appendix A-2 - ROI 
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COMPUTATION SHEET 
PROJECT TITLE: Brent Run Landfill PROJECT NO:209-4231207 

DESCRIPTION: Vertical Well ROI Calculation CALC NO: __ SHEET 6 OF 6 

PREPARED BY: NJL CHECKED BY: JPS APPROVED BY:KM DATE: 5/1/2023 

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 = ✓3ROI 

SPACING DISTANCE 

RADIUS OF INFLUENCE (ROI) 

SPACING= 312 ft 

Site Specific Calculations: 

ROI calculations for the facility are shown on the following spreadsheet. 
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. 

X:IPROJECTSIBRENT RUN\4231207 - 2023 AIR COMPLIANCE\GCCS Design Plan Update\Appendix A-2 - ROI 
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Landfill Gas Extraction Well Radius of Influence 
Based on Volume of Affected Refuse 

Brent Run Landfill 

Radfus of Influence (ft) l•l(•J 

Well Number 101 

A 

B 

C 

D 

Design Capacity 
Design Tonnage 
Design Volume 

Well Depth 
(ft) 

40 

60 

80 

100 

26,869,466 Mg 
29,618,516 tons 
33,279,231 cy 

Average ROI of Shallow Wells(< 45 Feet in Depth) 
Average ROI of Medium Depth Wells (45 to 80 Feet in D1 
Average ROI of Deep Wells (>80 feet in Depth) 

Notes 

LFG Flow Rate 
Condition 

Low 
Average 

High 
LOW 

Average 
Hi h 
Low 

Average 
High 
Low 

Avera,ge 

High 

LFG Flow Rate 
(scfrn} NSPS 

10 151 
15 185 
20 214 
20 175 
25 195 
30 214 
30 185 
40 214 
50 239 
50 214 
60 234 
70 253 

LFG Generation Rate 
Refuse Density 
NSPS Col lection Efficiency 

160 feet 
177 feet 
203 feet 

Well Spacing= ~ 
Well Spacing = ~ 
Well Spacing= ~ 

a) Radius of influence based on the asUmaled capaclly ol t/\e laclllty and the antlcfpated LFG generatioo rate. 

b) Calculations assume 20 feet or sofid well casing from ground surlace to starl of perlorat lons. 

c) Well number Is general for the typical deplh shown. 

EMCON METHOD 

4,166 sofrn 
1,780 lb/cy 

75 % 

277 feet 
307 feel 
352 feet 

131 
160 
185 
151 
169 
185 
160 
185 
207 
185 
203 
219 
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AP PEN DIX A-3 

CALCULATIONS - CONDENSATE GENERATION ESTIMATES 



COMPUTATION SHEET 

PROJECT TITLE: Brent Run Landfill PROJECT NO: 209-4231207 ---------------------------DES CR IP T 10 N: Landfill Gas Design Plan SHEET: 1 
Landfill Gas Condensate Generation - Worst Case Conditions OF: 1 

Prepared By: NJL Checked By: JPS Approved By: KM DATE: 5/1/2023 

Assumptions: 
1. LFG temperature at the wellhead is the warmest gas. 
2. LFG traveling in a burled 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 Uust 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 . 

Condensate Generation (gallons/day)= (Ywellhead - Yblower inlet)*LFG Flow*(18/(380*8.35))*60min/hr*24 hrs/day 

Summary: 

Wellhead Conditions 

P (psia) 
14.34 

VP (psia) 
0.699 

Y (moles) 
0.049 

Blower Inlet Conditions 

59 °F 
60 °F 
70 °F 
80 °F 
90 °F 

P (psia) 
13.08 
13.08 
13.08 
13.08 
13.08 

VP (psia) 
0.217 
0.256 
0.363 
0.507 
0.699 

Y (moles) 
0.017 
0.020 
0.028 
0.039 
0.053 

Y(moles) = VP/P 

LFG Flow Data 

Typical Pressure at Wellhead 
Blower Inlet Pressure 

-10 
-45 
90 Typical Wellhead Temperature 

Total Site LFG Flow 4,166 

in. w.c. 
in. w.c. 
OF 

scfm 

Temperature vs. Vapor 
Pressure 

LFG Vapor 
Temperature Pressure 

(•Fl (psia) 

0 0.090 
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 
60 °F 
70 °F 
80 °F 
90 °F 

1,094 
993 
714 
339 
160 

Anticipated condensate generation rate will be 1,094 gallons per day under the noted conditions. 
======= 

[ ,t:] T ETRA TECH 
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APPENDIX B 

HEADLOSS ANALYSIS 



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. KY GAS 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. KY GAS 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 ofKYGAS. 

• 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 (90°F) 
• Specific gravity of the LFG (0.943) 
• Ratio of specific heats (1.300) 
• Absolute viscosity of LFG (2.82 x 10-6 lb*sec/ft2) 



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

Maximum Counter-Current Velocity 
Maximum Counter-Current Pressure Drop 

25.fjJs 
1 " w. c. per 100 feet of pipe, or 
0. 3 6 psig per 1000 feet of pipe 

The results of the KY GAS analysis indicate a total system pressure drop of approximately 7.1 in. 
w.c. (Junction 31 ). Please refer to the attached KY GAS output files. The maximum pressure drop 
is 0.12 psig per 1000 feet of pipe (Pipes P-155, P-103). All headers where flow velocity exceeds 
25 fps were designed to provide con-current LFG flow; therefore, the maximum counter-current 
velocity was not applicable. All values are within allowable operational ranges. 



Brent Run Landfill 
Landfill Gas Collection and control System 

Junction Name 

>.,()-J._!fr_o~ 1_1 ____ ,_ 18 

J.Jtj31 
175 
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140 

<) 22 
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106 
112 

114 

J.242 

J-1 J-54 

107 J.110 

109 

J-58 J-9 

J-35 

J-32 

46 J-204 

J-50 J-4 J.IOt 

92 78 

153 156 

151 

J-281 
J-265 
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Brent Run Landfill 
Landfill Gas Collection and Control System 

Junction LFG Demand (scfm) 

-23.14 

-23.14 23.14 . 

-23.14-23.14 -23.14 

-23.14 

-23.14 -23.14 

-23.14 -23.14 

-23.14 

-23.14 -23.14 

-23.14.23.1 



Brent Run Landfill 
Landfill Gas Collection and Control System 

Pipe Diameter (in.) 
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Brent Run Landfill 
Landfill Gas Collection and Control System 

Pipe Flow (scfm) 
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Brent Run Landfill 
Landfill Gas Collection and Control System 

Junction Available Vacuum (in. w.c.) 

-45 

_43:,3_4 -4 c~ -43. 1 

' ! -43.1 42 

-di 7 -42. 7 -42. 7 
-40.8 

-40.8 

-4~~; l-40.7 -40.8 -40.8 

-39.4 

-40.8 -40.4 -40.1 -39.7 -39.4 

-39.4 
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-39.4 
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-39.7 
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-38.6 
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-38. 



Br~nt Run 2023 GCCS Design Plan 

* * * * * * * * * * * * * K Y G A S * 
* 

Gas Network Analysis Software (KYGAS) 
* 
* CopyRighted by KYPIPE LLC (www . kypipe . com) 
~ Version : 11 . 112 01-27-2023 
* Company : TETRAWIN Serial# : 580297 

Interface : KYnetic 
Licensed for Pipe2022 

* 

* 
* 
* 

* 

INPUT DATA FILE NAME FOR THIS SIMULATION = x : \projects\BRENTR~l\423120~1\GCCSD 
E~l\APPEND~4\kygas\WVBR-2~2 . KYP\wvbr - 202 . DAT 
OUTPUT DATA FILE NAME FOR THIS SIMULATION= x : \projects\BRENTR~l\423120~1\GCCSD 
E~l\APPEND~4\kygas\WVBR- 2~2 . KYP\wvbr - 202 . 0T2 

DATE FOR THIS COMPUTER RUN 
START TIME FOR THIS COMPUTER RUN 

4- 25- 2023 
14 : 42 : 49 : 28 

SUMMARY OF DISTRIBUTION SYSTEM CHARACTERI STICS : 

NUMBER OF PIPES 
NUMBER OF JUNCTION NODES 

UNITS SPECIFIED 

254 
249 

ENGLISH 

A CONSTANT DENSITY FLUID IS SPECIFIED - DENSITY = . 07POUNDS/CUBIC FOOT 
ABSOLUTE VISCOSITY = . 280E- 0€ POUND SECONDS/SQUARE FOOT 

USER SPEC . FLOW UNITS (USFU ) 
USER SPEC . PRESSURE UNITS (USPU ) 

SCF/MIN 
INCHES OF WATER (GAUGE) 

------- SIMULATION DESCRIPTION --- ----

------- SUMMARY OF PIPE NETWORK GEOMETRIC AND OPERATING DATA -------

PIPE 
NAME 

3 
15 
18 
19 

NODE 
u 

5 
25 
31 
33 

NODE 
#-2 

J - 172 
J - 228 
J - 249 
J - 185 

LENGTH 
(FT . ) 

116 . 0 
84 . 0 

257 . 0 
114 . 0 

DIAM . 
( IN . ) 

5 . 8 
3 . 9 
3 . 9 
5 . 8 

ROUGHNESS SUM- M PUMP ELEVATION 
(MILLIFEET) FACT . ID CHANGE 

. 100 1.8 0 . 0 

. 100 1 . 8 0 . 0 

. 100 1 . 8 0 . 0 

. 100 1.8 0 . 0 

,..) KY PIPE 
.,._) PIPE 2 0 1 2 



Bren t Run 2023 GCCS Design Plan 
21 37 J - 254 208 . 0 5 . 8 . 100 1. 8 0 .o 
22 38 J - 202 162 . 0 5 . 8 . 100 1. 8 0 . 0 
24 42 J - 203 80 . 0 5 . 8 . 100 1. 8 0 . 0 
43 22 J - 244 122 . 0 15 . 8 . 100 1.8 0 . 0 
46 83 41 121.0 5 . 8 . 100 1.8 0 . 0 
49 88 J - 183 192 . 0 5 . 8 . 100 1.8 0 . 0 
50 90 J - 160 278 . 0 5 . 8 . 100 1. 8 0 . 0 
51 92 J - 263 156 . 0 5 . 8 . 100 1. 8 0 • 0 
52 94 95 193 . 0 5 . 8 . 100 1.8 0 • 0 
54 98 96 189 . 0 5 . 8 . 100 1.8 0 • 0 

55 99 J - 108 184 . 0 5 . 8 . 100 1.8 0 . 0 
56 95 J - 227 1 49 . 0 5 . 8 . 100 1.8 0 . 0 
71 128 J - 182 148 . 0 5 . 8 . 100 1.8 0 . 0 
72 130 J - 235 123 . 0 5 . 8 . 100 1.8 0 . 0 
74 134 J - 137 302 . 0 5 . 8 . 100 1.8 0 . 0 
75 136 96 146 . 0 5 . 8 . 100 1.8 0 . 0 
78 141 J - 144 183 . 0 5 . 8 . 100 1.8 0 . 0 
79 143 J - 93 190 . 0 5 . 8 . 100 1.8 0 .o 
81 147 69 226 . 0 5 . 8 . 100 1.8 0 . 0 
86 156 J - 225 207 . 0 5 . 8 . 100 1.8 0 . 0 
89 162 95 122 . 0 5 . 8 . 100 1.8 0 . 0 
90 163 J - 251 293 . 0 5 . 8 . 100 1.8 0 . 0 
91 165 J - 250 154 . 0 5 . 8 . 100 1. 8 0 . 0 
98 178 J - 196 146 . 0 3 . 9 . 100 1. 8 0 . 0 
99 36 J - 253 202 . 0 11.2 . 100 1. 8 0 . 0 

P- 1 J - 2 J - 32 207 . 0 14 . 0 . 100 1. 8 0 . 0 
P- 10 17 18 205 . 0 5 . 8 . 100 1. 8 0 . 0 

P- 100 61 154 203 . 0 5 . 8 . 100 1. 8 0 . 0 
P- 101 J - 129 J - 177 233 . 0 1 4 . 0 . 100 1. 8 0 . 0 
P- 102 J - 8 J - 159 152 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 103 J - 184 11 272 . 0 1 4 . 0 . 100 1. 8 0 . 0 
P- 104 J - 62 115 102 . 0 15 . 8 . 100 i. a 0 . 0 
P- 105 22 J - 150 231. 0 15 . 8 . 100 1.8 0 . 0 
P- 106 11 J - 6 37 . 0 15 . 8 . 100 1.8 0 . 0 
P- 107 J - 34 J - 184 234 . 0 14 . 0 . 100 1.8 0 . 0 
P- 108 J - 185 J - 282 109 . 0 5 . 8 . 100 1.8 0 • 0 
P- 109 J - 8 J - 278 201. 0 15 . 8 . 100 1. 8 0 . 0 

P- 11 J - 13 J - 10 145 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 110 J - 9 J - 8 130 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 111 J - 12 J - 21 185 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 11 2 115 J - 240 264 . 0 5 . 8 . 100 1. 8 0 . 0 
P- 11 4 115 J - 121 203 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 116 126 J - 66 161. 0 5 . 8 . 100 1. 8 0 . 0 
P- 117 J - 121 J - 66 136 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 118 63 J - 275 212 . 0 7 . 5 . 100 1. 8 0 . 0 

P- 12 J - 19 J - 16 99 . 0 14 . 0 . 100 1. 8 0 . 0 
P- 120 J - 238 J - 239 229 . 0 11.2 . 100 1. 8 0 . 0 
P- 122 J - 239 112 236 . 0 11.2 . 100 1.8 0 . 0 
P- 123 112 106 253 . 0 11.2 . 100 1.8 0 . 0 
P- 124 106 J - 244 254 . 0 11.2 . 100 1.8 0 . 0 

P- 13 J - 60 J - 159 279 . 0 15 . 8 . 100 1.8 0 . 0 
P- 131 J - 229 J - 23 0 171. 0 5 . 8 . 100 1. 8 0 . 0 
P- 132 J - 108 J - 124 127 . 0 5 . 8 . 100 1.8 0 . 0 
P- 133 J - 191 J - 27 9 . 0 11. 2 . 100 1.8 0 . 0 
P- 134 J - 100 J - 191 203 . 0 5 . 8 . 100 1.8 0 . 0 

J KYPIPE 
PIPE20 1 2 



P- 135 
P-136 
P- 137 
P- 138 
P- 139 

P-14 
P- 140 
P-141 
P- 142 
P- 143 
P-144 
P- 145 
P- 146 
P- 147 
P- 14 8 
P- 149 
P- 150 
P- 151 
P- 152 
P- 153 
P- 154 
P- 155 
P- 156 
P- 157 
P- 158 
P- 159 

P- 16 
P-1 60 
P- 161 
P- 162 
P- 163 
P- 164 
P- 165 
P- 166 
P- 167 
P- 168 
P- 169 

P- 17 
P- 170 
P- 171 
P- 172 
P- 173 
P-1 74 
P- 175 
P- 176 
P- 177 
P- 178 
P- 179 
P- 180 
P- 181 
P- 182 
P- 183 
P- 184 
P- 185 
P- 186 

J - 55 
J-27 
J-55 

J - 182 
J - 129 

J - 24 
J-193 
J-177 
J-194 
J - 137 
J - 195 
J-1 95 
J-139 
J-1 72 

J - 15 
J - 19 

J - 179 
J - 24 

J - 197 
J - 17 9 

J - 32 
J - 17 0 

J - 32 
J - 199 

J - 2 
J - 166 

J - 27 
J - 29 

J - 164 
J - 166 
J - 164 

J - 39 
J - 35 

J - 168 
J - 39 

J - 203 
J - 43 
J - 29 

J - 204 
J - 204 
J - 205 

J - 47 
J - 206 

J - 40 
J - 207 
J - 207 

J - 89 
J - 209 
J - 208 
J - 208 
J - 210 

J - 89 
J - 211 
J - 160 
J - 212 

J - 286 
J-192 
J-192 
J-264 

176 
J - 247 
J-23 6 
J-193 
J-229 
J - 194 

140 
J-137 
J-135 

1 69 
J - 172 

23 
J - 248 
J - 196 

171 
J - 1 97 
J - 170 
J - 19 8 

1 
30 

J - 199 
J - 29 

J - 12 9 
J - 200 
J - 166 
J - 201 
J - 252 

J - 35 
J - 202 

J - 44 
J - 203 

167 
J - 168 

J - 2 
J - 43 

46 
J - 204 
J - 205 
J - 205 
J - 206 
J - 256 

48 
J - 257 

J - 49 
J - 20St 
J - 183 
J - 283 
J - 21 0 
J - 210 
J - 211 
J - 258 

Brent Run 2023 
255 . 0 15 . 8 

12 . 0 14 . 0 
263 . Q 15 . 8 
164 . 0 5 . 8 

10 . 0 5 . 8 
41.0 14 . 0 

119 . 0 7 . 5 
10 . 0 7 . 5 

181.0 5 . 8 
121.0 7 . 5 
15 6 . 0 5 . 8 
163 . 0 5 . 8 

75 . 0 5 . 8 
88 . 0 5 . 8 
87 . 0 5 . 8 
53 . 0 3 . 9 
24 . 0 14 . 0 
59 . 0 3 . 9 
63 . 0 3 . 9 

142 . 0 3 . 9 
189 . 0 14 . 0 

42 . 0 3 . 9 
88 . 0 3 . St 

122 . 0 3 . 9 
69 . 0 3 . 9 

201. 0 14 . 0 
344 . 0 14 . 0 

50 . 0 5 . 8 
228 . 0 14 . 0 

43 . 0 5 . 8 
11. 0 11.2 

196 . 0 14 . 0 
158 . 0 5 . 8 
214 . 0 5 . 8 

24 . 0 5 . 8 
195.0 5 . 8 
118.0 5 . 8 
163 . 0 1 4 . 0 
235 . 0 14 . 0 
145 . 0 5 . 8 
175 . 0 14 . 0 

8 . 0 5 . 8 
11 . 0 14 . 0 

105 . 0 5 . 8 
73 . 0 14 . 0 

179 . 0 5 . 8 
148 . 0 5 . 8 

34 . 0 14 . 0 
45 0 . 0 15 . 8 
127 . 0 5 . 8 
192 . 0 15 . 8 

56 . 0 5 . 8 
220 . 0 15 . 8 

60 . 0 5 . 8 
378 . 0 15 . 8 
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P- 187 J - 91 J-212 187 . 0 15 . 8 . 100 1.8 0 .o 
P-188 J-75 96 174 . 0 5 . 8 . 100 1.8 0 .o 
P-189 J-144 J-216 106 . 0 5 . 8 . 100 1. 8 0 . 0 
P- 190 J-97 J-213 45 . 0 5 . 8 . 100 1. 8 0 . D 
P- 191 J - 214 J - 209 58 . 0 15 . 8 . 100 1. 8 0 • D 
P- 192 J - 93 J - 214 242 . 0 5 . 8 . 100 1.8 0 . 0 
P-193 J - 215 J - 214 65 . 0 15 . 8 . 100 1.8 0 . 0 
P-194 J -142 J-215 118 . 0 15 . 8 . 100 1.8 0 . 0 
P-1 95 J-215 J-216 62 . 0 5 . 8 . 100 1.8 0 . 0 
P-196 J -142 84 94 . 0 5 . 8 . 100 1. 8 0 . 0 
P- 197 J - 85 52 186 . 0 5 . 8 . 100 1.8 0 . 0 
P-198 J - 217 J - 265 312 . 0 15 . 8 . 100 1.8 0 . 0 
P-199 J-53 J-217 56 . 0 7 . 5 . 100 1.8 0 . 0 

P-2 J-10 4 32 . 0 5 . 8 .1 00 1.8 0 . 0 
P- 20 J - 35 J - 255 244 . 0 14 . 0 . 100 1.8 0 . 0 

P- 200 J - 70 73 39 . 0 7 . 5 . 100 1. 8 0 .o 
P- 201 J - 218 J - 70 250 . 0 15 . 8 . 100 1.8 0 .o 
P- 202 J - 77 J - 218 64 . 0 7 . 5 . 100 1.8 0 .o 
P- 207 J - 145 69 118 .o 5 . 8 . 100 1.8 0 . 0 
P- 208 J - 68 67 69 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 213 J - 76 65 41. 0 7 . 5 .100 1. 8 0 • 0 
P- 214 J - 64 148 103 . 0 5 . 8 . 100 1. 8 0 • 0 
P- 215 J - 149 57 25 . 0 5 . 8 . 100 1.8 0 . 0 
P- 216 J - 56 59 23 . 0 5 . 8 . 100 1.8 0 . 0 
P- 222 J - 157 J - 56 208 . 0 15 . 8 . 100 1.8 0 . 0 
P- 223 J - 155 J - 225 l:18 . 0 5 . 8 . 100 1.8 0 . 0 
P- 224 J - 157 61 30 . 0 5 . 8 . 100 1.8 0 . 0 
P- 225 J - 60 63 25 . 0 7 . 5 . 100 1.8 0 . 0 
P- 227 J - 159 J - 279 249 . 0 7 . 5 . 100 1.8 0 . 0 
P- 229 J - 226 101 138 . 0 5 . 8 . 100 1.8 0 . 0 

P- 23 J - 40 J - 50 187 . 0 5 . 8 . 100 1.8 0 . 0 
P- 230 J - 150 J - 226 102 . 0 5 . 8 . 100 1. 8 0 . 0 
P- 231 J - 228 26 40 . 0 3 . 9 . 100 1.8 0 . 0 
P- 232 J - 150 J - 227 151.0 5 . 8 . 100 1. 8 0 . 0 
P- 233 J - 124 J - 228 125 . 0 14 . 0 . 100 1.8 0 . 0 
P- 234 J - 228 J - 191 51. 0 11. 2 . 100 1.8 0 . 0 
P- 235 J - 230 138 150 . 0 5 . 8 . 100 1.8 0 . 0 
P- 236 J - 231 J - 232 174 . 0 5 . 8 . 100 1.8 0 . 0 
P- 237 J - 232 J - 233 152 . 0 5 . 8 . 100 1. 8 0 • 0 
P- 238 J - 233 175 150 . 0 5 . 8 . 100 1.8 0 . 0 
P- 239 J - 234 J - 187 151. 0 5 . 8 . 100 1.8 0 . 0 
P- 240 J - 235 J - 234 152 . 0 5 . 8 . 100 1.8 0 . 0 
P- 241 J - 236 J - 194 47 . 0 7 . 5 .1 00 1.8 0 . 0 
P- 246 J - 241 82 250 . 0 5 . 8 . 100 1.8 0 . 0 
P-247 J - 242 114 249 . 0 5 . 8 . 100 1.8 0 . 0 
P- 248 J - 243 J - 110 200 . 0 15 . 8 . 100 1.8 0 . 0 
P- 249 J - 244 J - 243 95 . 0 15 . 8 . 100 1. 8 0 . 0 

P- 25 J - 44 45 196 . 0 5 . 8 . 100 1.8 0 . 0 
P- 250 J - 245 28 116 . 0 3 . 9 . 100 1. 8 0 . 0 
P- 251 J - 246 J - 19 152 . 0 14 . 0 . 100 1.8 0 . 0 
P- 252 J - 247 J - 246 130 . 0 14 . 0 . 100 1.8 0 . 0 
P- 253 J - 248 J - 24 34 . 0 14 . 0 . 100 1 . 8 0 . 0 
P- 254 J - 24SI J - 198 169 . 0 3 . 9 . 100 1.8 0 . 0 
P- 255 J - 250 J - 200 201 . 0 5 . 8 . 100 1 . 8 0 . 0 
P- 256 J - 251 J - 201 233 . 0 5 . 8 . 100 1.8 0 . 0 
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P- 257 J - 252 36 38 . 0 11.2 . 100 1.8 0 .o 
P- 258 J - 253 180 245 . 0 5 . 8 . 100 1.8 0 .o 
P- 259 J - 254 36 269 . 0 5 . 8 . 100 1.8 0 . 0 

P- 26 J - 47 41 725 . 0 15 . 8 . 100 1. 8 0 • 0 
P-260 J-255 J-164 241 . 0 14 . 0 . 100 1. 8 0 . 0 
P-261 J-256 J-2 06 1 84 . 0 14 . 0 . 100 1. 8 0 . 0 
P- 262 J-257 161 137 . 0 5 . 8 . 100 1.8 0 . 0 
P- 263 J -25 8 J - 259 172 . 0 15 . 8 . 100 1.8 0 . 0 
P- 264 J - 259 J - 64 193 . 0 15 . 8 .100 1. 8 0 . 0 
P- 267 J - 262 J - 213 122 . 0 5 . 8 . 100 1. 8 0 . 0 
P-268 J-263 J - 262 154 . 0 5 . 8 .1 00 1.8 0 . 0 
P- 269 J-264 J - 55 22 . 0 5 . 8 . 100 1.8 0 . 0 

P- 27 J-49 J - 207 130 . 0 14 . 0 . 100 1.8 0 . 0 
P- 270 J - 265 J - 85 211 . 0 15 . 8 . 100 1.8 0 . 0 
P- 272 J - 267 J - 266 153 . 0 5 . 8 . 100 1.8 0 . 0 
P- 273 J - 268 146 196 . 0 5 . 8 . 100 1.8 0 . 0 
P- 274 J - 269 J - 270 187 . 0 7 . 5 . 100 1.8 0 . 0 
P- 275 J - 270 J - 271 204 . 0 5 . 8 . 100 1.8 0 . 0 
P- 276 J - 271 103 161. 0 5 . 8 . 100 1.8 0 . 0 
P- 279 J - 274 J - 273 1 61 . 0 5 . 8 . 100 1. 8 0 . 0 

P- 28 J - 50 51 336 . 0 5 . 8 . 100 1.8 0 . 0 
P- 280 J - 275 J - 276 17 9 . 0 5 . 8 . 100 1. 8 0 . 0 
P- 281 J - 276 J - 277 179 . 0 5 . 8 . 100 1. 8 0 . 0 
P- 282 J - 277 153 189 . 0 5 . 8 . 100 1.8 0 . 0 
P- 284 J - 279 J - 280 167 . 0 5 . 8 . 100 1.8 0 . 0 
P- 285 J - 280 J - 281 156 . 0 5 . 8 . 100 1. 8 0 . 0 
P- 286 J - 281 151 1 92 . 0 5 . 8 . 100 1.8 0 . 0 
P- 287 J - 282 J - 34 42 . 0 5 . 8 . 100 1.8 0 . 0 
P- 288 J - 283 J - 208 154 . 0 15 . 8 . 100 1.8 0 . 0 

P-29 J-53 71 136 . 0 7 . 5 . 100 1. 8 0 .o 
P- 291 J - 286 J - 97 127 . 0 15 . 8 . 100 1 . 8 0 .o 

P- 30 107 109 255 . 0 5 . 8 . 100 1. 8 0 . 0 
P- 31 J - 56 J - 149 187 . 0 15 . 8 . 100 1.8 0 . 0 
P- 32 J - 260 67 174 . 0 15 . 8 . 100 1.8 0 . 0 
P- 33 J - 60 J - 157 160 . 0 15 . 8 . 100 1.8 0 . 0 
P- 34 J - 238 J - 237 207 . 0 11.2 . 100 1.8 0 . 0 
P- 35 J - 64 J - 260 110 . 0 15 . 8 . 100 1.8 0 . 0 
P- 36 J - 76 J - 68 167 . 0 15 . 8 . 100 1.8 0 . 0 
P- 37 J - 68 J - 145 216 . 0 15 . 8 . 100 1.8 0 . 0 
P- 38 J - 70 J - 217 207 . 0 15 . 8 . 100 1.8 0 . 0 
P- 39 J - 267 73 170 . 0 5 . 8 . 100 1. 8 0 . 0 

P- 4 J - 3 J - 6 197 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 41 J - 75 J - 91 233 . 0 15.8 .1 00 1.8 0 . 0 
P- 42 J - 77 J - 268 200 . 0 5 . 8 . 100 1 . 8 0 . 0 
P- 44 J - 237 J - 187 206 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 45 J - 21 125 225 . 0 15 . 8 . 100 1.8 0 . 0 
P- 47 J - 85 J - 142 126 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 48 146 78 203 . 0 5 . 8 . 100 1. 8 0 . 0 

P- 5 J - 10 J - 3 160 . 0 15 . 8 .1 00 1. 8 0 . 0 
P- 53 J - 97 J - 75 212 . 0 15 . 8 . 100 1.8 0 . 0 
P- 57 J - 269 65 183 . 0 7 . 5 . 100 1. 8 0 . 0 
P- 58 J - 270 152 156 . 0 5 . 8 . 100 1.8 0 . 0 
P- 59 152 104 239 . 0 5 . 8 . 100 1.8 0 . 0 

P- 6 11 R- 1 126 . 0 21. 0 . 100 1.8 0 . 0 
P- 60 J - 100 J - 245 174 . 0 3 . 9 . 100 1.8 0 . 0 
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-

J=-278 
- - 180~ P- 61 J - 110 15 . 8 . 100 1.8 0 . 0 

P-62 J - 21 J - 241 137 . 0 5 . 8 . 100 1.8 0 . 0 
P-63 J-54 J - 12 87 . 0 15 . 8 . 100 1.8 0 . 0 
P-64 J-54 J-242 104 . 0 5 . 8 . 100 1. 8 0 . 0 
P- 65 J - 187 J - 13 179 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 66 J - 58 J-54 228 . 0 15 . 8 . 100 1. 8 0 . 0 
P- 67 J - 231 J - 13 29 . 0 5 . 8 . 100 1.8 0 . 0 
P-68 J - 58 109 143 . 0 5 . 8 . 100 1.8 0 . 0 
P-69 J-58 J - 9 128 . 0 15 . 8 . 100 1.8 0 . 0 

P-7 4 17 111. 0 5 . 8 . 100 1.8 0 . 0 
P- 70 J - 66 J - 237 271. 0 15 . 8 . 100 1.8 0 . 0 
P-73 J - 273 J - 284 208 . 0 5 . 8 . 100 1.8 0 . 0 
P-76 J - 135 J - 184 30 . 0 7 . 5 . 100 1.8 0 . 0 
P-77 J - 135 173 72 . 0 5 . 8 . 100 1.8 0 . 0 

P- 8 14 J - 6 90 . 0 5 . 8 . 100 1.8 0 . 0 
P- 80 J - 145 J - 218 145 . 0 15 . 8 . 100 1.8 0 . 0 
P- 82 J - 149 J - 76 235 . 0 15 . 8 . 100 1.8 0 .o 
P- 83 J - 150 J - 124 211. 0 15 . 8 . 100 1.8 0 . 0 
P- 84 J - 284 57 181. 0 5 . 8 . 100 1.8 0 . 0 
P- 85 J - 155 59 286 . 0 5 . 8 . 100 1. 8 0 . 0 
P- 87 125 J - 62 234 . 0 15 . 8 . 100 1.8 0 . 0 
P- 88 J - 91 J - 211 221 . 0 15 . 8 . 100 1.8 0 . 0 

P- 9 J - 16 J - 192 169 . 0 14 . 0 . 100 1. 8 0 . 0 
P- 92 J - 43 J - 35' 229 . 0 14 . 0 . 100 1.8 0 . 0 
P- 93 J - 16 20 122 . 0 3 . 9 . 100 1.8 0 . 0 
P- 94 J - 170 J - 179 85 . 0 14 . 0 . 100 1.8 0 . 0 
P- 95 J - 172 J - 135 112 . 0 7 . 5 . 100 1.8 0 . 0 
P- 96 7 J - 3 58 . 0 5 . 8 . 100 1.8 0 . 0 
P- 97 ,T- 177 J - 34 194 . 0 14 . 0 . 100 1.8 0 . 0 

---------------------------------------------------------------
JUNCTION NODE ELEV DEM.AND FPN 

NAME TITLE (USFU) PRESSURE 
---------------------------------------------------------------

1 . 00 - 23 . 14 
4 . 00 - 23 . 14 
5 . 00 - 23 . 14 
7 . 00 - 23 . 14 

11 . 00 . 00 
14 . 00 - 23 . 14 
17 . 00 - 23 . 14 
18 . 00 - 23 . 14 
20 . 00 - 23 . 14 
22 . 00 - 23 . 14 
23 . 00 - 23 . 14 
25 . 00 - 23 . 14 
26 . 00 - 23 . 14 
28 .oo - 23 . 14 
30 . 00 -23 . 14 
31 . 00 - 23 . 14 
33 . 00 - 23 . 14 
36 . 00 . 00 
37 . 00 - 23 . 14 
38 . 00 - 23 . 14 
41 . 00 . 00 
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42 
45 
46 
48 
51 
52 
57 
59 
61 
63 
65 
67 
69 
71 
73 
78 
82 
83 
84 
88 
90 
92 
94 
95 
96 
98 
99 

101 
103 
104 
106 
107 
109 
112 
114 
115 
125 
126 
128 
130 
134 
136 
138 
140 
141 
143 
14€ 
147 
148 
151 
152 
153 
154 
156 
161 
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162 . 00 - 23 . 14 
163 . 00 -23 . 14 
165 . 00 -23 . 14 
167 . 00 -23 . 14 
169 . oo - 23 . 14 
171 . 00 - 23 . 14 
173 . 00 - 23 . 14 
175 . 00 -23 . 14 
176 . 00 -23 . 14 
178 . 00 -23 . 14 
180 . 00 - 23 . 14 

J-1 0 . 00 . 00 
J-1 00 . 00 - 23 . 14 
J -1 08 . 00 -23 . 14 
J - 11 0 . 00 - 23 . 14 

J - 12 . 00 - 23 . 14 
J - 121 . 00 - 23 . 14 
J - 124 .oo . 00 
J - 129 .oo . 00 

J - 13 . 00 . oo 
J - 135 . 00 .oo 
J - 137 . 00 - 23 . llJ 
J -1 39 . 00 - 23 . 14 
J -1 42 . 00 . 00 
J - 144 . 00 - 23 . 14 
J -14 5 . 00 . 00 
J -1 49 . 00 . 00 

J - 15 . 00 - 23 . 14 
J - 150 . 00 . 00 
J - 155 . 00 - 23 . 14 
J - 157 . 00 . 00 
J - 159 . 00 - 23 . 14 

J - 16 . 00 . 00 
J - 160 . 00 - 23 . 14 
J - 164 .oo . 00 
J - 166 . 00 . 00 
J - 168 . 00 - 23 . 14 
J - 170 . 00 . 00 
J - 172 . 00 .oo 
J - 177 . 00 . 00 
J - 179 . 00 .oo 
J - 182 . 00 - 23 . 14 
J - 183 . 00 - 23 . 14 
J - 184 . 00 . 00 
J - 185 . 00 - 23 . 14 
J - 187 . 00 - 23 . 14 

J - 19 . 00 . 00 
J - 1 91 .oo . 00 
J - 192 . 00 . 00 
J -1 93 . 00 - 23 . 14 
J -1 94 . 00 . 00 
J - 195 . 00 - 23 . 14 
J - 196 . 00 - 23 . 14 
J - 197 . 00 - 23 . 14 
J - 198 . 00 - 23 . 14 
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J - 199 .oo - 23 . 14 

J - 2 . 00 .oo 
J - 200 . 00 - 23 . 14 
J-201 . 00 -23 . 14 
J-202 . 00 -23 .1 4 
J-203 . oo . 00 
J - 204 . oo .oo 
J - 205 . 00 . 00 
J - 206 . 00 .oo 
J-207 0 . 00 
J - 208 . oo . 00 
J - 209 . 00 . oo 

J - 21 . 00 - 23 . 14 
J - 210 . 00 . 00 
J - 211 . 00 . 00 
J - 212 . 00 - 23 . 14 
J - 213 . 00 - 23 . 14 
J - 214 . 00 . 00 
J - 215 . 00 . 00 
J - 216 . 00 . 00 
J - 217 . 00 . 00 
J - 218 . 00 . 00 
J - 225 . 00 - 23 . 14 
J - 226 . 00 - 23 . 14 
J - 227 . 00 - 23 . 14 
J - 228 . 00 .0 0 
J - 229 . 00 - 23 . 14 
J - 230 . 00 - 23 . 14 
J - 231 . 00 - 23 . 14 
J - 232 . 00 - 23 . 14 
J - 233 . 00 - 23 . 14 
J - 234 . 00 - 23 . 14 
J - 235 . 00 - 23 . 14 
J - 236 . 00 - 23 . 14 
J-237 . 00 - 23 . 14 
J - 238 . 00 - 23 . 14 
J - 239 . 00 -23 . 14 

J - 24 . 00 . 00 
J - 240 . 00 - 23 . 14 
J - 241 . 00 - 23 . 14 
J - 242 . 00 - 23 . 14 
J - 243 . 00 - 23 . 14 
J - 244 . 00 . 00 
J - 245 .oo - 23 . 14 
J - 246 .oo - 23 . 14 
J - 247 . 00 - 23 . 14 
J - 248 . 00 - 23 . 14 
J - 249 . 00 - 23 . 14 
J - 250 . 00 - 23 . 14 
J - 251 . 00 - 23 . 14 
J - 252 . 00 - 23 . 14 
J - 253 . 00 - 23 . 14 
J - 254 . 00 - 23 . 14 
J - 255 . 00 - 23 . 14 
J - 256 .oo - 23 . 14 
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J - 257 . 00 - 23 . 14 
J - 258 . 00 - 23 . 14 
J - 259 . 00 - 23 . 14 
J-260 . 00 - 23 . 14 
J-262 . 00 -23 . 14 
J - 263 . 00 -23 . 14 
J - 264 . 00 - 23 . 14 
J - 265 . 00 - 23 . 14 
J - 266 . oo - 23 . 14 
J-267 . 00 - 23 . 1 4 
J - 268 .oo - 23 . 14 
J - 269 . 00 - 23 . 14 

J - 27 . 00 . 00 
J - 270 . 00 - 23 . 14 
J - 271 . 00 - 23 . 14 
J - 273 . 00 - 23 . 14 
J - 274 . 00 - 23 .14 
J - 275 . 00 - 23 . 14 
J - 276 . 00 - 23 . 14 
J - 277 . 00 - 23 . 14 
J - 278 . 00 - 23 . 14 
J - 279 . 00 - 23 . 14 
J - 280 . 00 - 23 . 14 
J - 281 . 00 - 23 . 14 
J - 282 . 00 - 23 . 14 
J - 283 . 00 - 23 . 14 
J - 284 . oo - 23 . 14 
J - 286 . 00 - 23 . 14 

J - 29 . 00 .oo 
J - 3 . 00 . 00 

J - 32 . 00 . 00 
J - 34 . 00 . 00 
J - 35 . 00 . 00 
J - 39 . 00 . 00 
J - 40 . 00 - 23 . 14 
J - 43 . 00 . 00 
J - 44 . 00 - 23 . 14 
J - 47 . 00 . 00 
J - 49 . 00 - 23 . 14 
J - 50 . 00 - 23 . 14 
J - 53 . 00 - 23 . 14 
J - 54 . 00 . 00 
J - 55 . oo . 00 
J - 56 . 00 . 00 
J - 58 . 00 - 23 . 14 

J - 6 . 00 . 00 
J - 60 . oo . 00 
J - 62 . 00 . 00 
J - 64 . 00 . 00 
J - 66 . 00 . 00 
J - 68 . 00 . 00 
J - 70 . 00 . 00 
J - 75 . 00 . 00 
J - 76 . 00 . 00 
J - 77 . 00 - 23 . 14 

;: 
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J - 8 . 00 . 00 

J - 85 . 00 . 00 
J - 89 . 00 - 23 . 14 

J - 9 .oo - 23 . 14 
J - 91 . 00 . 00 
J-93 . 00 -23 . 1 4 
J-97 . 00 . 00 

R-1 . 00 . 00 -45 . 00 

Set = 0 

RESULTS fOR THI S SIMULATION FOLLOI~ 

Solution was obtained in 20 trials 
Flow Accuracy = . 6338£- 03( < . 500E- 0 2 ] 

RV Accuracy= . 0O00E+00[ < . l0OE- 02] 

--------------------------------------------------------------------------------
PIPE NODE NODE FLOW LOSS VELOCITY DENSITY FRICT ION AREA 

NO . #1 #2 (USFU) (USPU) (FT/S) (#/ CF ) FACTOR RATIO 
--------------------------------------------------------------------------------

3 5 J - 172 23 . 140 . 01 2 . 26 . 0710 . 0326 
15 25 J - 228 23 . 140 . 05 4 . 91 . 0710 . 0296 
18 31 J - 249 23 . 140 . 13 4 . 91 . 0710 . 0296 
19 33 J - 185 23 . 140 . 01 2 . 26 . 0710 . 03 26 
21 37 J - 254 23 . 140 . 02 2 . 26 . 0710 . 0326 
2 2 38 J - 202 23 . 14 0 . 01 2 , 26 . 0710 . 0326 
24 42 J - 203 23 . 140 . 01 2 . 26 . 0710 . 0326 
43 22 J - 244 240 . 802 . 01 3 . 19 . 0710 . 0231 
46 83 41 23 . 14 0 . 01 2 . 26 . 0710 . 0326 
49 88 J - 183 23 . 14 0 . 02 2 . 26 . 0710 . 0326 
50 90 J - 160 23 . 14 0 . 02 2 . 26 . 0710 . 0326 
51 92 J - 263 23 . 140 . 01 2 . 26 . 0710 . 0326 
52 94 95 23 . 140 . 02 2 . 26 . 0710 . 0326 
54 98 96 23 . 14 0 . 02 2 . 26 . 0710 . 0326 
55 99 J - 108 23 . 140 . 0 2 2 . 26 . 07 10 . 0326 
56 95 J - 227 69 . 42 0 . 09 6 . 79 . 0710 . 0248 
71 128 J - 182 23 . 140 . 0 1 2 . 26 . 07 10 . 0326 
72 13 0 J - 235 23 . 140 . 0 1 2 . 26 . 07 10 . 0326 
74 134 J - 137 23 . 140 . 02 2 . 26 . 0710 . 0326 
75 136 96 23 . 140 . 01 2 . 26 . 0710 . 0326 
78 141 J - 1 44 23 . 140 . 02 2 . 26 . 0710 . 0326 
79 143 J - 93 23 . 140 . 02 2 . 26 . 0710 . 0326 
81 147 69 23 . 140 . 02 2 . 26 . 0710 . 0326 
86 156 J - 225 23.140 . 02 2 . 26 . 0710 . 0326 
89 162 95 23 . 140 . 01 2 . 26 . 0710 . 0326 
90 163 J - 251 23 . 140 . 02 2 . 26 . 07 10 . 0326 
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91 165 J - 250 23 . 140 . 01 2 . 26 . 0710 . 0326 
98 178 J - 196 23 . 140 . 08 4 . 91 . 0710 . 0296 
99 36 J - 253 - 46 . 280 . 00 1. 22 . 07 10 . 0321 

P- 1 J - 2 J - 32 369 . 380 . 04 6 . 20 . 07 10 . 0205 
P-10 17 18 -23 . 140 . 02 2 . 26 . 07 10 . 0326 

P-1-00 61 154 -23 . 140 . 02 2 . 26 . 0710 . 0326 
P-101 J-129 J-177 1629 . 788 . 78 27 . 35 . 0710 . 0157 
P- 102 J-8 J - 159 - 1068 . 190 . 16 14 . 16 . 0710 . 0171 
P- 103 J - 184 11 2023 . 168 1. 31 33 . 95 . 0710 . 0152 
P- 104 J - 62 115 1074 . 348 . 13 1 4 . 25 . 0710 . 0171 
P- 105 22 J - 150 - 217 . 662 . 01 2 . 89 . 0710 . 0236 
P- 106 11 J - 6 - 2142 . 032 . 38 28 . 40 . 0710 . 0153 
P- 107 J - 34 J - 184 1907 . 468 1.06 32 . 01 . 0710 . 0153 
P- 108 J - 185 J - 282 46 . 280 . 03 4 . 53 . 0710 . 0273 
P- 1 09 J - 8 J - 278 248 . 382 . 01 3 . 29 . 0710 . 0229 

P- 11 J - 13 J - 10 2026 . 332 . 54 26 . 87 . 0710 . 0154 
P- 110 J - 9 J - 8 - 819 . 808 . 09 10 . 87 . 0710 . 0179 
P- 111 J - 12 J - 21 981 . 788 . 15 13 . 02 . 0710 . 0173 
P- 112 115 J - 240 - 23 . 140 . 02 2 . 26 . 0710 . 0326 
P- 114 115 J - 121 1120 . 628 . 21 14 . 86 . 0710 . 0169 
P- 11 6 126 J - 66 23 . 140 . 01 2 . 26 . 0710 . 0326 
P- 117 J - 121 J - 66 1143 . 768 . 17 15 . 17 . 0710 . 0169 
P- 118 63 J - 275 - 92 . 560 . 06 5 . 35 . 0710 . 0245 

P- 12 J - 1 9 J - 16 647 . 060 . 08 10 . 86 . 0710 . 018 4 
P- 120 J - 238 J - 239 - 628 . 024 . 36 16 . 60 . 0710 . 0179 
P- 122 J - 239 112 - 604 . 884 . 34 15 . 98 . 0710 . 0180 
P- 123 112 106 - 581 . 744 . 34 15 . 37 . 0710 . 0181 
P- 124 106 J - 244 - 558 . 604 . 31 14 . 76 . 0710 . 0182 

P- 13 J - 60 J - 159 952 . 490 . 19 12 . 63 . 0710 . 0174 
P- 131 J - 229 J - 230 - 46 . 280 . 05 4 . 53 . 0710 . 0273 
P- 132 J - 108 J - 124 46 . 280 . 04 4 . 53 . 0710 . 0273 
P- 133 J - 191 J - 27 83 . 158 . 00 2 . 20 . 0710 . 0276 
P- 134 J - 100 J - 191 69 . 420 . 12 6 . 79 . 0710 . 0248 
P- 135 J - 55 J - 286 - 783 . 870 . 12 10 . 39 . 0710 . 0 181 
P- 136 J - 27 J - 192 - 1523 . 490 . 27 25 . 56 . 0710 . 0159 
P- 137 J - 55 J - 192 853 . 290 . 15 11 . 31 . 0710 . 017 8 
P- 138 J - 182 J - 264 46 . 280 . 05 4 . 53 . 0710 . 0273 
P - 139 J - 129 1 76 - 23 . 140 . 00 2 . 26 . 0710 . 0326 

P- 14 J - 24 J - 247 577 . 640 . 05 9 . 69 . 0710 . 0188 
P- 140 J - 193 J - 236 - 185 . 120 . 14 10 . 69 . 0710 . 0211 
P- 141 J - 177 J - 193 - 208 . 260 . 07 12 . 03 . 0710 . 0207 
P- 142 J - 194 J - 229 - 69 . 420 . 11 6 . 79 . 0710 . 0248 
P- 143 J - 137 J - 194 92 . 560 . 04 5 . 35 . 0710 . 0245 
P- 144 J - 195 140 - 23 . 140 . 01 2 . 26 . 0710 . 0326 
P- 145 J - 195 J - 137 46 . 280 . 05 4 . 53 . 0710 . 0273 
P- 14E J - 139 J - 135 23 . 140 . 01 2 . 26 . 0710 . 0326 
P- 147 J - 172 169 - 23 . 140 . 01 2 . 26 . 0710 . 0326 
P- 148 J - 15 J - 172 23 .140 . 01 2 . 26 . 0710 . 0326 
P- 149 J - 19 23 - 23 . 140 . 03 4 . 91 . 0710 . 0296 
P- 150 J - 179 J - 248 508 . 220 . 03 8 . 53 . 0710 . 0192 
P- 151 J - 24 J - 196 - 46 . 280 . 13 9 . 82 . 0710 . 0252 
P- 152 J - 197 171 - 23 . 140 . 04 4 . 91 . 0710 . 0296 
P- 153 J - 179 J - 197 - 46 . 280 . 26 9 . 82 . 0710 . 0252 
P- 154 J - 32 J - 170 392 . 520 . 05 6 . 59 . 0710 . 0203 
P- 155 J - 170 J - 198 - 69 . 420 . 22 14 . 73 . 0710 . 0231 
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P- 156 J - 32 1 - 23 . 140 . 05--4 . 91 . 0710 . 0296 
P- 157 J - 199 30 - 23 . 140 . 07 4 . 91 . 0710 . 0296 
P-158 J - 2 J - 199 - 46 . 280 . 15 9 . 82 . 0710 . 0252 
P- 155' J - 166 J - 29 253 . 680 . 02 4 . 26 . 0710 . 0223 

P- 16 J - 27 J - 129 1606 . 648 . 99 26 . 96 . 0710 . 0157 
P- 160 J - 29 J - 200 - 69 . 420 . 04 6 . 79 . 07 10 . 0248 
P- 161 J - 164 J - 166 184 . 260 . 01 3 . 09 . 0710 . 0239 
P- 162 J - 166 J - 201 - 69 . 420 . 04 6 . 79 . 0710 . 0248 
P- 163 J-16 4 J- 252 - 11 5 . 700 . 00 3 . 06 . 0710 . 0254 
P-164 J - 39 J - 35 - . 860 . 00 . 01 . 0710 . 0018 
P- 165 J - 35 J - 202 - 46 . 280 . OS 4 . 53 . 0710 . 0273 
P- 166 J - 168 J - 44 - 46 . 280 . 06 4 . 53 . 0710 . 0273 
P- 167 J - 39 J - 203 - 46 . 280 . 01 4 . 53 . 0710 . 0273 
P-168 J-203 167 - 23 . 140 . 02 2 . 26 . 0710 . 0326 
P- 169 J - 43 J - 168 - 69 . 420 . 08 6 . 7':1 . 0710 . 02 48 

P- 17 J - 29 J - 2 323 . 100 . 03 5 . 42 . 0710 . 0211 
P- 170 J - 204 J - 43 - 116 . 560 . 01 1. 96 . 0710 . 0267 
P- 171 J - 204 46 - 23 . 140 . 01 2 . 26 . 0710 . 0326 
P- 172 J - 205 J - 204 - 139 . 700 . 01 2 . 34 . 0710 . 0256 
P- 173 J - 47 J - 205 23 . 140 .oo 2 . 26 . 0710 . 0326 
P- 174 J - 206 J - 205 - 162 . 840 . 00 2 . 73 . 0710 . 0246 
P- 175 J - 40 J - 206 69 . 420 . 07 6 . 79 . 0710 . 0248 
P- 176 J - 207 J - 256 - 255 . 400 . 01 4 . 29 . 0710 . 0222 
P- 177 J - 207 4B - 23 . 140 . 02 2 . 26 . 0710 . 0326 
P- 178 J - 89 J - 257 - 46 . 280 . 04 4 . 53 . 0710 . 0273 
P- 17':1 J - 209 J - 49 - 301. 680 . 01 5 . 06 . 0710 . 0214 
P- 180 J - 208 J - 209 - 268 . 205 . 03 3 . 56 . 0710 . 0225 
P- 181 J - 208 J - 183 - 46 . 280 . 04 4 . 53 . 0710 . 0273 
P- 182 J - 210 J - 283 - 337 . 625 . 02 4 . 48 . 0710 . 0214 
P- 183 J - 89 J - 210 69 . 420 . 05 6 . 7':1 . 0710 . 0248 
P- 184 J - 211 J - 210 - 407 . 045 . 03 5 . 40 . 07 10 . 0206 
P- 185 J - 160 J - 211 46 . 280 . 02 4 . 53 . 0710 . 0273 
P- 186 J - 212 J - 258 - 122 . 285 . 01 1. 62 . 0710 . 0271 
P- 187 J - 91 J - 212 - 145 . 425 . 00 1. 93 . 0710 . 0260 
P- 188 J - 75 96 - 69 . 420 . 11 6 . 79 . 0710 . 0248 
P- 189 J - 144 J - 216 46 . 280 . 03 4 . 53 . 0710 . 0273 
P- 190 J - 97 J - 213 - 92 . 560 . 07 9 . 0 . 0710 . 0233 
P- 191 J - 214 J - 209 - 33 . 475 . 00 . 44 . 0710 . 0389 
P- 192 J - 93 J - 214 46 . 280 . 07 4 . 53 . 0710 . 0273 
P- 193 J - 215 J - 214 - 79 . 755 . 00 1.06 . 0710 . 0303 
P- 194 J - 142 J - 215 - 126 . 035 . 00 1. 67 . 0710 . 0270 
P- 195 J - 215 J - 216 - 46 . 280 . 02 4 . 53 . 0710 . 0273 
P- 1% J - 142 84 - 23 . 140 . 01 2 . 26 . 0710 . 0326 
P- 197 J - 85 52 - 23 . 140 . 02 2 . 26 . 0710 . 0326 
P- 198 J - 217 J - 265 - 195 . 455 . 01 2 . 59 . 0710 . 0242 
P- 199 J - 53 J - 217 46 . 280 . 01 2 . 67 . 0710 . 0290 

P- 2 J - 10 4 - 69 . 420 . 03 6 . 79 . 0710 . 0248 
P- 20 J - 35 J - 255 45 . 420 . oo . 76 . 07 10 . 0343 

P- 200 J - 70 73 - 69 . 420 . 01 4 . 01 . 07 10 . 0262 
P- 201 J - 218 J - 70 - 311. 155 . 02 4 . 13 . 0710 . 0218 
P- 202 J - 77 J - 218 92 . 560 . 03 5 . 35 . 0710 . 0245 
P- 207 J - 145 69 - 46 . 280 . 04 4 . 53 . 0710 . 0273 
P- 208 J - 68 67 6 . 585 . 00 . 09 . 0710 . 1267 
P- 213 J - 7 65 - 161 . 980 . 06 9 . 36 . 071(') . 0217 
P- 214 J - 64 148 - 23 . 140 . 01 2 . 26 . 0710 . 0326 
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P- 215 J - 149 57 - 92 . 560 . OS 9 . 06 . 071 0 . 0233 
P- 216 J - 56 59 - 92 . 560 . OS 9 . 06 . 0710 . 0233 
P- 222 J - 157 J - 56 - 790 . 51 0 . 11 1 0 . 48 . 0710 . 0180 
P-223 J-155 J-225 - 46 . 280 . 06 4 . 53 . 0710 . 0273 
P-224 J-157 61 -46 . 280 . 02 4 . 53 . 0710 . 0273 
P-225 J-60 63 - 115 . 700 . 03 6 . 68 . 0710 . 0233 
P- 227 J-159 J - 279 - 92 . 560 . 07 5 . 35 . 0710 . 0245 
P- 229 J - 226 101 - 23 . 140 . 01 2 . 26 . 0710 . 0326 

P- 23 J - 40 J - 50 - 46 . 280 . 05 4 . 53 . 0710 . 0273 
P- 230 J - 150 J - 226 -4 6 . 280 . 03 4 . 53 . 07 10 . 0273 
P- 231 J - 228 26 - 23.140 . 03 4 . 91 . 0710 . 0296 
P- 232 J - 150 J - 227 - 92 . 560 . 16 9 . 06 . 0710 . 0233 
P- 233 J - 124 J - 228 - 32 . 542 . 00 . 55 . 07 1 0 . 0378 
P- 234 J - 228 J - 191 13 . 738 . 00 . 36 . 0710 . 04 9 
P- 235 J - 230 138 - 23 . 140 . 01 2 . 26 . 07 1 0 . 03 2 6 
P- 236 J - 231 J - 232 - 69 . 420 .11 6 . 79 . 07 10 . 02 4 8 
P- 237 J - 232 J - 233 - 4 6 . 280 . 05 4 . 53 . 0710 . 027 3 
P- 238 J - 233 175 -2 3 . 140 . 01 2 . 26 . 07 10 . 03 2 6 
P- 239 J- 234 J - 187 69 . 420 . 09 6 . 79 . 0710 . 0248 
P- 240 J - 235 J - 234 46 . 280 . 05 4 . 53 . 07 1 0 . 0273 
P- 241 J - 236 J - 194 - 161 . 980 . 06 9 .3 6 . 0710 . 02 1 7 
P- 24E J-241 82 - 23.140 . 02 2 . 26 . 0710 . 0326 
P- 247 J - 242 114 - 23 . 140 . 02 2 . 26 . 0710 . 0326 
P- 248 J - 243 J - 110 - 294 . 662 . 02 3 . 91 . 0710 . 0221 
P- 249 J - 244 J - 243 - 317 . 802 . 01 4 . 21 . 0710 . 0217 

P- 25 J - 44 45 - 23 . 140 . 02 2 . 26 . 0710 . 0326 
P- 250 J - 245 28 - 23 . 140 . 06 4 . 91 . 0710 . 0296 
P- 251 J - 246 J - 19 623 . 920 . 10 10 . 47 . 0710 . 0185 
P- 252 J - 247 J - 246 600 . 780 . 08 10 . 08 . 0710 . 0186 
P- 253 J - 248 J - 24 531. 360 . 0 4 8 . 92 . 0710 . 019 1 
P- 254 J - 249 J - 198 46 . 280 . 30 9 . 82 . 0710 . 0252 
P- 255 J - 25 0 J - 200 4 6 .2 80 . 06 4 . 53 . 0710 . 0273 
P- 256 J - 251 J - 201 46 . 280 . 07 4 . 53 . 0710 . 0273 
P - 257 J - 252 36 - 92 . 560 . 00 2 . 45 . 0710 . 0268 
P- 258 J - 253 180 - 23 . 140 . 02 2 . 26 . 0710 . 0326 
P-259 J - 254 36 46.2 80 . 07 4 . 53 . 0710 . 0273 

P- 26 J-47 41 - 23 . 140 . 00 . 31 . 0710 . 0437 
P- 260 J-255 J - 164 68 . 560 . 00 1. 15 . 0710 . 0306 
P- 261 J - 256 J - 206 - 232 . 260 . 02 3 . 90 . 0710 . 0227 
P- 262 J - 257 161 - 23 . 140 . 01 2 . 26 . 0710 . 0326 
P- 263 J - 258 J - 259 - 99 . 145 . 00 1. 31 . 0710 . 0286 
P- 264 J - 259 J - 64 - 76 . 005 . 00 1. 01 . 0710 . 0307 
P- 267 J - 262 J - 213 69 . 420 . OB 6 . 79 . 0710 . 0248 
P- 268 J - 263 J - 262 46 . 280 . 05 4 . 53 . 0710 . 0273 
P- 269 J - 264 J - 55 69 . 420 . 03 6 . 79 . 07 10 . 0248 

P- 27 J - 49 J - 207 - 278 . 540 . 02 4 . 67 . 07 10 . 0218 
P- 270 J - 265 J - 85 - 172 . 315 . 01 2 . 28 . 07 10 . 0250 
P- 272 J-267 J - 266 - 23 .14 0 . 01 2 . 26 . 0710 . 0326 
P- 273 J - 268 146 - 46 . 280 . 06 4 . 53 . 0710 . 0273 
P- 274 J - 269 J - 270 - 115 . 700 . 08 6 . 68 . 0710 . 0233 
P- 275 J - 270 J - 271 - 46 . 280 . 06 4 . 53 . 0710 . 0273 
P- 27€ J - 271 103 - 23 . 140 . 01 2 . 2 6 . 0710 . 0326 
P- 279 J - 274 J - 273 23 . 140 . 01 2 . 26 . 0710 . 0326 

P- 28 J - 50 51 - 23 . 140 . 03 2 . 26 . 0710 . 0326 
P- 280 J - 275 J - 276 - 69 .4 20 . 11 6 . 79 . 0710 . 0248 
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P- 281 J - 276 J - 277 - 46 . 280 . 05 4 . 53 . 0710 . 0273 
P- 282 J - 277 153 - 23 . 140 . 02 2 . 26 . 0710 . 0326 
P- 284 J - 279 J - 280 - 69 . 420 . 10 6 . 79 . 0710 . 0248 
P- 285 J - 280 J - 281 - 46 . 280 . 05 4 . 53 . 0710 . 0273 
P- 286 J - 281 151 -23 . 140 . 02 2 . 26 . 0710 . 0326 
P- 287 J - 282 J - 34 69 . 420 . 04 6 . 79 . 0710 . 0248 
P- 288 J - 283 J-208 -314 . 485 . 02 4 . 17 . 0710 . 0218 

P-29 J-53 71 - 23 . 140 . oo 1.34 . 0710 . 0350 
P-291 J-286 J - 97 - 760 . 730 . 08 10 . 09 . 0710 . 0182 

P-30 107 109 23 .140 . 02 2 . 26 . 0710 . 0326 
P- 31 J - 56 J - 149 - 697 . 950 . 08 9 . 25 . 0710 . 0185 
P- 32 J - 260 67 - 29 . 725 . 00 . 39 . 0710 . 0402 
P- 33 J - 60 J - 157 -836 . 790 . 10 11.10 . 0710 . 0178 
P- 34 J - 238 J- 237 651. 164 . 36 17 . 21 . 0710 . 0177 
P- 35 J - 64 J - 260 - 52 . 865 . 00 . 70 . 0710 . 0339 
P- 36 J - 76 J - 68 - 443 . 410 . 03 5 . 88 . 0710 . 0202 
P- 37 J - 68 J - 145 - 449 . 995 . 04 5 . 97 . 0710 . 0202 
P- 38 J - 70 J - 217 - 241 . 735 . 01 3 . 21 . 0710 . 0231 
P- 39 J - 267 73 46 . 280 . 05 4 . 53 . 0710 . 0273 

P- 4 J - 3 J - 6 2118 . 892 . 69 28 . 10 . 0710 . 0153 
P- 41 J - 75 J - 91 - 598 . 750 . 07 7 . 94 . 0710 . 0190 
P- 42 J - 77 J - 268 - 69 . 420 . 12 E, . 79 . 0710 . 0248 
P- 44 J - 237 J - 187 1841 . 212 . 54 24 . 41 . 0710 . 0156 
P- 45 J - 21 125 1051. 208 . 20 13 . 94 . 0710 . 0171 
P- 47 J - 85 J - 142 - 149 . 175 . 00 1. 98 . 0710 . 0259 
P- 48 146 78 - 23 . 140 . 02 2 . 26 . 0710 . 0326 

P- 5 J - 10 J - 3 2095 . 752 . 60 27 . 79 . 0710 . 0153 
P- 53 J - 97 J - 75 - 668 . 170 . 08 8 . 86 . 0710 . 0186 
P- 57 J - 269 65 138 . 840 . 11 8 . 02 . 0710 . 0224 
P- 58 J - 270 152 - 46 . 280 . 05 4 . 53 . 0710 . 0273 
P- 59 152 104 - 23 . 140 . 02 2 . 26 . 0710 . 0326 

P- 6 11 R- 1 41 65 . 200 . 58 31.07 . 0710 . 0142 
P- 60 J - 100 J - 245 - 46 . 280 . 31 9 . 82 . 0710 . 0252 
P- 61 J - 110 J - 278 - 271 . 522 . 01 3 . 60 . 0710 . 0225 
P- 62 J - 21 J - 241 - 46 . 280 . 04 4 . 53 . 0710 . 0273 
P- 63 J - 54 J - 12 958 . 648 . 10 12 . 71 . 0710 . 0174 
P- 64 J - 54 J - 242 - 46 . 280 . 03 4 . 53 . 0710 . 0273 
P- 65 J - 187 J - 13 1933 . 772 . 55 25 . 64 . 0710 . 0155 
P- 6€ J - 58 J - 54 912 . 368 . 15 12 . 10 . 0710 . 017 
P- 67 J - 231 J - 13 92 . 560 . 06 9 . 06 . 0710 . 0233 
P- 68 J - 58 109 - 46 . 280 . 04 4 . 53 . 0710 . 0273 
P- 69 J - 58 J - 9 - 842 . 948 . 09 11 . 18 . 0710 . 0178 

P- 7 4 17 - 46 . 280 . 04 4 . 53 . 0710 . 0273 
P- 70 J - 66 J - 237 1166 . 908 . 27 15 . 47 . 0710 . 0168 
P- 73 J - 273 J - 284 46 . 280 . 06 4 . 53 . 0710 . 0273 
P- 7E J - 135 J - 184 115 . 700 . 03 6 . 68 . 0710 . 0233 
P- 77 J - 135 173 - 23 . 140 . 01 2 . 26 . 0710 . 0326 

P- 8 14 J - 6 23 . 140 . 01 2 . 26 . 0710 . 0326 
P- 80 J - 145 J - 218 - 403 . 715 . 02 5 . 35 . 0710 . 0206 
P- 82 J - 149 J - 76 - 605 . 390 . 07 8 . 03 . 0710 . 0190 
P- 83 J - 150 J - 124 - 78 . 822 . 00 1.05 . 0710 . 0304 
P- 84 J - 284 57 69 . 420 . 11 6 . 79 . 0710 . 0248 
P- 85 J - 155 59 69 . 420 . 16 6 . 79 . 0710 . 0248 
P- 87 125 J - 62 1074 . 348 . 21 14 . 25 . 0710 . 0171 
P- 88 J - 91 J - 211 - 453 . 325 . 04 6 . 01 . 0710 . 0201 
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P- 9 J -1 6 J - 192 670 . 200 . 12 11.25 . 0710 . 0183 

P-92 J -4 3 J - 39 - 47 . 140 . oo . 79 . 0710 .0340 
P- 93 J - 16 20 - 23 . 140 . 07 4 . 91 . 0710 . 0296 
P- 94 J - 170 J - 179 461. 940 . 04 7 . 75 . 0710 . 0196 
P- 95 J - 172 J - 135 69 . 420 . 02 4 . 01 . 0710 . 0262 
P-96 7 J - 3 23 . 140 . 01 2 . 26 . 0710 . 0326 
P-97 J - 177 J-34 1838 . 048 . 88 30 . 84 . 0710 . 0154 

R-1 R- 1 R-1 -4165 . 200 .oo . 01 . 0710 . 0319 

---- ----------------------------------------------------------------------------
JUNCTION NODE DEMAND PRESSURE PRESSURE PRESSURE DENSITY 

NAME TITLE (USFU) (USPU) (PSIA) (PSIG) #/CF 
------------------------------------------------------------------------------- -

1 - 23 . 14 - 38 . 48 13 . 31 - 1. 39 . 071 
4 - 23 . 14 - 42 . 72 13 . 15 - 1. 54 . 071 
5 - 23 . 14 - 43 . 05 13 . 14 - 1.55 . 071 
7 - 23 . 14 - 43 . 35 13 . 13 - 1. 56 . 071 

11 . 00 - 44 . 42 13 . 09 - 1. 60 . 071 
14 - 23 . 14 - 44 . 03 13 . 11 - 1. 59 . 071 
17 - 23 . 14 - 42 . 69 13 . 16 - 1. 54 . 071 
18 - 23 . 14 - 42 . 67 13 . 16 - 1. 54 . 071 
20 - 23 . 14 - 38 . 94 13 . 29 - 1. 40 . 071 
22 - 23 . 14 - 39 . 41 13 . 27 - 1.42 . 071 
23 - 23 .14 - 38 . 89 13 . 29 - 1. 40 . 071 
25 - 23 . 14 - 39 . 35 13 . 28 - 1.42 . 071 
2f, - 23 . 14 - 39 . 37 13 . 28 - 1.42 . 071 
28 - 23 . 14 - 38 . 90 13 . 29 - 1.40 . 071 
30 - 23 . 14 - 38 . 28 13 . 32 - 1.38 . 071 
31 - 23 . 14 - 37 . 93 13 . 33 - 1 . 37 . 071 
33 - 23 . 14 - 41.97 13 . 18 - 1.51 . 071 
3E . 00 - 38 . 41 13 . 31 - 1.39 . 071 
37 - 23 . 14 - 38 . 32 13 . 31 - 1. 38 . 071 
38 - 23 . 14 - 38 . 36 13 . 31 - 1.38 . 071 
41 . 00 - 38 . 43 13 . 31 - 1. 39 . 071 
42 - 23 . 14 - 38 . 40 13 . 31 - 1. 39 . 071 
45 - 23 . 14 - 38 . 27 13 . 32 - 1. 38 . 071 
4E - 23 . 14 - 38 . 41 13 . 31 - 1. 39 . 071 
48 - 23 . 14 - 38 . 45 13 . 31 - 1. 39 . 071 
51 - 23 . 14 - 38 . 28 13 . 31 - 1. 38 . 071 
52 - 23 . 14 - 38 . 4 9 13 . 31 - 1. 39 . 071 
57 - 23 . 14 - 38 . 67 13 . 30 - 1.40 . 071 
59 - 23 . 14 - 38 . 75 13 . 30 - 1.40 . 071 
61 - ·23 . 14 - 38 . 90 13 . 29 - 1. 40 . 071 
63 - 23 . 14 - 38 . 99 13 . 29 - 1. 41 . 071 
65 - 23 . 14 - 38 . 59 13 . 30 - 1. 39 . 07 1 
67 - 23 . 14 - 38 . 62 13 . 30 -1. 39 . 071 
69 - 23 . 1 4 - 38 . 54 13 . 31 - 1 . 39 . 071 
71 - 23 . 14 - 38 . 51 13 . 31 - 1 . 39 . 071 
73 - 23 . 14 - 38 . 52 13 . 31 - 1. 39 . 071 
78 - 23 . 14 - 38 . 34 13 . 31 - 1 . 38 . 071 
82 - 23 . 14 - 39 . 89 13 . 26 - 1 . 44 . 071 
83 - 23 . 14 - 38 . 42 13 . 31 - 1 . 39 . 071 
84 - 23 . 14 - 38 . 49 13 . 31 - 1. 39 . 071 
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88 - 23 . 14 - 38 . 47 13 . 31 - 1. 39 . 071 
90 - 23 . 14 - 38 . 55 13 . 31 - 1.39 . 071 
92 - 23 . 14 - 38 . 57 13 . 30 - 1.39 . 071 
94 -23 . 14 - 39 . 13 13 . 28 - 1.41 . 071 
95 - 23 . 14 - 39 . 15 13 . 28 - 1. 41 . 071 
96 -23 . 14 - 38 . 60 13 . 30 -1. 39 . 071 
98 - 23 . 14 - 38 . 58 13 . 30 - 1. 39 . 071 
99 - 23 . 14 - 39 . 34 13 . 28 - 1. 42 . 071 

101 - 23 . 14 - 39 . 35 13 . 2B - 1.42 . 071 
103 -23 . 14 - 38 . 32 13 . 31 - 1. 38 . 071 
104 - 23 . 14 - 38 . 33 13 . 31 - 1.38 . 071 
106 - 23 . 14 - 39 . 73 13 . 26 - 1. 43 . 071 
107 - 23 . 14 - 39 . 48 13 . 27 - 1. 42 . 071 
10':I - 23 . 14 - 351 . 50 13 . 27 - 1.43 . 071 
112 - 23 . 14 - 40 . 07 13 . 25 - 1. 45 . 071 
114 - 23 . 14 - 39 . 64 13 . 27 - 1.43 . 071 
115 - 23 . 14 - 40 . 49 13 . 24 - 1. 46 . 071 
125 - 23 . 14 - 40 . 14 13 . 25 - 1.45 , 071 
12E, - 23 . 14 - 40 . 85 13 . 22 - 1 . 47 . 071 
128 - 23 . 14 - 38 . 89 13 . 29 - 1. 40 . 071 
130 - 23 . 14 - 4.1.52 13 . 20 - 1.50 . 071 
134 - 23 . 14 - 40 . 84 13 . 22 - 1. 47 . 071 
136 - 23 . 14 - 38 . 58 13 . 30 - 1. 39 . 071 
138 - 23 . 14 - 40 . 73 13 . 23 - 1. 47 . 071 
140 - 23.14 - 40 . 80 13 . 22 - 1 . 47 . 071 
141 - 23 . 14 - 38 . 43 13 . 31 - 1. 39 . 071 
143 - 23 . 14 - 38 . 41 13 . 31 - 1. 39 . 071 
146 - 23 . 14 - 38 . 35 13 . 31 - 1.38 . 071 
147 - 23 . 14 - 38 . 52 13 . 31 - 1. 39 . 071 
148 - 23 . 14 - 38 . 61 13 . 30 - 1. 39 . 071 
151 - 23 . 14 - 38 . 97 13 . 29 - 1. 41 . 071 
152 - 23 . 14 - 38 . 35 13 . 31 - 1.38 . 071 
153 - 23 . 14 - 38 . 75 13 . 30 - 1. 40 . 071 
154 - 23 . 14 - 38 . 88 13 . 2::i - 1. 40 . 071 
156 - 23 . 14 - 38 . 52 13 . 31 - 1. 39 . 071 
161 - 23 . 14 - 38 . 46 13 . 31 - 1.39 . 071 
162 - 23 . 14 - 39 . 14 13 . 28 - 1 . 41 . 071 
163 - 23 . 14 - 38 . 31 13 . 31 - 1. 38 . 071 
165 - 23 . 14 - 38 . 34 13 . 31 - 1.38 . 071 
167 - 23 . 14 - 38 . 39 13 . 31 - 1. 39 . 071 
169 - 23 . 14 - 43 . 06 13 . 14 - 1. 55 . 071 
171 - 23 . 14 - 38 . 32 13 . 31 - 1. 38 . 071 
173 - 23 . 14 - 43 . 08 13 . 14 - 1. 55 . 071 
175 - 23 . 14 - 42 . 00 13 . 18 - 1. 52 . 071 
176 - 23 . 14 - 40 . 39 13 . 24 - 1. 4 6 . 071 
178 - 23 . 14 - 38 . 49 13 . 31 - 1.39 . 071 
180 - 23 . 14 - 38 . 39 13 . 31 - 1.39 . 071 

J - 10 . 00 - 42 . 75 13 . 15 - 1.54 . 071 
J - 100 - 23 . 14 - 39 . 28 13 . 28 - 1 . 42 . 071 
J - 108 - 23 . 14 - 39 . 36 13 . 28 - 1 . 42 . 071 
J - 110 - 23 . 14 - 39 . 39 13 . 27 - 1 . 42 . 071 

J - 12 - 23 . 14 - 39 . 80 13 . 26 - 1 . 44 . 071 
J - 121 - 23 . 14 - 40 . 69 13 . 23 - 1 . 47 . 071 
J - 124 . 00 - 39 . 40 13 . 27 - 1 . 42 . 071 
J - 129 . 00 - 40 . 39 13 . 24 - 1 . 46 . 071 
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J - 13 . oo - 42 . 22 13 . 17 - 1. 52 . 071 
J - 135 . 00 - 43 . 09 13 . 14 - 1.55 . 071 
J - 137 -23 . 14 -40 . 86 13 . 22 - 1. 47 . 071 
J - 139 -23 . 14 -43 . 08 13 . 14 - 1. 55 . 071 
J - 142 . 00 - 38 . 50 13 . 31 - 1. 39 . 071 
J - 144 - 23 . 14 - 38 . 44 13 . 31 - 1.39 . 071 
J - 145 .oo - 38 . 58 13 . 30 - 1.39 . 071 
J - 149 . 00 - 38 . 72 13 . 30 - 1. 40 . 071 

J - 15 - 23 . 14 -4 3 . 06 13 . 14 -1. 55 . 071 
J-150 . 00 -39 . 40 13 . 27 - 1. 42 . 07 1 
J - 155 - 23 . 14 - 38 . 59 13 . 30 - 1. 39 . 071 
J - 157 . 00 - 38 . 91 13 . 29 - 1. 40 . 071 
J - 159 - 23 . 14 - 39 . 20 13 . 28 - 1 . 41 . 071 

J - 16 .oo - 39 . 01 13 . 29 -1. 41 . 071 
J - 160 - 23 . 14 - 38 . 57 13 . 30 - 1. 39 . 071 
J - 164 . 00 - 38 . 42 13 . 31 - 1. 39 . 071 
J - 166 . 00 - 38 . 43 13 . 31 - 1. 39 . 071 
J - 168 - 23 . 14 - 38 . 34 13 . 31 - 1. 38 . 071 
J - 170 . oo - 38 . 58 13 . 30 - 1 . 39 . 071 
J - 172 . 00 - 43 . 06 13 . 14 - 1. 55 . 071 
J - 177 . 00 - 41.17 13 . 21 - 1.49 . 071 
J - 179 . 00 - 38 . 62 13 . 30 - 1. 39 . 071 
J - 182 - 23 . 14 - 38 . 90 13 . 29 - 1. 40 . 071 
J - 183 - 23 . 14 - 38 . 48 13 . 31 - 1.39 . 071 
J - 184 . 00 - 43 . 11 13 . 14 - 1.56 . 071 
J - 185 - 23 . 14 - 41. 98 13 . 18 - 1.51 . 071 
J - 187 - 23 . 14 - 41.67 13 . 19 - 1.50 . 071 

J - 19 . 00 - 38 . 92 13 . 29 - 1 . 40 . 071 
J - 191 . 00 - 39 . 40 13 . 27 - 1. 42 . 071 
J - 192 . 00 - 39 . 13 13 . 28 - 1 . 41 . 071 
J - 193 - 23 . 14 - 41.11 13 . 21 - 1 . 48 . 07 1 
J - 194 . 00 - 40 . 90 13 . 22 - 1. 48 . 071 
J - 195 - 23 . 14 - 40 . 82 13 . 22 - 1 . 47 . 071 
J - 19E, - 23 . 14 - 38 . 5 13 . 30 - 1 . 39 . 071 
J - 197 - 23 . 14 - 38 . 36 13 . 31 - 1 . 38 . 071 
J - 198 - 23 . 14 - 38 . 36 13 . 31 - 1.38 . 071 
J - 199 - 23 . 14 - 38 . 34 13 . 31 - 1. 38 . 071 

J - 2 . 00 - 38 . 49 13 . 31 - 1. 39 . 071 
J - 200 - 23 . 14 - 38 . 41 13 . 31 - 1. 39 . 071 
J - 201 - 23 . 14 - 38 . 40 13 . 31 - 1. 39 . 071 
J - 202 - 23 . 14 - 38 . 37 13 . 31 - 1. 38 . 071 
J - 203 . 00 - 38 . 40 13 . 31 - 1. 39 . 071 
J - 204 . 00 - 38 . 43 13 . 31 - 1. 39 . 071 
J - 205 . 00 - 38 . 43 13 . 31 - 1 . 39 . 071 
J - 206 . 00 - 38 . 43 13 . 31 - 1. 39 . 071 
J - 207 . 00 - 38 . 46 13 . 31 - 1. 39 . 071 
J - 208 . 00 - 38 . 52 13 . 31 - 1. 39 . 071 
J - 209 .oo - 38 . 50 13 . 31 - 1. 39 . 071 

J - 21 - 23 . 14 - 39 . 95 13 . 25 - 1. 44 . 071 
J - 210 . 00 - 38 . 56 13 . 30 - 1.39 . 071 
J - 211 . 00 - 38 . 59 13 . 30 - 1. 39 . 071 
J - 212 - 23 . 14 - 38 . 63 13 . 30 - 1 . 39 . 071 
J - 213 - 23 . 14 - 38 . 71 13 . 30 - 1. 40 . 071 
J - 214 . 00 - 38 . 50 13 . 31 - 1. 39 . 071 
J - 215 . 00 - 38 . 50 13 . 31 - 1. 39 . 071 

0 ~~}~~ 



Brent Ru n 2023 GCCS Dez1.,1r. Plan 
-- -

J - 216 . 00 - 38 . 48 13 . 31 - 1. 39 . 071 
J - 217 . 00 -38 . 52 13 . 31 - 1. 39 . 071 
J - 218 . 00 -38 . 56 13 . 30 - 1. 39 . 071 
J-225 - 23 . 14 - 38 . 53 13 . 31 - 1. 39 . 071 
J - 226 - 23 . 14 - 39 . 36 13 . 28 - 1.42 . 071 
J - 227 - 23 . 14 - 39.24 13 . 28 - 1. 42 . 071 
J - 228 . 00 -39 . 40 13 . 27 -1. 42 . 071 
J-229 -23 . 14 -40 . 80 13 . 22 -1. 47 . 071 
J-230 - 23 . 14 - 40 . 75 13 . 23 - 1.47 . 071 
J-231 - 23 . 14 - 42 . 16 13 . 17 - 1.52 .on 
J - 232 - 23 . 14 -42 . 06 13 . 18 - 1.52 . 071 
J - 233 -23 . 14 - 42 . 01 13 . 18 - 1. 52 . 071 
J - 234 - 23 . 14 - 41. 58 13 . 20 - 1.50 . 071 
J-235 -23 . 14 - 41. 53 13 . 20 - 1.50 . 071 
J - 236 - 23 . 14 - 40 . 97 13 . 22 - 1. 48 . 071 
J - 237 - 23 . 14 - 41.14 13 . 21 - 1.48 . 071 
J - 238 - 23 . 14 - 40 . 77 13 . 22 - 1.47 . 071 
J - 239 - 23 . 14 - 40 . 41 13 . 24 - 1. 46 . 071 

J - 24 . oo - 38 . 69 13 . 30 - 1.40 . 071 
J - 240 - 23 . 14 - 40 . 47 13 . 24 - 1 . 46 . 071 
J - 241 - 23 . 14 - 39 . 91 13 . 26 - 1.44 .071 
J - 242 - 23 . 14 - 39 . 66 13 . 26 - 1. 43 . 071 
J - 243 - 23 . 14 - 39 . 40 13 . 27 - 1. 42 . 071 
J - 244 . 00 - 39 . 42 13 . 27 - 1. 42 . 071 
J - 245 - 23 . 14 - 38 . 97 13 . 29 - 1 . 41 . 071 
J - 246 - 23 . 14 - 38 . 82 13 . 30 - 1. 40 . 071 
J - 247 - 23 . 14 - 38 . 74 13.30 - 1. 40 . 071 
J - 248 - 23 . 14 - 38 . 65 13 . 30 - 1. 39 . 071 
J - 249 - 23 . 14 - 38 . 06 13 . 32 - 1. 37 . 071 
J - 250 - 23 . 14 - 38 . 36 13 . 31 - 1. 38 . 071 
J - 251 - 23 . 14 - 38 . 33 13 . 3] - 1 . 38 . 071 
J - 252 - 23 . 14 - 38 . 42 13 . 31 - 1. 39 . 071 
J - 253 - 23 . 14 - 38 . 41 13 . 31 - 1. 39 . 071 
J - 254 - 23 . 14 - 38 . 34 13 . 31 - 1 . 38 . 071 
J - 255 - 23 . 14 - 38 . 42 13 . 31 - 1. 39 . 071 
J - 256 - 23 . 14 - 38 . 45 13 . 31 - 1.39 . 071 
J - 257 - 23 . 14 - 38 . 47 13 . 31 - 1. 39 . 071 
J - 258 - 23 . 14 - 38 . 62 13 . 30 - 1. 39 . 071 
J - 259 - 23 . 14 - 38 . 62 13 . 30 - 1. 39 . 071 
J - 260 - 23 . 14 - 38 . 62 13 . 30 - 1 . 39 . 071 
J - 262 - 23 . 14 - 38 . 63 13 . 30 - 1. 39 . 071 
J - 263 - 23 . 14 - 38 . 59 13 . 30 - 1. 39 . 071 
J - 264 - 23 . 14 - 38 . 95 13 . 29 - 1 . 41 . 071 
J - 2€5 - 23 . 14 - 38 . 51 13 . 31 - 1. 39 . 071 
J - 266 - 23 . 14 - 38 . 46 13 . 31 - 1. 39 . 071 
J - 267 - 23 . 14 - 38 . 47 13 . 31 - 1. 3St . 071 
J - 268 - 23 . 14 - 38 . 41 13 . 31 - 1.39 . 071 
J - 269 - 23 . 14 - 38 . 48 13 . 31 - 1.39 . 071 

J - 27 . 00 - 39 . 40 13 . 27 - 1. 42 . 071 
J - 270 - 23 . 14 - 38 . 39 13 . 31 - 1. 39 . 071 
J - 271 - 23 . 14 - 38 . 34 13 . 31 - 1. 38 . 071 
J - 273 - 23 . 14 - 38 . 50 13 . 31 - 1. 39 . 071 
J - 274 - 23 . 14 - 38 . 49 13 . 31 - 1. 39 . 071 
J - 275 - 23 . 14 - 38 . 93 13 . 29 - 1 . 40 . 071 
J - 276 - 23 . 14 - 38 . 82 13 . 30 - 1. 40 . 071 

:)j ~~2·~~ 
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Brent: Ru n 2023 GCCS Desi~n Plan ---J - 277 - 23 . 14 - 38 . 77 13 . :fo - 1 . 40 . 071 

J-278 - 23 . 14 - 39 . 37 13 . 28 - 1. 42 . 071 
J - 279 - 23 . 14 - 3~1 . 13 13 . 28 -1. 41 . 071 
J - 280 -23 . 14 - 39 . 03 13 . 29 -1 . 41 . 071 
J - 281 -23 . 14 -3 8 . 98 13 . 29 - 1 . 41 . 071 
J-282 -23 . 14 -42 . 02 13 . 18 - 1.52 . 071 
J-283 - 23 . 14 - 38 . 54 13 . 31 - 1.39 . 071 
J-284 - 23 . 14 - 38 . 56 13 . 30 - 1. 39 . 071 
J - 286 - 23 . 14 - 38.86 13 . 29 -1. 40 . 071 

J - 29 . 00 - 38 . 46 13 . 31 -1 . 39 . 071 
J - 3 . 00 - 43 . 35 13 . 13 - 1 . 56 . 071 

J-32 . 00 - 38 . 53 13 . 31 - 1.39 . 071 
J-34 . 00 - 42 . 05 13 . 18 - 1.52 . 071 
J-35 .oo - 38 . 42 13 . 31 - 1.39 . 071 
J - 39 .oo - 38 . 42 13 . 31 - 1. 39 . 071 
J - 40 - 23 . 14 - 38 . 36 13 . 31 - 1.38 . 071 
J - 43 . 00 - 38 . 42 13 . 31 - 1.39 . 071 
J - 44 - 23 . 14 - 38 . 28 13 . 31 -1. 38 . 071 
J - 47 . 00 - 38 . 43 13 . 31 - 1. 39 . 071 
J - 49 - 23 . 14 - 38 . 48 13 . 31 -1 . 39 . 071 
J - 50 - 23 . 14 - 38 . 31 13 . 31 - 1 . 38 . 071 
J - 53 - 23 . 14 - 38 . 52 13 . 31 - 1.39 . 071 
J - 54 . 00 - 39 . 70 13 . 26 - 1. 43 . 071 
J - 55 . 00 - 38 . 98 13 . 29 - 1. 41 . 071 
J - 56 . oo - 38 . 80 13 . 30 - 1. 40 . 071 
J - 58 - 23 . 14 - 39 . 54 13 . 27 - 1 . 43 . 071 

J - 6 . 00 - 44 . 04 13 . 11 - 1 . 59 . 071 
J - 60 . oo - 39 . 01 13 . 29 - 1.41 . 071 
J - 62 . 00 - 40 . 35 13 . 24 - 1. 46 . 071 
J - 64 . 00 - 38 . 62 13 . 30 - 1 . 39 . 071 
J - €6 .0 0 - 40 . 87 13 . 22 - 1.47 . 07 1 
J - 68 . 00 - 38 . 62 13 . 30 - 1.39 . 071 
J - 70 .0 0 - 38 . 53 13 . 31 - 1.39 . 071 
J - 75 . oo - 38 . 70 13 . 30 - 1. 40 . 071 
J - 76 . oo - 38 . 65 13 . 30 - 1. 39 . 071 
J - 77 - 23 . 14 - 38 . 53 13 . 31 - 1.3 9 . 071 

J - 8 . 00 - 39 . 36 13 . 28 - 1.42 . 071 
J - 85 . 00 - 38 . 50 13 . 31 - 1 . 39 . 071 
J - 89 - 23 . 14 - 38 . 51 13 . 31 - 1. 39 . 071 

J - 9 - 23 . 14 - 39 . 45 13 . 27 - 1. 42 . 071 
J - 91 . 00 - 39 . 63 13 . 30 - 1 . 39 . 071 
J - 93 - 23 . 14 - 38 . 43 13 . 31 - 1. 39 . 071 
J - 97 . 00 - 38 . 78 13 . 30 - 1 . 40 . 071 

R- 1 . 00 - 45 . 00 13 . 07 - 1 . 62 . 071 

* This designates the use of default density in a low pressure r egion 

THE NET C:YSTEM DEMAND (OSFO) = - 4165 . 192 

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

NAME FLOW (USFU ) FPN TITLE 

:)J KYPIPE 
PIPE20 1 2 



R- 1 - 4165 . 2 
Brent Run ~023 GCCS Design Plan 

R- 1 

SUl1MA.RY OF MINIMUM . AND . MAXIMUM VELOCITIES (FT/S) 

R-1 
P-164 
P-208 
P-26 
P-234 
P-32 

MINIMUM 

. 01 P-103 

. 01 P-107 

. 09 P- 6 

. 31 P- 97 

. 36 P-106 

. 39 P-4 

MAXIMUM 

33 . 95 
32 . 01 
31.07 
30.84 
28 . 40 
28.10 

SUMMARY OF MINIMUM . AND . MAXIMUM LOSS/1000 . (PS I ) 

R- 1 
P- 164 
P- 208 
P- 26 
P- 32 
P- 191 

MINIMUM 

. 00 P- 155 

. 00 P- 103 

. 00 P- 107 

. 00 P- 97 

. 00 P- 101 

. 00 P- 16 

MAXIMUM 

. 12 

. 12 

. 10 

. 10 

. 08 

. 08 

SUMMARY OF MINIMUM . AND . MAXIMUM PRESSURES (USPU) 

R- 1 
11 
J - 6 
14 
J - 3 
7 

MINIMUM 

- 45 . 00 
- 44 . 42 
- 44 . 04 
- 44 . 03 
- 43 . 35 
- 43 . 35 

31 
J - 249 
45 
30 
J - 44 
51 

MAXIMUM 

- 37 . 93 
- 38 . 06 
- 38 . 27 
- 38 . 28 
- 38 . 28 
- 38 . 28 

~ KYPIPE 
PIPE20 1 2 
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APPENDI)( E 

APPROVED ALTERNATIVES TO THE NSPS AND/OR NESHAP 



ALTERNATIVES TO THE NSPS UNDER§ 63.1981 (D)(2) OR §62.16724(0)(2) 

§62.16724(d)(2) & § 63.1981(d)(2): "The collection and control system design plan must 

include any alternatives to the operational standards, test methods, procedures, 

compliance measures, monitoring, recordkeeping or reporting provisions of §62.16716 

through 62.16726 [of Subpart XXX, or §63.1957 through 63.1983 of Subpart AAAAJ 

proposed by the owner or operator. 11 

In accordance with the above cited regulations this design plan includes SELECTED COMPLIANCE 

METHODS (these Items are simply provided for clarification of the selected procedure) and 

PROPOSED ALTERNATIVES to the operational standards, test methods, procedures, compliance 

measures, monitoring, recordkeeping, and reporting provisions of the NSPS and NESHAP. 

As allowable by Subpart 000, the faci lity has "opted-in" to the major compliance provisions of Subpart 

AAAA. Due to this action , the facili ty maintains compliance by following the analogous provisions of 

§63.1958, 63.1960, and 63,1961 ofSubpartAAAA in lieu of compliance with §62.16716, 62.16720, and 

62.16722 of Subpart 000. Accordingly, alternatives approved for the site pursuant to language 

included in §63.1958, 63.1960, or 63.1961 under Subpart WWW are still considered APPROVED 

ALTERNATIVES per §63.1955, and do not require re-approval. 

§63.1955: Before September 28, 2021, if alternatives to the operational standards, test 

methods, procedures, compliance measures, monitoring, recordkeeping, or reporting 

provisions have already been approved under 40 CFR part 60, subpart WWW,· subpart 

XXX; a federal plan; or an EPA- approved and effective state or tribal plan, these 

alternatives can be used to comply with this subpart, except that all affected sources 

must comply with the SSM requirements in subpart A of this part as specified in Table 1 

of this subpart and all affected sources must submit compliance reports every 6 months 

as specified in §63. 1981 (h), including information on all deviations that occurred during 

the 6-month reporting period. 



APPROVED ALTERNATIVES 

E.1 Positive Pressure 

§63.1958(b)(3): "Operate the collection system with negative pressure at each wellhead except under 

the following conditions: Use of a geomembrane liner or synthetic cover ... The owner or operator shall 

develop acceptable limits in the design plan .p 

As referenced , extraction wells located in portions of the disposal area which are overlain by a 

geomembrane or synthetic cover, i.e ., the closed portions of the Landfill , may be operated under 

positive pressure. This variance requires the demonstration of acceptable pressure limits within the 

Design Plan. The pressure limits below were included in the prior GCCS Design Plan for Brent Run , 

which was submitted in 2004 and approved in 2006. 

All wells under the geomembrane final cover system are designed to lay under six (6) inches of topsoil , 

two (2) feet of compacted clay, and a synthetic geomembrane. The maximum allowable pressure at 

the wellhead before uplift of the synthetic cover system will occur is 58" of water column (WC). 

Calculations and supporting reference material used in the determination of the maximum allowable 

pressure is included in Appendix F. Based on these calculations, the acceptable operating pressure 

at landfill gas extraction wells under the geomembrane final cover system can be conservatively set at 

+ 19" of WC. This reflects a factor of safety in excess of 3. 

Since the final cap system design is the same for the entire facility, this demonstration applies to any 

area under a geomembrane. Currently gas extraction wells in Cells 1, 2, and 3 are under final cover, 

which includes active collection wells designated BRLF01 - 05, 07 - 12, 16 - 23, 27, 32, 35, 37 , 38, 40, 

43, 49, 51 , 59, 62, 63, and 67 - 71 . Brent Run Landfill will notify EGLE when new sections of the landfill 

reach final grade, and the final cap system is installed. 

Reference Document: Approval Letter for 2004 Brent Run Landfill GCCS Design Plan 

E.2 Demonstration for Temperature Higher Operating Values (HOV) 

To establish an HOV for a collector the landfill must submit a demonstration to EGLE for approval. 

NESHAP identifies the criteria for an HOV: 



§63.1958(c): Operate each interior wellhead in the collection system with a landfill gas 

temperature fess than ... 131 degrees Fahrenheit before September 27, 2021 and 145 

degrees Fahrenheit on/after September 27, 2021 . The owner or operator may establish a 

higher operating temperature value at a particular well. A higher operating value 

demonstration must be submitted to the Administrator for approval and must include 

supporting data demonstrating that the elevated parameter neither causes fires nor 

significantly inhibits anaerobic decomposition by killing methanogens. The demonstration 

must satisfy both criteria in order to be approved (i.e., neither causing fires nor kifling 

methanogens is acceptable). 

EGLE {formerly MDEQ) has approved the HOVs listed in Table E.2 for wells located at Brent Run 

Landfill under analogous provision §60. 753 of Subpart WWW. Brent Run Landfill may request 

additional HOVs if deemed appropriate by future wellfield conditions. 

Table E.2: Approved Temperature HOVs 

BRLF0115 140.00 8/17/2018 
BRLFHC04 145.00 1/3/2018 

Reference Document: January and August 2018 MDEQ Approval Letters 



SELECTED COMPLIANCE METHODS 

E.3 Other Collectors - Optional GCCS connections 

Brent Run Landfill may choose to connect other points within and around the facility to the GCCS in 

order to implement "best management practices" for collection of LFG. These "other collectors'' 

(leachate cleanout risers, Leachate sump risers , etc.) will be connected to the GCCS voluntarily and 

can be disconnected at any time provided they are "sealed" with a cap. This design plan contains no 

provisions for collecting gas from these other collection points. The vertical gas extraction well layout 

is sufficient to accomplish collection in accordance with NSPS and/or NESHAP. 

A list of wells connected to the GCCS voluntarily are listed in Table E.3. However, Brent Run Landfill 

may choose to connect "other collector" points as they deem appropriate. When connected, Brent Run 

Landfill understands that any "other collector" which is within or adjacent to the waste itself would be 

required to meet the operational requirements of 40 CFR §63.1958, and will keep records of monitoring 

and any additional compliance activities performed pursuant to the rule. If the point cannot meet these 

requirements, Brent Run Landfi ll will disconnect them from the GCCS, again as the facility deems 

appropriate. In the event that Brent Run Landfill wishes to continue collection from an "other collector" 

even while it exhibits exceedances with 40 CFR §63.1958, Brent Run Landfill will request an alternative 

operating procedure based upon the "other collector" monitoring data. 

Table E.3: Optional GCCS Connections 

BRLCEL 10 21 .90 8/7/2013 
BRCEL 108 21.90 11/6/2017 
BRCEL 10S 21 .90 11/6/2017 
BRLFCELS 21 .90 11/6/2017 
BRLFCEL9 21 .90 11/6/2017 

*These wells were approved to operate up to ambient oxygen levels by EGLE under Subpart WWW as 
optional connections due to their intended function . However, as §63.1958 does not contain an oxygen 
standard , the operation of any well at elevated oxygen levels no longer requires Administrator approval. 

Reference Document: USEPA Letter to Livingston Landfill 



E.4 Well Decommission 

§63.1958(b)(3): "Operate the collection system with negative pressure at each wellhead 

except under the following conditions: .. A decommissioned well. A well may experience a 

static positive pressure after shut down to accommodate for declining flows. All design 

changes shall be approved by t/1e Administrator.'' 

Brent Run Landfill recognizes that the above regulation is self-implementing and has been clearly 

approved by the USEPA in past correspondence. Brent Run Landfill will utilize the following standard 

operating procedure for decommissioned wells: 

• At wells exhibiting decl ining flows where the resulting LFG quality is considered detrimental to 

the health of the wellfield , the location will be shut off from the GCCS, but may be 

"recommissioned" if gas quality recovers . 

• The monthly monitoring required by §63.1960 will be conducted for all wells that have been shut 

down, but monitored positive pressure will not be considered an exceedance of the operating 

limits in §63.1958. 

• If monthly monitoring indicates that pressure has built up in a well shut off from the GCCS, the 

well will be connected temporarily to relieve the pressure during the monitoring event. 

• The quarterly surface emissions monitoring (SEM) required under 40 CFR §63. 1960 will 

be conducted in areas that contain wells that have been shut down. Standard remediation steps, 

including evaluating the need to return wells to full- time service, will be followed if exceedances 

of the 500 ppm methane surface concentration limit are detected . 

• Although the decommissioning of wells to compensate for declining flows is allowable without 

prior administrator approval , Brent Run Landfill will notify EGLE semi-annually as part of the NSPS 

and NESHAP semi-annual reporting . The report will contain a current list of all wells which are 

decommissioned (vacuum valve is closed, and the well may have positive pressure) , in addition 

to monthly well monitoring and SEM results. 

Reference Document: USEPA Letter to Akron Regional Landfill 



E.5 Monitoring of Wells Installed Prior to 2-Vear/5-Year Rule 

§63.1960(C)(5)(b): For purposes of compliance with §63.1958(a), each owner or operator 

of a controlled landfill must place each well or design component as specified in the 

approved design plan as provided in §63.1981(b). Each well must be installed no later than 

60 days after the date on which the initial solid waste has been in place for a period of: (1) 

Five (5) years or more if active; or (2) Two (2) years or more if closed or at final grade. 

There will be occasions when Brent Run Landfill will decide to install extraction wells included in the 

design plan prior to the onset of NSPS and/or NESHAP requirements. Based on the foregoing 

regulatory citation, any extraction wells installed prior to the requirements of the NSPS and/or NESHAP 

will not be subject to the operational and/or recordkeeping requirements of NSPS and/or NESHAP until 

the age of the initial waste placed reaches 5 years old if in an active area or 2 years old if closed or at 

final grade. To make certain that the EGLE is made fully aware of these special circumstances, Brent 

Run Landfill will maintain records indicating the date of initial extraction well installation and the 

regulatory compliance date of any "early extraction well''. These wells will generally be operated in 

accordance with NESHAP operational standards for pressure and temperature; however, they are NOT 

subject to the NESHAP until the waste age meets the rule-based criteria and are not required to be 

reported. 

Reference Document: USEPAIADI Control numbers 0800012 and 0600062 

E.6 NESHAP Enhanced Monitoring 

§63.1961(a)(5): " ... you must initiate enhanced monitoring at each well with a 

measurement of landfill gas temperature greater than 62.8 degrees Celsius (145 degrees 

Fahrenheit) as follows .. . (viij The enhanced monitoring [in] this paragraph (a)(5) must 

begin 7 days after the first measurement of landfill gas temperature greater than 62. 8 

degrees Celsius (145 degrees Fahrenheit) ... " 

The preamble to the NESHAP (FRL-10006-05-OAR) includes the following statements clarifying the 

enhanced monitoring schedule: 

"Enhanced monitoring begins 7 days after the first temperature reading exceeding 145°F 

is recorded and continues until the measured wellhead operating temperature is 145°F or 

less, or an HOV is approved." 



"Furthermore, the concern that the enhanced monitoring requirements would continue in 

perpetuity is unsubstantiated. First, landfills have up to 7 days to adjust the well to achieve 

a lower temperature before the enhanced monitoring requirements are triggered ( 40 CFR 

63.1961(a)(5)(vii)). Second, the enhanced monitoring can stop once the well temperature 

drops back to 145°F or less. " 

Brent Run Landfill interprets these statements to allow the facility to initiate enhanced monitoring within 

7 days of the initial measurement, unless the corrective actions taken within the first 7 days reduce the 

well temperature to 145°F or less. Brent Run Landfill will continue enhanced monitoring until either an 

HOV is obtained for the well which sets a standard higher than the current operating temperature, or 

until the well temperature drops back to 145°F or less. 

E. 7 NESHAP Down-Well Monitoring 

§63.1961{a)(6): «For each wellhead with a measurement of landfill gas temperature 

greater than or equal to 73. 9 degrees Celsius (165 degrees Fahrenheit) , annually monitor 

temperature of the landfill gas every 1 O vertical feet of the well . .. " 

Based on the facility 's understanding of this provision and the preceding §63.1961 (a)(5) , the following 

provisions will apply for down-well monitoring: 

• The monitoring will be performed at least once at any time before the end of the calendar year 

following the first temperature measurement greater than 165°F. 

• The well will be shut off, and the wellhead removed, in order to perform down well monitoring. 

Based on experience at other sites down-well temperatures recorded while the well is operating 

are not representative due to heat transfer and mixing that occurs during gas ex.traction . 

Shutting off the well prior to monitoring also reduces risk to the technician performing the 

monitoring. Additional measures to ensure the technician's safety will also be implemented as 

needed. 

• If conditions (temperature, gas quality, carbon monoxide, visual indicators, etc.) at the wellhead 

suggest that a subsurface fire is occurring, the well will be shut off in accordance with 

§63.1958(b)(1). To prevent potential oxygen intrusion and unnecessary risk to personnel , the 

wellhead will not be removed , and down-well temperature will not be measured, until data 



indicate the subsurface fire is no longer occurring. In these cases, the status of the affected well 

will be reported in the semi-annual report in accordance with §63.1981 (h)(8). 

• If there are no indications of a subsurface fire, the liquid level in the well will be measured prior 

to temperature monitoring. To minimize the potential for damage to the temperature monitoring 

probe, the down-well temperature monitoring will terminate above the liquid level. 



PROPOSED ALTERNATIVES 

E.8 Well Abandonment 

If a well is decommissioned in accordance with the procedures presented in section E.4 above, and 

Brent Run Landfill provides data to EGLE that is certified by a professionalengineer indicating 

four (4) consecutive quarters of clean SEM events, Brent Run Landfill will abandon (cut, cap, and bury) 

the extraction well. This information will be included in an abandonment notification submitted to EGLE 

as well as in the Semi-annual reports required by NSPS and NESHAP. Once abandoned, the well will 

no longer be required to be monitored monthly per NSPS XXX and/or NESHAP AAM. 

Reference Document: USEPA Letter to Akron Regional Landfill 

E.9 Expansion of the Collection System 

''Expansion" of the collection system has not been defined in NSPS or NESHAP. Brent Run Landfill 

wishes to define "expansion" as directly relating to the term ''sufficient density". The GCCS is designed 

to meet the definition of "sufficient density" as described in the GCCS Design Plan. 

There are many potential methods for «expanding" the gas collection system. In the event that the 

need for "expansion" is triggered by some operational exceedance contained in §63.1958, Brent Run 

Landfill wishes to use the below definition for ' expansion" for the purposes of this design plan . In order 

to meet this definition, solutions to any collection system/extraction well exceedance may include 

enhancements to the GCCS other than the installation of additional well(s) . These enhancements 

could include one or more of the following measures: 

• Installation/upgrades to the blower/flare skid equipment (bigger blowers, larger flare, 

additional blowers, etc.); 

• Repair of collection system lateral piping to return vacuum back to the collector: 

• Installation of a liquid management system in the extraction wells or sumps; 

• Installation/modification of other ancillary equipment (larger air compressor,additional air, 

and condensate force main lines, etc.): 

• Re-drilling replacement wells ; 



• Drilling additional wells ; 

• Installation of additional/replacement horizontal gas collectors; 

• Repair of landfill cap to lessen the chance of encountering ambient air; 

• Repair/Replace header valves; and 

• Additional well field tuning and troubleshooting which will return collection efficiency to a 

state where "sufficient density" is met. 

Please note that the foregoing list is not intended to be exhaustive. Any enhancements made to the 

existing GCCS will be documented in the Semi-Annual Reports prepared for compliance with 

NSPS/NESHAP requirements. Please note that Brent Run Landfill will/can proactively implement many 

of these measures expeditiously to make certain that exceedances are addressed well within the 120-

day period before an exceedance triggers an expansion requirement. In the event that "sufficient 

density" cannot be met during the 120-day period , Brent Run Landfill will prepare an alternative 

compliance schedule based on the requirements of NESHAP or review and approval by EGLE. 

Reference Document: NSPS regulations and EPA-453/R-94-021- "Air Emissions From Municipal Solid Waste 
Landfills Background Information Far Final Standards And Guidelines''. 
http.//www.epa.gov/ttnatw01/landfil l/landflpq .html 

E.10 Monitoring of Wells that are Raised/In Active Areas 

During the process of refuse filling operations, periodically, vertical collection devices (vertical wells) 

have to be "raised" so the new refuse is not placed over the top of an existing vertical well in a manner 

that covers the well with refuse and therefore prevents access to the well. Wells are raised in advance 

of a new lift of refuse, typically between 10 - 30 feet. Therefore, wells may be at a height 10 - 30 feet 

above grade, in anticipation of the new refuse, during the monthly wellfield monitoring event. 

Furthermore, after the well is raised and the waste is being filled around the well , the area is 

dangerous and poses significant safety concerns for a field technician attempting to perform the monthly 

wellfield monitoring. The time it takes to complete the construction and waste placement activities 

around the well will vary, but will typically not last more than two months. Therefore, due to the dangers 

associated with well raising and the subsequent waste placement, Brent Run Landfill requests that 

raised wells be exempt from the monthly NSPS monitoring for a period not greater than 60 days. It is 

the understanding of Brent Run Landfill that the cessation of monitoring specific wells due to various 



unsafe conditions, such as at raised wells, may be requested , and approved as alternatives to the 

operating standard. 

To provide another state's regulations/authorized methods regarding this alternative request, 

California's Bay Area Air Quality Management District (BAAQMD) has regulations which are written 

specifically to address this issue. The BAAQMD Regulation 8, Rule 34, Condition 116 allows for the 

temporary exemption of monthly wellhead monitoring (pressure, temperature, and oxygen) for wells 

that are raised provided all of the following conditions are met: 

• New fill is being added, 

• No more than 5 gas collection wells or 10% of the gas collection wells which contribute to 

designed GCCS density) , whichever number is less, are shut down at any time for well raising 

purposes, 

• A gas collection well is not disconnected from a vacuum source for longer than 24consecutive 

hours unless fill is actively being placed or compacted in the immediate area, 

• Once installed, a gas collection well extension is sealed or capped until the raised well is 

reconnected to a vacuum source, and 

• Well disconnection times are recorded . 

As shown above, there are different ways to approach this necessary alternative. Brent Run Landfill is 

simply suggesting a record be kept including the last date the well was monitored and thedate the newly 

raised well was first monitored. The size of Brent Run Landfill's working face will by itself limit the 

number of wells that would be impacted by this at any one time. 

Reference Document: USEPAIADI Control number 0900059 

E.11 Surface Emissions Monitoring - Dangerous Areas Exemption 

According to ADI 0800010, the Three Rivers Landfill 's RDF, submitted March 15, 2007, requested a 

waiver for the quarterly methane surface concentration monitoring for roads, active areas, truck traffic 

areas and areas with slopes greater than 3: 1 under the analogous 40 CFR Part 60, Subpart WWW 

regulation . The response issued by the EPA waived "the monitoring for roads, but not for the other 



areas covered by the request under NSPS subpart WWW. Based upon previous EPA determinations, 

surface methane monitoring requirements cannot be waived for "active areas, truck traffic areas, or 

areas with slopes less than 4:1." 

Brent Run Landfill believes this statement does not provide enough guidance for those who operate at 

the field level to make determinations on the day of sampling on how to complete the required work 

while maintaining a safe working environment. Unsafe and dangerous areas should be evaluated on a 

site-specific basis. Each facility may have its own unique set of circumstances and safety issues. For 

example, a facility which receives 10,000 tons of waste per day and operates five "tippers" has different 

concerns than a facility which receives 500 tons of waste per day via smaller waste transport vehicles. 

The operational standard in §63.1958( d) states: "Areas with steep slopes or other dangerous areas 

may be excluded from the surface testing". There are other areas at an active landfill, in addition to 

steep slopes and roads, which are dangerous and should be exempted from surface emissions 

monitoring. 

The working face includes the turnaround/staging areas for trucks/equipment/waste tipping operations 

and is also considered a dangerous area for completing scans. Visibility and proximity issues create 

situations where someone who is in the areaperforming scans may encounter hazards such as flying 

debris (caught in or pushed outby equipment tracks, blades, or vehicle tires), breathing hazards (dust 

from waste loads), and crushing hazards (being in a blind spot for equipment and vehicles or wastes 

being offloaded). Brent Run Landfill will not monitor the working face area of the landfill during its routine 

surface scans. 

Additionally, considering that the waste is newly placed waste where anaerobic decomposition has not 

commenced it would be unreasonable to do so. 

Roads, truck traffic, and active construction which occur in areas required to be monitored in 

accordance with 40 CFR §60.765(c) are also considered unsafe and dangerous. Roads which intersect 

or traverse along the designated 30-meter scan route shall be excluded from the scan based on the 

safety exemption. Active construction areasmay include, but not be limited to, the following activities: 

• Capping or closure activities 

• Landfill Gas (LFG) Well Drilling 

• LFG collection piping construction 



• Cover repair, maintenance, or installation 

Performing surface scans within these types of active construction areas is unsafe anci ciangerous for 

many of the same reasons as the active working face. The hazards include equipment such as 

bulldozers, loaders, rollers (compaction equipment), articulating dump trucks, drill rigs , excavators, etc. 

which are typically operating in these construction areas. 

There is also the same risk of working down slope from construction areas. Some additional hazards 

such as: runaway rolls of geosynthetics, soil clods, rocks, and even equipment rolling down slope 

present extreme hazards to anyone walking in or below active construction areas. As in the case of the 

working face, construction activities are temporary activities which would result in an unsafe area. 

Brent Run Landfill believes there may be additional areas, not mentioned above that are dangerous at 

times depending on the current site-specific conditions. Therefore, Brent Run Landfill expects a 

properly trained field technician performing the surface emissions monitoring to determine unsafe and 

dangerous areas at the time of monitoring and these areas be exempt from monitoring during the 

current monitoring event only. The field technician will document site conditions which predicated the 

determination to exclude specific areas during each monitoring event as additional recordkeeping 

efforts. The intention of Brent Run Landfill is not to be exempt from performing surface emissions 

monitoring, but to provide each on-site personnel a safe working environment, per the General Duties 

clause of the OSHA Act of 1970. 

Reference Document: USEPAIADI Control numbers 0800010 

E.12 Additional Alternatives 

Brent Run Landfill may request additional Alternatives to the NSPS and/or NESHAP from the USEPA 

under a site- specific determination request. Alternatives that are requested and subsequently 

approved by the USEPA will be submitted to EGLE as an amendment to this GCCS Design Plan. 
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DESIGN PLAN 



DFt'i\nTf•,·1Ff,.ff ()F F ;,J\:'ln:~11,JiJFr,.J-./\L ()Ut'.1,11_ T '1 

"I.:,· I 

r•,,k. Bri3n ,J E2/k 
n<cJpu t:dic Servioec=, oi f'·.:hchiga n 
f' C1 Box 634 
1..Je,.,.,_, Boston. f',.'ll 4,:~;'!i34 

Dear f'vl!- Ezyk: 

SU8.J.EC:T: Ga'o C:ollcct1on c:irv:l Cuntml Syc;!Sr"' Dc-;siqr1 F'iar· 
Brent Run Landrnl. ,3247 \/ierna Road 1.T,•1-~7, l\h:::ri-1t1·cise 

This Jetter 1:s ,n rogard to H-1c submittal on f'•.-'lay 1 ti, 2004. of I.he r,.iJay 2C<J4 re··,11",;ion nf Hie 

(:ia::;. Collection and Conlrol System Desig,1 Pla11 for the E',re11t Run Landfill 

Rec:ently, a 1-eview of the pkrn by ,t;cir Ou31!1t:,, Di·, .. isicn :/l.C:1[)1 ;::11-ict the \:\:astc c::r,c 
Hc=L::ardc,us r•,.t=:terii'Jls Di•,Ji•.::.ior1 ,:'v',:'Hr'J!DJ ',ids crnnpleted The result of th,2 reviev,: 
indicates tha,:: th<E.~ c~as Collec11on ,rnd Cc-n~ro! Systc,n·1 Dos1qn Plan :c,uurnitteJ c1 r1 ['c'ia',/ ·14. 
2004, rnPl lhe mi:-ii'TI1m1 rpqu\rerr1ents of ,he /\C.::,c, a11d \i'./1 HdD n:>'•:'iev,: ::)t-oce,:Lire :we' ·sc 
c:ippro·/c::i. 

\<.LD.TG 

he,~ne~h L Damr£l 
Sr. Envi1 om11er1tal Enyi'lf.'"'P.r 
l\'1r Ou21l1ty [h/1sion 
5.17 -335-fJ3D5 



BRENT RUN LANDFILL 
MONTROSE, MICHIGAN 

LANDFILL GAS COLLECTION 
AND CONTROL SYSTEM 

DESIGN PLAN 

Prepared for 

Republic Services of Michigan III, LLC 

May2004 

Prepared by 

EMCON/OWT, Inc. 
14155 Farmington Road 

Livonia, Michigan 48154 
(734) 524-9610 

Project 102421 



On February 9, 2001, EMCON conducted Tier 2 and Tier 3 testing at the Brent Run 
Landfill. Based on the Tier 2 and Tier 3 NSPS method for estimating the potential 
maximum NMOC emission rate, the Brent Run Landfill did not exceed the 50 Mg/yr 
tlu·eshold. On May I 0, 2001, Republic submitted to the Michigan Department of 
Environmental Quality (MDEQ) an NSPS applicability determination request, requesting 
acceptance of the Tier 2 and Tier 3 results. A similar request was submitted to the 
USEPA Region 5 on December 10, 2001. However, the USEPA concluded that the test 
results could not be accepted beyond the NSPS final compliance deadline of December 
10, 1998. Therefore, Brent Run Landfill is required to comply with section §60. 7 52(b )(2) 
of the NSPS. 

4.6.1 Submit a Design Plan 

§60.752(b)(2)(i) Submit a collection and control system design plan prepared by a 
professional engineer to the Administrator within 1 year: 

On behalf of Republic, EMCON has prepared this GCCS design plan to update and 
replace the existing GCCS design plan prepared in June 1997 by Conestoga-Rovers and 
Associates. Republic is submitting this design plan to the MDEQ, with a copy sent to the 
USEP A Region 5 office for approval, consistent with NSPS requirements. 

4.6.2 Alternatives to the NSPS 

§60.752(b)(2)(i)(B) The collection and control system design plan shall include 
any alternatives to the operational standards, test methods, procedures, compliance 
measures, monitoring, record keeping or reporting provisions of §60.753 through §60.758 
proposed by the owner or operator. 

On September 13, 2001, EMCON, -on behalf of Republic, submitted a request to the 
MDEQ to establish a higher operating oxygen concentration of20% for LFG Well #10 at 
the Brent Run Landfill. Based on well readings, surface emissions monitoring, and well 
and landfill cover integrity inspections, Well #10 did not demonstrate any signs of 
negative impacts to the landfill, such as potentially causing fires or significantly 
inhibiting anaerobic decomposition, as required by section §60.753(c) of the NSPS. On 
January 16, 2002, MDEQ approved the request of a higher operating oxygen 
concentration of 20% for LPG Well #10. A copy of the MDEQ approval letter is 
provided in Appendix F. 

Section 60.753(b)(2) of the New Source Performance Standards (NSPS), being 40 CFR 
Part 60 Subpart WWW, states that the permittee (landfill owner/operator) "operate the 
collection system with negative pressure except under the following conditions: Use of a 
geomembrane or synthetic cover. The owner or operator shall develop acceptable 
pressure limits in the design plan." 

EMCONIOWT, Inc., A Shaw Group Company Rev: 5/14/04 
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All wells under the geomembrane final cover system are under six (6) inches of topsoil, 
two (2) feet of compacted clay, and a synthetic geomembrane. Based on calculations 
perfonned by EMCON, and as-built information, landfill gas extraction wells under a 
geomembrane final cover system may be operated with positive pressure pursuant to 
Section 60.753(b)(2). The maximum allowable pressure at the wellhead before uplift of 
the synthetic cover system will occur is 58" of water column (WC). Calculations and 
supporting reference material used in the determination of the maximum allowable 
pressure is included in Appendix F. Based on these calculations, EMCON estimates that 
the acceptable operating pressure at landfill gas extraction wells under the geomembrane 
final cover system can be conservatively set at + 19" of WC. This reflects a factor of 
safety in excess of 3. 

Currently gas extraction wells 1, 2, 3, 4, 5, 6, 9, 10, 14, 16, 17, 19, 20, 21, 22, 23, and 35 
are under final cover. Since the final cap system is the same for the entire facility, this 
demonstration applies to any area under a geomembrane. Brent Run Landfill will notify 
MDEQ when a gas extraction well can be operated under positive pressure as the landfill 
reaches final grade and the final cap system is installed. 

4.6.3 Specifications for Active Collection Systems 

As stated in Sections 4.1 through 4.5 of this design plan, the GCCS proposed at the Brent 
Run Landfill complies with the specifications for active collection systems as stipulated 
in §60.759 of the NSPS. If future expansions of the GCCS are necessary, they will be 
designed to comply with the NSPS requirements or any approved alternatives. 

4.6.4 Install a Landfill Gas Collection and Control System 

§60.752(b)(2)(ii) Im,tall a collection and control system that captures the gas 
generated within the landfill as required by paragraphs (b)(2)(ii)(A) or (B) and (b)(2)(iii) 
of this section within 30 months after the first annual report in which the emission rate 
equals or exceeds 50 megagrarns per year, unless Tier 2 or Tier 3 sampling demonstrates 
that the emission rate is less than 50 megagrams per year, as specified in §60.757(c)(l) or 
(2). 

§60.752(b)(2)(ii)(A)(2) Collect gas from each area, cell, or group of cells in the 
landfill in which the initial solid waste has been placed for a period of: 

§60.752(b)(2)(ii)(A)(2)(,) 5 years or more if active; or 

§60.7S2(b)(2)(ii)(A)(2)(ii) 2 years or more ifclosed or at final grade. 

The GCCS will be constructed within the prescribed schedule under §60. 752(b )(2)(ii). 
Future expansions to the GCCS will proceed in accordance with the schedules under 
paragraphs (i) and (ii) of this section. 

EMCONIOWT, Inc., A Shaw Group Company Rev: 5/14/04 
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APPENDIX F 

ALTERNATIVE OPERATING PARAMETER DOCUMENTATION 



BRENT Rl . ...:.ANDFILL 
Genesee County, Michigan 

Geomembrane Uplift Resistance Calculations 

Well Cover Soil Density Soil Load Uplift Resistance (inches 
Number Thickness (ft) (pct) (pst) 

1 2.5 121.2 303 
2 2.5 121.2 303 
3 2.5 121.2 303 
4 2.5 121.2 303 
5 2.5 121.2 303 
6 2.5 121.2 303 
9 2.5 121.2 303 
10 2.5 121.2 303 
14 2.5 121.2 303 
16 2.5 121.2 303 
17 2.5 121.2 303 
19 2.5 121.2 303 
20 2.5 121.2 303 
21 2.5 121.2 303 
22 2.5 121.2 303 
23 2.5 121.2 303 
35 2.5 121.2 303 

* Soil Density and cover thickness values obtained from the 
Construction Documentation Report 1999 Final Closure 

Sample Calculations: Well #5 
Cover Thickness= 2.5 ft 
Soil Density= 121.2 pcf 
Load on Geomembme = 2.5 ft* 121.2 pcf= 303 psf 

Uplift Resistance (psi) 

2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 

Uplift Resistance in psi= Load/ (144 psf I psi)= 303 psf / 144 (ps£'psi) 
Unit weight of water= 62.4 pcf 
1 psi= 144 psf = 144 psf / 62.4 pcf= 2.31 feet of water column= 27 .7 inches of water column 
Uplift Resistance (inches of water column)= psi* 27.7 inches of water column/ psi 

EMCONIOWT, Inc .. A Shaw Group Company 
N:\proj\Republic\Brent Run\2004 GCCS Plan\BRL Uplift Resistence Cale.xis 

of WC) 

58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 

Allowable Positive Pressure 
Factor of Safety (inches of WC) 

3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 
3.00 19 

Rev.: 5114104 



E.2 - JANUARY AND AUGUST 2018 MDEQ APPROVAL LETTERS 



from: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

att, 

Lupi ow, M ichelle (DEQ) < LuplowM1@ mi chigan .g ov > 

IVednesday, January 3, 2018 :38 M 
Boudreau, Matt 

Tim Church; Mahmood, Kha led; pete.campbell@landfillgasom.com; Joe Chalker 
RE: Brent Run - W eltfield Matrix - CT / HOV Request for W ells GVt/-75 and HC 
BRL W ellfield Matrix 20171 2-26 -17.xls 

Attache is t f e W ellf iel M atri w it my approvals fo r ea,ch re est. 

h ank y o ,. 

M id elle 

i\ LcLelle Lt plo -: 1 IPH 
nvironmen- al Qu2li·y Analystj M EQAir Qu e. Ii y ivision 

5,1 7-28 -6636 

an sing istric: oJ:-=ice 
Consti-u ion all , irst r;loor Sou: 

525W, ll egan 
P.O. X 302 2 

ansing, 1 i i 89 9 

From : Bo rea , Matt [ m ailt o :r an .Bo d rea @Cor er sto eeg.cot 1 

Sent; ,es av, Decem ber 26. 2 17 11:5 5 M 

To : L plow, M ic ell e (DEQ) <L p lowf 1@mi<·higar .,gov> 
cie:-irn Ct\u rc < irn C@W ast,eC nect io s.cor >; M a moo , K ale <Kl al,e .M al m o @C rt er sto eeg.com>; 

pete . . ar bell @l :1 df il lg asom. ccnn : Joe ct a Iker <joe.d alker @ la illg.arnm .corn > 

Subject: Bre t R - Nellf i,el M atr ix - iil.C / OV R,e, est fo r Nells GW-75 a 

M id eHe, 

Pie ase fin an.ad e ar lte r t ate C- n pli at c.e Tit e: lit e ( C- ) ar ig er O ~eratir\g V :1 1 e ( OV) for w e ll s BP.LF 75 a 

BRLF C ,and t i e associ.ate ro lli g w ellf iel ata fo r t ese w ell s. i ese w ell s hav e e ib ite d elevate co c,e t ratio 

o fOxygen (BRL 75 j or e levated et pe r.at r e (BRLF C 4) apprnach i g15 ay s.Let s k ow if vo f av ea v 
c- m 1ents or estio co en i O t he anache re 

h a k you, 

r att Boudreau 
F : j:: I 1.- "-~· 

ata . 

1 



Brent Run Landfi l' ,lfield Matrix - 2018 

Oct-17 Nov•1 7 Dec-17 Well ID BRL Comments/Request 12/26/2017 MDEQ Response 1/3/2018 
Temperature 

During the monthly monitoring for December performed on 
December 12. 2017 horizontal landfill gas collector BRLFHC04 
exhibited elevated temperatures above 131 degrees F. 
Adjustments were made to the wellhead in an attempt to correct 
the temperature exceedance and re-monitoring was performed 
immediately and again on December 23, 2017. However, these 
tuning events failed to bring the temperatures within the wel l below 
131 degrees F. The wellhead was inspected for potentia l air 
intrusion and signs of soot or smoke. No leaks were detected and 
no signs of soot or smoke wh ere indicated during this inspection. 

An additional Carbon Monoxide (CO) monitoring was performed 
Higher Temperature Operating Value of 145 
degrees approved for this we ll , with the caveat 

BRLFHC04 BRLFHC04 with a Draeger stain tube which ind icated a CO concentration of O 
that methane concentrations will be consistent 

ppm was present within the landfill gas at this well location . 
with the 45-55% range spec ified in the request . 

Additionally the landfill gas monitoring data (attached) shows 
methane concentrations ranging from 45 - 55 percent methane. 
These monito ring results indicate that the increased temperatures 
observed within this well are not causing a fi re or significantly 
inh ibiting anaerobic decomposition by kilting methanogens. 

Tneretore , BRL requests a Higher Operating Temperature of 145 
degrees F at this well location. Add itionally, BRL requests an 
alternate compl iance timeline of March 12, 2018 90 days from 
initial exceedance) to allow time beyond 15 days for the approva l 
of this HOV. 



·rom: 
Sent: 
To: 
Cc: 

Subject: 
Attachments: 

Categories: 

Doug, 

Luplow, Michelle (DEQ) <LuplowM1@michigan.gov> 
Friday, August 17, 2018 7:23 AM 

Carmack, Doug 
Timothy.Church@WasteConnections.com; Mahmood, Khaled; Boudreau, Matt; Pete 

Campbell 
RE: Brent Run - Wellfield Matrix - HOV Request 
BRL Wellfield Matrix 2018 7-27-18.xls 

Blue Category 

Attached is the HOV approval. Thank you for the additional information to correlate past HOV approvals to this one, 

From: Carmack, Doug <Doug.Carmack@cornerstoneeg.com> 

Sent: Monday, July 30, 2018 10:11 AM 

To: Luplow, Michelle (DEQ) <LuplowMl@michigan.gov> 
Cc: Timothy.Church@WasteConnections.com; Mahmood, Khaled <Khaled.Mahmood@Cornerstoneeg.com>; Boudreau, 

Matt <Matt.Boudreau@Cornerstoneeg.com>; Pete Campbell <Pete.Campbell@landfillgasom.com> 

Subject: Brent Run - Wellfield Matrix - HOV Request 
Importance: High 

vlichelle, 

Please find attached updated information on the Alternate Compliance Timeline (ACT) requested on May 15, 2018, as 

well as an HOV request for temperature of 140 degrees for well BRLF0llS. Please contact us with any questions or 

comments you may have. 

Thanks, 

D ar a 
En11Ironmental Scienlist 

cornerstone 
A r T "Al Cl'< CO Ml'Al<f 

:-93?5 West Twel~e Mile Road Suite 1(0:!. Farmington Hills Ml A83;' 
530 41 Q 7:? (' I 586 46 6365 F '.:.48 994 5"-56 I Follow us on Linkedln! 

Doug Carmack@CornerstoneEG.com 

www.CornerstoneEG.com 

1 



Brent Run Landfill !field Matrix - 2018 

I Mav-18 I Jun-18 I Jul-18 Well ID BRL Comments/Request 5/1512018 MOEQ Re5panse 512112018 BRL Comments/Requesl 7/3012018 MOEQ Response 8/17118 
Oxygen 

I I I No Oxygen exceedances being trael<.ed at u,;s time All weUs showing 
pressures "Nilhin NSPS parameters or approved al ternates. 

Pressure 

I I I 
No Pressure exceedances being tracked at this time. All wells showing 
pressures wilhln NSPS paramelers or approved allernates. 

Temperature 

During lhe monlhly monlloring for May perfonned on May 1, 2018 land~II gas 
collector BRLF0115 exhibited elevated lemperalUres above 131 degrees F 
AdJuslments were made to lhe wellhead in an attempt to correct the 
temperature exceedance and re-monitoring was performed immediately and 
again on May 14, 2017. However, these tuning events failed to bring the 

BRLF0115 displayed elevated lemperature on May 1, 2018. This is a new well temperatures wilhin lhe wel l below 131 degrees F. The wellhead was 
AQD received HOV requesl via email and was started-up on Aprll 13, 2018, lnvesligations are currently being Inspected for polential air lnWslon and signs of soot or smoke. No leaks were 

performed to determine the cause of lhe elevated temperature. No smoke or detected and no signs of soot or smoke where indicated during this inspection. 
7/30118. HOV of 140F approved for 

soot was observed at the wellhead during tuning events and It Is not believed An ACT request or 7/30118 is approved BR LF0115; i f at any time I his well is 

BRLF0115 BRLF0115 BRLF0115 BRLF011S that the elevated temperatures are causing a fire wilhin the landfill , Additional for furtner Investigation on the cause of An addltlonal Carbon Monoxide (CO) monitoring was performed with a 
operated between the permitted 13 lF and 

lime is needed to stab1tize the monitored paramelers. Therefore, BRL the temperature exceedance al 
Draeger stain tube which Indicated a CO concenlration of <20 ppm was 

lhe HOV ol 140F and there are lndicalions 

BRLF0115. 5121118 ML thal methanogens are being kltled and/or 
requests an Allemale Compliance Timellne ol 90 days (07130118) l rom present wilhin lhe tandflll gas at !his well location , Additionally the landr.lt gas 

thal there are lndlcaiors of a fire. the HOV 
the origina) exceedance date to rurther investigate the cause and monitoring data (attached) shows rnelhane concentrations ranging from 36 • 

or 140F musl be reconsidered , ML 
determine II an Higher Operating Value (HOV) ht approprlate. 43 percenl methane, These moniloring resulls indicate that the increased 

tempera tures observed wilhln lhis well are not causing a fire or significantly 
Inhibiting anaerobic decomposition by killing melhanogens, 

Therefore, BRL requests a Higher Operating Temperature of 140 degrees F al 
lhis well localion, 

Other 

I I I No Other Issues currently bair1!1 tracked at lhis time, 

1 or 1 



E.3 USEPA LETTER TO LIVINGSTON LANDFILL 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 5 

- WEST JACKSON BOULEVARD 
CHICAGO IL 60604-3590 

CERTIFIED MAIL 
RETLIRN RECEIPT REQllE TED 

Eric Dippon 
En\'ironmental Manager 
American Dispo al ... en ices of lllinois. Inc. 
Li, ingston Landfill 
l 4:!06E1100 N. Road 
Pontiat. Ill inois 61764 

RF: Li\'ingston Landfill 
Leachate Cleanout Risers 

Dear Mr. Dippon: 

REP._~ r -1-1E ATTFNTION OF 

Thank >ou for> our lener dated eptcmher 30. 10L- to the ... Em ironmcn1al Protcc1io11 
Agency request in~ apprm·al of an altemati, e operating procedure in accordance with 4ll C.I· R. ~ 
60.7.53(c) at thL! J.i,·ingston Landfill located in Pontiac. Jllinois. The Livingston Landfill is 
subject tn the New ource Perforrnancc Standards (N P ) for Municipal Solid W::i te Landfill 
(40 C.F.R. Part 60. ubpart \ WW or the Landfill SP,). The Landlili N.._ PS sets forth 
operational <;tandards and compliance provisions for gas collecti0n and control systems ( CCS l 
und r 40 C.F.R. ~ 60.7"3 and 60.755 . In. ummary. J-::PA grants your requests. 

Li\·ing ton Landfill's Request 
The Li,·ings ton Landfill operates a netv,•ork 01· leachate collection piping and leachate c1eanout 
risers. Thi · net \rnrk of leachate cullection pipin!l ::md leachate cleanout riser. i lu<.:atcJ within 
the h.:achate collection mc.dia underlying the waste. The leachate cleanout risers :ire scaled with 
blind flanges to pre, en( uncontrolled emission to the atmo. pherc. and ~onnected IL the rC('. ' 
as pa11 or the facility's odor management prc\'cnti n measures. According to the Li, ingshln 
Landfi!L the leachate cleanout risers· engineered design and sole purpose is to coll ct and 
transport collected leachate. The LiYingston Landfill a ·ser1s that the risers are not neccs. ar> 111 

order t<1 meet the 500 ppm surface m thane conccnirat ion limit. 

According 10 Living 1011 I.and fill. leachate cleanout ri crs frcquentl_ 1 exhibit elevated oxygen 
concentrations hn!:ed on their de ·igneu intention to come> liquid and the pumpin!,! operation 
seq uences hasc<l on liquid lc\'cls \,Vithin the leachate cl anout ri er~. and that cleva1cd ux~ gen 
levels arc dinicult to correct uuc 10 the systcm·s design . 

Recycled/Recyclable F1,1 ,t(,, w,·1 Ve9e·aole 0,1 Baseo ln•s on 10C~, Re=vcled Paper 1100, "as:,Consuni<'• 



The purpose of the Livingston Landfill' s letter is to request to operate a leachate cleanout riser. 
LCR LIV-L352 consistent with an alternative operating procedure fast set forth in a :'Jo,ember 
7. 2008 detem1ination by EPA Region 4. This determination allov-:s, under certain 
circumstances, that leachate cleanout risers remain shut off. under positive pressure. with 
monthly monitoring and periodic adjustments to the Yacuum to remoYe accumulated 13.ndfill gas. 
This procedure has been approved by EPA in situations v,here intem1ittent conriection to the 
GCCS ,vould result in 10\ver emissions than permanently disconnecting the collector, and these 
procedures have hiswrically been appro\'ed at several leachate cleanout risers at the Livingswn 
Landfill. Recently, monthly methane and oxygen monitoring has suggested cieclirring gas quality 
and rising oxygen content from LCR LIV-L352. 

EPA's Findings 
EPA approves the Li\·ingston Landfilr s request for alternative operating procedures for ieachate 
cleanout riser LCR LIV-L352 based on the fact there have been nc, docurnemed surface emission 
exceedances in the ,icinity of wells. it is sealed with blind flanges. and monthly wellhead 
monitoring has demonstrated declining gas quality. 

Specifically. EP.A approves the be]o'vl described alternate procedure for leachate c.·leanout riser 
LCR LIV-L352: 

i. \\'hen the oxygen concentration at the collector does n,Jt decline to acceptable kvels a.fie 
more than one hour of reduced \'acuum. t'.'le location rna:,. be shut off unti: the gas qualit> 
recovers. 
The momhly monitoring required b:, 4( 1 C.F.R. Part 6(1_ Suhpan Wv,-\\ \\-;l1 be conducec 

at the coliector bul positiw pressure or ele\ ated oxygen concentrations wil} JDt be 
considered as exceeda:::-ices c,f the operatmg limits in 4(! C .F .R. ~ 6(; -5 :, }-fov, e\ er_ the 
monthly monitoring results must be reported to the Illinois EPA in the Li\ i;-::gston 
Landfilr s semi-annual }<SPS report. The reports w Illinois EPA shall nole it and \\ hen 
the leachate collector is shut off in accordance with this Jett.er. 
If monthly moni10ring inciica1es thm pressure has built up ir:. the ieachatt c:c,llecwr and the 
oxyger, concentration still exceeds 5 perce::it, l11e collector \\il1 be hrie:fly ,:1penec 10 

reline 1he pressure and may then be shut dov,;n until it is monitored the following momh. 
4 The surface monitoring required b:- 40 C.F.R. Part 60, Subpart \~-\\-V, \"il; continue w be 

~-onducttd in 1l1is are:~a. Standard rcn1cd]atiori steps_ i1:1.:]udiDg e\·cduatiI-1§; 1he net~ 1c 
retun1 lht co1lec:10r 10 full-time ser\·)ce_ must be foJ1ci\ved if exceedance:: 1he 50C pprr: 

rne1l1:::me surfac:e concentration limit are delected in the in1__,_rnediate \ icin;n 
lf the mclmhl: mc,nitoring indicates that gas quality has imprc,Yed ;i e .. 1l1e ox:, gen 
cnncenlration has dropped below 5 percern l. the collecto;- -_;·il] be brc~gh: bac~: on line 
until 1..he ;;as quality declines again. lf the oxygen ln els can be rnaintain!:'d below the 
regulatory limit of 5 percent, this alternate operating procedure is- terminated and 
the leachate collector shall be operated in accordance with tbe regulato~ 
requirements. 

Li\ i::igswn Landfill also requests an amendment lO the current]::, existir.g 2.hemat1\ e ope raring 



procedure EPA approved for other leachate cleanout risers at the landfill. Livingston Landfill 
requests that the monthly monitoring data for each of these \vells be reported semi-mmually as 
part ofthe l\SPS semi-annual report. This request is approved. Rather than submitting 
individual monthly reports to Illinois EPA, Livingston Landfill may accumulate 6 months of 
monitoring data. and submit this data to lllinois EPA as part of its semi-annual NSPS report. 

If you have any further questions please contact ;\Jathan Frank ofmy staff at 312-886-3850. 

Sincereh. 

o r111 A1 rL ,Jvvv-11__ VI~ 

Sara Breneman 
Chief 
Air Enforcement and Compliance Assurance Bra..'1ch 

cc. E:ric Jones. Manager 
Bureau of Air. Compliance L:nit 
Jllinois EnYironmental Protection Agency 



CERTIFICATE OF MAILING 

I. :_rt, q,,,.1 ,(, I iO., '-·\Yt,1.lcertify that I sent a respons~ to th~ Livinyst~~ Lanctpll~~reques~s for 
alte111at1Ve operatmg procedures for leachate cleanout nser LCR Ll\'-L1:i2 by Cert1i1ed !\fail. 
Return Receipt Requested. to 

Eric Dippon 
Em·ironmental J\fanager 
American Disposal Services of lllinois. Inc. 
Livingston Landfill 
14206 E 2100 N. Road 
Pontiac. ll1inois 61764 

I also certify that I sent a copy of the response to the Livingston Landfill"s requests for 
alternative operating procedures for leachate cleanout riser LCR LJV-L352 pursuant to the Clean 
Air Act by First Class Mail to: 

Eric Jones. Manager 
Bureau of Air. Compliance Unit 
lllinois Emironmental Protection Agency 
P.O. Box 19506 
Springfield. Illinois 62794 

I, 
On the I dav of 

~~~ 

Kath\ Jones 
Program Technician 
AECAB. PAS 



E.4 & E.8 USEPA LETTER TO AKRON REGIONAL LANDFILL 



AE-17J 

Darrin F. Hartman 
Compliance Coordinator/LFG Technician 
Akron Regional Landfill, Inc. 
P.O. Box 13680 
Akron, Ohio 44334 

Dear Mr. Hartman: 

The United States Environmental Protection Agency (U.S. EPA) has reviewed 
your December 17, 2002, letter regarding Akron Regional Landfill 
Inc.'s (ARLI or you) request for variance. The variance request 
was submitted for your Municipal Solid Waste (MSW) landfill in 
Akron, Ohio. This MSW landfill issubjecttotheStandardsofPerformance 
forMunicipalSolidWastelandfills, 40 C.F.R. Part 60, Subpart www. 

Specifically, your variance request pertains to gas wells OLD-1, 
OLD-2, OLD-3, and OLD-4, and you also request allowance for the 
wells to be shut down. You report that the four wells have 
oxygen readings that consistently exceed the NSPS threshold of 5% 
and that measured temperatures usually reflect the ambient 
temperature of the air. You state that landfills undergoing the 
mesophilic stage of decomposition should consistently exhibit 
temperatures in the range of 70°F and 110°F regardless of the 
ambient air temperature. Given the poor rate of gas generation 
in the area of the four wells, we do not believe U.S. EPA needs 
to act on this variance request. ARLI has discretion in 
operating its gas collection wells in conformance with the 
operational standards at 40 C.F.R. § 60.753. 

If ARLI locks out the vacuum valves for each well, but keeps in 
place each of the well casings and heads, then we would view this 
as an operational change rather than a design change, which must 
conform with the operational standards at 40 C.F.R. § 60.753. 

ARLI must continue with surface monitoring as required at 40 
C.F.R. § 60.753(d) in the vicinity of such decommissioned wells 
to assure the gas collection system is operating in conformance 
with the operational standards, and effectively controlling any 
landfill gas emissions from this area of the landfill. This may 
entail re-starting the wells to address any surface monitoring 
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exceedances in the area influenced by the wells, or in adjacent 
areas. We also require that ARLI update the facility diagrams to 
reflect which wells are in operation. 

If ARLI physically removes one or more wells, such a removal 
would constitute a design change, requiring approval of the 
Administrator or his/her authorized representative, per 40 C.F.R. 
§ 60.753(b) (3). For such a change, U.S. EPA would require a 
registered professional engineer to certify that removal of the 
well(s) will not reduce the capability of the gas collection 
system to meet the operational requirements of 40 C.F.R. § 
60.753. 

If you have any questions regarding this determination, feel free 
to contact Julie Monahan, of my staff, at (312) 886-0120. 

Sincerely yours, 

George T. Czerniak, Chief 
Air Enforcement and Compliance Assurance Branch 

cc: Lynn Malcolm 
Akron Regional Air Quality Management District 



cc: Lynn Malcolm 
Akron Regional Air Quality Management District 
146 South High Street Room 904 
Akron, Ohio 44308 
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U.S. Environmental Protection Agency 
Applicability Determination Index 

Control Number: 0800012 

Category: 

EPA Office: 
Date: 

Title: 
Recipient: 

Author: 

Comments: 

Part 60, WWW 

References: 

Abstract; 

NSPS 

Region 4 

05/31 /2007 

Applicability of Well Monitoring Requirements 

Stephens, Barry R. 

Banister, Beverly H. 

Municipal Solid Waste Landfi ll s 

60.753(a) 

60.753(b) 

60.753(c) 

60.755(a) 

60.753 

60.755 

60.753(a)(2) 

Q: Does EPA approve delaying implementation of the pressure, temperature, and oxygen monitoring 
requirements under 40 CFR part 60, subpart WWW until September 2010, for seven wells that are 
located in an active area that first received' waste in September 2005, at the Chestnut Ridge Landfi ll in 
Heiskell, Tennessee? 

A. EPA finds that the proposal to delay monitoring for these wells wou ld be consistent with the intent of 
§ 60.753 in NSPS subpart WWW provided that the area of the landfill where the wells are located Is 
not closed or does not reach final grade prior to September 2010. 

Letter: 

Barry R. Stephens, P.E , Director 
Division of Air Pollution Control 
TN Dept. of Environment & Conservation 
9th Floor, L&C Annex 
401 Church Street 
Nashville, TN 37243-1531 

Dear Mr. Stephens: 

This letter is in response to a letter in which Lacey J. Hardin of your staff requested a determination 
regarding an applicabi lity issue that the Waste Management Company (WMC) raised regarding seven 
gas extraction wells at the Chestnut Ridge Landfill In Heiskell, Tennessee. This landfill is subject to 40 
CFR Part 60, Subpart WWW (Standards of Performance for Municipal Solid Waste Landfil ls), and WMC 
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requested that the seven wells in question be exempt from monthly pressure, temperature, and oxygen 
monitoring requirements until September 2010. Based upon our review of Subpart WWW and the 
information submitted by WMC, we have determined that exempting the wells in question from 
pressure, temperature, and oxygen content monitoring would be consistent with the intent of Subpart 
WWW if this area of the landfill remains active until September 2010 or later. Details regarding the 
basis for this determination are provided in the remainder of this letter. 

Under provisions in 40 CFR Sec. 60.753(a), owners and operators of landfills subject to Subpart WWW 
are required to operate a gas collection and control system (GCCS) where waste has been in place for 
five years or more in active areas or where waste has been in place for two years or more in closed 
areas or in areas that have reached final grade. A number of operating limits for well heads in the 
GCCS are specified in 40 CFR Sec. 60.753(b) and 40 CFR Sec. 60.753(c). These provisions require 
that well heads be operated under negative pressure, that well head temperatures be kept below 55 C, 
and that landfill gas nitrogen or oxygen levels be maintained within specified limits (less than 20 percent 
for nitrogen or less than 5 percent for oxygen). Under provisions in 40 CFR Sec. 60.755(a), owners and 
operators of GCCS subject to these operational limits are required to monitor well head pressure, 
temperature, and gas composition on a monthly basis. When deviations from any of the operating limits 
in the rule are noted, owners and operators must take corrective action to bring the collection system 
back into compliance. 

According to the letter in which WMC requested a monitoring waiver, the seven wells in question are 
located in an active area of the Chestnut Ridge Landfill where waste was first placed in September 
2005. Based upon the date when this area was first used for waste disposal, the company would not 
be required to operate gas extraction wells until September 2010. Since the wells in this area were 
installed prior to the applicable operating deadline in Subpart WWW, WMC asked that they be exempt 
from temperature, pressure, and oxygen monitoring until September 2010 if the area remains active or 
until two years after final grade is reached in the area where the wells are located. 

Based upon our review of Subpart WWW, the operational requirements in 40 CFR Sec. 60.753 and the 
associated monitoring requirements in 40 CFR Sec. 60.755 are applicable in areas where a GCCS 
must be installed and operated under provisions in 40 CFR Sec. 60.753(a). Since the seven wells 
covered by WMC's request for a monitoring exemption are located in an active area that first received 
waste in September 2005, they are in an area where a GCCS would not be required under the 
provisions in 40 CFR Sec. 60.753(a). Because WMC is not currently required to operate a GCCS in 
this area of the landfill, the pressure, temperature, and oxygen limits in 40 CFR Sec. 60.753 would not 
apply to the seven well heads covered by the company's request for a monitoring waiver. Therefore 
WMC's proposal to delay pressure, temperature, and oxygen monitoring for these seven wells until 
September 2010 would be consistent with the intent of Subpart WWW if this area of the landfill remains 
active until September 2010 or later. 

If any portion of the landfill covered by WMC's waiver request reaches final grade between September 
2007 (i.e., two years after the area was first used for waste disposal) and September 2010, the 
requirement to operate a GCCS would apply at the time final grade is reached. This determination is 
based upon the provisions in 40 CFR Sec. 60.753(a)(2) that require operation of a GCCS where waste 
has been in place for two years or more in closed areas or areas at final grade. Therefore, WMC's 
request that the monitoring waiver for the seven wells in question be extended for two years if final 
grade is reached prior to September 2010 would not be consistent with the intent of Subpart WWW. If 
this area of the landfill reaches final grade prior to September 2007, the requirement to have a GCCS 
and implement the associated monitoring provisions would apply beginning in September 2007. If this 
area of the landfill reaches final grade after September 2007, but prior to September 2010, the 
requirement to have a GCCS and implement the associated monitoring would apply at the time final 
grade is reached. 

If you have any questions about the issues addressed in this letter, please contact Mr. David McNeal of 
the U.S. Environmental Protection Agency Region 4 staff at (404) 562-9102. 

Sincerely, 

Beverly H. Banister 
Director 
Air, Pesticides and Toxics 
Management Division 
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cc: Lacey J. Hardin 
Division of Air Pollution Control 
TN Dept. of Environment & Conservation 
9th Floor, L&C Annex 
401 Church Street 
Nashville, TN 37243-1531 
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U.S. Environmental Protection Agency 
Applicability Determination Index 

Control Number. 0600062 

Category: 

EPA Office: 

Date: 

Title: 

Recipient: 

Author: 

Comments: 

Part 60, WWW 

References: 

Abstract: 

NSPS 
Region 4 

02/0912005 

Changes to Standard Operating Procedures 

Kozlov, LT. 
Banister, Beverly H. 

Municipal Solid Waste Landfills 

60.753(b) 

60.753(c) 

60.753(d) 

60.755 

Q: May the Orange County Solid Waste Management facility change its standard operating procedures 
for landfill gas extraction wells, under 40 CFR part 60, subpart WWW, and shut down, as an alternative 
to decommissioning, the wells where gas flows are so low that applying even minimal vacuum results ln 
air infiltration that causes exceedances of the applicable oxygen concentration limit? 

A: Yes. EPA approves the alternative operating procedure provided that that the facility diagrams are 
updated to indicate which wells have been shutdown because landfill gas production rates are too low 
to permit continuous extraction. EPA finds that shutting down nonproductive wells, rather than 
decommissioning them , has the potential to lower overall non-methane organic compounds emissions 
by making it easier to resume gas collection in nonproductive areas of the landfill that subsequently 
experience an improvement in gas quality. 

Letter: 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 4 
ATLANTA FEDERAL CENTER 
61 FORSYTH STREET 
ATLANTA GEORGIA 30303-8960 

FEB 09 2005 

4APT-ATMB 

L.T. Kozlov, P.E. 
Program Administrator 
Air Resources Management 
Central District 
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Florida Department of Environmental Protection 
3319 Maguire Boulevard, Suite 232 
Orlando, Florida 32803-3767 

Dear Mr. Kozlov: 

The purpose of this letter is to provide you with a written determination regarding proposed changes to 
the standard operating procedures for landfill gas extraction wells at the Orange County Solid Waste 
Management Facility. This landfill is subject to 40 CFR Part 60, Subpart WWW (Standards of 
Performance for Municipal Solid Waste Landfills), and in a request sent to the U.S. Environmental 
Protection Agency (EPA) Region 4 and to your agency, Orange County proposed changes in standard 
operating procedures for certain wells in the landfill's active gas collection system. These changes 
involve an alternative to decommissioning wells where low landfill gas generation rates make it difficult 
to simultaneously operate wellheads at negative pressure and maintain compliance with oxygen 
concentration limits. Based upon our review, the changes proposed by Orange County are acceptable. 
Details regarding the County's proposal and the basis for our conclusions are provided in the remainder 
of this letter. 

Operating requirements for gas collection and control systems (GCCS) are promulgated at 40 CFR 
Sec. 60.753(b), (c), and (d). Under these provisions, wellheads must be operated under negative 
pressure, the temperature of interior wellheads must be less than 55 degrees C, gas quality limits for 
interior wells (either less than 20 percent nitrogen or less than five percent oxygen) must be met, and 
the methane concentration at the surface of the landfill must be less than 500 parts per million (ppm). 
Under provisions in 40 CFR Sec. 60.755, monitoring to verify compliance with the wellhead pressure, 
temperature, and gas quality limits must be conducted on a monthly basis. Monitoring to verify 
compliance with the 500 ppm surface methance concentration limit must be conducted on a quarterly 
basis. 

Orange County's request for approval of changes to its standard operating procedures involves wells 
where gas flow rates are so low that applying even minimal vacuum results in air infiltration that causes 
exceedances of the applicable oxygen concentration limit. Shutting such wells down will prevent the air 
filtration that leads to the oxygen exceedances, but shutting a well down is likely to cause positive 
pressure in the wellhead as landfill gas builds up. Therefore, simultaneously complying with both the 
negative pressure and oxygen concentration limits in 40 CFR Sec. 60.753 can be difficult for wells 
where gas flow rates have declined over time. 

Under provisions in 40 CFR Sec. 60.753(b)(3), wells that experience positive pressure after being 
shutdown to accommodate declining landfill gas flow rates can be decommissioned if permission is 
granted by the Administrator. As an alternative to decommissioning wells under the provisions, Orange 
County has proposed to make the following changes to its standard operating procedure for wells 
where persisten oxygen exceedances are not the result of operations and/or maintenance issues: 

1. Wells where oxygen concentrations do not decline to acceptable levels after more than one hour of 
reduced vacuum will be shut off until the gas quality recovers. 

2. The monthly monitoring required by 40 CFR Sec. 60.755 will be conducted for wells that have been 
shutdown, but positive pressure or elevated oxygen concentrations will not be considered exceedances 
of the operating limits in 40 CFR Sec. 60.753. 

3. If monthly monitoring indicates that pressure has built up in the well and the oxygen concentration 
still exceeds five percent, the well will be opened to relieve the pressure and will be shutdown until it is 
monitored the following month. 

4. If the monthly monitoring indicates that gas quality has improved (i.e., the oxygen concentration has 
dropped below five percent), the well will be brought back on line until the gas quality declines again. 

5. The quarterly methane surface concentration monitoring requird under 40 CFR Sec. 60.755 will be 
conducted for wells that have been shutdown. Standard remediation steps, including evaluating the 
need to return wells to full-time service, will be followed if exceedances of teh 500 ppm methane 
surface concentration limit are detected. 

According to Mr. Daniel Morical of Orange County Utilities, the operating procedure changes outlined 
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above would apply to approximately four or five of the 130 wells at its landfill at any one time. Mr. 
Morical also indicated that there is a high probability of gas quality improving to the point it would be 
necessary to restart wells that had been shutdown. Based upon our review, the proposed changes to 
Orange County's standard operating procedures are acceptable because shutting down nonproductive 
wells, instead of decommissioning them, has the potential to lower overall nonmethane organic 
compound (NMOC) emissions at the landfill. This potential increase in NMOC control system efficiency 
stems from the ability to quickly resume gas collection if there are improvements in the gas quality or 
increases in the gas production rate in an area of the landfill where wells have become nonproductive. 
If wells in a nonproductive area are decommissioned, instead of merely being shutdown, NMOC 
emissions would not be controlled between the time an exceedance is identified and a new well is 
installed. Once condition for approval of the proposed changes in standard operating procedures at the 
Orange County Solid Waste Management Facility is that facility diagrams must be updated to indicate 
which wells have been shutdown because landfill gas production rates are too low to permit continuous 
extraction. 

If you have any questions about the determination provided in this letter, please contact Mr. David 
McNeal of the EPA Region 4 staff at (404) 562-9102. 

Sincerely, 

Beverly H. Banister 
Director 
Air, Pesticides & Toxics 
Management Division 

cc: Daniel Morical 
Orange County Utilities - Solid Waste Division 
5901 Young Pine Road 
Orlando, Florida 32829 



E.10 USE PA/ADI CONTROL NUMBER 0900059 
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U.S. Environmental Protection Agency 
Applicability Determination Index 

Control Number: 0900059 

Category. 

EPA Office: 
Date: 

Title: 

Recipient: 

Author: 

Comments: 

Part 60, WWW 

References: 

Abstract: 

NSPS 

Region 5 

10/03/2008 

Alternative Compliance and Monitoring Timelines 

Maxheimer, Rachelle 

Czerniak, George T. 

Municipal Solid Waste Landfills 

60.753 

60.755 

Q: Does EPA approve the request of the Roxana Landfi ll (Roxana) in Roxana, Illinois, for several 
alternative t1mel ines to bring certain specified wells that were unable to perform the required monltorlng 
for May 2008 into compliance under 40 CFR part 60, subpart WWW? 

A: Yes. Roxana was unable to perform the required monitoring for May 2008 for landfill gas extraction 
wells 9, 36, 41 , 44, and 47 due to unsafe conditions 1n the area of these wells. EPA approves the 
request to exempt these wel ls under NSPS subpart WWW for one month of monitoring only because of 
the safety issues and because the request covers a small percentage of the total wells at the site for a 
re latively short time period. EPA will grant Roxana alternative compliance timelines of various lengths to 
correct operating parameter exceedances at several other wells. 

Letter: 

(AE-17J) 

Ms. Rachelle Maxheimer 
Project Manager 
Cornerstone Environmental Group, LLC 
400 Quadrangle Drive, Suite E 
Bolingbrook, Illinois 60440 

Re: Wells 9, 25, 30, 31 , 32 , 33, 36, 38, 39, 40, 41, 44, 45, 46, 47, and 75 

Dear Ms. Maxheimer: 

Thank you for your June 30, August 23, and September 23, letters to the U.S. Envlronmental 
Protection Agency requesting approval of several alternative complfance tirnelines at the Roxana 
Landfi ll, Roxana, Il linois ("Roxana''). Roxana is subject to the New Source Performance Standards 
(''NSPS") for Municipal Solid Waste Landfi lls ("40 CFR Part 60, Subpart WWW'). The NSPS sets forth 
compliance provisions for gas collection and control systems under 40 CFR § 60.755. 
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Regulatory Background 

Under the provisions of 40 CFR § 60.753(a), owners or operators of landfills subject to Subpart WWW 
are required to operate a gas collection and control system ("GCCS") where waste has been in place 
for five years or more in active areas or where waste has been in place for two years or more in closed 
areas that have reached final grade. A number of operating limits for wellheads in the GCCS are 
specified in 40 CFR § 60.753(b) and 60.753(c). These provisions require that wellheads be operated 
under negative pressure, with a landfill gas temperature less than 55 degrees Celcius and with either a 
nitrogen level less than 20 percent or an oxygen level less than 5 percent. 

Per 40 CFR § 60.755(a), owners or operators of GCCS subject to these operational limits are required 
to monitor wellhead pressure, temperature and gas composition on a monthly basis. When 
exceedances of any of the operating limits in the rule are noted, owners or operators must take 
corrective action to bring the collection system back into compliance. If the exceedances cannot be 
remedied within 15 days, the GCCS system must be expanded to correct the deviations within 120 
days of the initial exceedance. However, an alternative timeline for compliance can be requested from 
the Administrator for approval. 

In addition, 40 CFR § 60.753(d) allows areas of steep slopes or other dangerous areas to be excluded 
from surface testing. 

Roxana's Requests 

The June 30, August 23 and September 23, 2008 letters together make five requests to EPA: 

Request 1: Request for Approval of Alternative Monitoring Procedure or Alternative Compliance 
Timeline for Wells 9, 36, 41, 44, and 47 

Roxana was unable to perform the required monthly monitoring for landfill gas extraction wells 9, 36, 
41, 44, and 47 in May 2008 due to landfill conditions in the areas of these wells. The above referenced 
wells are located in the active face of the landfill. According to Roxana, these conditions made it unsafe 
for operations and maintenance personnel to conduct the required monthly monitoring. Roxana explains 
that wells which are placed in active areas periodically need to be raised (i.e., the well casing extended 
15 to 25 feet vertically) in order to not be buried under lifts of trash. When they are raised, the HOPE 
line which provides the applied vacuum is temporarily disconnected until the surrounding lift of trash is 
brought high enough to reconnect the well. The time frame between when a well is disconnected and 
raised, and when the waste height is high enough to reconnect the lateral, can often range from a few 
weeks to a few months. This can result in missed monthly readings at the well, since the well casing is 
too high for the technician to safely reach. Roxana originally requested until September 30, 2008 to 
allow for filling activities to cease in this area and allow safe access to the identified landfill gas 
monitoring wells. However, the September 23, 2008 letter states that the wells were able to be 
monitored in June 2008 and therefore only one month of monitoring was missed. Roxana has reported 
the failure to monitor to the Illinois EPA via a submittal dated May 30, 2008 of the required Excess 
Emissions, Monitoring, Equipment Downtime, and Miscellaneous Reporting Form under the Title 5 
permitting program. 

EPA's Determination on Request 1 

Based upon our review of the information submitted by Roxana, we agree that the request to exempt 
wells 9, 36, 41, 44, and 47 from one month of monitoring is acceptable based upon the following 
factors: 

1. Roxana's concerns about safety and the ability to make adjustments for wells that have been raised 
to between 15 to 25 feet in the air appears legitimate. 

2. The number of wells that will be covered by this monitoring exemption is about 6.25 percent of the 
wells located at the site. Currently, there are more than 80 gas extraction wells at the landfill, and 
Roxana's request covers 5 wells. 

3. Per 40 CFR § 60.752(b)(2)(v), the GCSS for a closed landfill cannot be removed until it has been in 
operation for at least 15 years. Since this provision also prohibits the GCCS from being removed until 
NMOC emissions are less than 50 MG per year, the actual operating life of the GCCS at the Roxana 
landfill could be considerably longer than 15 years. In the context of the operating life of the GCCS, the 
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duration of the proposed monitoring exemption (one month) is relatively short. 

Request 2: Request for Alternative Timeline to Fix Well 46 

According to the June 30, 2008 letter, gas extraction well 46 was hit and became inoperable as a result 
of construction in the area. The well was capped and is being replaced as part of the installation of new 
landfill gas extraction wells. As of September 23, 2008, the well remained inoperable. Roxana requests 
until approximately December 23, 2008 to complete the installation of this well and bring the well online. 
Roxana also reported this event via the Excess Emissions, Monitoring Equipment Downtime, and 
Miscellaneous Report Form under Title 5. 

EPA's Determination on Request 2 

EPA will grant Roxana an alternative compliance timeline of not more than 120 days from the date well 
46 became inoperable to fix the well and bring it back into compliance. Since the well became 
inoperable in June, Roxana has until sometime in October to fix this well (120 day from the date in 
June when the well became inoperable). EPA will not grant Roxana until December to fix this well. 

Request 3: Request for Alternative Compliance Timeline for Wells 25 and 36 for Oxygen Exceedances 

The August 23 and September 23, 2008 letters request additional time to bring wells 25 and 36 back 
into compliance for oxygen exceedances which occurred in August 2008. Roxana suspects that well 25 
is blocked and will require re-drilling. Well 36 experienced high liquid levels but was brought back into 
compliance in September 2008. Roxana first requested 90 days from August 23 to repair well 25 but 
now requests 90 days from September 23 to repair well 25. 

EPA's Determination on Request 3 

Since well 36 returned to compliance in September 2008, EPA will approve an alternative compliance 
timeline from the date of the monthly monitoring in August 2008 to the date of the monthly monitoring in 
September 2008 when the well returned to compliance. For well 25, EPA will only approve an 
alternative timeline of 90 days from August 23, 2008 to return this well to compliance. 

Request 4: Request for Alternative Timeline for Wells 38, 39, 40, 41, 44, 45, 47, and 75 for Pressure 
Exceedances 

The August 23 and September 23, 2008 letters request additional time to bring the following wells back 
into compliance: 38, 39, 40, 41, 44, 45, 47 and 75. The wells exhibited positive pressure during the 
August 2008 monthly monitoring event. The above reference wells are located in the area of the landfill 
undergoing construction activities for the installation of additional wells. Roxana originally requested 
three months to complete construction activities, including the installation, replacement and re-drilling of 
wells to bring all wells back into compliance. In the September 23, 2008 letter, however, Roxana 
explained that wells 38, 39, 40, 41, 44, 45 and 47 all returned to compliance in September 2008.1 Well 
75 still has a positive pressure and Roxana requests 90 days from September 23, 2008 to bring well 75 
back into compliance. 

EPA's Determination on Request 4 

Since wells 36, 38, 39, 40, 41, 44, 45 and 47 returned to compliance in September 2008, EPA will 
approve an alternative compliance timeline from the monthly monitoring date in August 2008 to the 
monthly monitoring date in September 2008 (approximately 30 days) . For well 75, EPA will approve an 
alternative timeline of 120 days from the date of the initial exceedance in August 2008 to return this well 
to compliance. 

Request 5: Request for Alternative Compliance Timeline for Wells 30, 31, 32, and 33 

Wells 30, 31, 32 and 33 showed positive pressure during the monthly monitoring event on September 
23, 2008. No vacuum is currently available for these wells because they are disconnected due to the 
construction activities. Roxana requests 90 days from September 23, 2008 to re-connect these wells 
and bring them back into compliance. 

EPA's Determination on Request 5 
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EPA will approve an alternative compliance date of 90 days from September 23, 2008, which is the 
date of the initial pressure exceedance, to bring these wells back into compliance. 

If you have any questions about the determination provided in this letter, please contact Ms. Linda H. 
Rosen, of my staff, at (312) 886-6810. 

Sincerely, 

George T. Czerniak 
Chief 
Air Compliance and Compliance Assurance Branch 

cc: Ray Pilapil, Manager 
Bureau of Air - Compliance and Enforcement Section 
Illinois Environmental Protection Agency 

Yasmine Keppner 
Bureau of Air - Compliance and Enforcement Section Illinois Environmental Protection Agency 

1 Although the September 23, 2008 letter did not list well 44 as returning to compliance, Ms. Rachelle 
Maxheimer informed Ms. Linda Rosen, EPA, during an October 1, 2008 phone call that well 44 did 
indeed return to compliance in September 2008. 
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Category: 

EPA Office: 
Date: 

Title: 

Recipient: 

Author: 

Comments: 

Part 60, WWW 

References: 

Abstract: 

U.S. Environmental Protection Agency 
Applicability Determination Index 

Control Number: 0800010 

NSPS 

Region 4 

03/15/2007 

Operational and Monitor7ng Alternatives 

Reece, Myra 

Banister, Beverly H. 

See related ADI determination, Control No. 0400033. 

Municipal Sol id Waste Landfills 

60.753(a)(1) 

60.753 

60.755(c) , 60.753(d) 

60.753(c)(3) 

60,756(b)(1) 

01 : Is a proposal to delay the installation of gas collection wells in active areas that have held waste tor 
five years or more at the Three Rivers Landfi ll in Aiken County, South Carolina acceptable under 40 
CFR part 60, subpart WWW? 

A1 : No. EPA finds that the proposal is not acceptable under NSPS subpart WWW since the collection 
system would be less effective than that required under provisions in 40 CFR A§ 60.753. The use of 
the leachate collection system only to extract gas from active areas that have held waste for five years 
or more will result in a less effective system than one that incorporates both the leachate system 
components and properly located extraction wells. 

02: Does EPA allow quarterly methane surface concentration monitoring to be waived for roads, active 
areas, truck traffic areas, and areas with slopes greater than 3: 1, at the Three Rivers Landfil l located in 
Aiken County, South Carolina, under 40 CFR part 60, subpart WWW? 

A2: EPA waives the monitoring for roads, but not for the other areas covered by the request under 
NSPS subpart WWW. Based upon previous EPA determinations, surface methane monitoring 
requirements cannot be waived for active areas, truck traffic areas, or areas with slopes less than 4:1. 

Q3: Does EPA find that a probe may be placed near the tops of vege1ation as an alternative to placing 
the methane surface concentration monitoring probe within five to ten centimeters of the landfill surface, 
at the Three Rivers Landfill in Aiken County , South Carolina under 40 CFR part 60, subpart WWW? 

A3: No. EPA finds this proposal is not acceptable under NSPS subpart WWW because dilution of the 
sample will result in the methane concentration being lower at the top of vegetation than it 1s at the 
landfi ll surface. 

Q4: Does EPA waive the requirement to monitor the temperature of internal combustion engines used 
as control devices at the Three Rivers Landfill be waived under 40 CFR part 60, subpart WWW? 
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A4: No. Although EPA finds that the combustion temperature monitoring requirement cannot be waived 
under NSPS subpart WWW, EPA has approved temperature monitoring alternatives in the past. 
Therefore, Three Rivers Landfill may want to consider approval of a similar alternative for its site. 

05: Does EPA approve the use of an orifice plate for measuring the flow rate to the flare that serves as 
backup control device at the Three Rivers Landfill under 40 CFR part 60, subpart WWW? 

A5: Yes. The use of orifice plates are commonly used for measuring process flow rates, therefore, such 
practice is appropriate and does not require prior EPA approval for use at the Three Rivers Landfill. 

06: Does EPA approve the use of a continuous relighter as an alternative to a heat sensing device, 
such as an ultraviolet beam sensor or thermocouple at the pilot light or in the flame, for a back up flare 
expected to operate for 120 days or less per year at the Three Rivers Landfill under 40 CFR part 60, 
subpart WWW? 

A6: No. EPA determines that a continuous relighter is not an acceptable substitute for a heat sensing 
device under NSPS subpart WWW, as stated in a previous EPA determination. 

Letter: 

4APT-ATMB 

Myra Reece, Chief 
Bureau of Air Quality Control 
South Carolina Department of 
Health and Environmental Control 
2600 Bull Street 
Columbia, SC 29201 

Dear Ms. Reece: 

The purpose of this letter is to provide you with a written determination regarding several operational 
and monitoring alternatives proposed for the Three Rivers Landfill located in Aiken County, South 
Carolina. This landfill is subject to 40 CFR part 60, Subpart WWW (Standards of Performance for 
Municipal Solid Waste Landfills), and the alternatives for this site were described in the landfill's 
collection and control system design plan. Denise Hall of your Agency forwarded a copy of this design 
plan to the U.S. Environmental Protection Agency (EPA) Region 4 because the authority to approve 
several of the alternatives proposed in it has been delegated to the Region. The remainder of this letter 
describes the alternatives proposed for the Three Rivers Landfill and provides our determination 
regarding each proposal. 

The first alternative proposed in the design plan involves the requirement to install gas collection wells 
in all active areas that have held waste for five years or more. This requirement is promulgated at 40 
CFR Sec. 60.753(a)(1), and the design plan proposes to delay the installation of wells until active areas 
have reached final grade even if waste has been in place in the active area for five years or more. 
Under this proposal, leachate collection risers would be used for gas extraction until final grade is 
reached. Based upon our review, this proposal is not acceptable because using only the leachate 
collection system to extract gas from active areas that have held waste for five years or more will result 
in a less effective system than one that incorporates both the leachate system components and 
properly located extraction wells. Since Subpart WWW does not provide the authority to approve a 
collection system that is less effective than that specified under the provisions in 40 CFR Sec. 60. 753, 
the proposal to delay the installation of gas extraction wells in active areas that have held waste for five 
years or more is not acceptable. 

The second alternative proposed in the design plan involves the exclusion of dangerous areas from the 
quarterly methane surface concentration monitoring required under 40 CFR Sec. 60.755(c). According 
to 40 CFR Sec. 60.753(d), areas with steep slopes or other dangerous areas may be excluded during 
this monitoring, and the design plan proposes to exclude roads, active areas, truck traffic areas, and 
slopes greater than 3: 1 from surface monitoring under these provisions. Of the four potentially excluded 
areas identified in the design plan, roads are the only one where the quarterly monitoring requirement 
can be waived. Under Subpart WWW, surface methane concentration levels must be checked at 30 
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meter intervals, and based upon the dimension of typical roads, it should be possible to exclude them 
from the quarterly monitoring without making major deviations from the 30-meter spacing requirement. 
EPA has previously denied requests to waive monitoring requirements in active areas where a gas 
collection system is required (i.e., active areas that have held waste five years or more) or in steep 
areas with a slope of less than 4:1 (see enclosed EPA Region 4 determination dated April 28, 2000). 
Based on EPA's previous determinations, quarterly methane surface concentration monitoring cannot be 
waived in active areas, truck traffic areas, or areas with slopes less than 4: 1. 

The third alternative proposed in the design plan involves the placement of the probe inlet during the 
quarterly surface methane concentration monitoring. According to 40 CFR Sec. 60.755(c)(3), the probe 
inlet must be placed within five to ten centimeters of the ground during the monitoring. As an 
alternative to these provisions, the design plan proposes to conduct monitoring near the top of 
vegetation in areas where meeting the five to ten centimeter requirements may cause the probe to 
become clogged with debris, dirt, or grass. EPA has previously denied requests of this type because 
the methane concentration at the top of vegetation will be lower than it would be nearer the landfill 
surface as a result of dilution (see enclosed EPA Region 7 determination dated February 19, 2004). 
Based upon EPA's previous determinations, the alternative monitoring procedures proposed for areas 
with vegetation are not acceptable. 

The fourth alternative proposed in the design plan involves the temperature monitoring requirement for 
combustion devices. Under 40 CFR Sec. 60.756(b)(1), owners/operators are required to monitor the 
temperature of enclosed combustion devices. The primary control devices at the Three Rivers Landfill 
are internal combustion engines, and the design plan asks that the temperature monitoring and 
recordkeeping requirement be waived for these engines. The factors cited to support this request are 
the difficulties associated with measuring combustion temperatures in an engine and questions about 
whether internal combustion engines should be classified as enclosed combustors. 

Based upon previous EPA determinations (provided as enclosures with this letter), the requirement to 
monitor the temperature of internal combustion engines at landfills cannot be waived, but alternative 
monitoring approaches or locations may be acceptable. One of these determinations is dated April 7, 
2003, and it indicates that the requirement to monitor the combustion temperature of engines used to 
control landfill emissions cannot be waived because such engines are considered enclosed combustors. 
This determination did, however, provide the landfill owner/operator with the opportunity to pursue an 
alternative monitoring approach based upon the oxygen concentration level in the engine's exhaust gas. 
In another determination dated February 27, 2004, EPA Region 3 approved post-combustion 
temperature monitoring for a landfill gas fired turbine, and the basis for this approval was the difficulty 
associated with measuring the temperature in the turbine's combustion zone. Consistent with EPA's 
previous determinations, we cannot waive the temperature monitoring requirement for the internal 
combustion engines at the Three Rivers Landfill, but the site's owner/operator may want to consider 
requesting approval for an alternative monitoring approach or location. 

The fifth alternative proposed in the design plan involves the requirement to monitor the flow rate to the 
flare used as a backup control device at the Three Rivers Landfill. According to the design plan, a log 
indicating the startup and shutdown times for the flare will be maintained and an orifice plate will be 
used to determine the quantity of gas burned when the flare is in use. The plan refers to this as a flow 
monitoring alternative, but EPA approval to measure the flow rates with an orifice plate does not 
appear necessary since orifice plates are commonly used to measure process flow rates in a wide 
range of applications. 

The sixth alternative proposed in the design plan involves the requirement to install and operate a heat 
sensing device, such as an ultraviolet beam sensor or thermocouple at the pilot light or in the flame of 
the flare used as a backup control device at the Three Rivers Landfill. As an alternative to this 
requirement, the design plan proposes the installation of a continuous relighter if the flare is expected to 
run for more than 120 days per year. Based upon the wording of this proposal, the plan also appears to 
be requesting a waiver of the temperature monitoring requirement if the flare is expected to operate for 
120 days or less per year. After considering these proposals, we have determined that the requirement 
to monitor for the presence of a flame in the flare cannot be waived, irrespective of the number of days 
the flare operates. In addition, EPA has previously determined that a constant sparking device is not an 
acceptable alternative to a heat sensing device (see enclosed Region 3 letter dated July 12, 2001 ). 
Based upon this previous determination, the proposal to substitute a continuous relighter for a heat 
sensing device on the flare at the Three Rivers Landfill is not acceptable. 
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