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1.0 INTRODUCTION

1.1 PURPOSE

The Rhode Island Resource Recovery Corporation (RIRRC) serves the waste disposal
needs of most of the municipal and commercial solid waste generators in the State of
Rhode Island. It conducts the landfilling activities and the other operations related to solid
waste and recycling on a 1200-acre parcel of property it owns located in the Town of
Johnston, Rhode Island. Other facilities at the site include the Materials Recycling
Facility, the Methane Gas Recovery Facility, Leachate Pretreatment Facility, Compost
Facility, Recovermat Facility, Eco-Depot, and a Tipping/Transfer Facility.

RIRRC is hereby requesting licensing for the construction and operation of a 103-acre
base cell area to be known as the Phase VI Landfill. It will be situated on RIRRC
property, adjacent to the Phase I portion of the Central Landfill. The relationship between
the proposed and existing landfills is shown graphically in the Preliminary Design
Drawings, Appendix A.

Appendix Bl contains the Rhode Island Comprehensive Solid Waste Management Plan
(State Guide Plan Element 171) including Landfill Siting adopted on April 12, 2007.
Appendix B2 contains the projected Landfill Life Service Calculations. This plan
describes the need for landfill capacity in the State, examines the capacity of RIRRC’s
existing landfill facilities, explains the methodology which was used to identify potential
landfill sites, and makes recommendations to develop this specific additional landfill
capacity.

The location of the Phase VI Landfill will allow RIRRC to continue utilizing the existing
landfill operation’s equipment, infrastructure, support buildings (existing and proposed),
and experienced staff after other portions of the landfill have ceased active disposal
operations.

1.2 BACKGROUND

Land{ill operations on the site began in 1955 under the ownership of Sylvestri Brothers.
The property contzining the landfill was purchased by the Rhode Island Resource
Recovery Corporation in December 1980. The Central Landfill (Phase I), now full, was
licensed for approximately 121 acres. Phases II and III represent an additional 32 acres
and has reached its licensed capacity. The currently licensed Phase IV cell represents an
additional 44 acres and is currently in operation along with the Phase V cell, which
includes an additional 32 acres of licensed area. The capacity in Phase I'V is expected to
be consumed in less than one vear based on the current landfilling rates while Phase V is
expected to reach capacity sometime in early 2010.

Proposed Phase VI Landfill
Permitting Application
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1.3 STATEMENT OF NEED

The projected service life of the presently licensed landfill areas is through September
2013. The licensing of the Phase VI Landfill will provide additional capacity for
approximately 26,200,000 C.Y. (approximately 13,100,000 tons) of solid® waste for a
service life of about 17.5 years, assuming RIRRC will continue to receive solid waste
from all of its cwrrent municipal and commercial sources at the cwrrent rate of

approximately 750,000 tons/year. The capacity projections are calculated in Appendix
B2.

1.4 CONTENT OF THIS LICENSING DOCUMENT

The intent of this engineering report and the accompanying engineering drawings is to
provide the design documentation for the approval and issuance of a facility license for
the Phase VI Landfill. The design of the landfill, presented in this report and engineering
drawings, incorporates a double composite liner system and dual leachate collection
system for a footprint area of approximately 103 acres and a “piggy back™ arca of
approximately 50 acres overlying the Phase [ landfill. This document includes the
following elements, which describe the design, operation, construction, and closure of
this facility:

. Site Information

. Landfill Design Elements

. Leachate Management Plan

. (Gas Management Plan

. Sedimentation and Erosion Control for Construction

. Quality Assurance/Quality Control Report
. Operating Plan
. Closure Plan

As part of the design of the Phase VI Landfill, a hydrogeologic investigation was
completed by GZA GeoEnvironmental, Inc., of Providence, RI. The results of the
investigation are presented by GZA in the report entitled, “Central Landfill Proposed
Phase VI Landfill Geohydrologic Study Report, Johnston, Rhode Island ™ dated
December 2006 (previously submitted to and approved by RIDEM). A summary of this
report is presented in Appendix C of this licensing document.

This engineering design report and the accompanying engineering drawings includes the
required information for granting the license to operate from the Division of Waste
Management of the Rhode Island Department of Environmental Management. The design
report and engineering drawings are intended to serve as guidelines for future site
operations. They are not. however, intended to serve as construction documents.
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Permitting Application
Revised April 2010 Page 1-2



1.5 BASIS OF SUBMITTAL

'This document has been prepared to fulfill the requirements set forth in the “State of
Rhode Island, Department of Environmental Management, Office of Waste Management,
Solid Waste Regulation No. 2 — Solid Waste Landfills -January 1997” (RIDEM-OWM-
SWQ2-97). The following Table 1.1 lists verbatim the table of contents of that regulation

and then notes where the applicable response is to be found within the licensing
document.

1.6 REGULATION INTERPRETATION

In accordance with RIGL 23-18.9-9.1, a 600 feet vegetated buffer zone is required from
the edge of waste placement to adjacent properties not owned by the applicant. A 600
feet vegetated buifer zone has been delineated and shall be maintained along the northern
and eastern boundaries of the proposed Phase VI Landfill footprint and in areas bounded
by developed residential properties. A 600’ buffer zone along the southern boundary of
the proposed Phase VI Landfill footprint shall be established, however, the adjacent
properties owned by Rhode Island Resource Recovery Corporation and being
predominately industrial should not require a vegetated buffer area. The southern buffer
zone currently contains drainage control ponds, paved access roadways to the facility,
Scale House Facilities, the Materials Recycling Facility (MRF), and the Leachate
Pretreatment Facility, all previously permitted with Phases IV and V. In addition, in
accordance with RIGL 23-19-34, Rhode Island Resource Recovery maintains a 1000 feet
buffer zone from the proposed licensed limit of the Phase VI Landfill footprint and any
residential zoned property.

JACLR32767.08.cas\Phase V] Permit Application April 201 0\Permit Application Sections Final\Section 1 revl-wna.doc
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TABLE 1.1

REGULATION CROSS REFERENCE LIST

REGULATION

CHAPTER SECTION

PART I- ADMINISTRATIVE AND ORGANIZATIONAL MATTERS; DEFINITIONS

1.00  FINDINGS AND POLICY

2.00 ORGANIZATION AND METHOD OF OPERATION

3.00  DEFINITIONS

PART II- LICENSING

4.00 PROHIBITIONS

4.01
4.02
4.03
4.04

General

Water

Air

Low Level Radioactive Waste

5.00 GENERAL REQUIREMENTS AND PROCEDURES

5.01
5.02
5.03
5.04
5.65
5.06
5.07
5.08
5.09

Plans and Specifications
Time of Application
Documentation of Ownership
Certification Report

Zoning

General Plan Requirements
Need

Equipment Addition

Closure Procedures

a. General

b. 1) Financial Responsibility
2) Bond Requirements

c. Notification of Closure

No Response Required
No Response Required

No Response Required

No Response Required
No Response Required
No Response Required
No Response Required

Engineering Plans and Reports
No Response Required
Certification on file with DEM
Engineering Plans and Report
Radius Plan, Dwg, C-2
Engineering Plans and Reports
Sec. 1.03

No Response Required

Sec. 9.0
Sec. 9.6
Not Applicable at this time
Not Applicable at this time

6.00  ISSUANCE, RENEWAL AND CONDITIONS OF LICENSES " No Response Required

7.00 SANITARY LANDFILLS

7.01
7.02

General Information
Engineering Plans
a. Locus Map
b. Radius Plan
1) Zoning

No Response Required

Cover Sheet
Dwg. C-2
Sec. 2, Dwg. C-2



REGULATION

CHAPTER SECTION

2) Site Plan Buildings and Dwellings Dwg. C-2
3) Water Supplies Appendix D
4) Surface Water Course and Wetlands App. E., Dwg. C-2
5) Water Supply Aquifers Not Applicable
6) Roads Dwg. C-2
7) Boring Locations Appendix G
8) Legal Boundary of Site Dwg. C-2
9) North Arrow All
10) Extent of 100-year Flood Plan Not Applicable

(Site not within Flood Plain)
11) Other Features Dwg. C-2
12} Legend Dwg, C-2
¢. Site Plan Appendix A Dwg C-2 to C-4
1) Initial Ground Contours Dwg. C-3
2) Final Proposed Contours Dwg. C-14
3) Boring Locations Appendix G
4) Liner System location Dwg. C-4
5) Leachate Collection System Location Dwg.51t0 9
6) Gas Controls (if any) Dwg, C-19to C-24
7) Buildings (if any) None
8) Water Supply Wells None
9) Surface Water Courses Dwg. C-3
10) Roads Dwg. C-3
11) Cross Sections Lines Dwg. C-16 to C-18
12) Areas to Store Salvaged/Recycled Material None
13) Areas for Special Wastes None
14) Groundwater Monitoring Wells Appendix C
15) Legal Boundaries Dwg. C-2
16) Power Lines, Pipelines, Right-of-Ways, etc. Dwg. C-2
17) Proposed Fences None
18) Weighing Facilities Dwg, C-2
19) North Arrow All
20) Location of Borrow Areas None
21) Boundaries of Areas to be Filled Dwg. C-3
22) Benchmarks Section 3.3
23) Lateral and vertical limits of filled areas Dwg. C-10to C-13
24) Wind Rose Dwg. C-2
25) Surface run-off control features Dwg. C4
26) Leachate storage, treatment Dwg. C-8
and disposal systems
27) Roadway sections/profiles None
28) Legend All Dwgs.
d. Cross Sections

1) Proposed Lifts- Dwg. C-10to C-13
2) Virgin ground Dwg. C-16to C-18
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REGULATION CHAPTER SECTION
3) Maximum Groundwater Table . Dwg. C-16 to C-18
4) Bedrock Location Dwg. C-16to C-18
5) Side Slopes Dwg. C-16to C-18
6) Details of Surface Drains and Ditches Dwg. C-28
7) Final Fill Elevations and Grades Dwg. C-16to C-18
&) Limits of Excavations Dwg. C-4
9) Final Cover Elevations Dwg. C-14
10) Details of Access Road Construction Dwg. 797
11) Details of Liner System Dwg. C-26 to C-28
12) Details of Leachate Collection System Dwg. C-26 1o C-28
13) Details of Gas Venting Facilities Dwg. C-25

(if any)
14) Details of groundwater Monitoring Wells Appendix C
7.03  Operating Plan Sec 8.00
1) Type of Landfill Method Sec.8.7.6
2) Proposed Sequence of Filling OperationsSec. 8.8.1, Dwg. C-10 te C-13
3) Fire Control and Prevention Sec. 8.15.1
4) Operating Hours Sec. 8.2
5) All Types of Refuse Accepted, with Corresponding Sec. 8.7
Approximate Percentages of Total refuse
6) Personnel and Duties Sec. 8.4
7) Project Use of Completed Site Sec. 8.1
8) Dust Control Program Sec. 8.15
9) Vector Control Program Sec. 8.15
10) Litter Control Program Sec. 8.15
11) Odor Control Program Sec. 8.15
12) Procedures to Promote Vegetative Growth Sec. 8.15
13) Equipment to be on Site Sec. 8.15
14) Substitute Equipment Amrangement Sec. 8.135
15} Communications Equipment Sec. 8.16
16) Population and Service Area Sec. 8.1
17) Winter Operations . Sec. 8.15
18) Provisions for Limited Access Sec. 8.3
19) Weighing Facilities Sec. 8.8
20) Estimated life of Landfill Appendix B
21) Salvaging Operations - Sec. 8.7.1
22) Handling Procedures for Special Wastes Sec. 8.7.2
23) Leachate Collection Removal and Sec. 8.11, Dwg. C-5t0 C-9
Disposal Operations :
24) Leachate Treatment Operations Sec. 8.12
25) Groundwater Monitoring Sec. 8.11
26) Air and Gas Monitoring Sec. 8.13
27) Surface Drainage Control Methods Sec. 8.12

~28) Smaller Vehicle Convenience Access for Waste Disposal Sec. 8.7
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REGULATION CHAPTER SECTION

7.04 Sedimentation and Erosion Control Plan Sec. 6.0
a. Areas of disturbed, erodible, non-vegetated, non-stable soils Sec. 6.0
b. Areas of potential erosion from planned activity Sec. 6.1
c. Locations of temporary sediment and erosion controls Sec. 6.1
d. Types of temporary sediment and erosion controls Sec. 6.3
e. Installation of temporary sediment and erosion controls Sec. 6.3
f. Maintenance of temporary sediment and erosion controls Sec. 6.3
g. Sediment removal Sec. 6.1
h. Existing vegetation to be retained Sec. 6.3
. Proposed vegetation Sec. 6.3
j- Seeding and planting schedule for landfill development stages Sec. 6.3
k. Seed mixture and fertilization Sec. 6.3
1. Planting plan and schedule Not Applicable
m.  Existing vegetation cutting and clearing schedule Not Applicable
7.05 Engineering Report Sec. 3.0
a. Proposed design capacity See 3.2 Appendix B
b. Analysis of existing topography See 3.2 Appendix C
surface water and subsurface geology Appendix C
C. Materials and construction methods
1) Groundwater monitoring wells Appendix C
2) Gas venting system Sec. 3.7, Dwg. C-1910 C-24
3) Liner and leachate collection and removal system Sec. 3.5
4) Leachate storage treatment and disposal system Sec.3.5
5) Cover system Sec. 3.6
d. Quantity of leachate to be generated Sec. 4.5
1) Annual water budget Sec. 4.6
2) Liner and leachate collection Sec. 4.4
system efficiencies :
3) Static head of leachate on liners Sec.4.3
e. Design of leachate storage facility Sec. 4.7
f. Contingency plan for construction phase Sec. 8.15
g. Daily and intermediate cover material Sec. 8.7
h. Procedure during placemen of first lift of refuse Sec. 8.7
7.06 Quality Assurance/Quality Control Report Sec. 7.0
7.07 Contingency Plan : Sec. 8.15

7.08 Hydrogeological Report - Appendix C

7.09 Closure Plan

a. 1) Fence, Gates See Sec. 9.2
2) Groundwater and Surface Water Monitoring Devices Appendix C

and Stations
3) Final Grades Dwg, C-14
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REGULATION CHAPTER SECTION
4) Legal Boundaries Dwg. C-2
5) Final Cover System Sec. 9.1 Dwg. C-15
b. 1) Date of Proposed Closure Sec. 9.1
2) Methods of Restricting Access and Sec. 9.7
Preventing Additional Waste Disposal
3) Methods of Protecting Groundwater and Sec.9.7
Surface Water and Controlling Air Emissions
4) Date of Final Cover System Installation Sec. 9.1
5) Method of Maintaining Drainage Control Structures Sec. 9.7
6) Method of Maintaining Post-Closure Sec. 9.7
Seil Cover Integrity
7) Method of Maintaining Leachate Collection Sec. 9.7
and Disposal System
c. Post-Closure Monitoring and Maintenance Operations Manual Sec. 9.7
d. Estimate of Closure Costs Sec. 9.6
7.10 Site Engineering In Progress
7.11 Conservation Easement Appendix E

7.12 Landfill Gas Recovery Facilities
8.00 INCINERATORS
9.00 TRANSFER STATIONS

10.00 WASTE TIRE STORAGE AND RECYCLING

Sec. 5.0, Dwg. C-19to C-24

Not Applicable
Not Applicable

Not Applicable

11.00 PETROLEUM-CONTAMINATED SOIL PROCESSING FACILITIES ~ Not Applicable

12.00 COMPOST FACILITIES

PART 1T - OPERATING REGULATIONS
13.00 GENERAL OPERATING STANDARDS
13.01 Applicability
13.02 Access
a. Time

b. Physical Restraints

13.03 Salvage
13.04 Processing of Bulky Waste
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REGULATION

14.00

15.00

13.05
13.06
13.07
13.08
13.09
13.10
13.11
13.12

13.13
13.14

Vector Control
Signs
Communication
Inspections
Endangered Species
Dust Control
Control of Litter
Safety Provisions

a. General

b. Bird Hazard
Operating and Engineering Plans
Closure Procedure

SANITARY LANDFILL CONSTRUCTION STANDARDS

14.01
14.02
14.03
14.04
14.05
14.06
14.07
14.08
14.09
14.10
14.11
14.12
14.13
14.14

General

Horizontal and Vertical Control *
Liner System

Leachate Collection and Removal System
Landfill Subgrade

Soil Component of the Liner System
Geomembrane Liners

Soil Drainage Layers

Leachate Collection Pipes
Geosynthetic Drainage Layers

Filter Layer Criteria

Final Cover System

Counstruction Certification Report
Equivalent Design

SANITARY LANDFILL OPERATING STANDARDS

15.01
15.02
15.03
15.04

15.05

(General

Working Face

Lift Height

Cover Material

Initial Cover

Intermediate Cover

Final Cover

Cover Materia! Supply
Maintenance of Cover Material

o e R

Water Pollution

a. General

b. Surface Water

¢. Groundwater

d. Groundwater Reservoirs and Recharge Areas
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CHAPTER SECTION

Sec. §.15
Sec. 8.3
Sec, 8.15
As required
Appendix F
Sec. 8.15
Sec. 8.15

Sec. .16
Sec. 8.16

As required
Sec. 9.0

No Response Required
Sec. 3.3

Sec. 3.4

Sec. 3.5

Appendix G
Appendix J
Appendix J

Sec. 4.4, Appendix J
Sec. 4.7

Appendix J
Appendix J

Sec. 3.6, 9.0

No Response Required at this Time

Appendix V Sec. 3.4

No Response Required
Sec.8.7, 8.8
Sec. 8.9

Sec. 8.9
Sec. 8.9
Sec. 8.9
Sec. 8.9
Sec. 8.9

Appendix G
Appendix G
Sec. 2.5
Sec 2.5



REGULATION

16.00

17.00

18.00

19.00

20.00

21.00

22.00

15.06 Waste Handling
a. Unloading of Waste
b. Spreading and Compacting of Waste
c. Litter
d. Special Waste

15.07 Equipment Requirements

15.08 Gas Control

15.09 Fire Protection

15.10 Surface Drainage

15.11 Monitoring Wells

15.12 Distance to Property Lines

15.13 Limited Access

15.14 Floodplain

15.15 Deed Restrictions

15.16 Height Monitoring

15.17 Excavation

15.18 Resource Recovery and Soil Waste
Incimerator Ash Residue Monofills

INCINERATOR AND RESOURCE RECOVERY
FACILITY OPERATION STANDARDS

INCINERATOR AND RESOURCE RECOVERY
FACILITY OPERATION STANDARDS

TRANSFER STATIONS AND COLLECTION

WASTE TIRE STORAGE AND RECYCLING
FACILITY OPERATING STANDARDS

COMPOST FACILITIES OPERATING STANDARDS

PETROLEUM-CONTAMINATED SOIL
PROCESSING FACILITY OPERATING STANDARDS

PETROLEUM CONTAMINATED SOIL
PROCESSING FACILITY DESIGN STANDARDS

PART IV — APPLICABLE OF REGULATIONS

CHAPTER SECTION

Sec. 8.8
Sec. 8.7
Sec. 8.15
Sec.8.7

Sec. 8.6

Sec. 8.13

Sec. 8.15

Sec. 8.12
Appendix C
Dwg. C-2

Sec. 8.3

Not Applicable
Appendix D
Sec. 8.9

Will Comply
Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Applicable

23.00 EXISTING SOLID WASTE MANAGEMENT FACILITIES

23.01
23.02
23.03
23.04

General Applicability
Currently Licensed Facilities
Other Existing Facilities
Existing Rules
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REGULATION
24.00 NEW SOLID WASTE MANAGEMENT FACILITIES

PART V - VARTANCES

25.00 PROCEDURES FOR APFROVAL OR
DENIAL OF VARIANCES

25.01 Applications for Variance

25.02 Review by Licensing Agency
PART VI - APPEAL AND HEARING PROCEDURE
26.00 OPPORTUNITY FOR HEARING

26.01 Denials

26.02 Violations

26.03 Time of Filing

26.04 Hearings, Administrative Procedure

PART VII - EFFECTIVE DATES

27.00 EFFECTIVE DATES

PART VIH - FEES
28.00 FEES

28.01 General Information
28.02 Multiple Operations at One Facility
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No Response Required

No Response Required

Section 1.6, Section 3.2.1
No Response Required
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No Response Required

No Response Required
No Response Required

No Response Required

No Response Required

No Response Required
No Response Required



SECTION 2



2.0 SITE INFORMATION

2.1 GENERAL DESCRIPTION OF THE SITE

The proposed Phase VI Landfill is located in the Town of Johnston, Rhode Island north
of Shun Pike, on an approximately 1200-acre parcel of property owned by the Rhode
Island Resource Recovery Corporation. The property is also the location of Rhode Island
Rescurce Recovery Corporation’s (RIRRC) landfill activity, the Materials Recycling
Facility, the two methane gas recovery facilities and other RIRRC projects related to solid
waste and recycling. Presently, the existing licensed limits of waste placement on the site
encormpass an area of approximately 198 acres, comprised of the Central Landfill (Phase
I}, Phases II and III, Phase IV and Phase V landfills. RIDEM has unlimited access to the
site as specified in the Conservation Easement {(Appendix D). Deed restrictions are also
included in Appendix D.

The Phase VI Landfill site will be located to the east of the existing disposal areas. The
site is situated southwest of the Almy Reservoir, and north of the Upper Simmons
Reservoir. Surface water from the majority of the site drains to the Upper Simmons
Reservoir via the Cedar Swamp Brook. As part of the Phase VI Landfill expansion,
diversion benches, swales and stormwater detention ponds will be constructed fo manage
the stormwater runoff from the Phase VI expansion. The stormwater will be conveyed
through new drainage structures and controls to the Upper Simmons Reservoir. Regional
topography and surface features are shown on the location map on the cover sheet of the
engineering drawings.

Several wetlands are located on the RIRRC property. Classification of the wetlands has
been performed, and the flagged locations were mapped for submittal to RIDEM Water
Resources Division as part of the Cedar Swamp Brook Relocation Projects (Phases I & IT)
in February 1994 and July 2001, respectively. Most of the wetlands are found in the
western portion of the property and serve as the headwaters of the Cedar Swamp Brook.
A small wetland is located east of the proposed Phase VI footprint. This wetland was
previously identified as part of the “Lakeside Industrial Park” wetlands submission
RIDEM Permit No. 03-0552. A new preliminary wetlands determination application
(Appendix E) is submitted in conjunction with this solid waste license application to
RIDEM Division of Fresh Water Wetlands for the purpose of obtaining an “Insignificant
Alteration” Permit. The activities associated with the Phase VI Landfill will not occur
within regulated wetland perimeter boundaries.

The site topography is characterized by moderate to sharp relief, typical of the region, and
reflecting glacial influence. Currently, support facilities and ancillary operations are
located on a portion of the Phase VI site. These facilities house the tipping facility,
administration building, equipment garage, power plant, Eco Depot, compost facility and
the Recovermat facility.
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Topography of the landfill site (date of topography, April 2006), RIRRC property, and
surrounding areas, is depicted on the overall Site Plan of the Drawings (Appendix A).
The highest elevation of the RIRRC property is the top of the Central Landfill, which is
permitted to reach approximately 575 feet. The lowest point on the site is at an elevation

of approximately 292 feet where Cedar Swamp Brook leaves the site and enters the Upper
Simmons Reservoir.

Based upon the “Staie of Rhode Island ‘208" Area-Wide Water Quality Management
Plan” for Water-Related Sensitive Areas, no portion of the RIRRC landfill site property is
located within an area designated as “Groundwater Reservoir” or “Groundwater Recharge
Area.” Also, the site is not within the 100-year floodplain. (See Flood Insurance Rate
Map included in Appendix F.)

Based upon an inventory of flora and fauna on the site of the proposed Phase VI Landfill,
there are no threatened or endangered species on this site. An Endangered Species
Review is included as Appendix F.

2.2 LAND USE AND ZONING

All Landfill property is zoned industrial by public law RIGL Chapter 23-19 as amended
in July 2001.

The zoning classifications, as shown on the Town zoning maps, are noted on the Radius
Plan (Appendix A, sheet C-2.1). As noted above, several parcels have changed zoning
classifications since the zoning maps were originally published by the town. In addition,
drawing C-2 details RIRRC’s other Owned Property and Neighboring Parcels. Many of
these additional parcels were acquired as a result of the residential property buyout in
1990 and subsequent years.

The Phase VI Landiill site is located in a rural area of the Town of Johnston that is
characterized primarily by undeveloped lands, mixed light and heavy industrial and some
agricultural land. The Radius Plan (Sheet C-2.1 of Appendix A), depicts buildings and
other structures in the vicinity of the site.

2.3 TRANSPORTATION ROUTES

A network of Interstate, State, and Municipal Highways provide direct vehicular access to
the proposed Phase VI Landfill site. Landfill truck traffic travels via Interstate 295 to a
dedicated interchange (Exit 5) for the RI Recovery Corporation and Industrial Park.
Except for local refuse collection trucks, all truck traffic to the landfill primarily travels
this route to the site. RIRRC has no direct control over truck routing of the third party
users of the facility.
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2.4 WASTE QUANTITIES AND CHARACTERISTICS

RIRRC’s landfill facilities currently accept municipal solid waste, commercial solid
waste, industrial solid waste, industrial and municipai wastewater treatment plant sludge,
other non-hazardous materials, and construction & demolition debris. Construction &
demolition debris received at the landfill is sorted and is converted to RecoverMat™ for
use as alternate daily cover. This policy is not anticipated to change for operations at the
Phase VI Landfill, however, the RecoverMat™ facility will be relocated. During the
period of July 1, 2005 to June 30, 2006, RIRRC accepted wastes for disposal at an
average rate of approximately 3,800 tons per day for 303 days in the year for a total of
1,175,900 tons. Based on projections in the “Rhode Island Comprehensive Solid Waste
Management Plan”, under current conditions, landfilled waste is expected to increase on
an average of 0.57% per year.

2.5 GEOHYDROLOGIC CONDITIONS

A geo-hydrologic report was prepared by GZA and submitied in December 2006 to
RIDEM. A summary of the report is given in Appendix C. Drawings C-4.1 and 4.1A
provided in Appendix A show the explorations and the determined groundwater contours
used for baseliner design.
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SECTION 3



3.0 LANDFILL DESIGN

3.1 GENERAL

The design of the Phase VI Landfill has been prepared to meet or exceed the
requirements set forth in the State of Rhode Island Solid Waste Regulations No. 2, Solid
Waste Landfills, RIDEM-OWM-SW02-97. This section describes the overall
configuration and design of the Phase VI landfill. The methods of design for certain
facility components are described in detail in Section 5 (Landfill Gas Management Plan)
and Section 9.0 (Closure Plan) of this report.

The proposed Phase VI Landfill will be located directly east of the existing Phase I and
Phase V Landfills and will piggy back over the castern sideslope of the capped Phase I
Landfill and the eastern end of the Phase V Landfill. As such, the total Phase VI Landfill
footprint will occupy approximately 153 acres, of which approximately 103 acres are
base liner and approximately 50 acres are side slope (“piggyback”) liner.

The landfill design was based upon the following considerations:

. Site hydrology / geology / hydrogeology;

. Anticipated leachate generation rates and leachate collection system hydraulics;

. Geotechnical considerations, including static and seismic stability;

. Configuration of the existing landfill units, site infrastructure, and surrounding
grades;

. Construction sequencing to manage stormwater and leachate, and allow time for
the relocation of existing infrastructure;

. Feasibility of relocating or eliminating existing site infrastructure located within

the proposed Phase VI footprint, including the tipping facility, administration
building, gas recovery plant, hot spot remedial system, Eco-Depot, stormwater
detention / sedimentation ponds, and other on-site facilities;

. Waste placement / operations sequence to maximize capacity and life of each sub-
area,

. Leachate management, including control of leachate generation, collecnon and
disposal;

. Surface water drainage, water quality, and temporary and permanent erosion
controls;

. Cover material management; and

. Environmental monitoring programs;

3.2 CONFIGURATION AND CAPACITY

- 3.2.1 Site Configuration

The proposed limits of the Phase VI Landfill were established by maintaining
minimum set back distances, for waste placement, from wetlands and property
boundaries {distance of 600 feet from property boundaries / industrial properties and
1,000 feet from residential properties). The proposed southern boundary of the Phase VI
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Landfill footprint is located approximately 420 feet from Shun Pike (refer to Drawing C-
2.2 in Appendix A). However, it shouid be noted that the RIRRC owns the properties

across Shun Pike bordering Upper Simmons Reservoir and therefore maintains more than
600 feet.

- The proposed Phase VI footprint also formerly encroached within 600 feet of the
property line to the north in the location of an existing Town of Johnston water booster
pump station. The RIRRC has since purchased this property with the intent of relocating
the town’s pump station. The property line now extends to Central Avenue, and the 600-
foot property line setback requirement is now being met at this location.

As indicated above, the Phase VI Landfill will “piggyback™ over the eastern
sideslope of the capped Phase I Landfill area and the eastern end of the Phase V Landfill.
As such, the total Phase VI Landfill footprint will encompass approximately 153 acres.
Approximately 103 acres of new base liner will be constructed. The Phase VI Landfill
will be developed as five sub-areas (cells), 1 through 5. Area ! will be developed first
followed by Area 3, Area 2, Area 4, and finally Area 5. The footprint of the new base
liner in each cell is as follows:

Area 1: 273 acres
Area 2 15.4 acres
Area 3: 20.3 acres
Area 4. 16.5 acres
Area 5: 23.6 acres

The Preliminary Drawings included as Appendix A depict the configuration and
design of the proposed Phase VI Landfill.

The phased construction and operations sequence depicted on the filling plans in
Appendix A is proposed to accomplish the following:

. Maximize developed landfill capacity while providing for operational
effectiveness;

. Maintain existing infrastructure for as long as possible throughout the
construction and operational life of the Phase VI Landfill,

. Limit the volume of leachate to be generated at any given time during the filling
process;

. Effectively and efficiently manage stormwater run-on and run-off; and

. Effectively manage capital expenditures during the construction period.

Construction of Area 1 will follow the constriction of a new perimeter access
road and perimeter swale along the northern side of Phase VI. Area 3 will be constructed
next, followed by Areas 2, 4, and 5. During the construction of Area 3, Pond 3 will be
decommissioned and the necessary stormwater ponds to handle any uncontrolled flow
will be constructed adjacent to the existing Administrative Office Building. Also during
the construction of Areas 3 - 5, some of the facility ancillary structures, such as the OU-1
“hot spot” groundwater treatment system, Eco-Depot, gas recovery plant, tipping facility
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building, administration building, and other support facilities will be relocated and/or
decommissioned as necessary to accommodate construction activities.

The perimeter roadway and swale that will be constructed as part of the
construction of Area 1, will allow for access into and around the Phase VI Landfill and
will divert surface water away from the Phase VI Landfill. Stormwater runoff from the
active landfill cells and from subgrade preparation will be controlled by a network of
temporary drainage swales and existing/proposed ponds. In an effort to further improve
the efficiency of the landfill operation and Himit leachate production, Areas 1 and 3 will
be constructed in stages, as depicted on Sheet C-6.1 and C-6.2. Please refer to Section §
of this permit application for additional information.

3.2.2 Capacity

Table 3.1 below presents the approximate available capacity of the Phase VI
Landfill. The volume calculations were performed utilizing the Civil Design Module of
AutoCAD Land Development Desktop computer sofiware by Autodesk, Inc. The
calculated waste volume includes the total airspace between the base grades (as shown on
Sheet C-4.6) and the final cap subgrade elevations (as shown on Sheet C-9.1). The waste
volume estimate assumes an overall in place density of the refuse and a cover material
utihization rate and does not account for settlement of the waste mass.

Table 3.1
Phase VI Landfill Capacity
Area l Areal Area 3 Aread Area§ TOTAL
Total Volume (cy) 4,800,000 2,500,000, 8,900,000 5,800,000 4,200,000 26,200,000
Final Cap (cy) 210,000 65,000 183,000 70,000 95,000 623,000,
Daily Cover (cy) 826,200 438,300, 1,568,7000 1,031,400 738,900 4,603,300
Solid Waste (cy) 3,763,800 1,996,700 - 7,146,300 4,698,600 3,366,100 20,971,500
Solid Waste {tons)* 2352375 1,247938 4466438 2,936,625 2,103,813 13,107,189

* - Estimated capacity based on conversion assumptions presented in Appendix B2

“Total Volume” represents the volume of solid waste including daily cover and final cap.
An in-place waste density equal to 1,250 pounds per cubic yard was utilized in the
calculation and is based on average compaction testing performed during filling
operations of the Phase V Landfill. “Daily Cover” was assumed to equal approximately
18 percent of the total volume, based on compaction studies. For the purposes of this
capacity analysis, “Final Cap” includes material associated with the 24-inch-thick final
cover section. Detailed landfill capacity calculations are presented in Appendix B2.

3.3 SITE PREPARATION

Prior to mnstallation of the baseliner system for the Phase VI Landfill, the footprint shall
be prepared to the proposed subgrade contours shown on Drawing C-4.1, submitted in
Appendix A of this application. Some site preparation will be required. The site requires
excavation within the majority of the landfill footprint areas and fill for the perimeter
road, with excess soil stockpiled for cover material, and, as such, the overburden will be
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stripped essentially to bedrock and close to the groundwater table in some areas. Based
on the Geohydrological Investigation conducted for the Phase VI Landfill (refer to
Appendix C) most of the site preparation involves a considerable “cut to remove
overburden and underlying bedrock, particularly in the northern portions of Phase VI, to
provide a minimum 5’ vertical separation between the bottom of the baseliner system and
seasonal high groundwater.” Some portions of the Phase VI Landfill, particularly the
southwestern corner, will require limited filling in areas to obtain the required 5° vertical
groundwater table separation. The estimated seasonal high groundwater contours and the
proposed baseliner subgrade contours are depicted on Drawing 4.1A and in cross sections
shown on the Drawings in Appendix A. Existing Pond 3, located within the Phase VI
footprint, will be abandoned and filled in as part of the site preparation. Site preparation
will also include removal of trees and vegetation, and the removal and relocation of the
existing electric generating facility, tipping facility, Recovermat facility, administration
building, EcoDepot, the residential/commercial recycling area, and other ancillary
facilities, as necessary.

3.4 BASE GRADES AND LINER SYSTEM
3.4.1 General

The extent of the Phase VI Landfill base liner system is defined by an anchor
trench located along a perimeter berm. The primary purpose of the perimeter berm is to
provide containment for both waste and leachate, and to prevent stormwater runoff from
entering the landfill from upgradient drainage areas. The minimum height of the
perimeter berm above the landfill floor is four feet. The perimeter berm ranges in height
from a minimum of 4 feet along much of the south side and up to about 34 feet along the
northwest side of the Phase V1 landfill. The perimeter berm is designed with ap. interior
slope of three horizontal to one vertical (3H:1V). The exterior slope of 3H: 1V was
selected for ease of maintenance and to conform to final and existing grades. The
configuration of the perimeter berm is depicted on Sheet C-4.1. Base grades are also
depicted on Sheet C-4.1. The floor of each sub-area (cell) is graded to drain in a
generally southerly direction. The slopes of the cell floors vary from a minimum of 2
percent to about 6 percent to promote positive drainage of the primary and secondary
leachate collection systems.

The base liner for the Phase VI Landfill will consist of a double composite liner
system, which will be anchored within the perimeter berm around the north, east, and
south sides of the landfill footprint and tied to the piggyback “sideslope™ liner system on
the west. From the top down, the liner system will consist of the following four systems,
which are described in detail in Sections 3.4.2 through 3.4.5:

. Protection layer and primary leachate collection system;
. Primary barrier layer;

. Secondary leachate collection system; and

. Secondary barrier layer.

The protection layer and primary leachate collection system of the base liner system, as
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discussed in Section 3.4.2, is a modification of the system utilized for the Phase V
landfill. For the Phase VI landfill, the protection layer and primary leachate collection
system will consist of 24 inches of protection sand having a minimum hydraulic
conductivity of 1 X 10™ centimeters per second (cm/sec), underlain by a double-sided
composite drainage net (CDN) that will serve as the primary leachate collection media,
The hydraulic analyses discussed in Section 3.5.2 demonstrate that the proposed primary
leachate collection system’s performance significantly reduces the anticipated head on
the primary barrier layer and, as such, exceeds the RIDEM prescribed design.

Refer to Section 3.4.7 for a discussion of base grade and liner system design
criteria. Section 3.5.2 provides the basis for the design of the primary leachate collection
system. Technical specifications for the materials and their installation will be included
in the future project construction document submittal.

3.4.2 Protection Laver and Primary Leachate Collection Svsfem
(Draingee Laver)

The top layer of the landfill liner system is the protection layer and primary
leachate collection system (drainage layer). The protection layer will consist of a 24-
inch-thick layer of fine to medium sand having a minimum hydraulic conductivity of
1x10™ c/sec. The sand protection layer will serve as a cushion between the waste and
underlying geosynthetics. The sand protection layer will be underlain by a double-sided
CDN, which will serve as the primary leachate collection media. The use of a sand
protection layer and a primary CDN, in lieu of a sand drainage layer, is a modification of
the system utilized for the Phase V landfill. This system will enhance the constructability
and performance of the primary leachate collection system. To further limit head on the
underlying primary barrier layer, a network of 8-inch diameter HDPE pipe laterals and
headers will convey the leachate to sumps and subsequently out of the cell. Further
discussion of the design of the leachate collection system is provided in Section 3.5.1.

3.4.3 Primary Barrier Layer

Immediately below the primary drainage layer is the primary barrier layer. This
layer is a composite consisting of a flexible membrane liner (FML) overlying a
geosynthetic clay liner (GCL). The GCL is a manufactured product consisting of a layer
of granular bentonite confined by geotextile fabric (woven and/or non-woven) on both
sides and shear reinforced. The reported hydraulic conductivity of GCLs is 1x107
cm/sec. The GCL is proposed as an alternative to a 12-inch-thick compacted clay liner to
simplify construction. This design is consistent with the approved Phase V Landfill
primary barrier layer design. The use of GCLs has a proven record and is preferred to
compacted clay liners due to their consistent and uniform hydraulic conductivity
properties and their ability to “self heal” defects,

The FML installed as part of the new base liner consists of textured (both sides)
80-mil HDPE. The FML installed as part of the piggyback liner over the existing Phase 1
Landfill, will consist of textured (both sides) 80-mil LLDPE, consistent with the Phase V
piggyback liner system. HDPE and LLDPE were chosen because they are highly
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resistant to chemical and biological attack from landfill leachate (See Appendix U).
These materials are also highly resistant to physical damage caused by tensile stresses /
strains induced during filling. The liner is installed in a panel configuration, with each
adjacent panel track welded to the next to cover the area.

The GCL will be placed directly under the primary FML with the non-woven side
down to prevent migration of bentonite particles into the underlying CDN of the
secondary leachate collection system.

3.4.4 Secondary Leachate Collection System (Drainage Laver)

The secondary leachate collection system (drainage layer) will consist of a
double-sided CDN, consistent with the approved Phase V Landfill secondary leachate
collection system (drainage layer) design. This layer acts as a leak detection system and
collects any potential leakage through the primary barrier layer. The CDN will drain to a
series of 4-inch diameter perforated HDPE leachate pipe laterals and headers.

3.4.5 Secondarv Barrier Laver

The role of the secondary barrier layer is to provide a second level of protection in
the event the primary liner system failure. The installation of a secondary leachate
collection system above this barrier provides a leak detection system and serves as a
redundant leachate collection system. The minimum slope on this liner is 2 percent to
positively drain any leachate within the secondary drainage layer. The composite
secondary barrier layer system described below is consistent with the Phase V Landfill
liner system. '

The secondary barrier layer is a composite consisting of a (from top down) FML,
GCL, and a compacted clay barrier layer. The 12-inch-thick clay barrier will be placed
immediately over prepared subgrade and is intended to have a maximum in-place
hydraulic conductivity of 1x107 cm/sec. The GCL will be installed over the clay barrier
layer and has a reported hydraulic conductivity of 1x107 cm/sec. A textured (both sides),
60-mil HDPE FML will be placed directly over the GCL material.

3.4.6 Piegvback Liner System

The piggyback area of the Phase VI Landfill over the Phase I Landfill will utilize
components of the existing Phase I cover system as the secondary leachate collection
system and barrier layer. From the existing ground surface down, the Phase I cover
system consists of a 6-inch vegetated soil layer, 18 to 24 inches of sand, a double-sided
CDN, and a 40-mil textured LLDPE FML. The FML, CDN, and up to 18 inches of the
existing sand protection layer will remain in place and serve as the piggyback liner’s
secondary barrier layer and overlying leachate collection system. A new primary FML,
consisting of textured (both sides) 80-mil LLDPE, will be installed directly over the
existing sand protection layer that remains. This will require the removal of the existing
6-inch layer of vegetated soil, as well as the riprap installed on diversion benches and
downchutes. A new double-sided CDN will be deployed over the primary FML. A 24-
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inch-thick layer of sand having a minimum hydraulic conductivity of 1x10™ cm/sec will
be placed over the CDN and serve as a cushion between the waste and underlying
geosynthetics.

3.4.7 Desien Criteria

General - Design considerations include geotechnical issues such as liner and
cover system stability, the bearing capacity and elastic settlement of the foundation soils
relative to support of the waste mass, and settlement of the piggyback liner system due to
consolidation of the existing (Phase I} waste mass; and hydraulic issues such as the
drainage capacity of the leachate collection system and efficiency of the lining system,
and strength and flow capacity of the leachate laterals and header pipes. Geotechnical
analyses completed by GZA to support base grade and liner system design are discussed
in this section. Supporting geotechnical calculations are included in Appendix G.
Hydraulic analyses completed by GZA to support the design of the Phase VI Landfill
leachate collection system are discussed in Section 3.5.2. Analyses prepared by PARE in
support of the Phase VI cap design are discussed in Section 9.

Base Liner stability - GZA analyzed static stability to assess the factor of safety
against sliding between components of the lining system under short- and long-term
conditions. The short-term scenarios evaluated the veneer stability of the new base area
liner sideslopes and the piggyback liner over the existing Phase I landfill prior to waste
placement. The short-term analyses were completed using infinite slope procedures,
which conservatively neglect the buttressing provided by the 24-inch-thick sand
protection layer of the Phase VI liner system. The long-term scenarios evaluated the
stability of the piggyback and base liner systems under the full waste loads anticipated for
the Phase VI Landfill. These static stability analyses were completed using STABL-
based slope stability software (Slope, Version 6.19 by GEO-SLOPE International, Ltd.).
Seismic stability of the long-term scenarios was also evaluated using methods presented
in the USEPA manual entitled “RCRA Subiitle D (258) Seismic Design Guidance for
Municipal Solid Waste Landfill Facilities,” dated April 1995.

GZA’s static analyses evaluated the minimum required interface shear strength
(stated as friction angle) necessary to achieve a short-term factor of safety of at least 1.3
and a long-term factor of safety of at least 1.5. The seismic analyses evaluated the
minimum required interface shear strength necessary to limit seismic-induced
deformations to accepted reasonable magnitudes.

For the lining system, base geometry, and final grading conditions proposed for
the Phase VI landfill, the results of the stability analyses indicate the following:
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MIN. ALLOWABLE | MIN. REQUIRED
ANALYSIS FACTOR COF INTERFACE COMMENTS
CONDITIONS SAFETY FRICTION ANGLE
Short-term 3H: 1V 1.3 24 deg. Minimum predicted factor of
sideslope veneer safety of 1.35; infinite slope
stability of liner system anatysis
Long-term under full 1.5 10 deg. Minimum predicted factor of
waste loads safety of 1.59
Long-term with seismic | Notapplicable - see 20 deg. Predicted deformation less than
loading comment 0.3 inches

The Phase VI contractor will be required to demonstrate through direct shear
testing completed at the frequencies stated in the project specifications that each interface
within the base liner and piggyback liner systems, and the internal shear resistance of the
GCL meets or exceeds the criteria set forth below. Testing will be completed in
accordance with ASTM D35321 (for interfaces not containing a GCL) or ASTM D6243
(for interfaces containing a GCL) using project-specific test parameters (e.g., seating
loads, hydration criteria, overburden pressures, strain rates) that will be set forth in the
specifications. The test results will include both the peak and large displacement
(residual) interface strengths of each interface, as well as the internal strength of the
GCL. The interface friction between the liner system components and the internal shear
resistance of the assembled GCL product will be determined by the designer based on the
laboratory test results provided by the contractor from a pre-approved independent testing
laboratory and using the strength relationship: 1= 6,TAN¢ + a, where 1 is the shear
resistance (strength), o, is the applied normal load, ¢ is the friction angle, and a 1s the
adhesion.

In keeping with work by Koerner, Giroud, and, specifically, Stark and Choi, the
specifications for the Phase VI base liner and piggyback liner construction will require
the following with respect to peak versus residual interface shear strengths. For the base
area of the base liner (having flatter slopes of about 2 to 6 percent), the proposed
materials will be required to achieve a peak interface shear strength that is greater than or
equal to the calculated shear strength (t) when ¢ = 24 deg. and a = 0 psf. For the stesper
base liner sideslopes and the piggyback liner, the interface having the minimum peak
strength will be required to achieve a large displacement interface shear strength that is
greater than or equal to the calculated shear strength {t) when ¢ = 24 deg. and a = 0 psf.
This approach accounts for the relative slippage that is expected on the flatier versus
steeper slopes under typical landfill operating conditions, and recognizes that the residual
strength of an interface is realized only after mobilizing the peak strength.

As indicated above, evaluation of the test results will be completed by the
designer and will consider both the peak and large-displacement results. Specifically, in
addition to the above acceptance criteria, if the large-displacement strength of the
interface having the minimum peak strength is questionably low an additional static
stability analysis will be completed as follows, The large-displacement strength will be
utilized for not only the steeper sideslopes/ piggyback areas, but also the flatter base liner
areas to rerun the critical liner system static stability section to confirm that a factor of
safety greater than unity is achieved.
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Based upon GZA’s experience, the minimum required interface shear strength
criteria set forth above is readily achievable with the geosynthetic materials currently
available on the market.

Static and seismic base liner stability methods of analysis, the basis for selecting
critical sections, references, and calculations are provided in Appendix G.1.1 through
G.1.3.

Subgrade Bearing Capacity and Settlement — The Phase VI landfill is underlain by
a relatively thin layer of very dense, naturally occurring glacial till or will be underlain by
a compacted engineered fill over bedrock. As such, the foundation soils will provide
adequate bearing capacity for the anticipated waste loads. GZA evaluated the settlement
of the foundation soils. The analyses indicate up to about 0.5 inches of elastic settlement
of the foundation soils is anticipated to result from the Phase VI loads. This anticipated
settlement will not adversely affect the integrity of the liner system nor the ability of the
system to remove leachate, The analyses are included in Appendix G.2.

Settlement and Strain of Piggyback Liner System - The piggyback liner system is
expected to settle due to the consolidation of the Phase 1 waste under the loads imposed

by the overlying Phase VI waste. As a worst case scenario, an area of the Phase I piggy
back area where septage sludge had previously been disposed of, was selected as the
critical section because of the additional settlement expected in the septage waste versus
mixed solid waste or soil. GZA evaluated settlement-induced strains in the piggyback
liner system. The analyses indicate up to 2 percent tensile strain and up to 5 percent
compressive strain could occur in the Phase I cover system / Phase VI liner system as a
result of settlement of the Phase I waste. These predicted strains are well below the yield
strain of HDPE (12 to 13 percent). The analyses are included in Appendix G.

Strains in the piggyback liner were evaluated using a Finite Element Model
(FEM), as shown in Appendix G. The FEM was run using a two foot by two foot grid
(i.e. , the area was divided into two foot by two foot squares and a liner strain calculated
for each). To smooth out the dataset, i.e. present data at a more realistic and a more
uniform scale, the FEM results were averaged over 5 grid spaces, roughly every 10 feet.
This was done to demonstrate that the order of magnitude of anticipated strains is
realistic; this analysis is presented in Appendix G.

Recognizing the inherent difficulties in accurately modeling the septage sludge,
existing and future waste, and resulting deformations, RIRRC intends to utilize LLDPE
for the new geomembrane installed as part of the piggyback liner and to install geogrid
below the new LLDPE geomembrane over an est1mated 400 foot by 100 foot area where
septage sludge was previously landfilled.

3.5 LEACHATE COLLECTION

The proposed Phase VI leachate collection system has been hydraulically designed to
coavey leachate, maintaining a leachate head above the liner system of equal to or less
than the thickness of the proposed geosynthetic composite, under the full load of the
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landfill (0.23 inches). Please note, the RIRRC does not intend to re-circulate leachate as
part of standard land filling operations. The following modeling and design methods were
utilized to design the leachate collection system:

¢« The HELP Model was used for the sole purpose of predicting steady-state
impingement rates / leachate generation rates. The input into the HELP Model
was intentionally varied to capture a reasonable range for each of the primary
design variables (waste thickness, base slope, and drainage length) and evaluate
the impact on the predicted impingement rate, thereby, serving as a parametric
study.

¢ Giroud’s Modified Equation and the peak impingement rates predicted by the
HELP Model was utilized to determine the maximum allowable spacing
between leachate collection laterals that would limit head build-up to less than
or equal to the thickness of the compressed composite drainage net. Each
lateral was evaluated individually to adjust the lateral spacing based on flow
length and gradient. For example, a base slope of 2% the maximum lateral

spacing is 450 feet for steeper base slopes the lateral spacing can be greater than
450 feet.

3.5.1 Configuration

As indicated in the previous section, the primary leachate collection system of the
new base area will consist of a composite drainage net (CDN) and a series of 8-inch
diameter either SDR 11 or SDR 9 HDPE perforated lateral collection drains and header
pipes. The lateral collection drains are spaced a maximum of 450-feet apart across the
base area of each cell (sub-area). The piping system is designed with a minimum slope
of 1 percent and will be depressed below the CDN layer to promote positive drainage.
Crushed stone will surround the perforated pipes to provide a natural filter. Two layers
of non-woven geotextile fabric will be placed below the stone to protect the underlying
CDN and FML from puncture. The stone also serves to support the pipe against the
weight of the overlying waste. Analyses supporting the design of the pipes and stone
filter are discussed in Section 3.5.2.

Fach of the primary leachate collection system header pipes will transport
leachate to a new gravity leachate sewer leading to the leachate pretreatment facility.
Combined flow rates from the primary leachate collection systems for Areas [ through 5
will be valve controlled and continuously metered. Section 4 provides a more detailed
description of the ieachate transmission system.

The secondary leachate collection system of each cell consists of a CDN and a 4-
inch diameter SDR 11 or SDR 9 HDPE perforated header pipe, which will collect the
flow from the CDN and ultimately discharge it to the new gravity sewer. Similar to the
primary piping systems, the secondary header will have a minimum slope of 1 percent
and be depressed below the CDN layer to promote positive drainage. Crushed stone will
surround the perforated pipe to provide a natural filter. Two layers of non-woven
geotextile fabric will be placed below the stone to protect the underlying CDN and FML
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from puncture.  Secondary leachate for each cell will be conveyed separately through
individual headers to the southern perimeter of Phase VI. Secondary flow rates from
each cell will be valve controlled and individually metered prior to discharging to the
proposed gravity leachate sewer line.

Primary leachate generated from the piggyback will be collected using a CDN
installed over the proposed 80-mil LLDPE primary liner with 8-inch diameter SDR 11
HDPE perforated drain headers located at each existing diversion bench. The existing
diversion benches are spaced no greater than 40 vertical feet apart and, as such, the
spacing of the laterals will effectively limit the head on the primary liner. The 8-inch
laterals will convey leachate, via gravity to a downchute location. An 8-inch diameter
collection header will be installed at each downchute location and will discharge to a
collection header at the toe of the piggyback in the new lined base area.

Likewise, secondary leachate from the piggyback will be drained via gravity
within the existing sand drainage layer and/or an existing CDN to a 4-inch diameter
perforated SDR 11 HDPE pipe that will be installed on every bench. The 4-inch laterals
will convey leachate to a downchute location. A 4-inch diameter collection header will
be installed at each downchute location and discharge to a secondary collection header
located at the toe of the piggyback within the new lined base area.

With the exception of Area 3, the primary and secondary leachate collection
headers will penetrate the base liner system at the low point of each cell. Penetration
details are provided on Drawing C-8.5, Appendix A. Because of constraints imposed by
existing grades and seasonal high groundwater, the base configuration of Area 3 requires
the low point to be located away from (not proximate to) the perimeter berm. To avoid
placing a liner penetration at a distance into the cell, two leachate sumps will be
constructed, one each in Area 3A and 3B, and leachate removed via pumps located within
side slope riser pipes. The sump will be constructed within the secondary and primary
drainage layers and will consist of a stone bed collection area, perforated HDPE
collection pipes equipped with submersible extraction pumps, and solid HDPE side slope
riser pipes, which will exit the cell at the southern perimeter berm. The sumps will be
constructed and implemented with controls to monitor and record secondary leachate and
will independently operate through water level indicators built into the pumps. Manual
operation by-pass controls will also be implemented into the system.

The submersible pumps will transmit the primary and secondary leachate to the
proposed gravity sewer that ultimately discharges to the on-site leachate pretreatment
facility. The sumps, side slope risers, and leachate vault configurations are depicted on
Drawing C-8.5, Appendix A.

Prior to construction of Area 3, a temporary leachate sewer line for Areas 1 and 2
will be required in the vicinity of the existing tipping facility access road, which is
located within the proposed Area 3 footprint. This temporary sewer will convey leachate
from Areas | and 2. The existing “hot spot” remedial sewer, which is constructed of
double- walled 6-inch diameter SDR i1 HDPE pipe, will be used for this purpose.
Permanent leachate transmission lines for primary and secondary leachate from Areas 1
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and 2 will be installed parallel with the Area 3 interior berm as part of Area 3
construction.

3.3.2 Leachate Collection System Hydraulic Analvses

Hydraulic analyses completed by GZA to support the design of the Phase VI
Landfill leachate collection system are discussed in this section. Hydraulic anaiyses
included the following:

. Evaluating the design transmissivity and hydraulic conductivity of the proposed
primary and secondary CDN, including assessing reduction factors and overall
factor of safety;

. Assessing the equivalency, in terms of transmissivity, of the proposed CDN
versus the RIDEM prescribed primary and secondary sand drainage layers;

. Completing multiple hydrologic / water balance analyses to determine design

impingement (liquid supply) rates and average leachate generation rates for sizing
the multiple components of the leachate collection system;

. Utilizing the modified Giroud’s equation to demonsirate that the anticipated head
on the FML is less than the long-term in-situ thickness of the geonet core of the
proposed CDN;

. Checking that the design transmissivity of the CDN used in the analyses meets or

exceeds the criteria set forth by the GRI GC-8 design guidelines;
. Checking the fabric component of the proposed CDN with respect to permittivity,;

. Considering the fabric component of the proposed CDN and overlying sand
protection layer with respect to filter criteria;

. Evaluating the capacities of the primary and secondary leachate collection system
laterals and headers; and

. Evaluation the strength / deflection of the primary and secondary leachate

collection system laterals and headers.

Supporting calculations are included in Appendix J.

Design Transmissivity and Equivalency — GZA assessed the long-term in-situ
hydraulic transmissivity of the proposed CDN utilizing methods presented by Koemner

and Giroud and a2 secondary check analysis using methods established by the
Geosynthetics Research Institute (GRI GC-8). The Koerner and Giroud method utilizes
two steps as follows:

1. Reduction factors associated with a host of performanée criteria are applied to a
laboratory-based (measured) transmissivity to establish a reasonable value for
long-term-in-situ transmissivity; B

2. An experience-based overall factor of safety is then applied to the long-term-in-
situ transmissivity to result in an allowable transmissivity to be used for design.
An overall factor of safety of 2.5 was utilized for the liner system, while an
overall factor of safety of 2.0 was utilized for the cap sections.
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The Geosynthetics Research Institute (GRI GC-8) Method only considers
reduction factors for creep, chemical clogging, and biological clogging. It is GZA’s
opinion that the GRI GC-8 method is not as rigorous an analysis as the Giroud- or
Koemer-based analysis, but serves as a good check that an adequate overall factor of
safety has been applied to the laboratory-based transmissivity to establish an allowable
transmissivity to be used for design purposes. :

Koemer and Girouds reduction factors were applied to a measured transmissivity
determined in a laboratory under loading and boundary (material layers) conditions
representative of the Phase VI landfill base liner system, and with a 100-hour seating
time (rather than the standard 15-minute seating time), which applies immediate
compression and immediate intrusion, as well as a significant amount of delayed
intrusion. Koerner and Giroud recommend using a reduction factor for delayed intrusion
between 1.0 and 1.2 for landfill leachate collection systems. Because the laboratory
testing conditions were representative of the long-term-in-situ conditions with respect to
delayed intrusion a factor of safety of 1.1 for delayed intrusion was utilized.

The design transmissivity considered the slope of the base area (minimum 2 to
about 6 percent) and the piggyback area (20 to 33 percent), as well as the anticipated
waste loads that will be imposed on the landfill liner system (up to 30,000 psf).
Reduction factors were applied to account for such lifecycle influences as biological and
chemical clogging. Additionally, a factor of safety was applied. Design transmissivity
calculations were checked using criteria set forth by the GRI GC-8 design guidance.

For the flatter base slopes (2 to 6 percent), a design transmissivity of 3.4 cm®/sec
was utilized for design. For the steeper piggyback and sideslopes (20 to 33 percent), a
design transmissivity of 0.88 cm?/sec was utilized for design. Analyses are included in
Appendix J.1.1. Based upon GZA's experience, the design fransmissivity is achievable
with the geosynthetic materials available on the market. The Phase VI construction
documents will specify minimum transmissivity requirements and will require specific
laboratory testing to verify the CDN product utilized to construct the landfill meets or
exceeds the specification. Calculations demonstrating that the design transmissivity

values meet the criteria established by GRI Standard GC-8 are included in Appendix
1.1.2.

Also included as Appendix J.1.3, is an analysis that demonstrates the design
transmissivity (for both base areas and piggyback areas) of the proposed CDN exceeds
the equivalent transmissivity of a 24-inch thick layer of sand having a hydraulic
conductivity of 1x10? cm/sec, as stipulated in the RIDEM solid waste regulations for
primary leachate collection layers. Likewise, the design transmissivity (for base areas) of
the proposed CDN exceeds the equivalent transmissivity of a 12-inch thick layer of sand
having a hydraulic conductivity of 1x107 cm/sec, as stipulated in the RIDEM solid waste
regulations for secondary leachate collection layers.
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Impingement and Leachate Generation Rates - GZA designed the leachate
collection system to provide for the efficient collection of leachate and to maintain the
maximum anticipated head on the liner to less than the thickness of the geonet core of the
CDN. As discussed below, GZA evaluated conditions throughout the active lifecycle of
the Phase VI Landfill.

The impingement / leachate generation rates were evaluated using the U.S. EPA
Hydrologic Evaluation of Landfill Performance (HELP) Model, Version 3.07.! This
water balance computer model accepts climatelogic, soil, and design input parameters to
model the movement of water over and through a landfill. The model is capable of
accounting for the effects of surface storage, runoff, evapotranspiration, infiltration,
percolation, soil meoisture storage, and lateral drainage. The HELP Model includes a
synthetic weather generator to produce climatological data needed in the water balance
equations. For the evaluation of the Phase VI Landfill, GZA utilized climatological
(precipitation, temperature, solar radiation and evapotranspiration) parameters for
Providence, Rhode Island that are contained in the HELP Model database. Supporting
calculations are included in Appendix J.2.

For the purpose of designing the Phase VI leachate collection system, GZA
modeled the landfill base and piggyback areas as four-layer systems, in descending order,
as follows: a layer of waste of varying thickness, a vertical percolation layer consisting of
24 inches of sand having a hydraulic conductivity of approximately 1x10* cm/sec, a
lateral drainage layer consisting of the proposed CDN, and a barrier layer consisting of an
80-mil HDPE FML. The design of the secondary leachate collection media (CDN) is
similar to the primary leachate collection media, and was considered to be essentially as
efficient in collecting leachate. Although the landfill cells will be filled rapidly, the
HELP Model runs conservatively assumed the landfills would be open for 10 years, so
that saturated, steady-state conditions were assessed. Selected models were also run for
50-year simulations to confirm that steady-state conditions had been achieved. As
presented in Appendix J.2, GZA ran several scenarios, to model potentially critical
combinations of drainage length, waste thickness, and base slope.

For the Phase VI design, based upon the HELP Model analyses, we utilized a
peak daily impingement (liquid supply) rate of about 0.21 inches per day (5,700 gallons
per acre per day (gad)) for intermediate waste heights and 0.19 inches per day for full
waste heights; and an average annual leachate generation rate of 1,510 gad (regardless of
waste height).

Head Analyses - Using the peak daily flow output from the HELP Model,
predicted head build-up was used to set the spacing of the leachate collection laterals to
maintain a head equal to or less than the compressed CDN thickness (0.23 inches).
Giroud’s Modified Equation was used to determine the drainage distance where head
build-up equaled the thickness of the compressed geonet core of the composite drainage
net. It should be noted, the head predicted by Giroud’s Modified Equation is a maximum

1 HELP Model Version 3.07 dated November [, 1997. Developed by the Environmental Laboratory, U.S. Army
Engineers Waterways Experiment Station, Vicksburg, Mississippi, for USEPA Risk Reduction Engineering
Laboratory, Cincinnati, Chio.
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and should not be considered constant between two points and the overlying sand starts to
saturate when the leachate head exceeds the thickness of the geonet core.

For a base slope of 2 percent, the maximum distance between outlets (leachate
collection laterals) is 450 feet. Head build-up is a function of gradient and distance, as
well as impingement rate and design hydraulic conductivity. Therefore, since the base
slope of each cell (sub-area) vary, the spacing of the laterals can also vary. GZA
evaluated head build-up on a cell- and leachate collection lateral-specific basis. For each
lateral, we utilized the minimum tributary slope and associated typical maximum
tributary flow distance. The lateral-specific Giroud’s Modified Equation calculations that
demonstrate that head build-up does not exceed the thickness of the compressed geonet
core of the composite drainage net for each lateral are presented in Appendix J.3. The
leachate lateral layouts are presented on Figures 4.2 and 4.4.

Leachate Collection System Component Compatibility — GZA evaluated the
compatibility of the leachate collection system components. Specifically, we considered
the following:

. Permittivity of the fabric component of the proposed CDN (Appendix J.4); and

. Filter criteria between the fabric component of the proposed CDN and the
overlying sand protection layer. Gradation specifications included in the future
Phase VI construction documents for the 24-inch-thick sand protection layer will
be such that the filter criteria required pursuant to the RIDEM Regulations will be
achieved.

The analyses are provided in Appendix J and will form the basis for the material
specifications.

Collection Pipe Size and Strength - The primary leachate collection laterals and
headers were sized using the peak daily leachate generation rate from the HELP Model
runs and the hydraulic component of AutoDesk’s Land Development Software. The
program uses Manning’s Equation to determine pipe size, based on pipe type (Manning’s
“n” value), pipe slope, and anticipated flows. Pipe deflection calculations were
performed utilizing procedures suggested by the manufacturer of the HDPE pipe
(Driscopipe). The “Standard Dimension Ratio (SDR) Method” was used to calculate
crushing and buckling stresses. The Standard Dimension Ratio (SDR) is the ratio of
outside diameter to wall thickness; the lower the SDR, the thicker the pipe wall. The
analyses considered the maximum anticipated waste loads over the Phase VI base area.
Based on the analyses, 8-inch diameter SDR 11 and SDR 9 HDPE pipe is specified for
the primary leachate collection laterals and headers. Supporting calculations are provided
in Appendix J.5, which includes a surnmary of the anticipated stresses and the resulting
factors of safety.
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3.6 LEACHATE TRANSMISSION AND DISPOSAL

The proposed leachate collection laterals, horizontal pump casing and header systems
within the landfill base and piggyback areas will be constructed of single-wall SDR 11 or
SDR 9 HDPE. Immediately prior to the collection pipes exiting the landfill liner system,
the single-wall HDPE collection pipes will be transitioned to double-walled SDR 11
HDPE pipes. These double-walled pipes will be booted to both the primary and
secondary FMLs to create a watertight seal. The double-walled pipes will transmit the
leachate to individual valve vaults located within the perimeter berm at the south end of
the proposed cells. Each vault for both primary and secondary leachate collection
systems will contain separate gate valves, flow meters, monitoring ports, and sampling
ports for each cell. Through the use of the gate valves in the proposed vaults, each sub-
area of the Phase VI Landfill may be monitored and controlled individually.

The proposed horizontal pumps, which will service Area 3, Cells A and B, has been
designed and sized based on EPG Companies recommendations for horizontal wheeled
sump drainers. The primary leachate collection pump capacity is based the peak daily
leachate generation rate with an adjustment factor equivalent to the ratio of 100 year
design storm with the 50 year design storm with no service factor. The secondary
leachate collection pump is based the maximum ALR of 200 gal/acre/day. The selected
primary pump is and EPG SureFlow model 12-1, 1 horsepower and the secondary pump
is an EPG SureFlow model 8-1, 0.5 horsepower. EPG pumps were utilized for the pump
station hydraulic analysis, pumps with similar hydraulic capacities, manufactured by
others maybe also be utilize with engineering review and approval. The pump stations
will convey primary and secondary leachate independently to a valve and metering vault.
Hydraulic calculations and pump specifications are provided in Appendix J. Pump
installation details are shown on figure C-8.4.

The piping within the valve vaults will be a combination of SDR 11 HDPE and Schedule
80 polyvinyl chleride (PVC). The proposed gate valves will be either PVC or cast iron.
Flanged connections within the vaults provide an allowance for routine maintenance and
adjustment of the flow meters as necessary. The piping networks within the valve vaults
provide the following benefits:

. Ability to inspect the containment piping between the landfill and the vault to
detect leakage of the carrier pipe.

. Direct access to both the primary and secondary pipes for cleaning.

. Independent sampling of primary and secondary leachate lines for both flow and
quality. ;

. Ability 1o control flow in both primary and secondary lines via gate valves.

. Ability to measure flow for each sub-area individually.

As succeeding areas are constructed, the leachate will flow through manhole structures in
series, by gravity down the south side of the landfill perimeter road through a new
Leachate Transmission System. All underground piping will be double-walled SDR 11
HDPE piping. The carrier pipe will continue through the manholes with two 45 degree
tee fittings to allow for cleaning of the sewer in both the up and down stream directions.
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The double containment pipe will terminate at the entrance invert of each manhole and
resume at the outlet invert. The seal for the containment pipe on each entrance invert will
be tapped and fiited with a small valve to allow inspection for leakage of the double
walled carrier pipe. The Phase VI landfill leachate flow will combine with the Central
Landfill leachate flow at the existing pretreatment facility. The existing pretreatment
facility is expected to be upgraded for compliance with the City of Cranston Industrial
Pretreatment Program. Influent limitations for the City are presently under review with
RIDEM. Upon approval by RIDEM and adoption into the local sewer ordinance by the

City of Cranston City Council, modifications to RIRRC’s pretreatment permit (#1808)
will be made and upgrades to the facility for the treatment for arsenic and ammonia will
be undertaken.

The existing sanitary sewer pumping station serves the wastewater transport and disposal
needs of the site and discharges via a force main in Green Hill Road to the municipal
sewers located along Plainfield Pike. In addition to sanitary wastewater, the sanitary
pump station receives the effluent generated from the onsite leachate pretreatment
facility. As part of the Phase VI Landfill permit and construction process, the pump
station, force main and outfall will require review and potential upgrades in hydraulic
capacity to service the additional leachate generated by the Phase VI Landfill. The
review and construction of the pump station and force main upgrades will be performed
in a two phase process. Phase I will include a partial upgrade to the existing 8" force
main with Phase II being upgrades to the existing pump station and gravity mains on
Plainfield Pike.

3.7 FINAL CAPPING SYSTEM

Construction of the final capping system for the Phase VI Landfill is anticipated to be
performed upon completion of filling the Phase VI Landfill, however, intermediate
and/or permanent caps may be constructed over completed areas of the cell at an earlier
time. The cap will encompass approximately 153 acres and will connect to the existing
landfill caps throughout OU-1 and Phase V that abut the Phase VI Landfill filling limits.
A complete description of the capping system design is included in Section 9.2. The final
cap is depicted on Drawing C-9.1 in Appendix A.

3.8 GAS COLLECTION AND CONTROL SYSTEM

All municipal solid waste landfills produce gases (largely methane and carbon dioxide
with frace amount of other organic compounds). Landfill gas (LFG) management is a
vital component of the development of the Phase VI Landfill during both its operational
life and post-closure peried. Landfill gas is a byproduct of the nanwal decomposition
process that occurs within municipal solid waste disposal sites. Landfiil gas must be
controlled due to its potentially harmful characteristics including the transmission of
odors and fugitive emissions, as well as its explosive potential, if left uncontrolled.
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The goals of the Phase VI LFG control systems design are to: 1) protect public health and
safety, as well as avoid nuisance conditions by providing for the efficient and continuous
collection and recovery of landfill gas to mitigate the potential for odors, migration and
surface emissions; 2) comply with federal and state regulations related to landfill gas
management and emissions control; 3) recover and treat/combust landfill gas in a cost
effective and environmentally sound manner, 4) manage landfill gas condensate
generated within the system; and 5) develop a closure plan for long-term protection and
operation of the landfill gas collection system under post-closure conditions. The gas
management plan also includes an operation and maintenance plan and a contingency
plan to address emergencies associated with construction and operation of the landfill gas
facilities.

Landfill gas management has been an on-going activity at the Central Landfill since the
late 1980°s when the first active gas collection and flaring system was installed within the
Phase I Landfill. As the landfill grew and gas generation increased, the gas collection
systems and recovery facilities were likewise expanded to the present day configuration.
Currently, the active landfill gas collection system is comprised of approximately 245
vertical exiraction wells over Phases I-IV, 2 horizontal collector trenches distributed over
Phases [ — III, 153 horizontal trenches distributed over the Phase IV Landfill,, and 77
interim horizontal trenches over the active Phase V Landfill. The gas collection system
consists of a network of gas headers ranging in diameter from 6-inches to 24-inches and
linking the wells and trenches to the combustion equipment.

A similar combination of horizontal and vertical gas control systems is proposed for the
Phase VI Landfill. The practical method of collecting landfill gas from a landfill that is
actively placing waste is through the use of horizontal gas collection trenches. As such,
during the operational phase of the Phase VI life cycle, a system of horizontal collectors,
stmilar to those currently being installed in the Phase V Landfill, will be employed. The
horizontal gas collection trenches are constructed of 8-inch diameter perforated HDPE,
which transitions to an approximately 50-foot section of 8-inch diameter solid HDPE
prior to exiting the landfill sideslopes. As the Phase VI Landfill is brought to final grade
and undisturbed surface areas become available, the horizontal trenches will be
supplemented with and eventually replaced by a network of vertical extraction wells.
The vertical wells will be constructed from sections of perforated and solid 8-inch
diameter HDPE pipe. Vertical extraction wells, though costly to maintain during the
period of active landfilling, provide for more efficient gas collection and fewer long-term
maintenance issues upon landfill closure.

The primary destruction of landfill gas recovered from the Phase VI landfill will be
through a beneficial use project, such as the current system that generates electricity via
turbines or steam generators. Condensate collected from recovery operations will be
conveyed to the existing leachate pre-treatment facility for treatment and subsequent
discharge to the Cranston public sewer system. For a complete description of the gas
collection and control systems, refer to Sections 5, 9.3, and Appendix M. Landfill gas
collection details are shown in Appendix A
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3.9 DRAINAGE

Proper drainage control is significant for the purposes of reducing leachate generation,
minimizing surface soil erosion, and conirolling peak rates of runoff. The proposed
Phase VI Landfill configuration has been designed to enhance overland drainage and
direct runoff through drainage swales away from the fill areas. Storm water runoff from
all landfill areas will be directed to existing or proposed sedimentation/detention ponds to
attenuate peak flows, volumes, and deposit sediment.  Discharge from the
sedimentation/detention ponds is routed through culverts under Shun Pike, and ultimately
to the Upper Simmons Reservoir.

The principal drainage considerations are summarized as follows:

2)

b)

d)

The minimum overland slope at any point in the final closure plan is approximately
five percent. The maximum average grade of the side slopes is 33 percent (three
horizontal to one vertical). These slopes discourage surface ponding and infiltration.

Daversion benches are located on the steeper slopes to intercept overland flow before
it achieves erosive velocities. The diversion benches are designed with a slope of no
less than two percent and are designed to pass the 100-year storm. The swales will be
lined with vegetation or riprap stone for soil stabilization and to accommodate access

by maintenance vehicles. Additional details are provided in Appendix N of this
application.

Downchutes have been designed to convey collected runoff from the diversion
benches on the upper portions of the site to the base of the landfill. The downchutes
terminate in stilling basins in a perimeter drainage channel along the toe of the
landfill and enter a detention pond. The downchutes have also been designed to pass
the 100-year storm. One existing downchute in OU-1 Area 1, a proposed future
downchute on the Phase V Landfill, and two proposed downchutes on the Phase VI
Landfill will be used to convey stormwater collected from the Phase VI Landfill. Itis
anticipated that they will be constructed of concrete blocks, gabions, or riprap to
discourage erosion. Additional details are provided in Appendix N of this
application.

Perimeter drainage swales have been designed along the toe of the landfill to collect
surface runoff from the lower slope of the landfill and runoff that discharges from the
downchutes. The drainage swales are designed at a minimum slope of 0.5 percent, a
typical width of 10 feet (minimum width is 6 feet), and a minimum depth of two (2)
feet. Temporary swales, designed similarly to the permanent swales described above,
will be used during Phase VI filling operations. Additional details are provided in
Appendix N of this application.

Erosion protection has been provided wherever the channel velocity for the design
storm exceeds the maximum non-erosive velocity for a vegetated earthen channel
{(approximately four feet per second).
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f) A combination of four existing and proposed sedimentation/detention ponds will be
used to control stormwater flows from the Phase VI Landfill. Stormwater from a
small portion in the north of Phase VI will flow to existing Pond 4. Pond 4 flows
through Quarry Stream to Cedar Swamp Brook and discharges into Upper Simmons
Reservoir. Pond 4 will be expanded to 44.9 acre-feet to accommodate this additional
stormwater flow.

Stormwater from the southwestern portion of Phase VI will flow to existing Pond 2
through the proposed future downchute in Phase V. Pond 2 will not require
expansion or modification to accommodate this stormwater as the overall watershed
area will not increase. Pond 2 discharges into Upper Simmons Reservoir through
culverts beneath Shun Pike.

Stormwater from the central and eastern remaining portions of Phase VI will flow to
two proposed sedimentation/detention ponds, Ponds 13 and 14, that will be located
east and south of Phase VI, respectively. Pond 13 will be 52.6 acre-feet and Pond 14
will be 23.8 acre-feet. Pond 13 will discharge directly into Upper Simmons Reservoir
through an existing culvert beneath Shun Pike. Pond 14 will discharge to the existing
culvert under Shun Pike at the Pond 2 discharge. A temporary pond will be
constructed in the vicinity of Pond 14 along the east side of the existing
administration building to control the runoff after the decommissioning of Pond 3.
After the administration building is removed, permanent Pond 14 will be constructed
as shown on the permit drawings.

The design of Ponds 13 and 14, and the capacity increase of Pond 4, will allow
extended detention of the stormwater volume of the site and will account for the 19
acre-ft volume that was deficient in Phase V. Therefore, the overall volume
following Phase VI will be less then that from the Phase IV existing conditions.

g) Temporary erosion control measures (silt fences, hay bales, temporary stilling basins,
temporary swales, etc.) will be included in each construction project and as part of the
regular landfill operations. Properly placed temporary erosion control will reduce the
potential of sediment from un-vegetated areas moving beyond the storm water
drainage system. Temporary erosion control measures will be maintained until
sufficient vegetation is in place and erosion of these areas is not anticipated.

During each construction project, the Contractors will be responsible for installing and
maintaining all erosion control measures, temporary and permanent, as shown on the
Construction Drawings. Typically, the temporary control measures shown will be the
minimum to be installed by the Contractor. Additional measures may be installed at the
request of the Engineer. "’
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5.00 LANDFILL GAS MANAGEMENT PLAN
REVISED APRIL 2010

3.1 TANDFILL GAS MANAGEMENT - OPERATIONAL PHASE

Landfill gas (LFG) is a natural byproduct of the solid waste decomposition process. The
decomposition process goes through two stages, aerobic and anaerobic. During the aerobic
stage, where the oxygen present in the waste mass is consumed, the LFG is typically
comprised of carbon dioxide, nitrogen and oxygen. During the anaerobic stage, which is
an oxygen depleted stage, the LFG is comprised of approximately 46-54% methane, 46-
54% carbon dioxide and 0-4% other trace organic gases. It is the anaerobic stage end
products that the facility needs to control. The anaerobic LFG generation can be expected
to occur at measurable levels within 4-months to a year after the initial placement of waste
in the Phase VI Landfill. Note that an Air Pollution Control Permit Application for the
Phase VI Landfill has been submitted to RIDEM. A copy of the complete Air Pollution
Control Permit Application, including additional submittal related to the application (Best
Available Conirol Technology Evaluation and Air Quality Impact Assessment) is attached
as Appendix V.

In order to control petential nuisance odors, limit surface emissions and mitigate lateral gas
migration, landfill gas management procedures will be implemented during the operational
phase of the new landfill. A complete description of the proposed landfill gas collection
and destruction systems for the Phase VI Landfill is presented in Appendix M "Landfill
Gas Management Plan". Design drawings depicting the system layout and construction
details are provided on Drawings C-7.1 through C-7.8. The report and associated design
drawings present the approaches to be implemented for landfill gas management during
both the operational and closure/post-closure periods of the Phase VI Landfill lifecycle.
As these two processes are necessarily related we have prepared one comprehensive
document (Appendix M) to facilitate review and implementation of the program.

This document has been modified to reflect review comments provided by the Rhode
Island Department of Environmental Management (RIDEM) on May 12, May 28, June
24, 2008 and July 15, 2009. It also reflects input provided by RIDEM at a technical
review meeting held on September 18, 2008. The full text of GZA’s responses fo
RIDEM’s comments is provided in four letters dated May 22 and July 2, 2008 and
February 12 and October 27 2009, which provide more detail on our design rational and
operational considerations than was appropriate to present in the permit documents. This
permit submission has been also been modified 0 reflect changes in the propesed control
and destruction devices that have resulted from ongoing work on these designs and
changes in the landfill’s waste acceptance rate.
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5.2 OVERVIEW OF OPERATIONAL LANDFILL GAS COLLECTION

The major challenge of landfill gas management during the operational phase of landfilling
is overcoming the physical disturbance and obstacles presented by on-going filling
activities. Installation and operation of landfill gas collection systems within active landfill
cells must take into consideration access by trash hauling vehicles and loading impacts of
heavy construction and compaction equipment. On-site operational experience has
demonstrated the effectiveness and durability of horizontal collection trenches for recovery
of LFG during active filling. The horizontal collection trenches will be constructed using a
minimum 2.5-foot wide by approximately 4-foot deep trench in which 8-inch perforated
high-density polyethylene (HDPE), butt-fused pipe sections are placed and backfilled with
crushed stone or other suitable clean and durable aggregate. RIRRC currently plans to
install the collection trenches at approximately 100-foot intervals across the top of every
other lift of waste resulting in a vertical separation of 24 to 30 feet. Trenches wili be
instatled beginning with the second refuse lift and in an off-set pattern (i.e., they will not
directly overly each other but be off-set by approximately 50 feet). The end of each trench
collector will be equipped with an 8-inch solid pipe connecting to an HDPE header leading
to a centralized gas recovery/treatment and power generation or flaring system.

Note, that the final gas collection trench configuration and spacing may be modified based
on the results of upcoming performance testing (e.g., radius of influence — ROI) of the
systerns currently being used in the Phase V Landfill.

The amount of vacuum and gas recovery from each trench will be regulated by a control
valve. In order to prevent air intrusion and possible underground combustion from
occurring, the initial vacuum levels will be kept to a minimum. until sufficient fill materials
are placed over the trenches installed in underlying waste lifts and the gas generation rates
increase. A conceptual layout of the interim gas collection system and associated details
are presented on Drawings C-7.1 through Drawing C-7.8.

As the Phase VI Landfill is constructed, it will piggy-back an impermeable liner and an
existing vertical well landfill gas collection system along the eastern slope of the Phase I
Landfill, ultimately burying as many as 60 Phase I wells. These wells will be
decommissioned as installation of the Phase VI baseliner progresses up the Phase I
Landfill slope. Due to the advanced age of most of the wastes within this portion of the
Phase I Landfill, gas generation has already declined significantly. Based on the Phase I
Landfill gas model, the Phase I piggyback area will produce a peak gas flow of
approximately 925 scfm in 2010. By the time these wells are buried by the Phase VI
Landfill, many can be expected to be low or non-producing, particularly those along the
lower benches of the Phase I eastern slope.
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However, to prevent the build-up of LFG below the Phase I cap, and limit the potential for
subsurface migration of gases below the Phase VI cell, a system of shallow horizontal
trenches will be installed beneath the Phase I cap as some wells are decommissioned. The
location and extent of this horizontal collection system will be based on performance
monitoring of the existing wells in areas to be decommissioned. Similar to the methods
used in the Phase V overlap area, good producing wells will also be incorporated-iato the
horizontal gas collection network. Based on LFG flow measurements recorded in January
2008, 38 wells from Phase I have been tentatively identified (shown on Drawing C-7.7) for
connection into the below cap trench gas collection system. Wells were selected based on
their current production levels and their proximity to the horizontal trenches. Methods and
materials employed for this below cap collection system will be similar to those described
above for the operational LFG collection trenches. Typical design details are shown on
Drawings C-7.5 and C-7.6.

5.3 OVERVIEW OF OPERATIONAT TANDFILL GAS DESTRUCTION

A landfill gas generation model has been developed for the Phase VI Land{ill based on the
assumption that it will receive approximately 12,000,000 tons of solid waste beginning in
the year 2010 and ending in 2020. Waste characterization information for the model was
derived from the January 2006 Rhode Island Statewide Comprehensive Solid Waste
Management Plan breakdown of waste from Table 171-5-3 of the study. The results of
this modeling effort and its incorporation into the existing sitewide gas generation curves
are provided in Appendix M. In summary, LFG production from the Phase VI Landfill is
expected to peak in 2027 at a Base Case rate of 7,431 standard cubic feet per minute
(scfin), with Accelerated Case generation this peak would reach 8,715 scfm also in 2027.
At this time LFG generation from Phases I through V will be declining significantly with
Base Case generation rates estimated to be on the order of 361 scfm for Phase I, 569 scfm
for Phases IUII, 688 scfim for Phase IV and 563 scfm for Phase V. This results in a
sitewide Base Case generation rate of approximately 9,612 scfm in 2027, with an estimated
sitewide Base Case peak of 14,417 in the year 2009. A Regulation 9 pre-construction air
permit for the proposed Phase VI Landfill has been developed and was submitted to
RIDEM for review in June 2007.

As shown on the graphs in Appendix M, the peak projected recoverable rate of gas
production occurred in 2008 at approximately 16,100 scfm for the Accelerated Case
condition. Adding the 20 percent factor of safety yields a peak destruction capacity
requirement for the entire site of approximately 19,320 scfm.

RIRRC is the current owner of the Central Landiill including the proposed Phase VI
expansion area. Ridgewood Power Management of Ridgewood, New Jersey is the owner
of the gas rights for the existing cells and will have rights to the gas from the proposed
Phase VI expansion. Ridgewood Gas Services (RGS) operates and maintains the landfill
gas collection and distribution systems (Operator). RGS is contractually obligated to
RIRRC to collect and control landfill gas from the Central Landfill waste cells.
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Under the terms of a pending agreement, Ridgewood Power Management will construct,
own and operate a new approximately 42 megawatt (mW) electrical generating power
plant (Stage 3) to replace the existing Ridgewood Power Management facility. Under this
new agreement, a Ridgewood company similar to RGS will be the gas system operator.
Ridgewood Power Management {or affiliate) will be the permitted operator of the
destruction devices. Landfill gas (LFG) distribution will be preferentially directed to
electrical generation (Stages 2 and 3). LFG flares will be backup and compliance devices.
A new gas mover and treatment station will also be constructed to the south of the Phase V
Landfill on the 73/75 Shun Pike property. The existing Ridgewood Power Management
plant (and the two free standing Deutz engine/generators) will be decommissioned to make
room for the Phase VI expansion. The new 42 mW Stage 3 power plant is currently
proposed to be located to the south of the Phase VI cell as shown on Drawing C-7.1.

Current LFG destruction capacity consists of: 1) the main Ridgewood Power Management
power plant with a capacity of approximately 5,100 scfmn; 2) two free standing Deutz
Generators at the main Ridgewood Power Management facility with a combined capacity
of 820 scfim; 3) 2,032 scfm for the Stage 2 power plant; 4) an Ultra-low Emission (ULE)
enclosed flare with a capacity of 6,000 scfm; 5) two existing 2,000 scfm remote utility
flares (RF-2 and RF-3); 6) two older Perennial flares with a combined capacity of 2,600
scfm; and 7) RF-1 with a capacity of 450 scfm which together provide a LF( destruction
capacity of 21,000 scfin, more than satisfving the 120 percent (19,320 scfim) landfill gas
recovery requirements. However, when Phase VI is constructed the main Ridgewood
Power Management plant, the two Deutz generators, and Perennmial flares will be
decommissioned by December 2010,

We anticipate that the new electrical generating facilities (Stage 3) will not be fully
functional until July 2011. This results in a theoretical (because actual gas recovery is
currently running between 12,000 and 13,000 scfm not the 19,320 scfm estimated by the
recoverable fraction of the Accelerated Case model plus 20%) gas destruction shortfall of
approximately 6,838 scfm (5,100 for the main plant, 820 for the Deutz’s and 2,600 for the
Perennial flares) for up to 7 months (December 2010 to July 2011). However, two new
3,000 scfm ground flares will be installed onsite by December 2010. They will be located
at the new gas treatment and compression facility, which will be operational by December
2010 This will provide destruction capacity of approximately 18,500 which is more that
the projected peak sitewide generation rate under the Accelerated Case model. To
summarize:

¢ December 2010, the Stage 1 power plant, Deutz engines, and Perennial Flares will
be decommissioned -
¢ December 2010, the Hydrogen Sulfide Treatment portion of the gas conditioning
plant will be operational and two new 3,000 scfin ground flares with a combined
capacity of 6,000 scfim will be operational (co-located with the treatment facility)
"o July 2011, the Stage 3 power plant is operational
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In the long-term, a portion of this new capacity will serve as back-up to the new Stage 3
electrical generating facility and bum pretreated gas. The long-term sitewide LFG
destruction capacity is equal to 30,682 scfin, which is well in excess of the highest gas
generation predictions. This capacity will consist of: 12,200 scfim at the new Stage 3
facility, 2,032 scfm at the Stage 2 power plant, 6,000 scfin for the new ground flares at the
new gas treatment and compression facility, 6,000 scfim for the ULE flare, and a combined
4,450 for the 3 remote flares. Assuming Phase VI begins receiving waste in January 2013,
gas collection from this cell will be required by May 2013 (140 days from the installation
of the first gas collection trenches in accordance with the current practice at the Site.

The flares will serve as backup to the electrical generating facilities. The goal of the
collection and destruction system design is to distribute the landfill gas to maximize
beneficial use, In the event that excess landfill gas is recovered, or generation is curtailed,
gas can be redirected to a number of gas destruction flares through a series of

mterconnected headers as described in more detail in Appendix M and shown on drawing
7.8.
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APPENDIX M - REVISED October 29, 2009

1.00 PHASE VI LANDFILL OPERATIONAL AND CLOSURE POST-CLOSURE
LANDFILL GAS MANAGEMENT PLAN

1.10 LANDFILL GAS MANAGEMENT PLAN

This appendix describes both the operational and closure/post-closure landfill gas (LFG)
management plans designed to collect and control landfill gas from the Phase VI Landfill
cell. The plan was developed on behalf of the Rhode Island Resource Recovery
Corporation (RIRRC). The LFG collection and control systems have been designed to
achieve comprehensive control of landfill gas.

This document has been modified to reflect review comments provided by the Rhode
Island Department of Environmental Management (RIDEM) on May 12, 28, June 24,
2008 and July 15, 2009. Tt also reflects input provided by RIDEM at a technical review
meeting held on September 18, 2008. The full text of GZA’s responses to RIDEM’s
comments is provided in four letters dated May 22 and July 2, 2008 and February 12 and
October 27 2009, which provide more detail on our design rational and operational
considerations than was appropriate to present in the permit documents. This permit
submission has been also been modified to reflect changes in the proposed control and
destruction devices that have resulted from ongoing work on these designs and changes in
the landfill’s waste acceptance rate.

1.20 INTRODUCTION

The following subsections provide an overview of the major plan components, applicable
regulations, a summary of relevant related documents, a review of the existing LFG
management systems and the LFG management plan objectives.

1.20.1 Operational Responsibilities

RIRRC is the current owner of the Central Landfill including the proposed Phase
V1 expansion area. Ridgewood Power Management of Ridgewood, New Jersey is the
owner of the gas rights for the existing cells and will have rights to the gas from the
proposed Phase VI expansion. Ridgewood Gas Services (RGS) operates and maintains the
landfill gas collection and distribution systems (Operator). Currently, RGS is contractually
obligated to RIRRC to collect and control landfill gas from the Central Landfill waste
cells.

Under the terms of a pending agreement, Ridgewood Power Management will
construct, own and operate a new approximately 42 megawatt (mW) electrical generating
power plant (Stage 3) to replace the existing Ridgewood Power Management facility
(Main Plant and two Deutz engines, designated Stage 1). The main Ridgewood Power
Management plant, located to the east of the existing Phase I Landfill, (and the two free
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standing Deutz engine/generators) will be decommissioned to make room for the Phase VI
expansion. The new 42 mW Stage 3 power plant is currently proposed to be located to the
south of the Phase VI cell as shown on Drawing C-7.1.

Under the new agreement, a Ridgewood company similar to RGS will be the gas
system operator. Ridgewood Power Management (or affiliate) will be the permitted
operator of the destruction devices. Primary landfill gas (LFG) distribution will be
preferentially directed to electrical generation. LFG flares will be backup and compliance
devices.

1.20.2 Project Overview

LFG management is a vital component of the development of the Phase VI Landfill
during both its operational life and post-closure periods. LFG is a byproduct of the natural
decomposition process that occurs within municipal solid waste disposal sites. LFG must
be controlled due to its deleterious characteristics including transmitting odors and causing
fugitive air emissions as well as the explosive potential, if left uncontrolled.

This report presents a description of the plan for managing I.FG generated by the
Phase VI Landfill from its initial stages of development, through the periods of active
filling, final closure and post-closure. The report is organized as follows:

. Section 1.20 - Introduction, includes this overview, presents a review of the
applicable regulations, a summary of relevant existing documents, describes
the existing LFG management systems on-site, and outlines the objectives
for the LFG management plan.

. Section 1.30 - Integration of LFG Management with Landiill Operations,
discusses the construction and operation of LFG facilities in conjunction
with landfilling activities including filling and covering, managing
leachate/condensate, and installing a final cap.

. Section 1.40 - LFG Management Facilities Design, describes the conceptual
design issues swrrounding the LFG system including gas generation
modeling, gas collection, condensate management, gas recovery and
utilization/destruction, and protection of the facilities.

. Section 1.50 - LFG Management Operations, discusses the various aspects
of operating a LFG system simultaneously with landfilling activities as well
as after closure including collection, recovery, and destruction of LFG, site
personnel health and safety, emergency response, record keeping and
reporting, and site security.

. Section 1.60 - Contingency Plan, identifies problems that may arise during
landfill operations, related to LFG, that require implementation of
contingency measures such as odors / emissions, gas migration, noise,
personal injury, and fires / explosions.

. Section 1.70 - Closure Plan, presents the steps to be taken to integrate the
landfill closure and capping with the gas system and protect the gas system
from damage during closure, and discusses post-closure gas control issues.
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1.20.3 Applicable Regulations

Regulations applicable to LFG management fall under two major categories: (1)
safety related and (2) health related. The safety related regulations pertain to hazards of
gas migration, uncontrolled combustion, and explosions. Regulations concerning health
related issues include odors and emissions.

Regulations pertinent to LFG management on the federal level include:

o United States Environmental Protection Agency (EPA) New Source
Performance Standards (40 CFR 60 Subpart WWW)

» EPA Resource Conservation and Recovery Act (RCRA) Subtitle D (40
CFR Parts 257 and 258)

Similarly, regulations pertinent to LFG management on the state level include:

RIDEM Air Pollution Contral Regulation No. 7 (Air Contaminants)
RIDEM Air Pollution Control Regulation No. 9 (Permits)

RIDEM Air Pollution Control Regulation No. 17 (Odors)

RIDEM Air Pollution Control Regulation No. 22 (Air Toxics)
RIDEM Solid Waste Regulation No. 2 (Landfills)

New Source Performance Standards (NSPS)40 CFR 60, Subpart WWW

The New Source Performance Standards for Municipal Solid Waste (MSW)
landfills were promulgated by the EPA in March 1996. The NSPS applies to MSW
landfills that accepted wastes after May 30, 1991 with a maximum design capacity
equal to or greater than 2.5 million megagrams (Mg) or 2.5 million cubic meters
and potential annual NMOC emissions of 50 Mg or above. Landfills exceeding
these thresholds are required to construct a gas collection and control system to
capture the LFG and direct it to a destruction system or beneficial utilization
facilities. In addition, the rule requires specific monitoring of the facility and the
gas collection and control system to demonstrate compliance with the rule.

National Emissions Standards for Hazardous Air Pollutants (NESHAPS) 40 CFR
63, Subpart AAAA.

The NESHAP for landfills became effective in January 2004. It applies to landfills

subject to the gas collection and control system requirements of the NSPS. The

NESHAP does not impose any additional requirements with respect to the

collection system design, but it does require implementation of a startup, shutdown,

and malfunction (SSM) plan, as well as imposing additional reporting
. requirements. '

Resource Conservation and Recovery Act (RCRA) Subtitle D
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RCRA legislation was originally passed in 1974 and has undergone several updates
including regulatory standards for LFG collection and control issued in October
1991. Subsections of Parts 257 and 258 of RCRA Subtitle D set safety and control
standards for landfill gases, including:

. A maximum allowable limit for explosive gases of 25 percent of the lower
explosive limit (LEL) for methane within structures on-site or in the vicinity
of the landfill. Structures used for the purpose of LFG recovery or control
are exempt from this standard.

. A maximum allowable limit of 100 percent LEL (approximately 5 percent
methane by volume) as measured at the property boundary.
. Implementation of a routine methane monitoring program to ensure

compliance with the above standards.

In addition to the LFG safety standards, RCRA also places controls on the
management of LFG derived condensate. In accordance with the regulations,
condensate must be collected, treated and properly disposed at an approved facility.
The RCRA Subtitle D regulations do permit the retumn of condensate to the landfill
if certain standards are met including having an approved Subtitle D composite
liner and operation of a leachate collection system.

RIDEM Air Pollution Control Regulation No. 7 (4ir Contaminants)

Air Pollution Control Regulation No. 7 (APC No. 7) regulates the emission of air
contaminants which, by way of their concentration or duration, may be harmful to
buman, plant or animal life, or cause damage to property or which unreasonably
interferes with the enjoyment of life and property. Compliance with this regulation
is satisfied by compliance with applicable primary and secondary national ambient
air quality standards as well as compliance with certain sections of RIDEM
regulations APC No. 9 and APC No. 22.

RIDEM Air Pollution Control Regulation No. 9 (Permits)

Air Pollution Control Regulation No. 9 (APC No. 9) pertains to permitting
emissions of major and minor stationary sources of any air pollutant including
certain volatile organic compounds found in LFG. RIRRC has submitted a minor
source permit application for the proposed Phase VI Landfill to RIDEM under APC
Regulation No. 9. d

The landfill gas system operator (Ridgewood Power Management or affiliate) is
responsible for permitting any new flares and electrical generation facilities. An
APC Regulation 9 permit associated with the Phase VI Landfill expansion and the
associated landfill gas was submitted by Ridgewood Power Management to
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RIDEM on December 24, 2007. The application is currently under review and a
permit has not yet been issued.

RIDEM Air Pollution Control Regulation No. 17 (Odors)

Air Pollution Control Regulation No. 17 (APC No. 17) prohibits the release into the
atmosphere of any air contaminant, or combination of air contaminants, which
create an objectionable odor beyond the property line. Since the uncontrolled
release of landfill gases has the potential to lead to odorous conditions, adequate
collection and destruction of LFG is required to ensure compliance with this
regulation.

RIDEM Air Pollution Control Regulation No. 22 (Air Toxics)

Air toxics are defined as any substance emitted to the atmosphere as dust, fumes,
gas, mist, smoke, vapor, or soot that has been shown to induce mutagenic,
carcinogenic, fetotoxic, or other acute or chronic toxic effects listed in Table 1 of
Air Pollution Control Regulation No. 22 (APC No. 22). Testing of the LFG from
Phases 1, IT and III in May 2000 indicated that the site was subject to review under
APC No. 22. An air toxics impact assessment for the existing portions of the
Central Landfill was submitied to RIDEM Office or Air Resources in July 2007.
The air toxics impact assessment for the Central Landfill including Phase VI will
be submitted in the near future.

RIDEM Solid Waste Regulation No. 2 (Landfills)

Regulations for the control of LFG at the State level (SWR No. 2 Section 2.3.08)
are similar to those under RCRA. Subtitle D with one major exception. Under the
State rule, the concentration of explosive gases (methane) cannot exceed 25 percent
of the LEL at the facility property boundary. In comparison, the RCRA Subtitle D
LFG Safety Standards (Part 257.3-8) allows a maximum concentration at the
property boundary of 100 percent LEL. Since the state standards are more
stringent, they take precedence.

The construction and operation of LFG recovery facilities are regulated by RIDEM
under Solid Waste Regulation No. 2 (Section 2.1.12). The regulations require an
application be submitted to the Department for approval to construct and operate a LFG
recovery facility. The following information must be included in the submittal for the LFG
recovery facility:

» Site plans showing existing and proposed site conditions with the location
of the gas collection system and recovery facility as well as property
boundaries and other relevant features;

. Construction and engineering plans, including specifications, related to all
equipment and facilities of the LFG collection and recovery,
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. An operating plan describing the operation of the LFG facilities and how
the gas is to be used,;

. A contingency plan that discusses the responses to unexpected events
during construction and operation; and
. A closure plan that includes methods of operating and protecting the gas

system for continued control of LFG.

This LFG Management Plan directly addresses many of the above noted regulatory

requirements. Final design plans and specifications for the LFG collection and recovery
system will be developed in conjunction with the detailed engineering construction
documents in accordance with Solid Waste Regulation No. 2. A final capping and closure
plan, including LFG control facilities has been developed and is provided with the design
drawings.

1.20.4 Summary of Applicable or Relevant Existing Information

The following documents relate to or were prepared to meet the requirements of state and

federal regulations applicable to landfill gas management, daily gas collection and monitoring
operations, and reporting reguired at Central Landfill.

L.

GZA - Air Pollution Control Regulation No. 9 Permit Application for the Phase VI
Landfill — Application submitted July 2007. Draft permit provided by RIDEM on March
29, 2008. RIRRC submitted comments to RIDEM on and they are currently under
review. :

GZA - Air Pollution Cortrol Regulation No. 9 Permit Application for the Phase /11X
Landfill — Application submitted January 2004. Draft permit provided by RIDEM on
March 20, 2008. RIRRC submitted comments to RIDEM on __, and they are currently
under review.

USEPA - Clean Air Act Consent Decree (CD) [July 25, 2003]. Govems operation of
Phases II, I, and IV and the ULE Flare until permits are issued. Includes permit
application, monitoring, reporting, and recordkeeping requirements as well as minimum
design standards.

GZA - SOP No. 001 — Landfill Gas Quality Measurements [rev2: 1/31/2006] -
This standard operating procedure discusses the various instruments, locations, time
requirements and reporting criteria for the measurement of landfill gas quality for use at the
Site. ,
o Sup 1.00 - Alternative Monitoring Equipment: SEM 500 Swrface Emission Monitor
[Jan. 2006}
o Sup 2.00 — Alternative Monitoring Equipment: Jevome 631-x Hydrogen Sulfide
Analyzer [Jan. 2006]

GZA - SOP No. 002 — Landfill Gas Flow and Pressure Measurements [revl:
1/31/2006]- This standard operating procedure discusses the various instrurents, locations,
time requirements.and reporting criteria for the measurement of landfill gas flow and
pressure for use at the site.
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10.

1L

12.

13.

14.

Dufresne-Henry — Revised Gas Collection and Control System Design Plan [March 31,
2000] - Prepared in response to EPA request in the October 21, 1999 Administrative Order
and Reporting Requirements. The report provides and overview of the LFG system design
and a summary of relevant operating parameters.

GZA - Title V Air Permit Application — Permit not yet issued. Original application
prepared by GZA and submitted June 2000. Revised November 2000, Supplemental
materials submitted June 2005.

GZA - Air Toxics Operating Permit Application - prepared by GZA and submitted
April 2007, revised May 2008; permit not yet issued.

RIDEM - Air Pollution Control Regulation No. 9 Permit for the Phase V Landfill -
Approval #1810, September 16, 2004. Contains ecmission limits, design standards,
operating requirements and monitoring, recordkeeping and reporting requirements for
Phase V. As the emissions limits contained within this permit document are assessed on a
site wide basis they have relevance to the Phase VI expansion.

RIDEM - Air Pollution Control Regulation No. 9 Permit for Destruction device RF-1
- Approval #1035, April 18, 1990.

GZA - Air Pollution Control Regulation No. 9 Permit Application for Destruction
devices RF-2 and RF-3 - Application contains operating, monitoring and reporting
requirements. Permits have not been issued for RF-2 and RF-3. Both applications were
prepared by GZA and submitted in March 2000.

GZA - Air Pollution Control Regulation No. 9 Permit for Destruction device: Ultra
Low Emission 6,000 SCFM ground flare (ULE) — Application prepared by GZA and
submitted September 2003. Operates under July 25, 2003 Consent Decree until permit is
issued. Draft permit provided by RIDEM on March 20, 2008. RIRRC submitted
comments to RIDEM on ___ and they are currently under review.

RIDEM - Air Pollution Control Regulation No. 9 Permit for the Main Flares located
at the Ridgewood Power Plant - Approval #s 1037 and 1038, April 18, 1990. Contains
operating, monitoring and reporting requirements.

GZA - NOx RACT Compliance Plan [Dec 19, 2000] — This document provides a
summary of the applicable requirements under Rhode Island Air Pollution Control
Regulation Number 27. Plan specifies boiler maintenance and recordkeeping
requirements, recordkeeping requirements for Flares RF-1, RF-2, and RF-3, and
recordkeeping and engine timing adjustment requirements for emergency generators.

1.20.5 Existing and Proposed LFG Management System

LFG management has been an on-going activity at the Central Landfill since the

late 1980s when the first active gas collection and flaring system was installed within the
Phase 1 Landfill. As the landfill grew and gas generation increased, the gas collection
systems and recovery facilities were likewise expanded to the present day configuration.
Currently, the active LFG collection system is comprised of approximately 205 vertical
extraction wells and 19 horizontal collector trenches distributed over Phases [ — Iil, 84
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horizontal trenches distributed over Phase IV Landfill — Areas 1 through 4 and 110
horizontal trenches distributed over the active Phase V Landfill. The gas collection system
consists of a network of gas headers ranging in diameter from 6-inches to 24-inches and
linking the wells and trenches to the recovery equipment.

LFG collected from Phases I-V is routed to the recovery and on-site LFG-to-
electricity power plant as well as five on-site flare units. The existing gas collection and
recovery systems are capable of capturing and destroying upwards of 21,000 scfm. The
Ridgewood Power Management main power plant utilizes an average of 5,100 scfm to
produce 12 megawatts (MW) of electricity, the two free-standing Deutz engine/generator
sets are capable of combusting a combined 820 scfm producing approximately 2.5 MW of
electricity, and the Stage Il power plant utilizes an additional 2,032 scfm to produce 6 MW
of electricity for sale to the utility company. The power plant is supplemented by the main
flaring system with a capacity of 2,600 scfm. Three remote flare systems include a 2,000
scfm unit located at the northwest corner of Phase II (Remote Flare #3), a 2,000 scfm unit
located at the southwest comer of Phase III (Remote Flare #2) a 450 scfm unit that is
connected to the western header of the Phase IV Landfill (Remote Flare #1) and 6,000
scfm ultra-low emission (ULE) flare located south east of Phase IV.

The primary destruction of landfill gas recovered during the operational stage of the
Phase VI Landfill will be through a beneficial use project utilizing the LFG for the
generation of electricity via new turbines to be installed south of Shun Pike on property
owned by RIRRC.

The goal of the collection and control system design is to distribute the landfill gas
to the various control devices for beneficial reuse or destruction. In the event that excess
landfill gas is recovered, or generation is curtailed, gas can be redirected to a number of
gas destruction flares through a series of interconnected headers as described in more detail
below.

A landfill gas generation model has been developed for the Phase VI Landfill based
on the assumption that it will receive approximately 12,380,000 tons of solid waste
beginning in January 2013 and ending in 2027. Waste characterization information for the
model was derived from the January 2006 Rhode Island Statewide Comprehensive Solid
Waste Management Plan breakdown of waste from Table 171-5-3 of the study. The
results of this modeling effort are shown on the gas generation curves on Figures 1 and 2,
below. Asshown, LFG production from the Phase VI Landfill is expected to peak in 2027
at a Base Case rate of 7,431 standard cubic feet per minute (scfm), with Accelerated Case
generation this peak would reach 8,715 scfm also in 2027. At this time LFG generation
from Phases 1 through V will be declining significantly with Base Case generation rates
estimated to be on the order of 361 scfm for Phase I, 569 scfm for Phases [V, 688 scfm
for Phase IV and 363 scfm for Phase V. This results in a sitewide Base Case generation
rate of approximately 9,612 scfim in 2027, with an estimated sitewide Base Case peak of
14,417 in the year 2009. A Regulation 9 pre-construction air permit for the proposed
Phase VI Landfill has been developed and was submitted to RIDEM on June 11, 2007.
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As shown on Figure 3, the site-wide peak projected recoverable rate of gas
production occurred in the year 2008 at approximately 16,100 scfm for the Accelerated
Case condition. Adding the 20 percent factor of safety to the recoverable portion of the
Accelerated Case yields a required peak destruction capacity for the -entire site of
approximately 19,320 scfm.

As described in Section 1.20.1 above, Ridgewood Power Management, in
cooperation with RIRRC, is currently developing a replacement plan for the 11 generators
that are within the Phase VI Landfill footprint. Drawing C-7.1 shows the tentative location
of a new gas mover and treatment plant located to the south of the Phase V Landfill on the
73/75 Shun Pike property. A new power generating facility, consisting of eight LFG
turbines and one steam recovery turbine with a gas destruction capacity of approximately
12,000 scfim, is proposed to be installed to the southeast of the Phase VI Landfill south of
Shun Pike. This new power plant is designated Stage 3.

The existing flares serve as the primary backup to the electrical generating
facilities. Concurrent with the development of the Phase VI cell, the existing main
electrical generating plant, the two Perennial flares, and the two Deutz generators will be
decommissioned by December 2010, We anticipate that the new electrical generating
facilities (Stage 3) will not be fully functional until July 2011, This results in a theoretical
(because actual gas recovery is currently running between 12,000 and 13,000 scfm not the
19,320 scfin estimated by the recoverable fraction of the Accelerated Case model plus
20%) gas destruction shortfall of approximately 6,840 scfim (19,320 scfm less the
destruction of the remaining devices after the Stage 1 power plant, Deutz engines, and
Perermial flares are decommissioned, which equals 12,480 scfm)) for up to 10 months
(September 2010 to July 2011).

However, two new 3,000 scfim ground flares will be installed onsite by December
2010. They will be located at the new gas treatment and compression facility, which will
be operational by December 2010 This will provide destruction capacity of approximately
18,500 which is more than the projected peak sitewide generation rate under the
Accelerated Case model.

In the long-term a portion of this new capacity will serve as back-up to the new
Stage 3 electrical generating facility. The total long-term sitewide LFG destruction
capacity is 30,682 scfm which is well in excess of the highest gas generation predictions.
This capacity will consist of: 12,200 scfin at the new Stage 3 facility, 2,032 scfm at the
Stage 2 power plant, 6,000 scfm for the two new ground flares at the gas treatment and
compression facility (3,000 scfm apiece), 6,000 scfm for the ULE flare, and a combined
4,450 for the 3 remote flares . .

Assuming Phase VI begins receiving waste in January 2013, gas collection from
this cell will be required by May 2013 (140 days from the installation of the first gas
collection trenches in accordance with the current practice).
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1.20.6 LFG Management Plan Objectives

The following objectives have been identified for the Phase VI Landfill LFG
Management Plan:

. Projecting the long term generation rate of LFG using the established LFG
modeling program for the Central Landfill as adjusted for the proposed
Phase VI Landfill conditions;

o Efficient and continuous cellection and recovery of LFG to mitigate the
potential for odors, subsurface migration and surface emissions to protect
public health and safety as well as avoid nuisance conditions;

. Compliance with federal and state regulations related to LFG management
and emissions control;
. Design and construction of cost-effective systems for collection, recovery

and destruction of LFG in an environmentally sound manner;

. Managing LFG condensate generated within the system to preclude pipeline
blockages and treatment of collected condensate to industrial pretreatment
standards for disposal at the Cranston Publicly Owned Treatment Works
(POTW);

. Operation and maintenance of the LFG collection system In a manner
compatible with landfill construction and closure activities, that minimizes
personnel health and safety nisks, and prevents fires and explosions;

. Implementation of a contingency plan to address emergencies associated
with construction and operation of the LFG facilities; and
. Development of a closure plan for protection and operation of the LFG

collection system under landfill post-closure conditions.
1.30 INTEGRATION OF LEG MANAGEMENT WITH T ANDFILLING

1.30.1 Landfill Construction

Measurable quantities of LFG production are expected from the Phase VI Landfill
within four to 12 months of filling being initiated, that is by May 2013 assuming waste
placement begins in January 2013. Collection and destruction of this gas will be needed to
limit unwanted migration and/or surface emissions. Management of LFG in conjunction
with landfill construction requires careful planning and implementation to ensure success.
Installation and operation of LFG collection systems within active landfill cells must take
into consideration access by trash hauling vehicles and the movement and loading of heavy
landfilling equipment.

In general, the LFG collection system must be entirely buried within the active
landfilling zone and must be installed with sufficient depth and with materials of suitable
strength to resist loading impacts. The gas collection systern must also be designed to
accommodate settlement of waste and header piping. Condensate drainage is a key
element of the LFG collection system design in order to limit potential header blockages
from its accumulation. Care must also be exercised in operating the LFG collection system
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within active landfilling areas to prevent underground landfill fires from taking place as a
result of air intrusion into the gas system due to excessive applied vacuums.

1.30.2 Ieachate Management

Leachate can interfere with the efficient recovery of LFG if not adequately
collected. Recovery of LFG through perforated horizontal collector trenches or vertical
extraction wells is inhibited by the presence of leachate in excessive amounts at the trench
or well. The movement of LFG is constrained by liquids in the pore spaces of the waste
materials and well media. Consistent collection of leachate in combination with proper
management of surface drainage can limit the buildup of leachate within the gas collection
ZOne.

The horizontal collection trenches within the Phase VI Landfill have been designed
for a consistent burial depth of 4 feet assuming that the landfill waste lifts are constructed
with an outboard pitch of 1% minimum to shed water. Additional condensate/leachate
leaching sumps have also been added to the Phase VI design (as compared to that
employed in Phases IV and V) to promote condensate and leachate drainage from the
trenches.

1.30.3 Tandfill Capping

The construction of the final landfill cap will need to accommodate the permanent
gas collection systems including horizontal trenches, vertical wells, condensate traps,
header piping, and miscellaneous fittings. Existing vertical wells at or near the pre-
capping grade elevation will need to be raised to allow the cap to be constructed around the
well casing, Generally speaking, wells within 1- to 40-feet of the capping grade can be
successfully raised, at greater depths, replacement wells typically need to be installed.

In order to minimize interruption of gas collection during construction of the cap,
the interim/operational header piping will remain in operation as a replacement header
systern is installed above the final cap for post-capping operation. The timeframe from
burial of existing headers and laterals to installation of the new equipment above the cap
should be kept as short as practicable. A permanent perimeter header has been utilized in
the design that will serve both the interim/operational gas collection needs as well as the
closure/post-closure period. This header will reside in virgin soils or compacted gravel fill
between the liner anchor trench and the perimeter road and will help to reduce downtime
due to system switchover.

1.40  TFG MANAGEMENT FACILITTES DESIGN AND CONSTRUCTION

The recovery and beneficial utilization (or destruction) of LFG will be necessary during
the operational phase of the landfill as well as during closure and post-closure periods.
Implementation of LFG management facilities will limit the potential for the generation of
objectionable odors, control surface emissions, reduce lateral gas migration and provide a
significant renewable energy resource. The design, construction and operation of the LFG
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recovery and reuse/destruction systems are critical to ensuring the preceding objectives are
met. This section describes the components that will comprise the LFG management
facilities for the Phase VI Landfill and provides specific design criteria and construction
elements that are associated with facilities implementation. A report that describes the
specific assumptions and calculations that formed the basis of our design as presented on
the attached figures is provided at the end of this appendix in Attachment A.

1.40.1 Gas Collection

a. Intertm/Operational Gas Collection System

LFG generation is expected to commence within 4 to 12 months from the
placement of the waste in the Phase VI Landfill cell. Since the Phase VI Landfill has a
projected useful life of about 10 years, gas collection will be necessary prior to closure.
Under the terms of a Consent Decree between RIRRC and the United States
Environmental Protection Agency, that is still in force at the site, gas collection for each
cell is required within 140 days of the installation of the first collection frenches. The
design and installation of a gas collection system must take into account the restrictions
and impacts placed upon recovering LFG from an operating landfill cell with continual
activities of waste filling, compacting, grading and covering.

The most practical method of collecting LFG from an active landfill site is through
the use of horizontal gas collection trenches. The horizontal gas collection trenches are
constructed of perforated 8-inch ID high density polyethylene (HDPE) pipe sections butt-
fused together. The trenches will vary between SDR sizes depending on the depth of trash
above each tier, as described in the attached design report.

The horizontal collection trenches will be constructed using a minimum 2.5-foot
wide by approximately 4-foot deep trench in which 8-inch perforated HDPE, butt-fused
pipe sections are placed and backfilled with 1-inch to 2-inch crushed stone or other suitable
clean and durable aggregate, see Drawing C-7.4, detail #101. ‘We currently plan to install
the collection trenches at approximately 100-foot intervals across the top of every other lift
of waste resulting in a vertical separation of not more than 30 feet. Trenches will be
installed beginning with the second lift and in an off-set pattern (i.e., they will not directly
overly each other but be off-set by approximately 50 feet). The end of each trench
collector will be equipped with an 8-inch solid pipe connecting to an HDPE header leading
to a centralized gas recovery system.

The final gas collection trench configuration and spacing may be modified based
on the results of performance testing (e.g., radius of influence — ROI) of the system
currently installed in the Phase IV and V Landfills. Results of this performance testing, if
conducted, will be provided to RIDEM and the spacing will not be altered with RIDEM
approval. Final spacing will be based on achieving a slight overlap in the radius of
influence of adjacent trenches through the application of reasonable operational vacuum by
the blower systems.
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Due to the configuration of the Phase VI Landfill piggybacking over the Phase I
cell, the trenches would be installed in alignment with the shorter distance in an north-
south orientation for Areas 1-5. This orientation will allow the installation of the trenches
to proceed in sequence with the anticipated filling pattern starting at the Phase I Landfill
interface.

As noted above, trenches are designed to be sloped a minimum of 1 percent to the
outboard side of the individual landfill cells to facilitate drainage of leachate and
condensate toward the leaching sump at the outside slope end of each trench. The leaching
pit is constructed near the end of the slotted pipe sections approximately 20-feet before the
trench joins the 8-inch solid HDPE lateral pipe that connects the trench to the gas header
system. Leachate sumps have also been placed at the approximate midpoint of trenches
greater than 500 feet in length, to further aid in the draining of lecachate and condensate.
The leaching sumps have dimensions of 8-feet long by 8-feet wide by 10-feet deep and are
to be backfilled with crushed stone (3-inch to 4-inch), or other suitable clean and durable
aggregate material. Leaching sumps are covered by a layer of filter fabric and a minimum
2-foot thick layer of compacted clay to prevent air intrusion. Drilled sumps may also be
utilized. We recommend that drilled sumps be 24-inch diameter and a minimum of 20 feet
deep to penetrate the landfill cover material between successive layers of trash and into
the underlying waste lift. A 4-foot long bentonite plug backfilled around the 8-inch solid
HDPE pipe follows the leaching sump as shown on Detail # 113 on Drawing 7.6, and
serves to preclude condensate/leachate from breaking out of the horizontal trench stone
backfill to the outside landfill slope. An additional 4-foot long clay plug will be placed
around the solid pipe at its intersection with the vertical gas collection trench-heads. The
purpose of these clay plugs is also to minimize the potential for surface emissions from
around the pipe and to prevent ambient air infiltration into the landfill which can result in
landfill fires. Details of the proposed LFG collection trenches are shown on Drawings C-
7.1 and C-7.3.

An HDPE end cap is installed on the buried end of the horizontal trench to prevent
the entry of waste materials. The end of the 8-inch solid HDPE lateral at the downslope
side of the trench is fitted with a blind-flange connection to permit inspection and cleaning
of the trench should blockages occur afier being placed in service. A butterfly valve is
installed in the 4-inch trench lateral just upstream of the T-connection to a larger HDPE
gas header. The gas header is constructed along the outside slope of the cell lift buried to a
depth of 1- to 2-feet below grade. The gas header is run upslope from the permanent
perimeter header in a pattern to maximize the pipe slope to promote condensate drainage.
Some header pipes will also snake up and down the outside slope of the lift and will be laid
at a minimum cross-landfill slope of 4 percent. Condensate traps will be located at key
low points to drain condensate from the laterals before they enter the main header.
Depending upon the location of the on-landfill gas headers, the condensate traps are
constructed to either drain back to the landfill if sufficient waste depth (i.e., greater than 25
feet) exits or connect to the leachate collection system if insufficient waste depth exists for
proper drainage and to minimize the potential for leachate outbreaks.
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Since the Phase VI Landfill will piggyback over the existing Phase I and V
Landfills, the gas collection system will also need to extend into this overlap area. Within
this overlap area, the vertical wells will be installed to a maximum depth that places the
bottom of the well no closer than 10-feet to the elevation of the landfill liner or underiying
cap in closed piggyback areas. The existing Phase I vertical wells within the overlap area
will be decommissioned and buried. Due to the advanced age of most of the wastes within
this portion of the Phase I Landfill, gas generation has already declined significantly. At
the time these wells are buried by the Phase VI Landfill, they are expected to be relatively
low or non-producing wells, particularly those along the lower benches of the Phase I
gastern slope.

However, to prevent the build-up of LFG below the Phase I cap (LFG pressures in
confined landfill areas have been observed at up to 5 pounds per square inch (psi), which is
more than enough to raise the full landfill cap cross-section off of the waste) and limit the
potential for subsurface migration of gases below the Phase VI cell, a system of shallow
horizontal trenches will be installed beneath the Phase I cap as wells are decommussioned.
This system is shown on Drawing C-7.7 with details provided on Drawing C-7.5a. The
location and extent of this horizontal collection system was based on performance
monitoring of the existing wells in areas to be decommissioned. Similar to the methods
used in the Phase V overlap area, good producing wells have been incorporated into the
herizontal collection network. Methods and materials employed for this below cap
collection system will be similar to those described above for the operational LFG
collection trenches.

b. Final Gas Collection System

As the Phase VI Landfill is brought to final grade and surface areas become
available, the series of horizontal trenches may be supplemented with and eventually
replaced by a network of vertical extraction wells. The decision to supplement or replace
the horizontal gas collection system with vertical wells will be based on performance
testing and an operational assessment of the Phase IV and Phase V systems. Vertical wells
offer a number of advantages over horizontal trenches: 1) better vertical zone of influence;
2) not subject to the significant loading and settlement that trenches may experience as the
waste fill compacts with age; and 3) controlling the amount of gas recovery from a specific
location is generally easier to manage with vertical wells in comparison to horizontal
trenches. The major disadvantage of vertical wells is that they extend through the landfill
surface making them impractical to use within portions of the landfill still accepting waste
or those that will be covered by additional piggyback cells.

Vertical wells, if needed, will be installed as each area reaches its pre-capping final
grade. The wells will be installed at an average spacing of 200-feet on center based on
radius of influence testing conducted within the Phase [ Landfill, or as needed to
supplement the coliection trenches. Testing' found the radius of influence of vertical wells
in the Central Landfill ranged from a minimum of 108-feet to as much as 150-feet with

! “Radius of Influence Tests, Stage I - Inferpretive Report, Central Landfill, Johnston, RI, February 20017,
Prepared by GZA Gecenvironmental, Inc,
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vacuum at the wellhead between 5 and 15 inches of water column (w.c.). The well spacing
of 200-feet provides an overlap of the zones of influence to maximize the recovery of LFG
and limit the possibility of surface emissions. The most efficient coverage of vertical wells
over the landfill area is achieved by laying out the wells in a triangular pattern to the
maximum degree possible. A conceptual layout of the vertical extraction wells at the final
grade of the Phase VI Landfill is shown on Drawing C-7.2.

The vertical gas extraction wells will be constructed by drilling a 3-foot diameter
borehole into the waste to a depth setting the bottom of well 10-feet above the base liner or
100-foot total depth, whichever is less. Even though portions of the Phase VI Landfill will
reach depths of over 200-feet, the maximum practical limit of the bucket auger type
drilling equipment is about 120-feet. In addition, on-site experience has shown that
drilling wells greater than 100-feet is extremely difficult, increases the chance of well
cave-in, and rarely provides any additional benefit since gas at those depths will rise
upward (driven by pressure gradients) to wells above and outward to wells on lower
portions of the landfil! slope when a vacuum is applied.

The vertical wells will be constructed of 8-inch SDR 11 HDPE piping which will
be perforated below a depth of 20-feet and solid for its upper portion. The perforated
portion of the well will be backfilled with 1- to 1-1/2-inch crushed stone to enhance the
movement of gas into the well. Acceptable perforation patterns for the screened portion of
the wells are shown on Drawing C-7.6 detail #109. Linear low-density polyethylene
(LLDPE) sheeting (60 mil) or filter fabric will be placed at the top of the stone fill
followed by a 4-foot thick bentonite plug to limit air intrusion. The solid pipe portion of
the vertical well will be backfilled with a low hydraulic conductivity soil (e.g., clay or
clayey till) and topped with another 4-foot bentonite plug. A wellhead to connect the
vertical well to the gas header will be installed atop the 8-inch HDPE well casing.

The vertical gas wellhead will include a butterfly valve to regulate the level of
vacuum exerted on the well and isolate the well when maintenance and repairs are
necessary. Sample ports are installed on the wellthead upstream and downstream of the
valve to allow vacuum readings and monitoring of gas quality. A thermometer is mounted
on the side of the wellhead for determining the gas temperature. The connection of the
wellhead to the header is made via a flexible hose to the HDPE lateral off the gas header.

The on-landfill vertical well gas header system is comprised of a network of
interconnecting HDPE piping that will range in size from 6-inches to as much as 28-
inches. The gas headers are generally constructed along the alignment of the landfill slope
with 2 minimum downward slope of 4 percent to promote condensate drainage. Due to the
flatter slope of the upper portion of the wellfield, the gas headers will be installed in a
cross-slope patiern to maximize condensate drainage.

Condensate traps will be installed at all low points of the gas headers to remove
condensate that builds-up in the lines to avoid header blockages. Knock-out crosses will
be installed at the design low points of the gas header system. The knock-out cross is
constructed of an HDPE cross fitting matching the size of the gas header and installed in a
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vertical orientation. The lower portion of the cross drops three feet below the header invert
and is fitted with a cap at the bottom to serve as a condensate sump. A 4-inch drain outlet
is installed in the sump section allowing accumulated condensate to overflow into the
interconnected condensate trap. The upper portion of the knock-out cross extends to the
landfill surface and is fitted with a removable cover for inspection and maintenance

purposes.

A 4-inch drain outlet is installed on the side of the knock-out cross that connects to
the condensate trap. The condensate trap is made up of a 4-inch HDPE “U”-shaped piping
configuration to isolate the atmospheric air from the vacuum within the gas header system.
The two sides of the 4-inch HDPE “U” extend to the surface and are capped with blind
flanges for use as clean-outs. The bottom of the “U” is set 8.34 feet (i.e., 100 inches)
below the 4-inch inlet from the knock-out cross to provide protection from the systems
vacuum un-priming the trap. The 4-inch outlet from the “U” is set 16 feet above the
bottom of the trap. The outlet of the "U" trap is directed to the leachate collection system
or back into the landfill, depending upon its location relative to the leachate collection
system and the depth of waste. Where sufficient depth of waste exists to allow percolation
of the condensate back into the landfill (i.e., 25 feet of depth or more), a large stone
leaching sump or drilled stone column is constructed beneath the condensate trap casing,
otherwise, the "U" trap outlet is tied into the leachate collection system.

A condensate trap will also generally be installed at the connection between the
main on-landfill collection headers and the off-landfill perimeter header to limit the
amount of condensate entering the perimeter header. A condensate trap and pump station
will also be placed at key points along the run of perimeter header. The purpose of these
pump stations is to remove condensate and/or leachate that enters or forms in the cooler
perimeter header before it becomes an impediment to LFG flow. The pump stations will
discharge to the leachate collection system and will be similar to that used in the Phase IV
perimeter header.

Butterfly valves will be installed at the end of each header line serving 6 or more
wells. These valves are used to provide gross adjustments to the vacuum exerted on the
tributary wells. Fine tuning of the individual well vacuum is performed with the butterfly
valve at the wellhead. Flow and gas quality monitoring stations will be installed at key
junctions of the gas header system to check gas flows and quality from major segments of
the wellfield and too provide for measurement of the phase specific total landfill gas
collection volume and quality. The flow monitoring stations use a calibrated annubar flow
measurement device inserted into the header that senses the drop in pressure across the
device. This pressure drop is then converted into a velocity reading that is used to
calculate the gas flow rate based on the pipe size. 'Gas quality parameters consisting of %
methane, % carbon dioxide and % oxygen are measured using a real-time field portable
meter such as the LandTec GEM 2000, or equivalent, calibrated in accordance with the
manufactures recommendations; methane is used as a measure of gas quality and oxygen is
used as an indicator of air intrusion.
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The on-landfill gas header system will be constructed to lie above the final cap
geosynthetic liner within the vegetative support layer. The purpose of this is to allow
access to the header piping for maintenance and repair purposes without disturbing the cap
membrane. The gas header - perimeter header system ultimately leads to the gas control
devices.

Drawing C-7.2 of the Phase VI Landfill permitting plans shows a conceptual layout
plan of the final Phase VI gas collection system. The actual final gas collection system
configuration will be determined once the Phase VI Landfill approaches its final grade.
Details associated with the Phase VI Landfill final gas collection system are presented on
Drawings C-7.2.

1.40.2 Condensate Management

A byproduct of the collection and recovery of LFG is the production of condensate
that must be properly handled to prevent sysiem operational problems. Condensate is
produced as a result of the warm saturated LFG extracted from vertical wells and
horizontal trenches entering into the header system where cooler near surface temperatures
allow vaporized moisture to condense. Condensate is also produced from mist entrained in
the gas which drops out as the velocity of the gas that keeps the mist in suspension is
reduced such as when the gas enters into a knockout tank. Condensate will collect at low
points of the collection system and could create partial or total blockages if not removed.

Condensate management will occur at two levels in the Phase VILFG system. The
primary level is associated with condensate management within the gas collection headers
buried in the landfill and around its perimeter. The secondary condensate management
level occurs at the recovery facilities (e.g., gas freatment system). The main distinction
between the primary and secondary level condensate management is the method of
collection and disposal. Condensate produced within the wellfield gas headers and
perimeter header will generally be collected at the header low points and routed to
condensate traps that discharge the condensate to the landfill, either directly into the waste
of the lined ceils or into one of the numerous collection pipes associated with the primary
leachate collection system. At the lower elevations of the Phase VI Landfill where
insufficient depth (<25°) of waste exists to assimilate the condensate without resulting in
leachate or condensate outbreaks, the condensate piping is connected to the leachate
collection system piping; whereas condensate collected at higher elevations may be
drained into the waste via dug (or drilled) sumps or drilled drip legs. In contrast,
condensate removed from the gas stream at the LFG recovery facilities will be collected
and either routed to the on-site treatment facility via a gravity sewer connection, pre-
treated, and discharged to the public sewer system, or collected in dedicated tanks for
temporary storage then transported to an appropriate off-site disposal facility.

1.40.3 LFG Generation Modeling

Modeling of LFG generation from the Phase VI Landfill is based on the model that
has been developed and refined for the Central Landfill. The LFG model is based on a
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first-order decay relationship between the amounts of organic waste available at any given
time and the rate of gas generation. Input data to the model consists of: the estimated
annual tonnage of waste placement; the composition of the waste in terms of
decomposability categories; the weight based gas vield of each waste component category;
and the decay rate coefficient and lag time.

Annual waste tonnage for the Phase VI Landfill is projected to be approximately
810,000 tons per year over its estimated 15-year life. This projection is based on
information provided by RIRRC, which they expect to remain relatively steady into the
future with increased recycling offsetting population and economic growth. The Phase VI
Landfill will have a total capacity of approximately 12.0 million tons. Waste
characterization information for the model was derived from the January 2006 Rhode
Island Statewide Comprehensive Solid Waste Management Plan breakdown of waste
from Table 171-5-3 of the study.

a. First Order Decay

The first order decay equation used as the gas generation model algorithm has the
form:

G=Lox Wx[fI -e™-kt+l)]

where,
(G = gas generation rate at time t, cf/yr.
Lo = potential ultimate gas generation capacity of the waste component, cf/dry
ton
W = annual waste placement, tons
k = gas generation rate constant, 1/yr
t = time since placement of the waste, years
1 = lag time for start of gas generation, years

The first order decay equation calculates the annual quantity of gas generation for
each waste component category (rapidly, moderately and slowly decomposable) assuming
the peak occurs after waste placement subsequent o the lag period. The rate of gas
production then diminishes exponentially as the organic portion of the waste is decreased
by microbiological consurption. The total gas generation for each yearly period is
determined by summing the values obtained from the first order decay equation for each
waste component category. The annual gas generation values for each year of waste
placement are then added together to derive the cumulative gas generation rate for any
point in time.

b. Input Factors and Assumptions

The waste placement rate used for the Central Landfill Phase VI LFG Model input
is the 810,000 tons per year noted above. Table 1 presents a summary of the data assumed
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for each waste component category used as input for the Base Case of the LFG Model.
The input data includes the percent dry weight analysis of the waste, methane yield factor
in cubic feet per dry ton for each waste category, half-life in years for each waste category
and lag time in years for each waste category.

TABLE 1
WASTE COMPOSITION ASSUMPTIONS'
{Base Case Conditions)

B T Waste Analysis. | = Yield Factor. | Half-Life | Lag Time
“» » ‘Waste Component (% Dry W) - | (CF/Dry Ton)  |* (Years) | (Years)
Readily Decomposable 8.1 4,610 0.5 0.1
Moderately Decomposable 329 14,453 3.8 0.8
Slowly Decomposable 59 1,500 . 12.5 3.6

Based on the waste composition assumptions shown in Table 1, ultimate average potential
gas yield, Lo, is approximately 5,263 cubic feet of LFG per ton of waste (3.41 cf/lb.) and
the weighted average decay rate constant, k, is approximately 0.164/yr.

¢. Base Case Generation Model

The projected waste placement values together with the composition data in Table
1 were input to the Central Landfill LFG Generation Model to predict the total gas
peneration for the Phase VI Landfill site. The model projects total gas generation for a
period of 30 years beyond the completion of filling in the Phase VI waste cells. The output
from the model is displayed in Figure 1 that shows curves of the estimated gas generation
rate in standard cubic feet per minute {(scfm) for the years 2000 - 2042.

LFG production from the Phase VI Landfill is expected to peak in 2027 at a Base
Case rate of 7,431 standard cubic feet per minute (scfin). The base case reflects the
predicted gas generation rate as an average annual value for each year indicated. However
this average annual value can vary significantly over the course of a year depending upon
seasonal conditions or other unusual weather conditions that affect gas generation. The
sensitivity of the model to such seasonal or unusua! conditions is determined by varying
certain parameters of the base case assumptions and re-running the model.

! Derived from data on waste composition and LFG generation produced by Robert K. Ham, Professor,
University of Wisconsin, Dept. of Civil and Environmental Engineering, Presented at the “Sanitary Landfill
Leachate and Gas Management Seminar”, Madison Wisconsin, April 1993,
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d. Accelerated / Decelerated Decay Models

In order to gain an understanding of the possible high and low range of gas
generation rates due to fluctuating conditions that might occur, the model input
assumptions are varied to yield accelerated and decelerated decay rates. Under the
accelerated case the waste component yield factors are increased while the corresponding
half-life and lag time values are decreased. The affect of these adjustments is more rapid
and earlier decomposition of the wastes producing higher gas generation rates in
comparison to the base case conditions. Alternately, the decelerated case adjustments
produce the opposite affect. Table 2 presents the input parameters assumed for the
accelerated and decelerated gas generation cases.

TABLE 2
LFG MODEL INPUT PARAMETERS
ACCELERATED AND DECELERATED CASES®

:{ i Landfill Gas Co R T IR S
Waste Component | -~ Yield Factor Half-Life" - ' Lag Time
' - -+ (CF/Dry Ton) (Years) .- ' (Years) -

o Accel: |- Decel.- | Accel. | Decel Accel. Decel.
Readily 5,000 4,400 0.5 0.8 ¢.1 0.1
Decomposable
Moderately 16,000 13,000 25 5.0 0.6 0.9
Decomposable
Slowly 1,500 1,450 10.0 15.0 2.5 4.6
Decomposable

The input parameters for the accelerated and decelerated decay rate cases were run
in the LFG model. The results of the model output are plotted on Figure 1 showing the
high range gas generation curve of the accelerated case and the low range gas generation
curve of the decelerated case in comparison to the base case which should represent the
long term average gas generation curve.

As shown, LFG production from the Phase VI Landfill is expected to peak in 2027
at a Base Case rate of 7,431 standard cubic feet per minute (scfin). A review of the gas
generation curves in Figure 1 indicates peak generation rates of approximately 8,715 scfm
and 6,285 scfin for the accelerated and decelerated casés, respectively. As shown in the
figure, the accelerated decay rate produces a higher gas peak than is seen to decline more
rapidly than the other cases after filling ceases. That is, the LFG generation capacity of the

? Adjustments to Base Case Conditions of Table 1 for Accelerated and Decelerated Conditions made to
reflect increase and decrease, respectively, in gas generation rate associated with predominantly wet and
predominantly dry weather conditions, respectively. The amount of adjustment for each case was based on
calibrating the model for each case to actual gas recovery records from the Central Landfill during extended
wet and dry weather periods,
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waste is expended earlier in the landfill cycle. Conversely, the decelerated rate produces a
lower gas peak and declines more gradually than the other cases.

e. Recovery Rate

Recovery of LFG from the Central Landfill is accomplished by the installation and
operation of a gas collection system. As described in Section 1.40.1 above, the gas
collection system will initially be comprised of a series of horizontal collection trenches
during the active operational period of the site. That system will be supplemented or
replaced with a network of vertical extraction wells as the site reaches final grade.

Estimated LFG recovery rates, as a percentage of the projected gas generation,
generally vary between 80 percent and 95+ percent. This recovery rate range is typical of
the values used by the industry. The lower end of the range cormresponds to an uncapped
landfill surface. A fully capped landfill surface (i.e., flexible membrane, clay) is expected
to yield a recovery rate of 95 percent or more. These recovery rates assume complete
coverage of the landfill with an active gas collection system. The uncapped landfill
recovery rate is assumed to be less than the capped rate due to the lower permissible
vacuum levels needed to prevent unacceptable air intrusion. The presence of an
impermeable surface provided by a landfill cap allows operation of the gas collection
system at higher vacuum levels with minimal threat of air infrusion.

The recovery rate is assumed to increase from 80 percent to 95 percent as the site
transitions from uncapped to fully capped. As shown on Table 3, the assumed overall
average recovery rate in Phase VI starts out at 80 percent and increases steadily to 95
percent by 2031, assuming a membrane cap is built up as the Phase VI cell reaches its
capacity. A site-wide gas generation and recoverable gas table is provided as Table 4.

The assumed gas recovery rates are applied to the LFG generation model annual
output values to determine the estimated yearly recoverable gas. Figure 2 shows a
graphical representation of the gas generation and recovery curves for the Phase VI
Landfill for the base, accelerated and decelerated case LFG Model conditions, respectively.
As noted on Figure 2, the estimated peak recoverable gas under base case conditions for
Phase VI is approximately 6,625 scfm. In comparison the estimated peak recoverable gas
under the accelerated and decelerated case conditions is approximately 7,588 scfm and
5,656 scfim, respectively.

In December 1999, the RIRRC reached an understanding with the EPA and local
Citizens Action Committee to design all future gas recovery and destruction systems to
have a capacity equal to or greater than, the peak recoverable flow rate associated with the
Accelerated Case LFG Model projection plus a 20 percent factor of safety. Accordingly,
the gas management systems should be capable of recovering and destructing 9,106 scfm
(120% x 7,588 scfm) from the Phase VI Landfill in 2027.
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TABLE 3: LFG GENERATION AND RECOVERY PROJECTIONS
CENTRAIL LANDFILL - JOHNSTON, RI

PHASE VT
February 2009
LFG GENERATION (SCFM) RECOVERY] LFG RECOVERABLE (SCFM)
YEAR |BASE CASE[ACCELERATED|DECELERATED FACTOR |BASE CASEJACCELERATED|DECELERATED

2012 0 0 0 80% 0 0 0
2013 375 708 222 80% 300 567 178
2014 1410 2,347 951 80% 1,128 1,878 761
2015 2,569 3,979 1,847 85% 2,184 3,382 1,570
2016 3,493 5,174 2,583 85% 2,969 4,398 2,196
2017 4,250 6,069 3,194 85% 3,613 5,159 2,715
2018 4,875 6,743 3,729 85% 4,144 5,732 3,170
2019 5403 7257 4,188 85% 4,592 6,168 3,559
2020 5 840 7,653 4,583 85% 4,064 6,505 3,806
2021 6.208 7,951 4,931 85% 5277 6,759 4,191
2022 6,514 8,174 5,236 85% 5,537 6,948 4,451
2023 6,771 8,347 5.500 85% 5,755 7,095 41,673
2024 6,979 3,479 5,729 85% 5,032 7207 4.870
2025 7,160 8,583 5,931 85% 6,086 7,296 5,041
2026 7,306 3,660 6,104 85% 6,210 7361 5,189
2027 7 431 8,715 6,257 87% 6,465 7,582 5444
2028 7,361 8431 6,285 90% 6,625 7,588 5,636
2029 6,576 6,979 5,833 92% 5,050 5421 5367
2030 5,410 5,229 4,979 94% 5.085 4,915 4,680
2031 4,500 3,958 4,299 05% 4275 3,760 4,084
2032 3,757 3,007 3,736 95% 3,569 2,857 3,549
2033 3,139 2,292 3,250 93% 2,082 2,177 3,088
2034 2,618 1,750 2.833 95% 2,487 1,663 2,692
2035 2,194 1,340 2472 95% 2,085 1273 2,349
2036 1,833 1,028 2.153 5% 1,742 976 2,045
2037 1.535 785 1,882 95% 1,458 743 1,788
2038 1,283 604 1,639 93% 1,220 574 1,557
2039 1,076 465 1,431 95% 1,023 442 1,359
2040 903 361 1,250 95% 858 343 1,188
2041 757 285 1,090 95%, 719 270 1,036
2042 639 222 958 95% 607 211 910
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TABLE 4: LFG GENERATION AND RECOVERY PROJECTIONS
CENTRAL LANDFILL - JOHNSTON, RI

SITE WIDE
February 2009
LFEG GENERATION (SCFM) LEG RECOVERABLE (SCFM)
YEAR|BASE CASE|(ACCELERATEDIDECELERATED BASE CASE|ACCELERATEDIDECELERATED
2000 9.028 11,236 7,201 7471 0,225 5,989
2001 9,375 11,646 7,535 7,728 9,523 6,240
2002 9,750 12,111 7,847 8,498 10,544 6,839
2003 10,160 12,569 8,181 8,811 10,872 7,110
2004 10,514 13,035 2,500 9,226 11,381 1477
2005 11,299 14,104 9,049 10.059 12.473 3.088
2006 12,583 15,931 10,014 11,216 14,089 8,962
2007 13,729 17,326 11,090 12,391 15,560 10,030
2608 14,347 17,806 11,730 13,003 16,066 10,667
2009 14,417 17.375 11,965 12,992 15,578 10,801
2010 14,021 16,306 11,826 12,590 14,564 10,640
2011 13,549 15,285 11,583 12,129 13,606 10,393
2012 13,174 14,486 11,417 11,757 12,848 10,215
2013 12,813 13,785 11,250 11,516 12,309 10,138
2014 12,472 13,167 11,069 11,288 11,804 10,053
2015 12,153 12,639 10,903 11,091 11,438 8,978
2016 11,847 12,174 10,750 10,817 10,988 9.854
2017 11,569 11,764 10,583 10,522 10,549 9,676
2018 11,292 11,403 10,417 10,199 10,141 9,468
2019 11,049 11,090 10,264 5,919 9,795 9,281
2020 10,813 10,826 10,104 6,654 9,507 8,093
2021 10,597 10,590 9,958 9416 9,254 8,923
2022 10,410 10,382 9,826 9210 9,035 8,769
2023 10,215 10,201 9,688 9.002 8,848 8,614
2024 10,042 10,049 9,549 8,818 8,690 8,462
2025 9,889 9,917 9,424 8,657 8.556 8,325
2026 9,736 9,792 9.306 8,499 8,430 8,198
2027 9,611 9,681 9,194 8,518 8,494 3,204
2028 9,306 9,264 8.972 8,456 8,374 8,182
2029 3.319 7,701 8.306 7,691 7,102 7,689
2030 5,979 5,847 7,257 6,562 5,499 6,820
2031 5,903 4403 6,396 5,595 4,265 6,053
2032 5,021 3,472 5,667 4758 3,295 5,362
2033 4,292 2,701 5,028 4,066 2,564 4,757
2034 3,646 2,111 4,479 3,454 '2,003 4,236
2035 3,139 1,633 3,986 2,973 1,568 3,769
2036 2,088 1,313 3,556 2,345 . 1,245 3,361
2037 2,306 1,035 3,181 2,183 981 3,006
2038 1,979 826 2,833 1,873 783 2,677
2039 1,708 660 2,342 1,617 625 2,401
2040 1,479 533 2,285 1,399 507 2,158
2041 1,278 444 2,049 1,209 421 1,934
2042 1,118 361 1,840 1,057 342 1,738
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1.40.4 Recovery/ Processing Equipment

As described in Section 1.20.5 above, at the time the Phase VI Landfill is scheduled
to be put in operation in January 2013, the RIRRC is expected to have in place a total gas
recovery and destruction capacity of 30,682 scfm. This total capacity will be comprised
of: 1) a 6,000 scfm enclosed ultra-low emissions (ULE) flare located at the southern
juncture of Phases IV and V; 2) the two 2,000 scfin portable utility flares located at the
northwest and southwest corners of Phases IVIII (RF-2 and RF-3); 3) the 450 scfm remote
utility flare (RF-1) connected to the leachate collection system along the western perimeter
of Phases II/ITL;4) 12,200 scfim at the new Stage 3 facility; 5) 6,000 scfim for the new
ground flares at the new gas treatment and compression facility; and 6) the 2,032 scfm
Stage II Power Plant. The 5,100 scfin main LFG-to-energy power plant, the two free
standing Deutz generators at the main Ridgewood Power Management facility with a
combined capacity of 820 scfin, and the two older Perennial flares with a combined
capacity of 2,600 scfin will have been taken off-line by December 2010 to make way for
the construction of the Phase VI baseliner.

The Central Landfill LFG generation mode] was run to determine the peak rate of
LFG generation for the entire site, inclusive of Phase VI, under the Accelerated Gas
Geuneration Case scenario. The model projects that peak accelerated site wide rate of LFG
generation has occured in the year 2008 at approximately 17,938 scfm with a peak
accelerated recoverable rate of 16,100 having also occurred in 2008. Including the
previously noted 20% factor of safety allowance, the peak LFG recovery and destruction
requirement for the entire site is 19,320 scfm in the year 2009. The destruction capacity
requirement is currently satisfied through a combination of the Ridgewood Power
Management Plaot capacity of 5,100 scfm, the two existing 2,000 scfm remote flares, the
existing 450 scfm remote flare, the two Deutz generators at the existing Ridgewood facility
(i.e., 820 scfm combined) the ULE enclosed flare with a capacity of 6,000 scfm, the Stage
2 Power Plant with a capacity of 2,032 scfm and the 2,600 scfrn main backup flares (i.e.,
the Perennials) which have a combined capacity of 18,402 scfin.

As described in Section 1.20.5 above, Ridgewood Power Management is
constructing a new electrical power station (designated Stage 3) with a LFG destruction
capacity of approximately 12,200 scfm, to be online in July 2011. Two new 3,000 scfm
ground flares will be installed concurrently with the new gas compression and treatment
facility, all of which are expected to be on-line by December 2010. Note, that the new
flares will address the shortfall in destruction capacity from the decommissioning of the
main plant, Deutz engines, and Perennial flares in Decémber 2010, prior to the Stage 3
plant being placed online. Once the new Stage 3 facilities are constructed the site will be
serviced by 30,682 scfim of capacity which is well in excess of the highest gas generation
predictions. This capacity will consist of: 12,200 scfim at the new Stage 3 facility, 2032
scfm at the Stage 2 power plant, 6,000 scfin for the two new ground flares at the gas
treatment and compression facility, 6,000 scfm for the ULE flare, and a combined 4,450
for the 3 remote flares.
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1.40.5 Permanent Gas Beneficial Use and Destruction Systems

The Phase VI Landfill is expected to have a peak rate of LFG recovery of about
9,106 scfin (accelerated case recovery conditions plus 20 percent). Primary destruction of
landfill gas recovered during the operational stage of the Phase VI Landfill will be through
a beneficial use project capturing LFG from Phases I through VI for the generation of
electricity via combined cycle turbines.

The goal of the collection and destruction systern design is to distribute the landfill
gas to maximize electrical generation. In the event that excess landfill gas is recovered, or
generation is curtailed, gas can be redirected to a number of gas destruction flares through
a series of interconnected headers.

Two new enclosed flares will be constructed and serve as backup to the power
generating project serving as the primary gas destruction device for the Phase VI Landfill.
The enclosed flares, to be collocated with the gas treatment and compression facility, will
have a design capacity of 3,000 scfim each. The systems will use an enclosed flare stacks
designed to meet the Best Available Control Technology (BACT) standards for gas
destruction.

Enclosed flares are designed to contain the entire combustion process within the
stack with no flame visible from outside the unit. The enclosed flare units consist of
burners located at the base of the stack encompassed by a tall refractory lined chamber
open at the top to exhaust the combustion products. Adjustable louvered openings near the
bottom of the flare stack allow air flow to the burners as an oxygen source for combustion
and for controlling stack temperatures. The enclosed flare design offers better control over
combustion temperature and residence time to achieve higher destruction efficiencies than
the open style flare. In addition, the enclosed flare, unlike the open style, contains
combustion sampling ports to allow testing of the stack gases for demonstrating
compliance with state and federal emissions standards.

Common ancillary equipment and appurtenances to the flare stacks include:

Pilot gas and ignition systems

Flame arrestors

Temperature probes and flame sensors
Flare control stations

Control valves

Concrete support pad

Electrical and mechanical systems

1.40.6 Gas System Expandability and Filling Compatibility

As with the preceding landfill phases, the gas collection system for the Phase VI
Landfill has been designed to allow expansion as areas of the landfill are filled and brought
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to final grade. The main headers are sized to permit the maximum anticipated recoverable
gas flow from Phase VI with head losses kept within the acceptable range of the recovery
facilities (i.e., blower systems). The gas headers were sized to maintain, where possible,
maximum velocities of less than 2,000 feet per minute in order to limit headlosses and
allow for proper condensate drainage. At the termination of gas main headers and branch
lines where future expansion is anticipated, a blind flange will be installed. When the gas
system is expanded, the blind flange will be removed and the new header will be bolted to
the existing header using a flanged fitting.

Ancillary gas facilities, such as condensate fraps and flow monitoring stations, are
also sized to handle the maximum projected future flow rate through that section of the
systen.

Since this will be an active landfill site with filling activities at times occurring in
close proximify to the gas collection system, the facilities are designed and will be
constructed to be compatible with landfilling and minimize any impacts of filling activities
on the gas collection system. Where there is the potential for heavy equipment to cross a
gas header (i.e., compactor, dozer, or large dump truck), the piping will be buried two fest
or more below the surface and surrounded by a well compacted envelope of gravel for
resistance to crushing. Where heavy and frequent traffic is anticipated to cross over a gas
header, such as haul roads, the pipe will be placed in a larger diameter pipe sleeve,
typically constructed of ductile iron (DIP) or corrugated metal pipe (CMP). In extreme
cases, where the pipe depth is limited to under 2-feet, a concrete cap can be constructed
over the pipe to distribute the load. ‘

1.40.7 Corrosion, Heat and Settlement Resistance

The gas collection, recovery and control systems will use materials of construction
that are resistant to the effects of corrosion and heat. The gas collection system design
incorporates measures that provide protection against landfill settlement forces. All
cornponents of the gas collection system that come into contact with LFG will be made of
plastic based materials that are not subject to corrosion. Components of the gas and
condensate handling equipment (i.e., blowers, compressors, pumps, valves, knockout
tanks) will be constructed of plastic based materials, stainless-steel, aluminum, or carbon-
steel internally protected with corrosion resistant coatings.

The gas collection system piping and fittings will be rated for the maximum
expected temperatures in the landfill environment (i.e., 150 degrees F.). Above grade gas
piping at the flare system will be designed to accommodate the expansion and contraction
effects of exposure to atmospheric temperature changes. Where practical, the above grade
piping will be protected from the environment with insulation and aluminum or plastic
jacketing. As needed, the above grade main header piping connecting to the gas moving
and treatment equipment is braced against unacceptable movements. All parts of the gas
control system that are exposed continuously to high heat conditions (i.e., flare stack) will
be constructed of materials that are not subject to the deleterious effects of high heat.
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Settlement of the landfill is inevitable and the gas collection system has been
designed to remain intact with settlement impacts. The gas collection headers will be
constructed of high density polyethylene (HDPE) pipe, sized as appropriate for the loading
conditions. This pipe material is able to withstand significant loading and settlement
without crushing or rupturing. The gas headers will be installed at a slope of at least 4
percent to provide condensate drainage even with some settlement. When header sections
settle sufficiently to cause a condensate blockage, they will be located, excavated and
regraded to restore their original slope and drainage. The gas system operator uses a
number of methods for evaluating and locating blockages, primarily consisting of
sequential gas pressure and flow readings along the suspect pipe segments to identify
vacuum surges and/or significant pressure variations indicative of watered in conditions.
Visual interior pipe inspections are generally considered a last resort for very difficult
situations.

1.50 LFG MANAGEMENT OPERATIONS

Operations of the LFG management systems are conducted, under contract to RIRRC, by
RGS and will span from the initial start-up of the interim/operational gas recovery trenches
within the active landfilling phase; through post-closure operation of the vertical extraction
wells and beneficial gas use. LFG management operations include: routine activities of
inspecting and balancing the collection system; operation and maintenance of the gas
recovery and destruction equipment; performing repairs and improvements to the wellfield
components impacted by settlement or damaged by landfilling equipment; collecting,
treating, and disposing of accumulated condensate; assuring personnel health and safety
through proper safety training and implementation of safety procedures; compiling and
maintaining operation and maintenance records, reporting of required information to
various regulatory agencies, and controlling LFG systems’ security.

1.50.1 Gas Collection System

Operation of the collection system, including maintenance, is required to maintain
effective and efficient collection of LFG. Gas collection trenches and wells will be
routinely menitored, generally monthly, for various operating parameters such as gas
content {methane, a measure of gas quality, and oxygen, an indicator of air intrusion),
vacuum levels (well and line sides), and gas temperature. Wells and trenches will also be
assessed on a regular basis (e.g., annually or semi-annually) for the presence of water and
well bore collapse. Adjustments to the well or trench control valve position are made in
response to gas quality data. A well or trench exhibiting low methane (<30% CHy) and/or
high oxygen content (>5% 0,), would be throttled back, or closed to reduce the vacuum
level, flow rate, and temperature. Conversely, a well or trench exhibiting high methane
(>55%) and little or no oxygen may have its control valve opened an additional amount
or, if fully open, possibly an increase of the total system vacuum.

A high gas temperature (>131 Deg. F.) can be an indicator of a possible
underground fire. When such a condition is encountered, the well or trench may be
throttled back and steps to investigate and/or mitigate the conditions immediately
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implemented. The well or trench may be monitored for the presence of carbon monoxide
which is a byproduct of and an indicator of, combustion. Such steps include placement of
low permeability soils over the area suspected of allowing oxygen into the landfill. The
well or trench is generally kept at low or no flow until temperatures decline and there is
assurance that the fire, if present, has been extinguished.

At the same time the routine trench or well monitoring is performed, a physical
inspection is conducted. The technician looks for signs of deficiencies including
settlement of the well or header piping, loose flex hose connection, fully extended flex
hose (due to landfill settlement), cracked piping, missing or broken wellhead components,
leaking well seal, and blocked or malfunctioning condensate trap. Such defects are noted
on the technicians log sheet and repair work is scheduled.

Surging vacuum conditions observed during the gas collection system monitoring
would be a strong indicator of a condensate blockage at some location within the header
system. The general location of the blockage would be identified by the technician based
on the degree of surging seen at individual wells or trenches. The closer the technician is
to the blockage, the greater the intensity of the surging observed. Since condensate
blockages are usually due to header settlements, once the technician has found the general
location of the blockage, they will look for signs along the header alignment where the
ground has settled. The settled header piping is then excavated, regraded and backfilled to
remove the condensate blockage by restoring proper condensate drainage.

A sudden or dramatic rise in the oxygen content of the gas at the gas recovery
facilities would alert the technician to a breach somewhere in the gas collection system.
This may be caused by a flex hose coming loose or pulling off the header connection,
rupturing of one of the gas headers by landfill or construction equipment, or inadvertent
opening of a valve or blind flange allowing air to be drawn into the system. Uporn learning
of the high oxygen condition at the recovery facilities, the technician would notify
personnel in charge of the gas control/destruction facilities to minimize disruption or
damage of those facilities, track down the source of the air intrusion by working upstream
from the gas recovery site sampling the gas at strategic junction peints to identify which
direction the oxygen is coming from. Once the air leak is discovered, the problem can
generally be corrected immediately, unless the defect is serious, in which case the affected
portion of the wellfield is turned off until repairs can be completed.

1.50.2 Condensate Collection. Treatment and Disposal

A byproduct of collecting LFG is the generation of condensate in the gas header
systems and recovery facilities. Where feasible, condensate generated within the gas
headers will be directed to condensate iraps located at low points of the gas headers and
other strategic locations throughout the collection system for return to the landfill. In some
locations, there would be insufficient waste depth (i.e., where waste is less than 25 feet
thick) to allow re-absorption of the condensate back into the lined landfill. In such
instances, the condensate will be directed to the leachate collection system at the base of
the landfill.

Central Landfill, Proposed Phase VI— October 2009 — Revision 3
Appendix M — Page 30 of 42



Condensate that leaves the confines of the landfill within the collection headers or
that is produced within the gas recovery equipment may not be returned to the landfill and
will be collected for treatment and disposal. Based on a peak LFG recovery rate of 10,300
scfm from the Phase VI Landfill, the estimated maximum daily volume of condensate that
will be produced at the recovery and flaring facilities is approximately 31,000 gallons per
day. This value is derived from experience with the primary condensate volume produced
at the existing Ridgewood Power Management gas recovery plant for a similar amount of
recovered gas., This estimated amount of condensate corresponds to the volume that would
be produced from recovery for flaring (beneficial use equipment generally requires drier
gas necessitating chilling and compression which can generate significant volumes of
secondary condensate).

The condensate generated away from the landfill will be directed to a condensate
sewer system for transport to the leachate pretreatment system before being discharged to
the Cranston public sewer system. Aliernatively, this condensate will be collected in
dedicated tanks for temporary storage then transported to an appropriate off-site disposal
facility.

1.50.3 Gas Recovery / Processing Eguipment

The gas recovery/mover equipment and gas treatment systems are being designed
by others as part of the ongoing partnering agreement between RIRRC and Ridgewood
Power Management. The following general description provides an overview of the
primary system components.

a. Condensate Knockout Tank

Typically, the first stage of the gas recovery / processing system is removal of
excess moisture in the gas by means of a condensate knockout tank. The operation of the
knockout tank is essentially automated. The excess moisture, in the form of a mist, drops
out of the gas stream in the knockout tank as a result of the reduced gas velocity, changing
flow direction and accurnulation on the tank mist pad. The condensate rises at the bottom
of the knockout tank until it reaches a pre-set depth that triggers the operation of the
condensate pump and opening of a solenoid valve on the knockout tank drain outlet to
discharge the condensate to an adjacent condensate sewer manhole. Once the tank is
pumped down the pump shuts off and, the solenoid valve closes and the cycle is repeated
as the tank refills with condensate. Operational activities associated with the knockout
tank include regular inspection of the tank site glass to.ensure proper drainage inspection
of the differential pressure gauge to ensure proper operation of the system and annual
cleaning of the mesh pad to remove built-up grit and debris.

b. Gas Extraction Blowers
The gas recovery system will include a system of gas extraction blowers operating

on an alternating basis. The blowers will be started in conjunction with the flare operation
in order to avoid the discharge of raw gas. Adjustable frequency drives that vary the speed
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of the blowers will be used to control the rate of LFG flow and applied vacuum. The flare
control system will include a process for automatically eliminating power to the blower
motor and shutting down the blower in the event of the loss of flame in the flare. In the
event of a blower shutdown, a fail closed valve on the inlet manifold is activated to prevent
any discharge of raw gas.

Maintenance of the blowers includes routine lubrication of the blower bearings,
inspection for excess vibration and noise, annual replacement of the bearings (as needed),
and adjustment of the blower belts.

¢. Condensate Pumping Systemn

In the eveni that the gas treatment systems are tied into the on-site leachate
pretreatment plant, condensate generated within the knockout tank will be pumped to a
condensate sewer manhole in the vicinity of the gas recovery facilities. The knockout tank
will be equipped with level senmsors to operate the pumping system that discharges
condensate from the tank to the sewer manhole. The level sensor will be set to start the
pump at a pre-set level and shut the pump after the tank water level is lowered to another
pre-set level. If the condensate level reaches a pre-set high level condition, an alarm will
be triggered and a technician will be dispatched to the flare station to diagnose and correct
the problem.

Pumping system maintenance involves routine inspection of the pump for proper
operation and looking for signs of leaks or blockages. The condensate discharge piping is
also inspected regularly to determine if there are any leaks, and the integrity of the pipe
heat tracing and insulation is verified during sub-freezing conditions. Over an extended
period of time, the condensate manhole may accumulate grit and debris as well as
floatables that need to be removed by a thorough cleaning,.

d. Flow Metering Equipment

The rate of gas flow and cumulative gas volume recorded by the flow metering
equipment will be routinely read by the technician in connection with the system
operation. Maintenance of the flow metering equipment is limited to regular inspection for
proper operation and any unusual readings, monthly accuracy checks using an annubar and
annual recalibration by a certified technician.

e. Motor Control Center

The motor control center contains ail the controls and indicators for the operation
of the gas recovery blowers, condensate pumps, knockout tank and sump levels, and
miscellaneous devices. Operation of the motor control center is automated once power is
supplied to the unit and the equipment controls are placed in the "AUTO" mode.
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f.  Other Components

RIRRC, in conjunction with Ridgewood Power Management, is currently
evaluating the applicability and feasibility of several LFG treatment systems for siloxane
and hydrogen sulfide removal. The selection and design of these systems is ongoing and
permitting associated with them is being conducted by the gas system operator.

1.50.4 (Gas Destruction System

On-site flare units will serve as backup to the primary electrical generating gas
destruction equipment. The generating facilities are currently owned and operated by
‘Ridgewood Power Management. Ridgewood Power Management has their own facility
permits and operation and maintenance plans that have been filed with RIDEM’s Office of
Air Resources. Backup flaring systems are currently owned by RIRRC and operated by
Ridgewood Gas Services (RGS) under contract to RIRRC, CGLP and Ridgewood Power
Management.

1.50.5 Safetv Features and Procedures

The first and foremost priority of the LFG management system operations is the
safety and health of the site personnel and the general public. By its very nature, working
around an active gas collection system and flaring facilities presents certain dangers that
the operating personnel must be aware of and trained to mamage. Not only does
uncontrolled LFG present risks of combustion or explosion, in confined spaces or areas of
limited ventilation LFG can accumulate and raise the risk of impacting breathing and even
cause asphyxiation. The presence of toxic gases such as hydrogen sulfide can also make
LFG toxic by inhalation. Operation of mechanical and electrical equipment associated
with the flaring system, including gas blowers, condensate pumps, and power supplies,
present risks of injury or shock.

The health and safety of the technical staff and site personnel assigned to the LFG
management system operations will be enhanced by providing the personnel with
appropriate safety clothing and equipment, and requiring all personnel to receive the
proper OSHA safety training in mechanical and electrical machinery operations, hazardous
waste operations and confined space entry, including the use of self-contained breathing
apparatus. i

The gas mover/treatment and flaring system power supplies and wiring will be
installed to meet or exceed the requirements of the local and state building codes. Fire
extinguishers will be located at strategic locations around the facility per applicable local
and state fire codes.

The flare systems will include an emergency shutdown "panic button" to
immediately disengage power to all equipment and shut off the supply of gas to the flare
stack. The flare system will also include pre-set out of range operating levels such as flare
temperature extremes or loss of flame that will signal a complete shutdown of the flaring
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equipment. Any unscheduled shutdown of the flare system will be accompanied by the
activation of an alarm condition transmitted via telemetry to maintenance staff for
immediate attention.

Flare and gas mover/treatment sites will be equipped with suitable lighting to
provide operations staff with sufficient illumination to safely perform their routine tasks

and emergency repairs during all hours of the day or night.

1.50.6 Emergency Shutdown Procedures

The Phase VI LFG management system will incorporate safety features and written
operating procedures for shutting down the gas recovery and flaring equipment in the event
of an emergency. The blower and flare control panel will be equipped with, on its front in
an easy to reach location, an emergency "panic button" that when pushed will immediately
eliminate power fed to all recovery and flaring equipment shutting down the entire system.
The manual emergency shutdown procedure will stop the gas blowers, close the main
header inlet valve, eliminate flare combustion, and shut all other associated equipment
such as condensate pumps.

The gas recovery and flaring equipment will also follow an emergency shutdown
procedure in the event of a critical alarm condition including loss of flame in the flare,
operation of the flare outside its normal temperature range, high water level in the
condensate knockout fank, or excessive vibration or temperature at the blower. In the
event that any of the preceding conditions occur, the blower and flare control panel will
send a signal to shut down the system and activate an alarm to alert the system operator.

1.50.7 Record Keeping and Reporting

The Phase VI LFG Management System operator will be responsible for
maintaining appropriate records of the operation and maintenance of the gas collection,
recovery and flaring systems as well as records of problems that develop. LFG system
technicians will be responsible for performing routine monitoring and logging of the
collection system operation. The following paragraphs provide a general overview of the
routine monitoring programs. Data at each wellhead that will be collected at least monthly
mncludes:

LFG quality (methane, oxygen and/or nitrogen content)
Level of vacuum applied '

(Gas temperature

Wellhead control valve position and adjustments
Physical conditions observed and notes on repairs needed

The gas recovery and flaring system will be inspected daily (Monday through
Friday) by the technicians as well as any time an alarm condition is sounded. Information
regarding the recovery and flaring system operation that will be regularly monitored and
recorded includes:
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e Total gas flow rate at the discharge from the blowers to the power plants and
flare units

Vacuum level applied on the wellfield

Gas quality (i.e., methane, carbon dioxide and oxygen)

Flare operating temperature, if operating

Knockout tank headloss

General physical conditions of the equipment and observations of unusual
noises or vibrations indicating maintenance or repairs are necessary

* © & 2 o

In addition to the routine monitoring information and data collected by the gas
system technicians, maintenance and repair records will aiso be kept. Maintenance and
repair activities to be recorded would include lowering wellheads protruding as a resuit of
landfill settlement, regrading header line sags, repairs to cracked or open headers and
wellheads allowing air intrusion, filling over headers uncovered by washouts, lubrication
and replacement of blower bearings, cleaning of the condensate storage tank, replacement
of the flare pilot gas supply, and other similar routine maintenance items.

All LFG management system records collected by the site technicians will be
compiled onto appropriate electronic spreadsheet files for reference by the operator and
preserving and reporting to local, state or federal authorities as required. Written field logs
and diaries will also be stored on-site in a secured file cabinet. An as-buiit drawing of the
entire gas collection and control system is maintained by the gas system operator and
updated monthly.

1.50.8 Site Security

The landfill site and facilities are monitored twenty-four hours a day, seven days a
week by RIRRC staff at the site entrance, as well as by patrols that circulate around the
site. The gas mover, treatment and flaring facilities will be located within areas enclosed
by a high chain link fence with high intensity security lighting. Signs will be posted
around the flare station site indicating no trespassing and describing the area as a high
hazard location to discourage intrusion and vandalism.

1.60 CONTINGENCY PTLAN

The purpose of a contingency plan is to identify the specific steps and procedures
to be followed in response to unplanned events or incidents that disrupt normal conditions
of the gas management system construction or opération. Issues covered by the
contingency plan include:

Odors and emissions
(Gas migration
Objectionable noise
Personal injury

Fires and explosions
Emergency operations
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1.60.1 Odors and Emissions

LFG contains a number of elements that produce odors such as hydrogen sulfide,
mercaptans, certain volatile organic and aromatic compounds, and other odor producing
agents. The uncontrolled release of LFG to the atmosphere that contains these odorous
elements, depending upon the direction and intensity of the wind, can lead to objectionable
odors occurring off-site in neighborhoods surrounding the landfill site.

The RGS staff currently conducts regular odor and hydrogen sulfide surveys on-site
around the perimeter of the landfill as well as off-site within neighborhoods adjacent to the
landfill. This same approach will continue with the expansion into the Phase VI Landfill
for the purpose of detecting LFG related odors and implementing corrective actions before
the odors become an off-site problem.

The first step that is to be taken upon detection of LFG related odors is verifying
that the gas recovery and destruction equipment is operating properly and that no alarm
conditions has occurred. The flare stations will be inspected and the operator will check
that the blowers are functioning. The operator will also confirm that there are no leaks in
the blower discharge piping that could release LFG under pressure. If problems are
discovered with any component of the gas recovery and destruction system, immediate
steps will be implemented to correct the deficiencies.

Once the electrical generating facilities and/or flare stations operation is verified,
the operator will conduct a drive-through of the entire site searching for evidence of
uncontrolled release of LFG. If a suspect area is identified, the LFG technician will use a
gas detector to scan the surface area for excessive emissions of methane or hydrogen
sulfide that would indicate the uncontrolled release of LFG. If the technician discovers an
area that has excessive emissions, the gas collection wells or trenches in the same vicinity
will be inspected to determine if they are operating properly. The well's vacuum level and
gas quality will be checked and the wells will be inspected for any signs of blockage or
reduced gas extraction. Defects at the well or trench determined by the inspection will be
immediately repaired in order to restore its full operational capabilities. In some instances,
it may only require the opening of the well or trench control valve to increase the level of
vacuum and rate of gas recovery from the problem area. Additional vacuum may also need
to be exerted to the entire area by turning up the blower systems or further opening up a
header valve that controls vacuum to a zone of the wellfield.

If the LFG technician identifies defects in the-landfill cover, such as crevices,
washouts, or insufficient cover depth, during the surface inspection looking for the source
of odors, additional cover materials would be brought to the problem area, graded and
compacted to adequately cover the surface. The placement of additional cover material
over surface defects would be performed in conjunction with the adjustments or repairs to
the wellfield, as necessary.
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1.60.2 Gas Migration

Monitoring wells will be installed between the base of the landfill and the property
boundary to allow testing for the presence of migrating LFG. RIDEM’s allowable
regulatory threshold for the concentration of methane gas at the property boundary is 25
percent of the Lower Explosive Level (LEL) which is equivalent to 1.25 percent methane.
Monitoring of the perimeter gas monitoring wells will be conducted on a quarterly basis as
well as any time there is suspicion of possible gas migration.

If elevated levels of gas were to be detected in any of the monitoring wells or
possibly underground utility vaults or structures in proximity to the landfill site, corrective
actions would be implemented to mitigate the gas migration. The remedial responses to
gas migration problems are very similar to those described for addressing odor and
emission problems. The gas recovery and flaring systems will be inspected to assure they
are on-line and properly operating. The gas collection facilities in proximity and
contiguous to the migration problem area will be checked to determine if the wells or
trenches are deficient and in need of adjustments or repairs. The level of vacuum exerted
on the wells or trenches in proximity to the migration area will be increased as a means of
reducing the lateral movement of gas beyond the landfill boundary. The monitoring wells
will be tested on a daily basis for the presence of LFG until levels drop below the
regulatory threshold.

1.60.3 Noise

Noise could be a problem both during construction of the LFG facilities as well as
their operation. Construction noise should not be a significant problem if operations are
limited to normal landfill business hours since the same or similar equipment that is used
for landfill operations would be used for constructing the gas collection system and the gas
recovery and flaring systems. (Gas collection trenches and header pipes are built with the
use of excavators, loaders, dump trucks and dozers.  Construction of vertical gas
extraction wells is accomplished with a bucket auger type drill rig that uses rotary motion
to core through the landfill as opposed to the much noisier impact motion of a pile driver.
The allowable hours of operation for the gas system construction equipment would be
limited to the landfill operational hours of 6:00 am to 4:00 pm weekdays and 6:00 am to
noon on Saturdays.

Possible sources of noise related to operation of the LFG system include the gas
blowers, gas compressors, chillers and other treatment -components, and the flare stack.
The blowers will likely be the centrifugal type that could generate unacceptable noise
levels at certain operating ranges if not properly designed and installed. Maximum
acceptable sound levels will be specified for the blowers that comply with local noise
ordinances. If necessary, the blower manufacturer will be required to equip the blowers
with sound-proofing enclosures and intake silencers that can be tested and verified for
compliance. These same precautions will be taken in the design and installation of
compressors and gas treatment system components.
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It 1s possible under certain conditions to have the flow of gas and combustion air
through a flare stack create noise levels that can travel significant distances. This noise is
associated with the development of harmonic frequencies in the flare stack at specific rates
of gas flow. The flare manufacturer will be required to demonstrate that the flare will not
generate these harmonic frequencies and unacceptable noise levels over the full range of
the operation in terms of gas flow and quality.

1.60.4 Personal Injury

Working around a landfill and LFG facilities presents inherent risks of personal
injury that must be mitigated through use of personal protection measures by on-site
workers. In the event that personal injury is sustained by a worker, immediate and
appropriate actions must be taken to stabilize the individual and secure the necessary
medical attention. A Health and Safety Plan providing detailed information on personal
injury prevention and responses will be developed for the LFG Management personnel. A
designated Health and Safety Officer will be responsible for the coordination and
implementation of the Health and Safety Plan.

Personal injury hazards associated with working on a LFG facility include the
following:

Falling into open excavations, bore holes, or manholes

Tripping over uneven terrain or equipment

Cats, scrapes and bruises

Explosive environments

Restricted breathing or possible asphyxiation from oxygen deficient
atmospheres

Toxic gases such as hydrogen sulfide

Infections and diseases

Burns from coming in contact with hot surfaces or flames

Hearing impairment from exposure to dangerous noise levels related to
equipment operation

* & & »

The first defense for personal safety is remaining mentally alert, recognizing where
hazards exist and following appropriate safety procedures. Personal safety measures that
will be contained in the Health and Safety Plan include:

. Use of safety hamesses and safety lines, as appropriate, when working in the
vicinity of trenches, vaults and openings in the ground

. Covering excavations and other openings at the end of the work day

® Wearing protective clothing, chemically protective coveralls, boots, gloves,

and safety glasses as appropriate for the work requirements

. Having a first aid kit, eye wash station, fire extinguisher, and safety blanket
readily available for emergency use

. Testing of the atmosphere in confined spaces for sufficient oxygen,
explosive gases, and hydrogen sulfide before entry
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. Use of positive ventilation equipment to provide continnous fresh air to
confined spaces with workers present

. Wearing of Self Contained Breathing Apparatus or other respiratory
protection as appropriate for the level of hazard

. Use of hearing protection when work requires exposure fo loud or repetitive
type noises

In the event of serious injury requiring emergency medical attention, contact will
be made with appropriate emergency response services and the designated Health and
Safety Officer will be notified. Emergency phone numbers will be posted in one or more
conspicuous locations on-site and include:

Fire Department

Ambulance Service

Poison Conirol Center

Police Department

Hospital

RIDEM Division of Air and Hazardous Materials (if any release of hazardous
materials)

e & ¢ & » »

1.60.5 Fires/Explosions

The presence of LFG means there is the potential for fires or explosions to occur
under certain conditions. Methane is explosive in air at concentrations between 5 percent
and 15 percent (referred to as the lower and upper explosive limits, respectively).
Accordingly, precautions must be taken while working on the landfill and around
equipment and facilities handling LFG. In the event of a LFG fire and/or explosion, site
personnel must be trained on proper responses to personal injuries and mitigation of any
hazards to people and property.

Landfill fires can be ignited by activities associated with the construction of LFG
collection systems. A LFG fire could be ignited by an excavator digging a trench for
installation of a gas header. These types of fires are not always readily apparent since
methane burns with an almost invisible flame. However, the intense heat and noise given
off by a LFG fire usually provides the evidence of such a fire. If such an incident were to
oceur, the best response would be immediately covering the hole or open excavation to cut
off the supply or oxygen. RIRRC also utilizes a water truck with a water cannon that can
be used to assist in the control of combustion. This is typically done by dumping a large
load of soil that is stockpiled nearby into the hole or trench covering the burning materials.
This step is usually sufficient to extinguish the fire. However, an emergency call should
still be placed to the fire department so they can be dispatched to the site and take any
further steps to make sure conditions are returned to normal.

Fires can also be started by spontaneous combustion underground as the result of
overdrawing on a vertical gas extraction well or horizontal french that induces air into the
hot decomposing waste. These types of fires are more difficult to detect and extinguish
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than the construction related fires. Underground fires as a result of air intrusion can go
undetected for several days or longer since there is no opening in the landfill surface with
personnel nearby to sense the heat of the fire. Instead, such a fire is usually discovered by
the observation of some amount of smoldering of burning waste or steam given off by the
heat of combustion and presence of moisture in the wastes. There may also be settling of
the landfill surface above the area of the fire due to underground voids created by burning
wastes. Elevated temperatures and the presence of carbon monoxide in gas extraction
wells or trenches are also an indicator of a potential subsurface fire. Once such a fire is
discovered, the fire department should be immediately contacted along with the landfill
supervisor and site personnel. That portion of the gas collection system affiliated with the
underground fire area should be shut down to discourage air intrusion until the fire is under
control. Upon the direction of fire officials, the affected area may also need to be
excavated to get to the source of the fire in order to extinguish it

Explosions generally occur by an ignition source coming in contact with LFG
diluted by air near or above the landfill surface. In comparison, the methane
concentration within the landfill will typically be above the upper explosive limit of 15
percent. An open flame from a cigarette or spark by a tool in the vicinity of a hole or
open excavation venting LFG can lead to an explosion. Explosions can also occur off-site
as a result of migrating LFG entering a building or other confined space where an ignition
source is present. In the event of a LFG explosion, fire and rescue services should be
immediately contacted to bring the situvation under control and provide emergency
medical aftention to anyone injured by the explosion. In order to minimize the potential
for on-site LF( explosions, no smoking rules on the landfill, around open excavations, or
around gas handling and conftrol equipment must be enforced, and only non-sparking
rated tools should be used when working in the vicinity of any location where LFG may
be emitted. Off-site explosions can be mitigated by routine inspection and testing of
surface emissions and the perimeter gas monitoring wells to assure that fugitive gas
migration is not ocourring.

1.60.6 Emergency LFG Svstem Operations

The normal operation of the LFG recovery and destruction systems will require a
continuous source of electrical power to run the gas blowers and flaring equipment.
Normal operations could be interrupted in the event of a power outage affecting the landfill
area. In most cases power is restored within a few hours before there is a significant
accumulation of gas within the landfill that could lead to offsite migration or odor
problems. In those instances where normal power is not restored within a reasonable
amount of time, emergency steps will need to be implemented to maintain proper LFG
control. -

The Phase VI LFG recovery and flaring system will be designed to permit the use
of an emergency mobile generator unit to supply power to the facilities until normal utility
power is restored. The emergency mobile generator unit will have sufficient capacity to
operate a minimum of two of the blower units as well as the flare system components and
ancillary devices required to run the recovery and flaring system. The electrical system
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will be capable of being switched from utility service to the emergency generator. The
emergency generator unit will either be owned by RIRRC and stored on-site or readily
available from a local supplier that can be mobilized within 2-hours of notification.

In the event that the Phase VI LFG recovery, beneficial use, and flaring system
goes offfine for an extended period of time due to a major equipment failure, one or more
of the RIRRC’s existing remote flaring units could be relocated to the Phase VI flare
station or temporarily hooked up to the Phase VI main gas header, or gas can be re-routed
to the remote flares via the perimeter header system to provide temporary gas control.

1.60.7 Operation and Maintenance Transition

Ridgewood Gas Services (RGS) and Ridgewood Power Management operate and
maintain (O&M) the gas collection and electrical generation systems, respectively. They
will continue to do so as long as electrical generation is economic, after which point this
gas facilities contingency plan will be implemented. The contingency plan consists of
RIRRC taking over control of the systems and burning recovered gas in the on-site flares.
At this time gas generation will be down significantly from where it is today and the
existing and proposed on-site flaring capacity and collection infrastructure will be
sufficient to maintain adequate gas and odor control. RIRRC personnel, or a designated
subcontractor, will continue to adjust, inspect and repair gas collection systems as needed,
and provide semi-annual preventative maintenance (P&M) and as needed repair of the
flaring equipment.

1.70 CLOSURE PEAN

1.70.1 Closure Daie

At the current projected rate of waste disposal, the Phase VI Landfill is expected to
be at its capacity some time in the year 2030. Closure would begin soon thereafter
including completion of the final gas collection system in conjunction with the placement
of a final landfill cap.

1.70.2 Access Restrictions

Access to the landfill in general and to the gas management systems specifically,
will be restricted by site security. This particular site has the capacity and is expected to
serve as the primary waste disposal facility for the State for many years into the future.
Site security measures will be in place during normal operating hours as well as off-hours
to keep close watch on the gas management systems to prevent property vandalism and
injury to unauthorized personnel. '

1.70.3 Controlling Air Emissions

The LFG management systems will need to operate for many years after the Phase
V1 Landfill has ceased receiving wastes in order to control air emissions as well as prevent
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gas migration. Air emissions will be further mitigated after the landfill has closed by the
installation of an impermeable membrane over the area in combination with the active
operation of the LFG collection systemn. Post-closure monitoring of the landfill will
provide the means of verifying that surface emissions do not exceed the regulatory limit of
500 ppmV of methane.

1.70.4 Post Closure Operation

As noted above, the LFG management systems will continue to operate for many
years subsequent to closure of the landfill. Active operation of the LFG management
system may be expected to last upwards of 30 years after the site has closed in order to
sufficiently control LFG emissions, odors and gas migration. RIRRC’s staff or an assigned
vendor will be responsible for the operation and maintenance of the LFG management
systems for the duration of their active use.

At some point in the future, the rate of waste decomposition and associated gas
production will diminish to the point where active recovery and flaring will no longer be
required. At that time, the gas collection system will be deactivated and the gas recovery
and flaring system will be dismantled and removed from the site or, if still usable, it may
be relocated to a future Jandfill phase. It is anticipated that the gas collection system will
be abandoned in place to avoid disturbing the landfill cap. The wellheads may be removed
from the well casings and allowed to passively vent to limit any buildup of residual gas, as
long as air emissions limits are not exceeded.

1.70.5 Capital Closure Costs

The capital costs of the closure of the Phase VI Landfill associated with the gas
management systems are limited to the installation of the final gas collection system. In
order to control emissions and cdors during the active use of the Phase VI Landfill, most of
the gas collection system will be installed and on-line. Some final wells may need to be
installed after the site has reached its closure date to replace buried or damaged wells and
to provide complete wellfield zone of influence coverage of the entire Phase VI arca. A
final gas collection header system would also be installed once the synthetic membrane cap
1s placed over the surface. The total estimated capital cost for the final L¥G collection
system installation associated with the closure of the Phase VI Landfill is $3.7 million in
2007 dollars broken down as shown on Table 9-1. This estimate does not include any
operation and maintenance costs.

1.70.6 Future Facility Use

There are no short-term or long-term use plans for the Phase VI Landfill area
following closure other than as an area of the overall landfill site.

JACLF\32767.08 cas\Phase VI Permit Application April 2010\Permit Application Appendices\Appendix M\Appendix M GZA Revised
October 2009-no redline doc
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ATTACHMENT A

GZA GeoEnvironmental, Inc. (GZA) prepared this Basis of Design Report for the Phase
VI Landfill gas collection system at the Central Landfill in Johnston, Rhode Island on
behalf of our client the Rhode Island Resource Recovery Corporation (RIRRC). The
package consists of this overview of the design rational, associated assumptions and
supporting calculations. Drawing and figures referenced in this document refer to the June
2009 plan consisting of ten 24 x 36" sheets. The design was prepared in accordance with
the set conditions of Engagement of our July 1, 2007 Environmental Services Contract.

This design is for permit application purposes and is not intended to be used for final
system construction. Construction drawings will need to be developed to implement full
system construction once RIDEM has approved the concepts provided here.

BASIS OF DESIGN/OBJECTIVES

The new gas collection system in the Phase VI Landfill must address a number of issues.
First, the system must provide for the efficient collection of landfill gas (LFG) from the
Phase VI cell both during operations and final closure. Second, the complex header
system must serve as an integral part of a site-wide system that permits LFG to be moved
around the entire Central Landfill facility to various destruction devices, including the
proposed Gas Cleanup and Compression Station. Lastly, the LFG System must be
compatible with the final landfill closure system consisting of a new permanent synthetic
cap to be installed on the Phase VI cell at closure. The final closure LFG system needs to
be completed primarily above the cap where maintenance on the system can be performed
as needed in the future. As directed, this design takes into account gas generation from
Phase VI only; the system, including the perimeter header and gas line to the Gas Cleanup
and Compression Station, was not sized to handle gas flows from any other landfill cell.
Note that the line from the Gas Cleanup and Compression Station to the Landfill Gas to
Energy (LFGTE) CO-GEN Plant is shown as a 16" steel compressed gas line. GZA did
not design this transmission line.

LANDFILL GAS COLLECTION SYSTEM OVERVIEW

This gas collection sysiem design supersedes the previous design prepared by GZA, as
presented in the Phase VI Landfill Permit Application dated April 2007 and supersedes the
Stantec Phase VI Gas System Conceptual Layout presented in their “Landfill Gas and
Leachate Collection System Engineering Study, Central Landfill LFGTE Redevelopment
Draft Report™. This design builds upon the designs presented in those two reports. In
general, the final post-closure LFG collection system piping layout is taken from the
Stantec report, with slight modification.

As was employed for landfill Phases IV and V, the new Phase VI LFG collection system

consists of an interim “operational phase™ system and a final “post closure phase™ system.
The interim system will be made up of perforated horizontal HDPE collection pipes in
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stone filled trenches installed in lifts of waste during active landfill operations. A typical
landfill gas collection trench is shown on the attached Proposed Phase VI Landfill June
2009 Revision 2 plan sheets. The horizontal gas collection trenches are constructed of
perforated 8-inch ID HDPE pipe sections butt-fused together. The pipe used will vary
between SDR-9, SDR-11, and SDR-17 depending upon the loading/depth of burial as
discussed later in this report.

The end of each trench collector will be equipped with an 8-inch solid pipe connecting to
an HDPE header leading to a centralized gas recovery and control system. The trenches
will utilize a staggered perforation pattern, described in the table below.

Trench Segment, in Perforation Row
Thirds* Spacing
First 6.6”
Second 337,

Third 3”

*Note, First, Second and Third refer to the trench segment position moving from the outside landfill slope in.

This pattern was developed in order to achieve a more uniform distribution of vacuum in
the long collection trench. We recommend a pilot test be performed in Phase V or the
earlier stages of Phase VI to evaluate the effectiveness of this approach. An example
perforation pattern is displayed in the attached plan set.

The post-closure system wili be made of approximately 171 LFG collection wells and an
above cap piping system. The LFG extraction wells consist of an 8-inch outside diameter
(OD) SDR-11 high-density polyethylene (HDPE) perforated pipe placed vertically in the
center of a 36-inch diameter borehole drilled through the refuse to depths ranging between
40 feet and 100 feet deep. The first 20 feet below grade of each well is solid 8-inch OD
HDPE riser pipe, with a stickup of approximately 4 fect above grade. The remainder of the
well is made up of perforated well screen. The borehole is filled with 1 ¥2-inch to 3-inch
washeded stone or clean, durable aggregate free of fines wells will be sealed with a
bentonite plug as shown on the attached drawings to prevent air intrusion. A fypical well
installation detail is shown on the attached plan set.

The wells are to be installed in a roughly triangular pattern approximately 200 feet on
center as shown on the attached plan set. Spacing was selected based on a radius of
influence (ROY) of 100 feet estimated by testing conducted at the site by GZA in October
2000 and documented in a report entitled Radius of Influence Test-Stage I Interpretive
Report, Central Landfill, dated November 2000. Note, two horizontal collection trenches
have been included in the final post closure design, in order to collect gas from a large area
of the Phase I piggyback, where it is impractical to install wells due to the shallow depth
(less than 40 feet) of waste in this area.

The final post-closure phase system will ultimately consist of roughly 171 new extraction

wells and 20 condensate traps/drip legs. These will be installed through our prior to
placement of, the 40 mil LLDPE membrane cap. Following construction of the cap a
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series of header pipes, valves and meters will be installed above the and connected te the
methane collection wells, as well as, existing extraction membrane that are still functioning
sufficiently. '

The primary on landfill gas conveyance headers will consist of 8-inch, 10-inch, 12-inch,
18-inch, and 24-inch SDR 17 HDPE pipe sized based on .velocity limitations, estimated
headloss, maintenance considerations and future expansion potential. Gas collection
laterals, those pipes that lead from the primary headers to the wells, will generally consist
of 6-inch SDR 17 HDPE piping to accommodate anticipated settlement.

In order to efficiently route Phase VI gas to the various destruction devices, a perimeter
header is proposed around the Phase VI cell. The perimeter header will be made up of 24-
inch, 28-inch, and 36-inch SDR 17 HDPE piping. The perimeter header will service both
the interim and post-closure systems. It will be necessary to construct it in phases as Phase
VI cells are constructed.  The proposed location of the Gas Cleanup Station is the former
“Anderson Property” located at 73/75 Shun Pike. GZA understands that the gas system
operator does not possess the necessary equipment to fuse 48 inch OD pipe and due to this,
the largest pipe used in this design is 36 inch OD. The calculated pipe size for the end run
of the perimeter header (after all Phase VI gas is collected) to the Gas Cleanup and
Compression Station is 48 inches; However, due to equipment considerations, the 48-inch
OD pipe has been replaced with two 36-inch pipes. Note, in headloss calculations, a 43-
inch OD pipe was used to simulate two 36-inch OD pipes, in order to simplify regulations.

Once this system is completed, either in its entirety, or sequentially, the valves that were
closed during construction can be opened, the system will then be bled of oxygen, and a
vacuum can be applied throughout the new piping. At this time any of the temporary
system, that has been in operation below the cap during construction, can be valved off, cut
and capped, or left on line depending on gas quality and flows, as appropriate, creating a
fully functional and maintainable system above the cap.

HEADER SYSTEM DESIGIN APPROACH

The first step in the landfill closure header piping system design was to evaluate the Phase
VI Permit Application Design and the Stantec Conceptual design. The well layout has
been modified from the original permit application design and the modified from the
Stantec Conceptual Design. A number of wells were removed because they did not meet
our minimum well depth criteria of 40 feet. That is, wells were not placed in arcas where
the screen length would be less than 20 feet. We assumed to limit air infiltration during
operation in an “uncapped” condition that wells must be constructed with at least 20 feet of
solid pipe from ground surface; a 40 foot deep well will have 20 feet of solid pipe and 20
feet of screen. The goal was to design an efficient piping network which would deliver the
collected gas to the proposed Gas Cleanup and Compression Station. This design takes
into account collection of the gas at the Gas Cleanup and Compression Station and does
not take into account headloss or other conditions within/through the Station.
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Flows generated in Phase VI were assumed to be equal to 1.5 times (factor of safety of 1.5)
the maximurm recoverable LFG from the Accelerated Case of the Phase VI gas generation
model from April 2007 (i.e., 10,289 standard cubic feet per minute, SCFM), resulting in a
maximum total flow rate of 15,561 SCFM. The Phase VI gas generation model from April
2007, when the original Phase VI license application was submitted, assumed a ten year
life span for Phase VI, with 1,200,000 tons of waste accepted yearly. Since the original
license application was submitted, waste acceptance and life span projections have been
modified; at this time the life span of Phase VI is projected at 15 years, with the proposed
cell receiving approximately 810,000 tons of waste per year. The Phase VI landfill gas
generation model has been changed to reflect this information; the updated model results
are presented in Section 5 and Appendix M of the license application. For conservatism,
the LFG collection system design was not modified to reflect changes in the model, which
yield a lower peak LFG generation rate.

The minimum design slope for the final on-landfill closure system was set at 4%, in order
to maintain adequate drainage of condensate in an environment which will suffer from
differential settlement. Steeper pipe slopes were used where appropriate but since the final
cap grading at the top of the landfill is between 3% and 5% this became a limiting factor in
some areas.

Headloss

The headloss criteria for pipe sizing was set at applying a minimum vacuum of 20-
inch of water column (w.c.) at all well head(s) under normal operating conditions. In order
to assess available vacuum capacity throughout the system a series of headloss calculations
were run.  Four flow paths were chosen for evaluation, as shown in the attached plan set.
The ceniral collection point for the Phase VI gas was assumed to be the proposed Gas
Clean Up and Compression Station. It was assumed that 90 inches w.c of vacuum is
applied to the system at the inlet of the Gas Cleanup and Compression Station (using
blowers of compressors with a 100” we vacuum capacity with 10” of headloss through the
primary knockout at the gas compression station and all headloss pathways evaluated end
at the Gas Cleanup and Compression Station. Headloss calculations are provided in
spreadsheets, attached. Sample headloss calculations are also attached.

Headloss, using the Spitzglass equation, was calculated in two ways: assuming
equal flow (15,500 scfm/171 wells, approximately 91 scfm) at each well head and by
calculating flow at each well based on each well’s length of screen. As described earlier,
the maximum length of screen in a typical well is 80 £, for a 100 foot deep well. Well
depth was taken as the distance from proposed final landfill grade to 10 ft above the base
liner (factor of safety against baseliner damage), with a maximum depth of 100 feet. The
total length of well screen in Phase VI estimated to be is 11,472 feet, corresponding to 1.35
sefm per foot of well screen. The majority of wells have a well screen length of 80 feet,
corresponding to a flow of 108 scfm. Headloss, using the equal flow approach, was also
calculated using the Mueller Equation. The Mueller equation gave lower headloss results
than the Spitzglass Equation and to be conservative the Spitzglass equation was used in
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final design. Pipes were sized using the method, equal flow or flow by well screen, which
gave the larger size for each collection pipe in the system.

Pathways A and B represent flow paths under normal operating conditions and
assume a split in flows in the main interior header, at the header high point (valves at
header high point closed). Wells to the north of the high poeint flow north through the main
interior header(s) to the northern portion of the perimeter header and wells to the south of
the high point flow south through the interior header to the southern portion of the
perimeter header. Pathways A and B also assume a flow split in other headers which cross
the Phase VI high point: wells to the north of the high point flow north through these
headers to the penimeter header and wells to the south of the high point flow south through
these headers to the perimeter header. Pathways C and D assume worst case conditions
and represent emergency scenarios. Pathway C assumes all wells connected to the main
interior header must flow north (i.e., southern connection of main interior header and
perimeter header severed or closed for maintenance and valves at high points open), and
pathway D assumes all wells connected to the main interior header must flow south (i.e.,
the northern connection between the main interior headers and the perimeter header is
severed or closed for maintenance, and valves at the high points open).

Headlosses for pathways A and B meet the 20-in w.c. vacuum criteria at the
farthest point from the Gas Cleanup and Compression Station, indicating satisfactory
operation of the system during normal operating conditions. In addition to headloss
criteria, collection pipes were sized io have a maximum gas velocity of 2,000 feet per
minute (fpm), to limit condensate interactions with gas flow. For pathways A and B this
criteria is not violated. Pathways A and B (typical operating conditions) were used to size
each collection pipe and the pipe sizing generated in pathways A and B was applied to
pathways C and D. Pathway C violates the headloss criteria described above, while
pathway D does not. Both pathways C and D violate the velocity criteria. However, these
pathways represent a worst case/short-term scenario and we recognize that upsizing the
system to address these infrequent occurrences is not cost warranted.

The slope of the perimeter header was maintained at a minimum of 1% and
generally followed the slope of the perimeter road as this header is to be constructed in
compacted sand and gravel, settlement is not expected to be an issue. Therefore, we
believe this slope is adequate to support long-term condensate drainage.

We believe this approach resulted in a conservative estimate of actual headlosses to
be generated in the system, due to the large safety factor applied to the flow generated at
each wellhead. Actual flow rates should be lower than assumed, resulting in a slightly
over-sized system which should provide good operational stability and flexibility.
Vacuums available at the farthest point from the gas movers for pathways A and B far
exceeded the 20-in w.c. minimum criteria, indicating that the system vacuum capacity
exceeds the minimum necessary for routine system operation.
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HEADER SYSTEM DETAILS

Also addressed were other significant design considerations such as the survivability of the
system in the landfill environment, provision for system monitoring and maintenance,
future expansion and cost.  We selected 12, 18 and 24-inch SDR 17 high density
polyethylene (HDPE) pipe as the primary headers. This is somewhat oversized based on
the anticipated maximum flows from the Phase VI Landfills, but it allows RIRRC the
capacity and flexibility to route the gas as needed to a varety of destruction/reuse
equipment. This type of piping has been used successfully at the site for a number of years
and has demonstrated survivability. '

The primary headers will be installed across the top of the landfill and tie in the perimeter
header. The perimeter header will then be connected to the site-wide network. The
perimeter header, which ranges in size from 24-inch to twin 36-inch pipes, will allow gas
from Phase VI to be efficiently routed to all onsite destruction devices.

Pipe cleanouts/access points will be installed at approximately 600 to 800 foot intervals for
periodic maintenance of the collection system. Condensate and leachate from the gas
collection trenches will drain by gravity into new stone sumps. The number of and depth
of sumps has been increased over previous phase designs based on operational experience.
Condensate traps have been located at key down gradient points and at the lowest lying
areas of the new systemn to minimize the amount of condensate reaching the new perimeter
header and any of the destruction/control devices.

The main headers are fed by a series of 6 and 10-inch SDR 17 HDPE laterals that branch
off of the 12, 18, 24, 28, and 36-inch headers and run to the individual wellheads. Control
valves will be used on the main branches leading to the main header pipes to direct the
flow in the desired direction toward whichever of the devices RIRRC chooses. Valves
were placed on all laterals with 6 or more wells feeding to them to add operational
flexibility to the system for field tuning and maintenance. These valves are also situated to
allow the entire new post-closure system to be isolated, opened to the atmosphere, cleaned
and re-pressurized without the introduction of ambient air that would be harmful to any of
the gas destruction/power generation devices.

MISCELLANEOUS DESIGN ISSUES

Pipe Strength

Interim pipe systems were sized using the dead load from the Phase VI Landfill cell
above the trench lift in question. The first interim trench system will be placed in the
second lift of trash, approximately 20 feet above the base elevation of the cell, resulting in
a worst case loading of 204 feet of waste and daily cover above the bottom most trenches.
The attached calculations show that wall buckling is the strength criteria which controls
and is different at different heights above the base liner; therefore interim collection
trenches will consist of SDR-9, SDR-11 or SDR-17 pipe. We evaluated bridging of the
stone envelope around the pipe as a method to defray some of the applied load. However,
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bridging is only effective when the aggregate is constrained on the sides and bottom and in
the landfill environment the stone envelope is free to deform and doesn’t provide
additional load capacity for the pipe. Note, the recommended maximum ring deflection is
7.5% and at worst case this is exceeded slightly, ranging between 9.6% for SDR-17 and
8.2% for SDR-9. Ring deflection is the percent deviation of the pipe from a circle and
values slightly above 7.5% will not have an adverse affect on system operations of this
type. Failure due to ring deflection generally does not occur until a ring deflection of
between 25%-30% is attained. The ring deflections at worst case for the interim system
were deemed acceptable and ring deflection did not control pipe sizing.

The final closure system was evaluated using a 2-foot pipe cover dead load and an
A-40D grader live load. This also represents the loading condition for the inferim system
during and immediately after construction. Based on this loading, SDXR-17 pipe was
selected for all components of the final closure system.

Phase I Piggyback Area

As shown on the attached plan set, a system of shallow horizontal trenches will be
installed under the Phase I cap in the Phase I piggyback area, in order to prevent buildup of
gas under the cap. This approach was successfully employed in Phase V. Based on the
Phase I Landfill gas model, the Phase I piggyback area will produce a peak gas flow of
approximately 925 scfm in 2010. This estimate is based on the percentage of Phase I well
screen within the piggyback area. The under cap trenches will be constructed similar to
those used in the Phase V-Phase I overlap area and a typical detail is shown on the attached
plan set. We also recommend that 38 wells from Phase I be tied into this trench system.
Wells were selected based on production and proximity to the horizontal trenches. These
wells are shown on the attached plan set and summarized in the table below.

Wells to be Connected
To Phase I Piggyback Trenches
Well Number
31 125 134 A-5
78 126 135 A-6
79 127 140 B-4
106 128 140R B-5
107 129 145 B-11
108 130 146 |
111 130R. 147
112 131 149
116 132 150
117 133 151
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The majority of the under cap trenches, and high producing wells to be tied into the
under cap trench system are located on the Phase II overlap area, where the thickest layers
of waste are located and where waste filling was most recent (i.e., relatively the youngest
best gas producing waste in Phase I). Little gas is produced along the Phase I toe because
of the relatively shallow depth of waste and the greater age of the waste. Gas production is
also low around the Phase I Hot Spot, due to the large amount of gravel fill in this area.
Because gas production is low in these areas, proposed gas collection infrastructure is
sparse but adequate compared to higher producing areas of the Phase I piggyback.

TACLF32767.08.eas\Phase VI Permit Application April 201 0\Permit Application Appendices\Appendix MiAppendix M Aitachment A
revised October 2009.doc
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Table 7-7 Bureau of Reglamation Average E' Values for lowa Formula (Initial Deflection)

E* for Degres of Bedding Compaction, fo/in’

Moderats
Soil type — pipe bedding material (Unified (<35§/ﬁ%’£ t (4,2%'?5% (}g_;ff'%h .
Classification & Procior roclor 5% Pracior
feation)t Dumped <d0% relative | 40%-70% | >70% relative
density) relative density)
density) _ o

Fine-grained soils (LL>50)t
Soils with mediurn fo high plasticity
CH, MH, CH-AMH

No data available; cansult a competent soils engineer; otherwise, uss

E'=0.

Fina-grainad soifs (LL<50)
Soils with msdium fo no plasticily
CL, ML, CL-ML, with <25% coarse grained
patticles

50

200

400

i00¢

Fine-grained soifs {LL<50}
Soils with medium to no plasticity
CL, ML, CL-ML, with »25% coarse grained
particles
Cearse-grained soils with finss
GM, GC, SM, 8C0
containg »12% fines

100

400

1000

2000

Coarse-grained soils with Iitfle or no fines

GW, GR, SW, 5P
cortaing <12% fines

200

1000

2000

3000

Crushed rock

1000

30C0

3000

3000

Accuracy in ferms of parcentage
deflection’¥

2%

2%

=1%

+0.5%

+ ASTM D 2487; USBR Designation £-3. 1 LL = Liquid limit. ¢ Or any borderline soil beginning with cne of these
symbols, i.e, GM-GC, GC-8SC. ¥For 1% accurecy and pradicted deflection of 3%. actual deflection would be

betwsen 2% and 4%.

Note — Vales applicable only for fills less than 50 ft {15 m). No safety factor included in table values. Foruse in
predicting inftial deflections only; appropriate Deflection Lag Fastor must be applied for long-lerm deflections, If
bedding falls on the borderiine between two campaction categories, select the lower E' value or average the two
values, Percentage Proctar based on labaratory maximum dry density from test standards using 12,500 so
(598,000 J/m?} {ASTM D 698, AASHTC T-89, USBR Designatian E-11). 1 Ibfin® = 5.895 kPa,

Table 7-8 Duncan-Hartley Soil Reaction Modulus

Type of Soi Dapth of E for Standard AASHTQ Relative Compaction, Ib.in?
Cover, ft ~ B5% 90% 95% 100%
Fine-grained solls 0-5 500 700 1000 1500
with <25% sand 510 &0a 1000 1400 2000
oL Chggt%ﬂEML 10-15 700 1200 1600 2300
{ T ) i ) 1520 800 1300 1800 2600
) ) 0-5 600 1000 © 1200 1800
Coarse-grained solls 510 900 1400 1800 2700
with fines
{SM, SC) 10-15 1000 1500 2100 3200
15-20 1100 1800 1400 3700
) . 0-5 700 1000 1600 2500
Coarsegrained soils 510 1000 1500 2200 3300
with Iitile or no fines be
{SP, SW, GP, GW) 1015 1050 160D 2400 3800
1520 1100 1700 2500 3800
Bullelin: P 800 Mareh 2003 Supercedes all pfevious publications
Book 2 - Chapler 7 Page 110 @2003 Chavron Phitlips Chemical Company LP
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CENTRAL LANDFILL - PHASE VI
LANDFILL GAS COLLECTION SYSTEM PIPING DESIGN
HEAD LOSS CALCULATIONS USING SPITZGLASS EQUATION - PATH A (COLLECTION WELL 111 TQ GAS MOVER STATION)
ASSUMING EQUAL FLOW FROM E4ACH WELL

From To iengh  Fittings TOTAL PipelD  Flow Added Flow Velocity Speeific] Hend Los Available
{1} 2y {feet)  (fect)  (fee) (nches) {schin} weliftrench {zedm) (fps) Gravity TOTAL PERFT, CUMM. Vacuun
WELL I Nen run of Stk 6x6x6 tee 180 30 210 5314 91 initinl flow 9l 8.2 0.94 0,126 000360 0,400 LR}
H- 180 Run of Sud 6x6x6 tee 189 10 190 | 5.814 g1 | wedl 182 165 0.94 0,456 £.00240 0,582 84.037
i- 360 Run of Std SxExé tee 150 10 194 | 5814 [l | well 27 24.7 0.5 1.027 DO0SAL §.009 84.454
M- 540 Rum of St 6x6x8 tee (with sxprnsion) 180 33 213 | 7,570 9l i well 364 154 0,54 0519 000244 2128 85 520
H- 720 Run ol 5t BxHk6 tee %35 15 60 | 1.570 o i welf 435 243 0.54 0.228 0.00381 2,356 §0.00Y
H- 765 Non Run of Sid 18x1Bx8 Iee and Valve 229 1313 axe | 15797 1 728 8 wells E183 14.5 n.94 0.220 0,00065 2,577 26.268
H- 990 Run of S1d 1Bx)8xA tee 9 30 120 15797 | S48 & wells 1,729 21.2 9.09 0.167 0.00139 2343 86488
H- 1080 Ruz 'of Std 24x24x8 tec {with capansion} 20 116 320 | 21.063 37 7 wells 2,366 163 .94 0.209 0.00065 2951 BA 555
H- 1200 Run of Std 24%24%10 1ee 105 % 1751 21060 [ e 1 wells 3006 213 094 0.196 000112 3148 B804
H- }395 Run of 5id 24x24x 1D los 135 0 205 | 21.063 728 8 wells 3,822 263 0.94 0.350 0.00173 3.498 BL.059
II- 1530 Run of §1d 28:28x12 tee {with capansion) §40 70 210 | 74.574 | 1,183 13 welis 5005 153 094 0.297 2.00141 3, .s.u 37405
i 1670 Run of 51d 29x28x10 tea 135 70 2051 45141 B wells 5,733 200 094 0240 ¢.00184 #1735 A7 706
Nom run of Sid 48x36x36" tee and valve {with
H- 1805 cxpansion fram 28" 1o 367} 1232 4200 1652 ] 92,126 | 6328 108 wells 15,561 26.8 091 1.902 0.00145 5.077 28.086
B 307 End at Gas Cleanup Station o 9 10| 42136 15,561 68 0o 0012 o.00115 5085] 8948
SUBTOTAL: Fload loss through Pathway "A" from well §11 1o Gas Maver Station ' 089 in w.r.
Vavin grnifably ot Gnx Mover Stotion before blawer (-50° w.e. asmming gus muyers have o 100" capacity sd ¥ of headloss occurs atihe primary imockout} 90.000 inwr,
NOTES;
1) Used ™ SCEM lor standerd treachfwellizad flow which ia based on 4 total modeled flow of 15,561 scfin for the recoverable portion of he accelorated case times 8 1,5 factor of safery (171 wells/15,561 = 91 sefin per well
2.) He Horizantel design length (squivalent fiting length NOT adifod in} in Iinear fort from start point {1 ) to end point {2).
1) Blans calt for twa 36" pipés 10 nin to cleanup plant, A 48" pipo was used lo Atmplify headk toulaté
Aswormes flove split ot Yigh point of muin interiar header {valves clacd) snd otlier interior headers which cross highpoin: gaa wells to the nontiiaf the high point flew north through intarior header{s) to the nonhem perimeter header,
attd gas wells to the soutliof e high paint fow south tirongh the intetios heades(s) 1o the youthem penimotis hendi.
Valuey used for enu st {pnyth for fitti
Valves: (6% - 87, (8°- 1), {127 -127), (18" 14, (24" - 1B), {I6"307)
Run oF standard bees {6x6x6 - 10); (Ga6ixB - 157, (183 Rxh » 307), (24x24x8 - 60, { 242410 - 61F), {2Bx26x40 - 70, (28x28x12 - 6}
Non-rm of standard wees: (Gatixé - 307, {F8x18x86 - 1007, (4Bx36x36-3007)
Exprnsion joints. {6* to 18%« 18Y{18" ta 24 - 50), (20" tn 28" - 76}, (28" to 367 - )
P
22008

HOURIT? T igthasdiass calcsHandLoss_Galcy PHV P 16




CENTRAL LANDFILL - PHASE VI
LANDFILE GAS COLLECTION SYSTEM FIPING DESIGN
HEAD LOSS CALCULATIONS WiTH SPITZGLASS EQUATION - PATI B (COLLECTION WELL 103 TO GAS MOVER STATION)
ASSUMING EQUAL FLOW FROM EACH WELL

From To Lengh  Fittings TOTAL Bips LD Flow Adied Flow Vulogity Specific Tead Lass (inwe.) Availablc}
{1) 2y ifectd  Howt]  {feel) (inchos} (sefm} welthrenck {acfin} {fps) Gravity TOTAL PER FT. LUMM. Vatuum
WELL 13 Nonorun std s tee 180 0| 210l 5814 1 injtial flow ot 82 0.94 0126 000050 0.000 74.029
1. 1aa rus of S1d, Gxbxb e 180 1 190 ] 58I4 91 1 well 182 16.5 0,94 0.455 0,00240 0.582 74.155
B- 360 nun of 5id hxfndten 180 1 150 sE14 L 1 well 271 24.7 0.94 1027 000540 1,609 14611
|__H. 540 un ef 5id. 5x6x 10 tes {with expansion) 180 M 214} S5EI14 o1 1 well 364 179 084 2050 0.00961 1.665 75,638
H- 720 run of S, 10250%6 tee 180 16 196§ Da3Is 91 1 wll 455 15.6 0.94 0.243 000124 3507] 77604
11- 900 oy of St 12x10x10 tec 210 20 2303 11,1901 546 Swells 1,001 4.4 094 0.585 000154 24938 77036
H- 1110 Valve and Nononm sid 18xifxi2 tee 725 114 339§ 15797 { 1547 17 wells 2,548 N2 0.94 ).022 .0B102 3.504 78,521
H- 1335 Non run of Std_ 24x24x18 tee 1655 130 RS | 21067 2,548 1.6 0.4 D678 0.00074) 6.193 79.511
- 2100 up, of Suf, 248 tee 323 70 393 § 23,063 | 1,638 18 wells 4,185 208 094 1304 000205 6997 50222
-2 Run of 5td. 20x28x8 tee (with expansion) 116 140 581 M54 1 433 Swells 4,641 215 0.94 0311 0022 7300 81026
H- 2535 Rum ol 5td. 28228x6 tee 555 70 6251 24574 1 213 3 weli 4,514 1.9 .94 0,852 0.00136/ k{60 81337
H- 3034 Hon of St 2Bx28x6 tee 735 70 Bo5 | 24573 | 1M 3 wolls 5,187 262 0.94 k222 DALS2 3182 §2.189
H- 3829 Run of Sid. 16x36x18 tee (with expansion) 1620 160} 1780 | 31505 { 1729 19 welly 5416 213 094 1.497 0084 10,879 2311
[f- 5449 e of Std. I6x36x8 (oo 480 165 645§ 11595 | 546 & wells 7,462 228 0.94 0632 000098 11.51% 4,908
H- 5519 Hun of Sud, 360 we 72 165 237 | N595 1 728 8 wells 1,190 5.1 094 0,280 aqet | 11,780 /5,340
}- 6o0t Hun of Std. I6uIGN12 ten 660 75 735 | 31595 | 1,183 13 wella 9,373 28,7 0.4 1.133 ) 0.00154| 12,926 85.830
- 6661 Run of Sul, 16xI6x8 tee B25 75 00§ 31.595 455 5 wells 0,828 30.4 094 1,520 0.00% 10l £4.455 86.055
H- 7486 Run af Sd, 48x36x36” lre 1232 75§ 13079 42126 | 5,733 53 wells 15,561 26.8 054 1.505 000115 15,550 8RAR4
1i- 8718 End 21 Gy Mover Station - H 0] 42126 15,561 268 094 anl2 0.001t8 15.971 [LXE
SUBTOTALS Head Yos3 through Header line "B from wall 103 to Gas Maver Stalion 15971 inwe.
S0 mwe.

Vacuum availoble st Gas Mover Station before hlower {90 w5, assuming gos movers have 8 100" capncity and 10° of headlass oceurs sl the primary knockont)

NOXES;

1.) Used 91 SCFM for standard wenchwelicad fowe which ia based on a {otal modeted Now of 15,561 sofin for thr rocovershiz portion of the recelerated case imes 1 1.5 fictor of safety (171 welis/15,561 = 81 schn per welf
2.) He Morizontal dedign length {equivalent fining length NOT added in) in Eneer feet from stast point (1) 10 end poin {2,
3.) Mans call for two 36" pipes to run to cleanop plant, A 43” pipc was uscd to simplify headloss calcudations,

Assumes Sow split at high point of main intesior header (vnhves elosed) nnd ather interior headecs which crass highpoint; gas wells o the netth of the high point fow morth through interior header(s) (o the narthem porimeter header,
gt gas wells io the south of the high point Aow soulh ibrough te interios header(s) ta the southem perimeter header,

Valvea: (6%« &7, (8" « 10, {12° <129, (18"« 147, (24" ~ 1B, {F367.30") i ] ,
Run of standard tees (Gx6x6 - 107, (6x6x10 ~ 10 {10%10x6 - 16), {1 2x10x10 - 207, (18§ 8x10 - 30, ( 2Ax24x38 - 607, { 2Bx28x6 - 7073, (2AxRBxB - T0), {36x36x6 - 75, (I6x36x8 - 75), (36536x10 - 159, E36xHEx12 - T, {36236x18 - 75, (Ax30A6 - 77
Morezun of slandard teea; {Gx6nG - 303, {18x18x12 - 108, (14x24x18 - 130}

Expensing joints: (6" 10 12 - 20 18 1 24 - 50, {24* 10 38" - W), {28* 10 36" - K}

JACLFRIZP . gihamiinss calesiHemtLoss, Calos, PHV P s 006




CENTRAL LANDFILL - PHASE VI

LANDFILL GAS COLLECTION SYSTEM PIPING DESIGN
HEAD LOSS CALCULATIONS WITH SPITZGEASS EQUATION - PATH C(COLLECTION WELL 79 TQ GAS MOVER STATION)

ASSUMING EQUAL FLOW FROM EACIT WELL

Fram Ta  Lenpth Fitlngs TOTAL - mu.n D Flow Added Finw Velocity Speeihc Head Loss {in w.v 3 Aymilable
(0 {2)  {fecy) (Feet) (feet} (inches} (sefin} wellarench (sefm) {ps) Cmavity| TOTAL PER FT. CLUMM. Vaehm
WELL T Nem mi of Std. Sxéind tea 180 [} 29 Skid 91| initial well iow 51 42 0.9 0.126 060060 D00 4,163
11- 180 Run of Sl 6x6x6 tee 180 18 8] 5814 91 1 welt 182 16.5 094 D456 2,00248 0.582 4037
H- 360 Run of S, 6xfixé tro 180 18 [ RN 91 1 welt 273 1.7 0.9 1027 0.00540 1,609 -3.381
i1 520 Run of Std. Axdxé tce (wilh fon) 180 33 213} 7570 51 3 well 364 194 0.4 2319 000244 1.128 2,534
H- 120 Run of 51d. §x8x56 tco 165 15 e 757 n 1 well 455 24.3 0,94 0.683 y.00381 1883 -2.035
H- BES Run of Std, 10x 1026 ter. {with expimsion) 195 14 211 | 9435 91 1 well 546 18,7 0.94 0376 £.001 78 3.189 -L350
H- 1080 Rt of 51, 10X 10x6 tee 216 16 232 | 9435 9| 1 wefl 637 219 094 0,563 0,00243 3,752 -0.973
H- 1296 Run of §td, 10% 10x6 tes 72 i g | 9435 9| 1 well 718 5.0 0.94 0,279 0.00317) 4,011 0418
- 1368 Not nites of Std. 24224 19 tee nnd valve 0 140 230 9415 728 25.0 0,94 0.729 000317 4,760 -(3.132
H- 1458 Run of Std. Mx24x b2 tee 135 60 195 ) 21,065 § 1,183 13 wells 1,911 112 0.9 0,082 000043 4.843 0,597
1 1593 Run of Sul. 24x24x 0 tee 105 &0 165 | Z1.069 725 8§ wells 2,639 182 0,94 . 0.134 00081 4.977 0,630
H- 165% Ry of §til, 24x24x 50 tee pAL) 60 270} 21063 | 728 B wells 367 3.3 0.9 0.357 0400132 5334 0814
H- 1908 Run of Std. 24xZ4x10 e 90 &0 156 | 21063 637 7 wells 4,004 27.6 0.94 0241 000187 5615 1.172
H- 1993 Run of Sid. }Bx1Bx10 ter: (with canirction) ZI0 B0 2001 157197 546 b wells 4,550 55.7 0,94 1789 DA0962 804 1452
M- 2308 Run of 51d. 1Bx1FxB tre 13 30 98 | 15797 455 5 wells 3,008 613 094 Lidu] . 001064 $.545 4241
H- 2274 Run of 514, 1Bx1Bx6 tro 180 30 210 157971 364 4 wells 5,369 §5.7 0.04 2812 0.01339 12.157 5,382
1§+ 2856 Run of Sid. 1Rx18xé tee 120 30 150 | 15.797 182 2 wells 5,551 (8.0 0.4 2,147 0.01431 14.504 2.194
- 2576 Run of §1d. 1Bx]Bx6 bec S66 30 596} 15797 182 2 wells 5,733 70.2 0.54 9.100 0.01527 23,503 F0.341
i- 3142 Run of Sid, 1Bx1Bx6 e 155 30 195 | 157997 o1 T well 5,824 713 0.4 3,072 0,0}1576 26,676 19440
H- 3307 Run of Std, 18x18x6 tee’ 173 it 23t ] 15797 182 2 wells 6,006 71.5 0.54 1871 00676 30,546 22,513
H- 3480 Run of 5id. 1B118x6 tee 5% 30 188 | 15797 273 3 wells 6,279 769 094 3,443 0.01R31 33.989 26.383
H- 3638 Hun of S1d, 18x18x6 tee 251 30 1 15797 364 4 wells 6,643 813 0.94 5,760 0412050 13,150 26,27
H- 38RT Run of Sid, §8x1kxB ter 158 30 188 157971 546 & wells 7,189 38.0 0.54 4513 0.0240 44,263 35,587
H- 4047 Rusn of 51, 1%x]Bx12 ire and valve 240 4 204 | 15707 1 100 12 wells 3,281 1014 0.94 9,047 p.03125 53310 40100
1. 4287 Mom mun of Std. 242 24x 16 jee 765 106 65 | 21.063 8281 570 094 6926 0.00801 60.236| 49,147
H- 5652 run of Std. 24x24x§8 (wilh expansion) e 323 130 453 | 21963 | 1,838 18 wells 9919 68.3 0.04 5.204 001149 £5.440 56.071
H- 5375 Run of S, 2Ex2BxE tee (with expansion} 116 140 256 | 21062 455 5 wells 18,374 1.5 0,94 3217 D,11287 68.657 61.278
i~ 5481 Run of $id, 28KZ8x6 tec 555 10 25| 2451 a3 3 wells 10,647 519 9.0 3.999 0,00640 12,655 4,495
H- 6046 Touis of St 28K26x6 tee 35 % BOSf M5 | 273 3 wells 10,920 553 0.94 5.418 0,10673 73.075 6RAY
1 678} Run of 5td. 3618 ter {with sxpeosion) 1620 160 17801 30595 | 1,729 15 welis 12,649 7 .94 5008 0,0{281 83.082 731912
- 8401 Run of 5ul, 36x16x8 teo 440 165 s | 3595 | s46 § wells 13,195 404 054 1.975 0.00306 $5.057 TR
11 2881 Run of Stil. 36x36x10 tec 72 165 27| 31595 | 728 3 wells 13,003 426 0.94 0,805 0.00441 k5,865 FORM
H- 8053 Run of 5td. 36x36x12 fec 660 75 735} 31,595 | 1,183 13 wells 15,106 16,2 094 2549 0.00401 93.814 1702
He 9613 Run of $id. 35:x36x8 tee 823 15 op0f 34,505 | 485 5 wells 15,561 416 0.51 1832 0,00426 32,640 £4.4651
H- 10438 Run of S1d. 1Bx16x36" 1ec 1232 T | 1307 ¢ 42126 35.381 268 0.94 1.505 DA0IES 91.151 45 484
H- 11570 End nt Ons Mover Station - 10 10f 42126 13.56) 6.4 0.94 6,012 G.00115 94.163 9,988
SUBTOTAL: Hend loss through Pathway “C” from well 79 10 Gas Mover Stavion o4, 163 ma w.E
Vacuum svailable at Gas Mover Station belors blower (-90 w.c, sssuming gas movers have o 190" capneiry and 10" af' beadinss occurs at the primacy knockout) OBT inw.C.
phiklanr ]
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CENTRAY. LANDYILL. - PITASE V1
LANDFILL GAS COLLECTION SYSTEM PIPING DESIGN
HEAD LOSS CALCULATIONS WITH SPITZGLASS EQUATION - PATH C (COLLEUTION WELL 79 TO GAS AfOVER STATION)
ASSUMING EQUAL FLOW FROM EACH IVELL

FE.E
1.} Used 9} SCFM for saandard menchiwellhend flow which b based on a tonad madeled Bow of 15,561 sefm for the mvovershle portion of the scoelerated case dmes & L5 factor of safery (171 welis/i3 361 =0 sefim pac well
2.} H= Huzizonal desipn length (equivalent fitiing Jengik NOT added in) in Linetr foet frant stert point {1} to ond point {2).

3.) Plans gall for twa 36" pipes to nen o cleenesp planl. A 48” pipe was uscd to simphify headioss calcnlations.

4.} Includes 2 valves on 2ither side of header kigh point

Assumes all wellz from owaln iotesioe Hesdor fiow nosth to novihem poetion of the pormeter heedor (valves 1 high point open).

Asgunes flow splicin other interior headers which crosa highpoint: gas wells to the notth of the high point Sluw nosth trough intecor eaden(s) to the perimetes header, )

znd gas weils ta the snuth pf she high paint flow souch duouph 1he interior header(t o the perimeter header, This is considered an emergency flaw puth utiized for short periods of maintenance/rpsirs and thraefore piping was not redesigned
1o bring velocilics and headloss within torget rmapes.

Vaives: (6" -8, (8 - 107, {LZ" -1Z), (18- 14), {24" - 187}

Run of standerd teos (x6x6 ~ [07), {BxEx6.~ 15%, {10x10x6 ~ 167], (18x 18x6 - 367, {18x18K4 - 307), (18x1Ex10 - 309, {18x1Bx 2 ~ 30), (382 (Bx (B - IO) { 2dxT4x6 - 600, ( 2AKZAx10 - 6} { 24x24x12 - GO') ( 2AXAXIE - 60), (2RxPRati - 70 (28x28R - 70),
(36366 - 75'), (36:x36x8 - T5Y, (36136210 « 78, (A6xI6x12 + 75K IGuIGR (R « T5), (4Bx16x36 - T5)

Non-run of siandnrd tees: {Gx6x6 - 307, (24x2dx 10 - 130°), (24x24x18 - 130)

Expansion joints; (5" 10 8 - 185" 10 10" - 259, (107 0 18" - 25),( 14" 10°24* - 50, (24" 10 28" - 70), (28* tn 36" - 90)

Sudden Coniractions: (18” wo 10" - 15), (24" 0 13* - 307

N 3
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CENTRAL LANDFILL - PHASE V1
LANDFILL GAS COLLECTION SYSTEM PIPING DESIGN
HEAD LOSS CALCULATIONS WITH SPITEGIASS EQUATION - PATIHE D {COLLECTION WELL 183 TO GAS MOVER STATION)
ASSUMES EQUAL FLOW FROM EACH WELL

From To Lenpth  Fittings TOTAL PipelD  Flow Added Flow Yelocity Specific g Logy (inwe )
(1} £y (feet)  (foet)  (Fet) {ieches) (sefin} wall/rench {scfn} {ips} Gravity TOTAL FER FT. COMN.
WELL 10T Non-run std Sxinb tee 183 30 210 5814 L1 initinl well llow il 8.2 09 0126 400060 0000 60.238
I 180 run of Std. 6a6x6 Lee 180 10 190§ 5.614 9l 1 welt 182 16.5 .54 0456 100240 0.582 £1.064
H- 36D aun of Sid, 6x0x4 lcc 14d [{1 19} 5814 91 1 well pya riN] {104 1027 1.00548 1 609 61.520
__ il 540 run af Std, Gx6x10 {ee {with expansion} L] 14 2141 5814 94 1 swell 364 325 04 2036 0.00941 .665 62,347
H- 720 wun of Std, 1l On6 ter 130 1 196§ 7.570 g1 1 wel} 455 213 0.94 0. 146 £.00381 4411 64,662
H- 500 rim of Std. 12x10x10 tee 210 20 270§ {190 546 6 weils 1,081 244 0.94 0,585 N.00254 4,965 (5,348
I- 1t10 Mon run o Std. 18x18x12 teo ind 2 valvos | 58 128 286 ] 15.797 5t I well 1,062 134 0.94 9,158 D, 000SS 5.154 65,933
H- 1268 Run of Sud 18] BxE tes 251 0 281§ 15797 ] 546 Gweils 1,638 201 0.94 4350 0.00825 35.504 GH.0P2
H- 1519 Run af S1d. 13x10x5 fes 145 3 1951 15,797 364 4 wells 2002 L5 091 0363 (100166 S.Ba7 66,442
H- [6R4 Rup of Sid, 181826 tes $65 ity 195 | 15. 797 213 3 wlls 2,275 1.9 024 469 G .O0240 $,336 66.805
H- 1849 Hien of St 8x18x6 tea- 165 30 195 | 15707 | 182 2 wells 2,457 0.1 094 0547 0.00280 6,882 67214
- 3014 Run of Sul. 18516k tec. 75 36 103 | 15719% 2] 1 weil 2,518 3Lz 034 vIt7 000302 7.199 §7.020
H- 208% Tun af Std. 18x1Bx10 tee 300 k1i] 36| 15797 | 1,638 18 wells 4,186 513 oM 2 6RE a.0p814 9.885 58,137
H- 2389 Run of Sid, 18xERXE len 120 o 130 | 15797 182 2 wells 4,368 515 0.94 1.32% 0.00BRG ¥1.215 J0.823
- 2509 Run of Bid, 1851820 tee 2R5 30 5| 15797 182 7 wells 4,550 55.7 094 3.01% 0096 i4.244 fraLY
M- 2794 Run of Sul. 18x78x5 e 75 10 105 | 15797 364 £ wells 4.054 G602 0,94 1174 N a.01122 $5.422 75.182
I- 286% Run of Sul. 38xT8xH teo 2125 3o 255 | 15997 4355 5 wells 3,369 657 094 3.415 0.03339 [BA37 153680
H- 300 R of Std {BxiBxB tza 20 30 120 | 15,797 516 6 wells 5,015 124 044 1.950 P.01625 26787 KN KL
H- 3184 Rues of St 24x24x8 fee {with ey 219 110 3ze | 21063 | 637 7 wells 6,552 45,1 044 1,604 0.00501 22191 31725
H- 3394 Rrs oF S1d 24x24% 60 teo 105 0 175 | 21068 | mm 3 walls 7,280 50,1 0.94 1.083 0.00619 23474 £3.329
H-~ 3493 Run of Std 24x24x 10 tee 135 L] 205 | 21.063 128 8 wells B0 552 0.94 1.535 Q00745 25.009 84412
H- 5634 Run af 51d 28x78x12 tee (witl: expansion} 119 70 218 | 25M | Lims 13 wells 5,151 35,5 0.94 1.001 0.00477 26014 85.947
H- 3174 Run ol Sid 28x28x1( tan 135 70 205 | 451 718 § wells 9518 50.2 0,94 1.13% 0.00555 27149 A6.94 8
Mun rum of 51 48x36x367 1 and vaive fwith
- 3903 expansion from 287 to 36} 1232 420 1642 | 42126 | 5.642 62 wells 15,561 268 0,94 1,902 00155 20051 B8.085
- 5141 End at Gas Movar Swation — 16 10 | 42126 15,561 268 0.94 [1X11%9 a.00145 29.062 A
SUBTOTAL: Head foss through Pathway *0” from well E03 1o Gas Mover Station 28062 ms we.
Vacuum availzhle ot Gas Mover Station before blawer (-50% w.t. assusting pas movees hove n 100* n.__unnmmNE_.m 10" of hendinss ocours at the primery knnckant} 90000 in w.e.
NOTESS
1.) Uscd 93 5CFM for standard trensly/wlihcad flow which it bosed on o 1otal modeled flow of 15,561 acfm for the rocavershic portion of the sceelerated enae times 2 1,5 Factor of safety (171 wells/15,561 = 91 scfin per well
2.) H= Horizontat design length {equivaient fitting lengih NOT added in) én lincor fect from stat point {1} to end point {2).
3.) Plans ceil for two 36" pipes to un to clernup phant, A 487 pipe was used lo sinphify bendloss ealcolatinns.
Ansnes alf weils fiom main intesior header flow sonth éo perimeter hentler {valves ot high point open). This is sonsidered en entergoticy flow path ntilized for shont periods of ma frepairs and llsereforn piping was ned vedesiimed ranges

ta bring velocities znd heedboss within target ranges.
Valies used for ennivalent pipe tenaths for fitting ace extremely conservative,

Vnlves: {67~ B, (87 « 10, (12° <127, (18% 147), (24" - 189

Rim of standard tees {63626 - 10, (8xBx6 - F), (10x10x6 = 16Y, {1 2= 10x10 - 20, (1 BxBx6 - 30, {1 Bx1 B8 - 307), { 2AR24%6 - 60%), { 242458 « 607, { 24x24x10 - 60) (28x28x 10 - 70Y, (2828x17 « T) (36x36x6s - 75), (36x16x8 - 75), (363618 - 75}
Nen-tun of standard wes; (Gre » 30%, (2424810~ 130, {82581 2 - 100, (40x36x36 - 300

Exprnsinn jrints: {6° 10 8" - F2')(8" 1o §0° - 251, (10710 187 - 28),(18" to 24" - 50), {24* 10 28" - 70), {28*tn 26" - 90}

Sudden Contractions; {18% ta 10" - 13}, (24" to {87 - 303
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CENTRAL LANDPILL - PHASE VI

LANDFILL GAS COLLECTION SYSTEM PIFING DESIGN
HEAD LOSS CALCULATIONS WITH SPITZGLASS EQUATION - PATH A (COLLECFTION WELL 111 TO GAS MOVER STATION)

FLOW BY LENGTH OF WELL SCREEN

From To Length Finings TOTAT. FipelD} Flow Added TFlaw Veloeity Specific Femllosfinwe) Avnilabe
[43] () (feety  (feesy  (feet) (inches) {xetm) wellitrench {schin) {fps) Gravity TODTAL PER FT. CUMM. Ve
WELL 11 ‘Non run of Std Ex6x6 tec 180 30 210 | 5814 {08 inalinl flow 108 94 094 0,078 0.00085 4.000 0234
H- 1E0 Run of S 6x6x6 tee 180 1 193] 5.814 108 1 well 736 19.5 0.94 0,643 £ 00338 0.820] 8041
H- 360 Run of Sid Guéxné tee 180 1 190 ] 5.814 ik 1 well 324 pik] 0.94 L1446 .61 2,260 81,034
- 540 Rtun of S1d 6x6x8 tee (with expansion) 180 a3 213] 5814 108 1 well 432 9.1 094 2BE2 001353 5,148 H2.500
H- 120 Run of Sid 8nbxé 1o ) 45 15 60 7378 108 1 well 546 288 084 0.3322 000536 5.470 85.382
- 765 Maon Run of 5td 18x18%8 tew and Valve 223 4 330 : 15797 Rl B welix 1,404 7.2 0. 0,30 0.00092 5.730 83,704
H- 920 Run of Std 18x1ExK ke kad 30 120 ] 15.797 643 & wells 2052 254 .94 0215 100195 GOES5 6.4
H. 1080 Tun of Std 24x2458 tor {with expansion) pal] 110 326 | 21063 756 T weils 2,808 £9.1 0.94 0395 0.00002 6IL0 R 2d4¢
H- 1290 Ren of Sid 24x24x1 0 tee o] 7O 175 | 21 963 At B wells 1,419 249 94 0,268 0,.00153 6,577 86.543
H- 1335 Ry of Sid 24x24n {0 1ce {35 70 205 | 11.063 BUE B weils 4,420 304 4.04 0,458 000228 T3 B5.RI1
H- 1530 Run of Std 2Bx28x ] 2 tee {with expansion) FAC Ll 21 | 45 944 13 welly 3,364 271 4,94 0341 0.00162! 7.386 H1.27%
I L5Te Rtun of Sid 28x2Bx10 tee 135 7a 205 | 24.5M 695 R weils 5050 36.7 .54 0425 0.00207 7,811 R7.620
Mon nun of Std S8x36x36” tee and vatve {(with
H- 1205 expansion fiom 28" o 16%) 1232|430 16327 | 42126 | 9678 108 wells 15,730 271 .94 1.944 0.0018 2754} 88043
H. 3037 " End sl Gas Cleqnnp S1ation - 14 10§ 42126 15,730 271 0.94 42 anoig 9,766 89.938
SUBTOTAL: Head Joss theough Pathway *A* fram well 111 to Gas Mover Station 9.766 inw.e.
Yzeuumn avnilable at Gas Mover Station before blower {00 we, isny gas movers l:ava & §00° capacily and 107 of hendioss occurs at the primary eockout) 50.000 inw.e.
O 1]
1) Flow asumed ot 1.35 scfm/f. of soroen, mmtimuim B0 foel of sorom eorrespanding to 8 flow of €68 scfin, based mm on & total nedeted flow of 15,561 sefm for the recoversble portion of the accalerated case timas a 1.5 factor of safoty
{Fatabwell screen equils 11, 472 Reflow per foat of well sceeen equals 15,5001 1 472, equals 135 schn/fl), Difference between this flow and Lot flow rom werksheat dus to rounding emor,
2.} M= Horizens] degign length (equivalent fitting Tength NOT ndded in} in finear foat from stast point (1) to end point {2},
3.) Plans cel! for two 36" pipes o oum to cleanup plant, A 4B” pips was nsed to simpfify headloss ealeolations,
Assumes flow split at igh point.of main interior header (valves closzd) and ohies interior henders which ernss highpoint: grs wells to tha nerth of the igh point flaw north tlrough interior kender{s) fo the norihem perimeter header,
and gas wells to the south of the high point ow south theough the intexfor header{s) to the southem perimeter hender,
Values used for equivabent igw: izngths for filth
Valves: {6* - 819, (B - 10%), {§2* <12, {16°- 14, (24" ~ 18], (26"-207)
Rus of standnd tecs (GxOK6 - §I7), {GxGxB- |59, ([RxiBB - 30°, (2402428 - 60'), { 2Ax24x18 - 6T, (2Bx2Bx14 » T0), (2Bx28x12 - TP
Mon-run of standnrd tops; {6x6x6 - 30°), (1828 Bx6 - 10T, {48x36x36-T00)
Expansion foinls: (67 1o 187 - IR 187 10 247 - 50, {247 0 28° - 70), (26" 10 J6" - 90}
FL ]
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CENTRAL LANDFILL - PHASE V1
LANDFILL, GAS COLLECTION SYSTEM PIPING DESIGN
HEAD LOSK CALCULATIONS - PATH B (COLLECTION WELL 103 TO GAS SIOVER STATION}
FLOW BY LENGTR OF WELL SCREEN

From To  Length Fittings TOTAL FpeiD  Flow Adidod Fiow Veloeity Sprcific Hepd Loss {insve ) Avnilable

)] ) (feer)  {feer)  (fomt) {inches) (sofm) wellfrench {sctm) {fpx) Gravity TOTAL PERFT, CUMM.|  Vacnum
WELL 193 Non-nun sid ExGxs tee 180 10 210 | 5814 67 initial flow &7 41 0.4 nOGR 008031 0.008 73864
K- 1an pun of St 6x6x6 tee 180 19 190 | 5814 143 L welt 175 158 054 0.422 0.0022% 0.490 73932
. 360 un of Sid. GxGeb 1ee 180 1 1901 584 m 1 welt Fxiil 25.1 0,94 1.065 0.00560 1555 74.354
It- 540 run of Std, 6x5x} 0 tea {with expansion) 180 M 24| S8 108 i welt 38 2 1] 1217 0.H O35 3.772 75419
B 720 mun of 34 10x1046 kee 180 16 1961 9415 108 1 wolt 486 161 0.04 0277 0,00841 4.048 17536
H- %0 nun of 5id. 12x10x10 1ec 210 20 230§ 1199 | 306 & wells 92 193 094 0.366 0.00159 4414 71912
- 1310 Valve and Non-rur std 18x8Bxi2 e 225 t4 339 1 15797 | 1,788 17 wells 2 580 N6 L] 1048 0.00309 5,462 TH.298
H. 13315 Non mun of St 24x24x 12 1ea 65 138 E9S § 21063 2,550 17.8 $.54 0.608 0.00078 6.1 58] 78327
H-2|co sun of Sid. Jduddx ] fes- 323 Job ey iiloaE oo 16 weils 4,423 305 a.94 0408 0.00228} 1.056 RN22
H- 2423 Ran of S1d’ 2Bx2R%8 tee (with cxpansion} j 116 140 256 1 24 574 483 Swells 4,908 24.8 0348 000134 7.404 30920
H-- 2539 Run of §td. 2028x6 tee 555 70 625 § 24574 205 3 welly 5111 259 0922 007 B.32% 21.268
El- 3034 Pt of Std. 28x28x6 tec ‘735 T 05 § 24.574 15¢ 3 wells 5,268 W67 1,261 0.00037 9,586 82,189
H- 3824 Rum of St 36x36K18 16 {with expunsion) 1620 160 1780 } 31.595 | 1,734 19 wells 7.003 214 054 1538 0.00085 1.5zl 81450
H- 3410 Run of Std, 3603638 toe 440 165 645 § 31.595 Ny & welly 1320 2.4 0.5 0,608 L0094 11.%1% Rd 985
H- 5929 un of Sid. 36x16x50 tor T 165 237 § 31.595 (1] B wells 8,008 2.5 .54 0.267 Q00113 £1.996) B5.593
H- GONE Run of Std, 16x36x12 tee 650 75 1351 31595 | 1240 13 wells 9268 24.4 £.94 1110 © 0.00151 13.106 B5.860
H- d6al Run of Sul. 36x36x8 tee 125 15 900 1 31595 403 5 wills D671 5.0 0.54 1.480 000164 14.586 85970
H- 7188 Rur of $td 4Bx36x36" 128 1232 5 1307 } 42.126 | -6,05% 67 welis 15730 211 0.5 1.538 0.001 18 (5124 85450
H- 871% Eri ot Gas Mover Station ~ 10 10} 42,125 15,730 211 .91 0.012 aonkiE| 16.136 29,988

SHRTOTAL: Hxad loss through FHeader line *B* from well 103 1o Gas Mover Station 16136 inwe
20.000 inw.c.

Vacisum available ar Gus Maver Station beforc blower (-90" w.c. assuming gas movras have a 100" eapacity ind §0* of headloss occurs wi the primary knockout)

NOTES:

1.} Flow assumed at 1.35 scfm/fk of screen, moximum 80 fect of sereen commsponding to 4 faw of 108 scfim, based o an a tota} modeled flaw af 15,561 schin for the recoversble portion of the accelerated case times o 1.5 facior of safety
(Tolat well screen equals 13, 472 R-flow per font of well screen equals 15, 500/11 472, equals b.35 selm/ll}. Dillerence batween this Row and total flow from worksheat due to sounding erfor,

2 ) H= Horizontal desipn Tength (equivalent figing length NOT added in) in linear fort from sinre point (1) 10 end point (2).

1.) Plans calf for vwe 15" pipes o run o clesaup pient. A 18" pipe was nsed to simpfify headloss ealeulatinns.

Assumes flawe split 6 high point of main inletior headar {valves closed) and other interior headers which eroas kighpoint: gas wells to the nosth of the Yigh paim fow north fhrough interior headorfs) ta the nankom perimeter hender,
andd gas walls te the south of the high point fow south Susagh the inleriar headar(s) 1o the southens pecimater header.

tepuths for fitting are exliomely conservative,

Valves; (6= BY, {87 - 101), (L2* 12, {8 347}, (24" - 187, {36720}

Runs of standard tees (GxGn6 - 107, (SxEx10 . 10) (H0x10x6 « 16), {125 HBD - 3O, (1B 1RXT - 30, ( 242418 - 689, { 28x2Ex6 - HY), (2822808 - TOY, (I6xI6x6 - 757, (36x36xH - 75, (F6xI6xN0 - 75, (16x36712 - 75, (36x36x18 - 757, (4Bu3finI6- 5%
Mon-nun of suandord 1ees: (Bxénd - 30}, (18x1 Bek 2 - [00), {24x24x 18 - 1307

Expansion joints: (6" (o 127 - 207018 1o 24" - 507, (24" 1o 267 - 10), (28" 10 36" - 90)

¥ilue
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CENTRAL LANDFILL - PHASE V1

LANDFILL CAS COLLECTION SYSTEM PIPING DESIGN
HEAD LOSS CALCUL ATIONS - PATH C {COLLECTION WELL 79 TO GAS MOVER STATION)

FLOW BY LENGTI (F WELL SCREEN

dCLRaE

Yihokdioss calcaHondbors_Coim, PHYwoll scoonh

¥ram Te Length Fitings TOTAL PipelD  Flow Added Flow Veloity Spncifi Tieath Loss finw ) Avaitable
(43} ) (2} (feet)  (feet)  {ioat) (inches) (sefim) wellitrench {scfm) {fps) Gravity TQTAL PERFT. CUMM, Vaciumn
WL Non nn of Sid, 6x6x6 lee 180 i 2101 5Ri4 ing initiol woll Aow 108 2K 09 0178 0.0008% 1.000 -13,196
He 180 Toun of Std. 6x6x6 tec 180 £0 190] 5814 108 1 welt 216 9.5 0.94 0.643 0,00338 0.420 -[3.018
£1- 360 Ran of 5td. Gx6x6 iov 150 t0 190 ] ss14 10 1 welt 324 293 0.94 1146 [iAte] 2,266 12376
- 540 Run of $1d. BxEx6 leo (wilh expansion) 180 13 213 | 7.570 108 1 well 432 230 0.99 0,711 00343 2997 -10.93¢
H- 720 Ren of Sid. BxBxb ten 165 i5 180 | 7570 108 1 well 540 3RE 0.4 0.965 1LkIS3Y 3.961 -10.199
il- 685 fun of Std, 10x10x6 tee fwith exprusion) 195 1 251 | D435 a5 1 well 5728 215 a0 0187 000234 4455 0.2
H- 1080 Run of §id, 10x10x6 Iee 216 6 2| .35 43 1 weli 668 22 B.94 0.619 0.00267 5074 8741
H. 1356 Run of Std, 10x10x4 1ea 72 i6 B | 5435 27 1 welt 6035 238 694 0,254 .AKIZEY] 53728 122
H- 1368 Mon run of Std, 29524510 tec aid valve 9t 140 230 | 9.435 605 239 0.04 0.664 DAKIZRY 5993 -1.86R
1 1458 Run of Sid. T4x29x) 2 tep 135 60 195 1 2061 | a4 13 wells 1,639 113 0.94 0061 0.00011 5.054 -1.203
1 1593 o of Std, 26x24x10 e 195 60 165 | 21063 | sot B wells 2440 16,8 0,94 0115 0.00070 6.168 AL
- 1698 Rusn of Sid 24x24x10 ree 210 50 20| 2081 B} H wells 3251 224 0.94 L0313 0.,00123 6.502 1028
H- 1908 Run of Sid. 24x24x10 tee 90 60 150 2000 | 7se 7 wells 4,007 6 094 281 0.00187 6183 -6.694
H- 1998 Run of St ¥Rie] Ax10 tee {with contraction] Pty 20 20| 15797 ] Gas & wells 4,655 570 0.04 259 0.01807 5.2 -6.413
H- 2308 Run of Std. 18x1Bx8 tee 4 30 o8| 15797 1 540 5 wells 5108 636 0.04 1219 0.01251 10931 -3.494
H- 2296 Run of Sud. 18x18x6 10 180 30 210| 15797 | a2 4 wally 5,627 8.9 0,94 JeEa) - 001471 149 2265
1i- 2435 Rz of Sid. [Bx1Ex6 loc 120 30 k0| 15797 ] 218 2 wells 5 843 71.3 0.94 2377 0.0 588, 14.358 0,823
- 2576 Run of Std. §Bx1Bué 1ea 366 30 596 | 157971 716 2 wellg 6,059 4.2 0,94 10164 0.01703 26.562 3202
H- 3142 Run of Std, §8x18xé lee 155 30 195 15797 108 1wl 6,167 75.5 0.04 3445 0.01767 IN07 13166
i+ 3307 Run of Sid, }AxI8x6 e’ 173 58 231 | 15787 216 2 wella 38 TB.2 0.94 4,372 £.01803 34378 16814
11- 3480 Bun of Sud. 1B21B46 tee 138 30 g | 15797 | 34 3wl 6,707 52,1 0.94 3528 0.02090 18307 21,183
H- 3638 Toan of Srd. 1Bx1848 ice 251 30 2Bl | 15997 332 4 wells 7,139 £7.4 B.494 $.05) 0.02367 44.960 2510
H- 3882 Rum of Sud. 18x1E«B 1ae 158 30 168 | 15797 | 608 6 wells 2,747 94.9 094 5244 0.02788 50,201 31761
H- G477 Roan of Std. iBx1Bxi2 tee nnd vahve 246G 49 294 | 15397 g% 12 wells 8,566 194,94 .94 9680 {03409 59.881 11005
H- 4287 Non'run of 51l 24x4xl6 e 765 160 8635 | 21.063 8,566 9.0 0.94 TALS 0,00857 67.293 46,685
I. 505% 1un of $1d. 24x24x 18 (with exponsion] tex kX 130 453 | 21063 | 1,843 18 wells 10,405 vl 0.94 531 (.01 265 73.024 34.097
H- 53715 Rt of Std. 26x20u8 tee {with cxpansi: 1i6 140 256 | ZIoed | 483 5 walls 10,802 T5.8 0.949 1546 £,01385 T6.570 S1.B1E
- 5491 Hun of S1d, 28x2Bx6 lee 355 ko 625 | 2a5m | 008 3 walla 11,097 56.2 0.94 4344 0.00695 80.914 63,371
1l- G046 fun af Sid. 2822856 te 735 kil 805 | 24.974 157 3 welis 11,254 56.9 0,94 515¢ Q.001 5 B4.669 67.718
M- 6781 Rom of 54, 36x18x | B eex {with enpension) 1620 160 1780 | 30595 F 1,735 1% wells 12,989 19,8 .94 5281 C.00297 01,950 73473
H- B4DI Run of Sid. JExI6x8 100 480 165 615 ] 31505 | 37 & wells 13,306 40.1 .94 2008 0.00311 93.858 78,754
H- BRI Run of St 36x36x10 toe 72 165 237] 41505 | enp 8 walls 13,994 428 0.94 [ 0.00344 94774 8767
H- 8553 Run of Std, 36x36x12 tee 66 75]  7as|3eses | 1266 13 walls 15,231 6.7 0.94 3607 0.00499 9LIRLL 81578
- 9613 Run of 5td. I6x36x8 tee 825 75 oo ] 3is0s | 403 5 wediy 15.657 179 0.94 3830 0.00431 105685 84585
H- 10438 Run of Std. 43x36x36" 12 212 75 1307 | 42326 15,657 170 0,91 1.523 [ XTI 103.184 BE 465
H- 11670 End nt Gas Mover Sintion - [ 10| 42126 15,657 1.0 094 0612 £.00117 103,196 . BY.9¥K
SUBTOTAL: Head toss thraugh Fathway *C* frons well 79 1 Gas Maver Sation 103.196 inw.e.
Vacuum availuble at Gas Mover Station before blower (-90° w.c. assuning gas movers have o 160° eapacity and 10° of headipss pocurs 2t then primery imockout) 90.000 i w.e.
AFt2/2008




CENTRAL LANDFILL - PHASE VI
LANDFILL GAS COLLECTEON SYSTEM PIPING DESIGN
HEAD LOSS CALCULATIONS - PATH € {COLLECTION WELL 19 70 GAS AfOVER STATION)
FLOW BY LENGTH OF WELL SCREEN

NOTES,

1) Flow gssumed et F.35 scliv/fl of screen, maximuim 80 fet of scrcon carresponding 10 a flow of 108 scfim, Lased on on & totsl modelesd flow of 15,561 scfm for the recoverable portion of tie pecelerted ease times u 1.5 factor of safety
{Total well scrcen equals 11, 472 fi-flow par foat of welt screen equals 15,500711,472, equals 1,95 sefmfit). Differsnce between thia fow ond tote] flow from worksheet due to ropnding error

2.} B Horizontm) design longt {equivatent fitting beogih NOT sdded in) in Hinear foct fom starl poind (1) 1o end point (23

3.} Plans eall for twe 36" pipes 10 run wcieanup piant. A 48" pipe was used to simplify headloss calealnti

4.} Includes 2 valves on cither side af header high point

Assumes.all welly from minin intesior header. flow north tn norliem: partinn of the perimeter header {valves at high paint spen},

Assuines fow split in other interior headers which cross highpoint: gas wells to the nerth of the high point flaw norh throuyh iterior headerft) 1o the perimeter header, .

and gas wells 1o tha south 6f the high point flow south theough the interior header(s) 1 the pericoter headeor, This is considured an pmergency flow path ntilized for shor periods of maintenance/repaiss and therefare piping was not redesigned
to bring velogities and headiosa within target rangés,

Volves: (67 - 1), (8" = £, (12°-12), {18~ §4, (24"~ 18) .

Ruant of standdard tees {GinGt - 1], (BxBx6 - 1), (105806 - 16, (181 &x6  30'), (1 8x188 - 307}, {1851 0x10 - 307, (481 BxE2 - 30, (18x1Bx18 - 30 { 2246 - 60, { ZAaZ4x 10 - 6] { ZARZAREL - 607 { Mx2Ax18 - 60), (2Ux2Bxt - TG} (2x260ch - 70,
(362366 - 75", (36xI6x8 - 75'), {26x36x 50 - 75, (F6x3bx1 2 - TS5 36x36x1 8 - TS, (ABx3I6x36 - 757

Non-ntn of stantard tees: {2656 - I), (24224210 - 130, {24x24x15 - 130

Expansion joints; (6" 10 5 - LEH8" 10 16° - 25), (10" ta 18" - 25,( 18" to 24* - 30, (24" 10 28" . T, {28710 36 - 90"

Suddden Contrnctions: {152 to 107 - 15), (24" to $8" - 30) S

FELFOZTE C cghnsdioss cofoydendlnss Cates_PHV-wmll someg poivE

2004



CENTRAL LANDFILE - PHASE V1

LANDFILE GAS COLLECTION SYSTEM PIPING DESIGN
HEAD LOSS CALCULATIONS - PATH B {COLLECTION WELL 103 TO GAS MOVER STATION}

FLOW BY LENGTH QF WELL SCREEN

From Ta Length Fitings TOTAL PipeED  Flow Added Flow .ﬂm_.onwu. Specific Head Loss {inwe ) Avasilahic)
() (2} (feet}  (deety  (feel) (inches)  (sufm) wallfyench (sufur} (fns) Gravity, TOTAL PERFT. CUMM. Vutium]
WELL 313 Non-nin std 6x6x6 ten 180 30 210 | 5814 &7 itinl well Row &7 fi.1 u.g 0.068 0.0n33 .00 58 489
H- g runs of S, Gnéixh tex 150 ig o | a4 168 | well 115 158 .94 4422 000222 [1} 58,557
H- 364 sun of St 626x6 tee 180 10 ton | 5814 101 1 welk 278 23 0.404 1 b4S 0.00560 1,555 58.979
H- 540 rune if St Gx6x10 tee (with expansion} 1R 14 214 | 5814 180 1 welt 378 32 094 2217 001036 3772 £0,044
H- 720 oun of Std. [0x10xG1se 1KY |13 196 | 7.570 108 | weit 486 259 .94 nasl 000434 4,623 §2,260
900 Tun of 5t 12210x10 1ce 21B 2 236 | 11,190 306 & wells 97 19.3 0.1 f),3468 0.0015%, 4,584 63.112
1110 Nonrun of Std. IBx18x12 lec and 2 valves 158 128 286 | 15.797 27 | well 819 100 0.5 0.08% 000031 5.078 53.478
1268 Run of 5td. 18x1Ax8 tee 251 30 281 [ 15791 | 6o & wells YT 17.5 [ 0.266 0.60095 3,394 63.567
1519 Run of Std, 18x18x6 ten 163 30 o5 | 15797 | a3z 4 wiells 1,859 228 0.94 0,313 0.5016 5,657 61813
1684 Run of Sul. 18x13x6 10 1e5 30 193 3 15797 329 3 wielly 2183 25,1 0.94 0433 0.00221 £ ORE 64,136
1849 Run of Std. [8x18x6 100 i65 a0 195 | 15797 216 2 wiolle 2399 29.4 0.9 032 0.00267 6410 64,577
- 2014 Ran of Sd. §8x18x61cc 7= a0 105 ¢ 15797 108 Eowell 2,507 30.7 .54 0207 0.00292 6216 65 079
H- 2089 fuat of 5td. 18x18x10 tec 300 g 330 | 15797 | 1,843 18 wells 4,350 333 0.94 2901 {00878 9.R17 6%.405
If- 2389 Ttun of Std. 18x 816 1ee 120 30 150 § 15.797 116 2 welis 4,566 559 0.94 1.453 000568 11270 68,306
11. 2500 Ron of Std. 182 E4x6 100 245 30 351 15197 216 2 wells 4,782 5B.6 004 31346 {01062 14.616 62159
H- 27194 Run of Std. 18xFBx6 tec 15 30 108 1 15797 432 4 wellz 5,214 618 .94 13261 ° {01261 15.942 73.105
H- 2869 Kun of 5td, 18x | 3x5 1ca 215 30 255 | 15997 ] 540 5 wills 5754 70.5 0.94 31922 HOL51R 19,864 14431
. 3094 Run of Std E8x1 8x8 e 20 30 120 § 15791 Gil8 6 wellz 6,402 TEA 094 2285 3,01 904 22,148 78,35]
- 1184 Run of Sid Z4x24x3 teg {with expansion) 2i0 g 320 § 2t.003 156 7 wells 2,158 493 .94 [NiL] (00598 74.063 80.637
- 1354 Run of Sul 24:24x10 tee 05 0 115§ Z1.063 811 R wells 2.969 549 094 1.258 $.00M42 23,361 B2.552
H- 1495 R of S 24x24x10 1ce $I5 70 205 § 21063 801 R wells B 770 &0 094 1,841 0.008%8 27202 43849
H- 1634 Tun of Sid 20x28x1 2 lee {with ion) $4a i 2i0 § 24.5T4 944 13 wells 5,714 492 894 1118 1.00333 28,320 85.6%1
H- 3774 Run of Std 28x28x10 1cc 1315 L 205 § 24.574 693 B weils {1,409 521 0.94 1.254 4.00612 205M 46,409
Nom run of Sid 483636 tew and vadve: (with
H- 3909 expimsin [vom 287 e J67) 12 420 16527 421261 5248 &2 wells 15657 21.0 94 1,926 0.0DE17 31429 81,063
- 5141 End at Gas Mover Sution — 1G 19] 42126 15,657 270 0.9¢ 0012 0.00147 31,511 15988
SUBTOTAL: Head loss thraugh Pathway *D™ from well H03 to Gas Mover Stations H.su 3 w.g,
Yacuum availahle st Gas Mover Station befors blower {-90° wie. ing, gas movers have a 100" capacity amd 107 of headloss ocewrs at the primary knockout) FOOG0 _th w.r.
NOTES:
1.} Flove masumedd ot 1.35 scfm/it of sercen, moxinmum 80 feet of screen comesponding ta a flaw of 108 schn, based on an o total modeled flow of 15,561 scfin Jor the reeoverable portion of the eecelerated case Limes a 1.5 factor of safety
{Total wali screcn cquats £, 472 @-How per foot uf welt seren equals 15,5001 1,472, equals §,35 scfm/A). Difleronce brtween this flow and total flow frony worksheet due s rotiding ervor.
%) H= Horjzontal design tength {equivalent fitting leagth NOT sdded in) in Jinaar feet from stast point (1) to eed paint (2).
3} Plans call (o twee 36* plpes v run to cdlesup plast. A 48¥ pipa was used 1o simplify headloss caloubafions.
Ammes afl welts fnm main interior hender Bow soulh ta perimelier beader {valves at high point open). This is considered an evergeney thow pasth uiilized for short periods of maintenance/cepains and therefore piping was not redesigned moes
to bring volocilics and herdloss within target ranges.
Yalysa psed for enulvalent rine feamles for (ttine pe extremely tonserentive,
Valves: (6% - B'), (B" - 1), (12" -E27, {18"- 14", (24" - 18") .
Run of standnrd tees (Gx6x6 - 10, (Hafxb ~ 15, {10501 006 - 16%, (12910u10 - 20rY, (1808 Buet - 307, {181 BxB - 307),  RARTAxG - 60'), ( 24n2InA - 60, ( 24x24x10 - 60°) {ZBx2Ax1 0 - 70, (ZBx28x ]2 - 70} (36xI6%E - 75, (I6x36x8 - T5), {Mx36x1R - T5)
ton-rivi of standard lees: (Gx6x6 - 30°), {23x24x10 - 130, (E8x18x1 2 - | &X0), (49x36136 - 300)
Expansion joints: (67 10 5 - 188" to 107 - 25, (107 10 10" - 25}{18" ta 24" - 50), {247 10 20° - T0), {28* 1w 36" - 907}
Sudden Contractions: {12" 1o 10* - 15), {24" to 18° - 30Y)
LT {onte)

LACLFA2T . giheadioss calestHeadioss, Calcs PHVIwell screns P



CENTRAL LANDFILL - PHASE V]
LANDTILL GAS COLLECTION 5XSTEM PIFING DESIGN
HEAD LOSS CALCULATIONS WITH MUELLER EQUATION « PATH A ({COLLECTION WELL 111 TY) GAS MOYER STATION)
ASSUMING EQUAL FLOW FROM EACH WELL

From Ta Length Finings TOTAL PipelDY  Flow Added Flow Velocity Speeific Hepd Loss (i we ) Availaliie
[1}] {2)  {ect)  (feet)  (feat) (inches) (sefm) wellirench (sefin} (fpa} Gravily TOTAL PER FT. CUMM. Vet
weLL 18 Non run of Std Sx6x6 tee 180 a0 0] 5814 LH initial flow 91 3.2 0.94 0137 000065 0 000 45193
H- 12n R o Sid 6626 tee i 10 9 ] 5.814 9 1 well 182 16.5 0.54 DAlS 00821 m_ {1.552 86311
il- 360 Rum of St GxGx6 Iee 180 30 ton | 5814 9 1 well 2 24.7 .94 0.840 008442 1392 86.745
I 340 Hun of Strl 6268 ter (wilh exprngion) 180 13 213 | _1.570 Bt 1wl 264 19.4 .94 0 444 0.00209! 1.836 87,585
H- 720 Ttun of Std 8x3x8 tee 45 135 80| 7570 [ 1 well 455 243 ngq 0.185 000308 2.021 £B.020
11- 765 Non Run of Std 18x}ExB tea und Valye 325 115 330 | 15,797 738 B wells {183 14.5 099 00168 0.00050; 2,189 §B.214
H- 890 Run of Sud 18x 1 ExH 1ra oG 10 120 | 15,797 546 & wells 1729 212 0.94 0115 0.00006 2.104 BRIBZ
- 108G Run of 51d 24x24xH tce {with expansion} 210 116 310 | 21.063 617 7 walls 2,366 16.3 0.94 (.§315 (). INH0A2 2439 £8.497
H- 1290 Run of 514 2422910 tee 105 70 175 maoes 728 8 wells 3,004 213 0.94 ni18 000067 2547 88.633
H- 1395 Runof Sid 24524 i1 tee 135 T 0| 21,063 28 B wrelis 1822 6.3 0.93 G200 000097 2,157 BR.751
H. 1530 | Thun of S0 282812 two {willy expangion) 140 ol 2| 287§ 13 13 wells 5,005 5.3 094 0.15% o073 2213 B35
11- 1670 Run of Std 2Bx28x15 (eo 135 ¢ 205 | 24.574 728 8 wells 5,733 2.8 094 3495 £1.E0055 3.110 83,108
Non sun of Std 4Bx36x36" tee and valve [with
Hi- 18G3 expansion frpm 28" tp 36%) 1232 420 1652 | 42.126 | 9,828 108 wells 15,561 258 0.94 0.693 Q00092 3 80 £9.303
11- 3637 End nt Gas Cleanup Stetion - 0 10 42125 15,561 26.8 094 [T . Q00T 1.807 89.996
SUDEOTAL: Head loss twough Fathway *A from well 1) ta Gas Mover Swation 1807 ..= w.e.
Vacuum available at Gas Mover Station before blower {90 w.c. sssmniog ges movers have a 180° crpacity and 18" of handloas ocers ot the pémary knockout) 92000 _tn w.c,
NOTES:
1) Used 91 SCPM for standanl trenchiwelfhzad flow which is kraed on a total modeled fiow of 15,361 scfin fat the recoverable portion of the aceeleried case times 1.5 factor of ssfety {171 wellsh 5,561 = 91 scfn per well
2.} M Horizonial design Iength {equivalent fitting length NOT sdded in) in linear fool frem stact pokat (1) to ead peint{2).
2.} Plans call for twa 36" pipes (o in o cleanup plant. A 40" pipe was used ta simplify hoadlosy caleubati
Arsumes flow split ak high point of main micrior header {valves elosed) and other itorior headers which erazs highpoinl: gas wells ta the notth ofthe high paint low notth through inserier headzr(s) to the notthem perimeter header,
and gt welts 1o the soulh of the ngh point flew suuth through the interiorheader(s) to the southem perimeter hrader.
Nonerun of standard tees: {Exgxa - 30, {EBx38x6 - 1), (A3x36x16-3007)
w0

JACLFRazTe iiheadlosy exiestHeadLoss _Caicy Muliar aquation P ~ N




CENTRAL LANDFILL - PIIASE V1

LANDFILL GAS COLLECTION SVSTEM PIPING DESIGN
HEAD LOSS CALCULATIONS WITH MUEELER EQUATION - PATH B (COLLECTION WELL 103 FO GAS MOVER STATION)
ASSUMING EQUAL FLOW FROM EACI WELL

From To Lengh Filtings TOTAL PipelD  Flow Adlded Flow Velacity Specific ; 1 Avnilable|
(i} (2} (et}  (feety  (Reet) (inches) (sching well/trench {scfim} e} Gravity TOTAIL. PER FT. CUMBL Vacuum]

saud jay Non-rur std 616x6 {ea 1B 30 2l 5914 il initial fow o] B2 .94 0.137 0.00065 0.000 BA.756
il- 180 fun of Std, Gx6x6 Ice 180 10 190 S8i8 91 1 well 82 16,5 2.94 0.415 000218 11,552 80,903
H. 360 run of Sid Gx6xb e 186 0 199 | 5814 %1 § well 273 2.7 {94 0840 000342 1,392 Bin?
H- 544 rum of Std. fx6:x 10 4e0 {witl expansion} 181 34 2441 5814 a4 { well 164 329 094 } 560 000729 2.952 B3.157
H- 120 nerof St 10x il tee 180 H 196 { 9435 o § well 455 15,6 994 3.212 £.00108; F.164 BI.718
- 900 mn of Std. 1245 0x10 tee 210 20 230 ) 1L.19n | 546 6 wells 1,001 244 1843 0.437 £.00120 3,602 83930
H- 1110 Valve end Non-nun std 1BxEBx b2 tee 75 114 39| 15797 | 1,547 BT welfs 2,548 iz FETH 0.639 0.00188 4,241 84,3567
H- 1335 Non run of 5. 24x24x (8 tee 765 130 895 | 21.063 2,548 17.6 0.94 043t 0.00D48 4 &71 B85 D04
H- 2100 run of Std. 24524kl tee 323 To 303 | 21,063 } 1638 §Hf wells 4,186 288 484 0449 000114 5120 A5.437
H- 2423 Run of Sid. 282288 lea (wilth expunsion) 115 L] 256§ 285 455 5 welly 4,641 FEE] 0594 0768 {.000656] 5288 £5.885
H- 2539 Run of S1d. 28x28x%6 e 535 kit £25 § 2457 m 3 welis 1914 248 0 0451 a.cooqum 5,743 E6.051
11 3094 Run of S1d, 78x28x6 tcc fit] 0 RD5 § 24.574 piz) 3 welis 5,187 26.2 094 o611 c.ccanwu 6325 86,508
H- 3829 Run of Stdd, 36x36x 1 8 tee {with mxpension) 1620 1660 1730 § 31995 1 1,700 15 walls 5916 21.2 0.94 0.71% 0.00040 TauR B7.151
H- 5449 Run of Std, 36x36xR ten 481 165 645 1 11505 | 544 & weulls 7462 238 0,94 D395 000046 7392 RT 863
if- 5500 Run of 5id. 36:36x 20 ten 12 165 337 | 31.595 T8 B wrlis 8,190 251 094 D127 200054 1318 Af. 54
H- 6001 Run of S1d. 16x36x1 2 ten 660 75 735 11595 | 1,183- 13 wells 9,373 287 0,94 04599 000068 8.01% 88,785
H» 666! Run of Sl 6x35x8 we BI5 75 Mo 31395 455 5 wrls 9,828 303 0.94 0.664 c.oco..__.__ 8,682 84.784
- 86 Run of Sid. 48x36x36” tee Va3 75| 1307 | 42176 | 5733 63 wells 15,561 268 0.4 0548 000042 9.230 89.443
II- 8718 End g Gaz Mover Siation — 10 10| 42.126 15,561 168 D9 0.004 0.00042 2234 12,954

SUBTOTAL: Hemk Joss tsrough Header lina "B from well 103 ta Gas Mover Statian 9214 mwe

_S_n:E: svaitable at $as Mover Stalion befors bluwer {-90° w.c. assuming gas movers have n [00" capacity and 10° of hendlosx acours at the primary knockout) 50000 inwe.

TES:

1.} Uxed 91 SCFM for standard trencliwellbead flow which is based on a lotal madeled Row of 15,561 sefin for the sccoverable portion of the uteelerated srse times a 3,5 fnctor of safcty {171 wells/] 5,561 = 21 scfin per well

2.) B Horizontal desige length (equivalent fining fength NOT mddeid in) in lineas foet from start point (13 ta end poine {2).

3.) Plans call for twn 36" pipes lo nw to cleang plant. & 48” pips was used to simphify hesdlogs ealzulstions,

Assumes flow split at high point of myin tutetior header {valves elosed) and ather interior heades which ernss highpoing geg wells 10 the sozth of the high point flow north Grough intecior header(s) to the notthem perimeler header,

antd gag wells to the soith of the high point flow soulh through e interior header(s) to tha southem periineter header,

VYnlues ysgd for eanivah

Valves: {i*- £, (8" - 107, (12* =127, (18%- 149, {24* - 1), (3630

Run of standord tecs (Bxbx6 - 10, {Anbx 10 - 107} {1 0] 06 - 16), (12x10x19 - 207}, Bt U1 - J00 € 2924 B « 60, § 2An28n0 - 700, (2HxBxR - T0F), (IEXTGNG - 75, (I6KI6AB - TFY, (IGx6xL0 - 75, (36236x12 - 15, (36x36x L8 - 751, (48x36xIG - ¥ra ]

Non-run of standand toex; (Gx6%6 - 30°), ([8x1Ex!2 - 100°), {24x24x18 - 130°)

Expansion joints; (6%t 12°- 20K 58" 10 24" - 50'), (24" to 2R* - T3¥), (2" to J6° - DO}

AMr08

SVAFOEI T “yhandoss criciFeadlas Gales_Muler squalion PHYI



CENTRAL LANDFILL - PHASE VI

LANDFILL GAS COLLECTION SYSTEM FIPING DESIGN

HEAD LOSS CALCULATIONS WETH MUELLER EQUATION - FATH C (COLLECTION WELL 79 T0 GAS MOVER STATION)
ASSUMING EQUAL FLOW FROM EACH WELL
" Fram To  Lengih  Fittings TOTAL Pipe[D  Flow Added How Velocity Specific Head Lozalim ey T Avainable
(] @) ffeet} (Rt {foct) (inches) fsclm) wllfirench (schin) sy Gravity TOTAL PER FT. CiMM|  Varuum

| dELm Not zun of Std. Gxtindi lee 150 I 20] 5834 9 initial well flow ] 8.2 (] 0137 0.0055] 0.000 L5
H- 130 Run of S, 5x6x6 tee 150 13 190 | 5814 9 1 well 182 16.5 0.5 0415 2.00218 0.552 44.761
- 360 Rur of Std, Gx6xb ter 150 10 190} 5814 91 1 weli 273 24.7 0.94 0.840 0.00442 1392 45.176
H- 540 Reuars of Sid. 8x8x6 tox (with expansion) 180 n 23t 750 o1 1 well 364 124 0.9+ 0,445 0,00209 1836 46016
H- 720 Ry of St BxByh (oo 163 15 (80| 2570 01 | welt 455 243 G.94 055+ 000008 2,390 45460
H- 835 Run of Sed, 300x FOx6 tee (with expansion) 195 I6 211 | 9418 91 1 well 146 18.7 .94 0354 n.00140 2,70 47.014
- 1080 Run of 51d, 10x10x6 tea 216 16 232§ 9435 3l | well 637 21.9 0.94 453 0.00194 3435 47.328
H- 129 Run of $1d. H0x10x6 ee 2 16 g8 9435 91 1 well 728 250 0.51 026 8.00245 1370 47.T19
H- 1368 Nonrun of Sid, 24%x24x10 tra and valve 80 140 230 | 9435 728 250 .94 {1,564 000245 3.934 A7.995
H- 1458 Run of Std. 24x24x12 1ec 135 60 105 | 21081 | 3183 13 wells L9 132 11,94 0.057 £.00029 1841 4B.539
H- 1593 Rum of Std, 24x24%10 tec 103 60 165 | 21083 | 728 8 wellg 2,639 8.2 .94 0.084 000051 | 1.076 48616
H- 1698 Run of Sid, 24x24x 0 tee 210 o0 270} 21063 | 728 8 wells 3,367 32 0.94 0,213 100078 4.287 ARF00
H- 1908 Run of Sid, 24x24xH} tee 90 60 1501 21063 | 637 7 wells 4,004 27.6 0,84 0.139 0.00106 4448 O
- 1998 Run of Sid. 180 Bx 0 tex {witls ronlroction) 219 80 2008 15797 | s48 & wells 4,550 557 0,94 1.408 000517 5.944 49.070
H- 2208 Run of Std, 191828 tee 6F 50 wa | 15797 | ass 5 wellx 5008 613 0.94 0.598 00610 6.541 50,568
H. 2276 Run of Sel. § Bl Bxs tre 130 0 210 ) 15797 | 364 4 wells 5,369 65.7 0.4 1447 13 GR6ES 7.58 51,165
H- 2458 ‘Run ol Stel, 18] An6 tee 120 30 150 ] 15971 1g2 2 wells 5,551 68.0 0.94 1.085 800730 9.043 53612
11- 2576 Run of Sid. | Bxi8x6 tee 5686 g 396 | 18,797 152 2 wells 5,733 70,2 0.94 1603 0.00772 13.687 Sp.708
H- 3142 Run of Std. 18x | 8x6 1ce 165 30 155 § 15197 ot 1 well 5,824 713 094 1.548 0.00794 15234 58,311
H- 3307 Rain of S1d._18x)8x6 tec® m 58 23t ] 15197 182 2 wlls 6006 3.3 094 1935 0.00837 £7.169 50859
B- 3480 Run of Stal. IBx1826 1e: 158 k1] s 18797 | M 2 wells 6,279 769 7.94 1.70) 0.0050% 18.8670 61,793
EH- 3638 Ruxn ol Stal. 1Bx1 BNS vee 251 16 28 | 15997 | 364 4 wells 8,643 81.3 .94 2804 000898 21 64 63464
H- J589 Bun of Std, [Bx[BxE tee ) 158 30 188 ) 1579 1 546 6 welly 7,189 R0 0.94 2153 0.01145 23,827 66199
H- 4047 Run of Std. 1B iBx12 tew and valvo 240 44 2941 15797 | 1,072 12 wells 8.231 101 4 0.94 4139 0.01464 27,985 6B.451
- dzn7 Non pun of §1d. 24%24x4 8 122 765 100 BGE | 21063 8,281 57.0 0.94 3738 00037 11,224 12610
H- 5032 am of Std. 24124518 {with cxpansion) tee 313 130 453 ] 21063 | 1638 18 wells 9519 683 094 2,321 0.00512] 33,545 75848
H- 5375 Raun of Std. 20x2ExB tes (with expansion) 115 L4t 236 § 21063 455 5 wally F0.374 755 £.94 1418 000554 31.954 %170
H- 5491 Run of Stdd. 28x28x6 tea 555 i} 5615] 24.5M 73 9 wells 10,647 519 .94 1,744 $.00279 35,708 79588
1I- 6016 Run of Std. 2Hx28x6 tee T35 0 Bos] xas7a ) o7 3 wells 10,930 553 094 2,344 200257 36.056 £1.332
H- 6781 Run of S1d, 36x36u 18 tex (with expansion} 1620 1661 1700 31595 | 1729 10 wells 12,619 37 0.94 0.00114 44,002 83.660
H- 848 Run of Std, 36xT6x8 t2n LT 165 6451 31595 | s46 6 wells 13,155 40,4 094 0,001 23 1 k86 85,716
- BER| Run of Std, T6x3éx10 124 12 165 237} 31,595 | 7T £ welha 13,923 [r13 .54 0,320 0.00135 42206 26,530
H- 8951 Rum of Stul. 36x36x12 tee 560 75 7B5) nsesl LI 13 wells 15,106 6.2 0.54 1.145 2.00158 43.351 £6 830
H- 9613 Run of Std. 3653648 12¢ 825 75 9001 31505 | 455 5 wells 15,561 476 094 1476 2.00164 44.828 81.975
H- 10438 Kim of Sicl, $3x36536° 1es 1232 | 1367 | ax126 18,561 26,8 0.94 2,548 0.00042 45376 A9.452

End at Gas Maver Station == Ll 16:] 42126
SUBTOTAL: Heat loss Hwatgh Pathway "™ from well 79 to Gas Mover Station 45176 inw.c.
Vacuum svnifuble 4t Gas Mover Station before biawer -90° w c. assuming pay movers kave & 100" ity and 18" ai'ticadloss seours at tha primary knockoul} P0.000_in wee.
A
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CENTRAL LANDFILL - PHASE VI
LANDFILL GAS COLLECTION SYSTENM PIPING DESIGN
HEAD LOSS CALCULATIONS WITH MUELLER EQUATION - PAYH € (COLLECTION WELL 79 T0 GAS S{OVER ST TION}
ASSUMING EQUAL FLOW FROM EACH WELL

Naves:

1.) Used 9T SCEM lor standard trench/welthend flow which i buserd om 0 lotal modeled flow of 15,5681 achm for the recovershlz pottion of the secclerated case tmes 5 1.5 factor of safety (178 wolls/t5,561 = 94 sefm per wall
2.) H Horizontal design length (cquivalent fittiny {engih NOT added in) in linegr fect from stast point (1} 4o end peint (2).

3.) Plans eall for two 356” pipes 10 fun w cleanup plent. A 48" pipe was used to simplify headlass enlentations.

4 }Includes 2 valves on either sida of header high point

Aszumas sll wells from mnin interior header Aow norh to pebem portion of the perimeier hieader (valves nt high peint open).

Assumes flow split in other intcrior headers which cross highpaint: 8as wella to the nocth of e high point Now worth Qucugh interior header(s) to the perimeter bender,

anil gas wefls to the south of the high point flow soutly th rough the interior headei{s) 1o the peri header, Thit is cansidered an emergency flow path utilized for shost periodls almai frepaizs e therefore piping was nol redesigned
ta bring velocitics and headloss within Larget ranyes.

Valyes yyed for equivalent Bine Jeauthy for fitfing are extremely contervative,
Valvas: (67 - 8, {B* - 107), (12" 12, 18" 14, {24*- |59
Run of atandard tees (6x6x6 - HY, {Bx8xs - 15, (10%10x6 - 16, (16n26x6 - 309, {19%18x8 - 30), (18x18x10 - 30, (18] 802 - 30, (TRR1 8518 - I0D{ 2anss = 60F), { 24n24x10- 6) { 2dxdcl - &0} 24xMxI - 60°), (FBu28KG - 70') (282288 - 700),
(36xI6x6 - 75°) (I6x36xE - I, (36136210 - 257, (I6nT012 - TFH3OHIGKIE » T, (4836436 - 75)
Nen-run of suandand tees; (6x6xb - 37}, (Z4xMx10 - 12, (Zaxzdxtn - 430}
 Expansion joints: {6° 10 8° - 188" o §0° - 25, {107 ta 18° - 25,{18" fo 24 5IY), {24* 10 26" - 700, (2810 36" - 90}
Sudders Contractions: (18" o 10« 15), {24* 1o 18* - 30)

PCUPATIE | “phasdioss calnritiondl asy_Cales Muller squalicn PRI Pr ‘5
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CENTRAL LANDFILL - PHASE V1
LANDFILL GAS COLLECTION SYSTEM FIPING DESIGN
HEAD LOSS CALCULATIONS BIT!H MUELLER EQUATION - PATH D (COLLECTION WWELL 103 TO GAS MOVER 5TA TION}
ASSUMING EQUAL FLOW FROM EACIF WELL

From Te Llength Filiegs TOTAL DipelD | Flow Added Flow Velocity Specific| llsgiles(inwel Availublet
) @) (feet) (et}  {feet} {inches) {scFm) wallitrench (sefin} {Ihs) Goavie]  TOTAL PEA FT. CUMM, Vacuumj
WELL I Non-run sid Gx624 tee 180 i} 210 | 5814 a1 5 B2 0.8 137 0.00065 0.000 73613
H- 185 vuti of Std. 6u6xd tne 180 10 190 [ 5814 91 152 16.5 .94 04L5 0.00244 0.552 TLEI0
H- 360 num of Std. 5x6x6 tee 180 [ 190 5R14 91 an 4.7 0.94 0840 0.00442 1303 11.225
H- 540 run of Std. 6x6x10 vee {with exy ) 8O 3 214 | 5.%tq 91 354 329 0.94 1.560 0.00729 2952 75.065
k- 720 1un of Std. 1 0x18%6 fcc 180 i6 196 | 7.578 %1 455 24.3 0.94 0.603 0.D0308 3355 76.625
It Bon run of Std. 12x50x10 e 216 20 290 119 ] sda 1.001 24.4 0.4 0.437 0,10 90| 1592 77228
I 1110 Mo nun of Std, [8x§8xi2 teo and 2 valves 158 128 286 | 15797 9] 1,092 13.4 0.9¢ 0.123 0.00043 4,116 77665
H. 1268 Reen of Stel. 18] 8l fen 251 30 281 | 157097 § 548 1538 20.4 .94 0.245 0.00087 4,361 1189
H- i5t0 Run of Sud, 18x19x6 tec 165 30 i | 15707 | 364 4 wells 2,002 24.5 0.94 0241 0.00124 4,607 78.034
H- 1684 Run of Std. HBxtRxs e 165 10 195§ 15797 | 27 3 wells 5 0] 274 0.94 0102 040155 4,501 276
H. 1849 Run of S1d. 18x18x6 (e 165 3o 1951 15797 | 162 2 welly 2,457 30 ) .44 . 0345 000 7T S.249 78.577
T 2044 Run of Stl. 18x[8x6 tee 75 o 105 | 15,197 9l 1 well 2,548 2 0.94 0,108 0.001 kg 5.447 78,912
11- 2089 Ten of Std. 1R 18x10 lee 30 30 30| 15797 | 1638 18 wells 4,186 513 094 1.475 0.00447 6921 79.120
H- 2349 Run of St 18x18x6 tee [Fid jo 150 | 15.797 182 4,368 515 0.94 0,722 000481 1,683 8594
H- 2503 Run of $id, {8x18x8 te¢ 285 39 351 1571971 1m2 4,550 35.7 n.94 67l 0.0051 7 8274 8316
H 2194 Run of Std. 18186 lee 75 0 1057 15797 1 384 1,944 §0.2 054 0,630 040591 2.850 82.943
H- 2869 Rum of 5td, 1821 8xH rer 235 30 255 ] 15197 | 455 5,369 £5.7 094 1.757 .00689 11.647, B3.564
it 3094 Run of Std Flx1Bx8 12¢ :0) 30 120 | 15797 | 546 5915 124 094 nym 0.00815 12,626 6.535
H- 3184 Run of Std 24x24x8 te¢ {with exprnsion) 20 110 38 21063 | 637 5,552 43,1 [0 2.797 0.00249 13,423 5738
H- 3394 Rum of 5td 242410 1ee 105 10 175§ 21063 ] 72 Bwelly 7,20 50.1 £.94 0.524 0,06299 13.945 524
H- 3doy n of §td 24u24x10 1ee 135 0 e | 20053 J28 B wells 008 552 294 0,724 [L.40353 11.670) 4490
Ii- 3634 Run of Sid 2Rx28x12 1ee (with fan) 140 70 216 | 24.574 | 1183 13 wells 9,191 46.5 054 0454 0.00216 15,124 4037
H. 3714 Run of Sid 26528x 14 tee 135 0 205 | 24574 ] 728 7 wells 2,019 502 094 0.506 0.00247 15.620 3.531
Nets run af Std 48x36x36" tee and vatve (with:

H- 3909 axpaion from 28" 4o 36" 1232 4207 1652 | 42926 | 5647 63 wells 15,561 26,8 .94 0.693 2100042 18,323 2830
H- 5341 End st Gits Muver Station - 15 10 | 42126 15,561 26.8 5,94 0,004 0.00042 16.327) 2834

SLTOTAL: Head lnss thongh Pathway "D fram well £03 1 Gag Maver Station 16327 _.s W

Vacuuny avaifable ot Gas Maver Siation before blower [-90" w.e. assuming pas mavers #.h.E EG0” capacity and 107 gf hes:loss aceurs a1 the primary w:onr.wm_w 90,060 inw.o.

NOTES,

1.y Used 91 SCFM for standerd trenchiwellhend flow which is based on a total modeled Mow of § 5,561 schn for the recoverable postion of the accelorated case times = 1.5 foctor of safety (171 wiells/15,56] « 91 acfin per welf

2.)H~ Horizosal design lengths {equivalent fitving fength NOT addad in) in linear fonl from start point (1) 1o end poim {2),

3.3 TMans eall Tor two 36" pipas 40 1 o eleanup plint. A 48" pipe was nsed (o simplify headloss esfenlations.

Aswumns alt wells from main intevior header flow south f perimeier headur {walves at high paint open), This is considezed an smergency flow path uitized for shost rerlods of mnintenanice/repairs nad therefore piping was not sedesigned ranges

ta bring velechlies ind heudinss within tanget ennyey,

Valugs used fon equivalent pipe lengtlss fas finig Are extremdy ronanryaive,_

Valves (6°- B), (87 - 10, (32% <173, (18" 14, {247 - [8)

R of piandard tees (6x6x6 - T, {Bx8x6 - 15, (10%E0x6 - 16, (12x10x10 =207, {1808x0 - 30, (1ax 1858 - 309), ( 2TA2IN6 - 6O, { 224 - 60), { 24520x 141 1) (282810« U8, (2B520% 12 - P} {A6n 165 - TS, {36x36xR - 77, (36618 - 757

Niztvton of shindord tees; (Guénds - 3F), {24x24K10 - 1007), {I8x 1837 - [O0Y), (48x36x36 - 300}

Expansion joints: (6™ o B= - 18U8" 10 107 - 25, {10% 10 18°-25){18" 10 24" - 50), (247 18 28" - T0%, (28" 16 36" - 50}

Sudden Contractions: (18* 2 107 - 15), (24" 10 18* - )

‘q¥mndioss alcstHondloss_Crics_Mullar squationPHY] P & [Data]







