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Central Landfill Development Plan Final Draft Executive Summary

EXECUTIVE SUMMARY

Burns & McDonnell developed the Central Landfill Development Plan (Plan) for the Matanuska-Susitna
Borough (MSB or Borough) to provide an evaluation and update of the current landfill development plan
and any recommended changes, incorporating conceptual design of leachate and landfill gas (LFG)
management systems, and the feasibility of select leachate treatment and LFG reuse options. The Plan
provides a summary of the data, assumptions, and approaches that were used in the conceptual layout and

cell sequencing for the Central Landfill (CLF).

ES.1 Landfill Development Plan Update

There are three major development phases in the conceptual cell layout for the Plan. Each phase includes
multiple individual landfill cells. Phase 1 includes the developed landfill area (Cells 2A, 2B, 3, and 4) and
future Cell 5. Phases 2 and 3 are divided into corridors, which may contain two or three landfill cells
each, depending on operational preferences as phasing progresses (e.g., cell life). Phase 2 is located south
of Phase 1 and includes seven corridors. Phase 3 is located east of Phases 1 and 2 and includes eight
corridors. This corridor orientation throughout the Landfill development takes advantage of piggybacking

airspace over existing waste.

The base grades of the Landfill were developed so that bottom grades provided a minimum 10-foot
separation from the historic high groundwater table, in accordance with Alaska Administrative Code
(AAC) regulations and provide a minimum one-percent slope for leachate collection trenches. Leachate
from Phase 1 will drain to a sump located at the southwest corner of Cell 5. Leachate from existing Cells
2B, 3, and 4 will also be rerouted to drain into Cell 5 when constructed. Cell 5 design has been modified

from previous plans to maximize the Phase 1 disposal volume.

To maximize disposal volume, the final grading plan for Phases 1 through 3 was developed with a main
ridge running generally north-south from the northern boundary of Phase 1 and Phase 3 down to the
southern boundary of Phase 2. The elevation of this ridge is 348.5 ft above mean sea level , which is the
maximum elevation permitted by the Alaska Department of Environmental Conservation (ADEC) permit,
adjusted to North American Vertical Datum (NAVD) 88 datum. Final cover crown grades slope down
from either side of these ridges at four percent with side slopes at 3:1. ADEC has requested that a stability
analysis be completed with the future closure of each individual cell to confirm that 3:1 final cover slopes

are stable.

The sequencing of corridors allows for eliminating the need for rerouting leachate collection as future

cells are developed and an optimization of landfill airspace and tie-ins while allowing the Crevasse
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Moraine Trail System to remain open for as long as possible. The current trail system should not be

impacted for at least the next 40 years.

Based on the base grades and final cover surfaces developed herein, waste disposal projections, and the

2019 top of waste surface provided by MSB:

e Remaining Phase 1 capacity for waste and daily/intermediate cover soil is 2.6 million cubic yards
with an estimated life of over 20 years.

e Phase 2 capacity for waste and daily/intermediate cover soil is 23.1 million cubic yards.

e Phase 3 capacity for waste and daily/intermediate cover soil is 24.0 million cubic yards.

e Overall MSW Landfill disposal capacity is approximately 51.5 million cubic yards.

e The estimated remaining life of the Landfill is approximately 130 years.

ES.2 Leachate Management Plan

Phases 1 and 2 are designed with base grades that “stair-step” downward to the south, mirroring the slope
of the groundwater table while maintaining a minimum 10-foot separation. Cell 5 and each corridor
within Phase 2 will be sloped to direct leachate to the west, with sump discharge into a forcemain which

directs leachate to the storage lagoons or future treatment option.

This Plan evaluated three options to treat and dispose of collected leachate. Costs based on a 20-year

planning period are provided for each option below:

e Continued hauling to, and disposal at, the Anchorage Water and Wastewater Utility.
o NPV $7.3 million; $0.095 per gallon

e Evaporation using either LFG or natural gas, with residual disposal in the Landfill.
0 NPV $6.1 million; $0.080 per gallon using LFG

e Membrane filtration with residual disposal in the Landfill.
o NPV $9.0 million; $0.117 per gallon

Note that the cost of evaporation becomes prohibitive if operation is fueled with natural gas (NPV of
$15.6 million, with per gallon cost of $0.204). The construction cost estimate for membrane filtration
includes $773,425 of Engineering costs for work completed to-date, representing sunk costs already
expended by MSB for this option. Whichever leachate management method MSB selects, leachate

recirculation should be incorporated into Landfill operation.
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ES.3 Landfill Gas Management Plan

During 2020, gas monitoring results have led to the MSB initiating an active system to control migration
at the northern property boundary. Later in 2020, construction will include installation of vertical
extraction wells in Cells 1 and 2A, condensate management systems, and an enclosed blower/flare skid to
combust the collected landfill gas (LFG). The gas collection and control system (GCCS) is designed for
year-round operation. The Plan provides the phased development of the LFG collection field as landfill
cells close. Each closure (next projection is Cells 2B and 3 in 2023) would include installation of
additional extraction wells that would direct LFG to the collection system and flare. Construction of Cell
5 will trigger Federal air permitting compliance requirements in accordance with 40 CFR 60, Subpart
XXX.

Active collection of the projected gas volumes provides an opportunity to beneficially reuse the energy in
the LFG. This Plan evaluated four such opportunities. Costs based on a 20-year planning period are

provided for each option below along with the projected simple payback:

e LFG to electrical generation with energy sale to Matanuska Electric Association (MEA).
o NPV $5 million; 9.7 years
e Use of waste heat from electrical generation for leachate evaporation.
o NPV $2.9 million; 13.3 years
e LFG Pipeline to Mat-Su Regional Medical Center for combined heat and power.
0 NPV $6.4 million; 10.8 years
e LFG Pipeline to Mat-Su Regional Medical Center for direct heating.
0 NPV $1.9 million; 11.9 years

Burns & McDonnell recommends that MSB begin discussion with MEA on developing the electric

generation concept.

ES.4 C&D Development Plan

The disposal airspace between the 2019 existing C&D base grade and the proposed C&D final
intermediate contours is 2.8 cubic yards. The remaining life of the C&D Landfill as developed in this
Plan, and as currently operated, is about 42 years or until 2062. If MSB purchases a compactor to improve
disposal density, the remaining life of the C&D Landfill as developed in this Plan could increase by

almost 40 percent.
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ES.5 Asbestos Site Development Plan
The disposal airspace between the existing grade and the proposed asbestos final contours is about
520,000 cubic yards, excluding final cover. Using the life projection assumptions outlined in the report,

the remaining life of the Asbestos Cell as developed is approximately 57 years, or until 2077.

ES.6 Financial Assurance Plan

The Matanuska-Susitna Borough has a long-term plan for its Landfill that includes three phases as
described herein. Based on current tonnage levels and an estimated two percent tonnage growth, Phase 1
is expected to reach capacity in FY 2043. Therefore, the focus of the financial assurance liability is Phase
1, with total liability at the end of FY 2019 calculated at $5,073,571 (capacity consumed multiplied by
total financial liability). The Borough recognized a financial liability of $5,463,707 at the end of FY 2018.
Therefore, the decrease in liability for FY 2019 is $390,136.

ES.7 Soil Balance Plan

The volume balance computations for the entire site development (i.e., Municipal Solid Waste Landfill,
C&D Landfill, and the Asbestos Cell) take into account quantities of onsite soil requirements for cell
construction, daily and intermediate cover, and final cover. The soil balance model results in a net gravel
surplus of over 2.4 million cubic yards. Note that if the waste to soil cover ratio is increased to 5:1 for the
MSW Landfill, the gravel surplus increases to 4.1 million cubic yards. This volume could be removed for

offsite use and sale for revenue.
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1.0 INTRODUCTION

The Central Landfill (CLF or Landfill), owned by the Matanuska-Susitna Borough (MSB or Borough)
and operated by the Solid Waste Division under the Public Works Department, is located three miles west
of Palmer, Alaska, at 1201 North 49th State Street. The total Landfill facility is approximately 620 acres
and is bordered by a residential subdivision to the north; commercial-residential development to the west,
northeast, and east; and undeveloped land to the south. CLF has operated since 1980 and receives
approximately 150 to 220 tons of waste daily, comprised of municipal solid waste (MSW), construction
and demolition debris (C&D), and asbestos. The Landfill currently governed by Alaska Department of
Environmental Conservation (ADEC) Solid Waste Permit SW1A007-20, expiring December 4, 2020.

The developed MSW Landfill is comprised of Cells 1, 2A, 2B, 3, and 4 (accounting for 54.56 acres of the
site). Current disposal is in Cell 3; Cell 4 was constructed in 2018. Cells 2B, 3 and 4 are lined with
leachate collection. Operations at the Landfill also include a C&D waste landfill, an asbestos cell, a
household hazardous waste processing facility, a recycling center, a composting classroom, and a
maintenance shop for operations. MSB operates a system of five Transfer Stations and eight Transfer
Sites that serve the Landfill. The estimated remaining life of the Landfill is approximately 130 years. The
southern and eastern portion of the Landfill site also includes the Crevasse Moraine Trail System, a
temporary set of recreation trails. Under an agreement between the Borough’s Solid Waste and Land
Management Divisions, these trails will be operated until the land is required for landfill expansion as
authorized by Borough Resolutions 85-035 and 89-183. Trail use is coordinated with the Parks &
Recreation Division of the Borough Planning Department. The Solid Waste Division contracts spreading,
compaction, and soil cover of MSW, C&D, and asbestos operation to a private contractor, as well as site
snow removal and road maintenance. This contract currently extends through June 30, 2023. Site

conditions and Landfill facilities are depicted in Figure 3 to Figure 5.

The purpose of this Landfill Development Plan (LDP or Plan) is to provide an evaluation and update of
the current landfill development plan and any recommended changes, incorporating conceptual design of
leachate and landfill gas (LFG) management systems, and the feasibility of select leachate treatment and
LFG reuse options. The Plan provides a summary of the data, assumptions, and approaches that were used

in the conceptual layout and cell sequencing for the CLF.

1.1 Previous Landfill Development Plans
Several plans have been prepared over the Landfill’s life. Most recently in 2014, CH2M HILL developed
the “Matanuska-Susitna Borough Central Landfill Development Plan” (CH2MHIill, October 2014), which

Matanuska-Susitna Borough 1-1 Burns & McDonnell
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included future cell sequencing; soil balance; budgetary cost estimates for leachate treatment; and
discussion on the potential for onsite co-treatment of septage and leachate, methane capture and reuse,
and annual contribution to the closure fund. Changes at the Landfill since this document’s release has
created the need for a new, updated development plan which incorporates recent changes in site

development, technology, and landfill facilities.

1.2 Other Sources

To support the work on this Plan, Burns & McDonnell has relied on data and information provided from

the following sources:

e Topography, site features, and imagery provided by MSB:

o All Points North. Control Survey with Aerial Imagery. August 20, 2019.

e Historic tonnage data for MSW, C&D, asbestos provided by MSB.

e Historic airspace utilization for MSW provided by MSB.

e Historic LFG monitoring data provided by MSB.

e Historic groundwater monitoring data and elevations provided by MSB.

e Historic sound readings (June 2016 and July 2018) conducted by Code Compliance and provided
by MSB.

e MSB MSW/C&D Waste Characterization Study. 2018/2019.

e Construction as-recorded plans and cost information:

o CH2M Hill. Cell 1 Closure Plan. 1990/1991.

o CH2M Hill. Cell 2B Construction. June 8, 2005.

o MACTEC. Cell 3 Construction Phase II, December 15, 2010.
o HDR, Inc. Cell 2A Closure. January 26, 2015.

o HDR, Inc. Cell 4 Construction. November 2019.

e MSB Resolution Serial No. 85-035. “Classifying and reserving land as future landfill sites”.
March 19, 1985.

e MSB Resolution Serial No. 89-182. “Classifying as reserve-use lands the Borough Central
Sanitary Landfill”. August 1, 19809.

e MSB Resolution Serial No. 89-183. “Approving a temporary permit for that portion of the
Crevasse Moraine Trail System which traverses the Central Landfill Site to be reissued annually
as needed and until such a time that the expansion of the Landfill site prohibits the recreational
use”. August 1, 1989.

e Kinney Engineering, LLC. Draft Traffic Impact Analysis 09-051. September 1, 2009.

Matanuska-Susitna Borough 1-2 Burns & McDonnell
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e ADEC. Waiver Request for Elevation of Palmer Central Landfill Cell 2A. February 21, 2014.

e CH2M Hill. Matanuska-Susitna Borough Central Landfill Development Plan. October 2014.
(CH2MHill, October 2014).

e MSB. Draft Mat-Su Borough — Gateway Sub-Area Transportation Planning Study. February
2015.

e ADEC. Solid Waste Permit SW1A007-20. December 4, 2015.

e CH2M-Hill. C&D Cell Development Plan. May 31, 2017.

e HDR. Tech Memo 8 Cell 4 Design. February 27, 2018.

e HDL Engineering Consultants. Aggregate/Soils Test Report. July 31, 2018.

e Heartland Water Technology. Budgetary Proposal #190360. March 2019.

e All Points North. Vertical elevation survey datum memo. August 20, 2019.

e MSB. C&D Cell Expansion request. November 4, 2019.

e Clark Technology, Inc. (Clark) 95-percent Leachate Treatment Facility Plans, Specifications,
Costs and Engineering Report, 2019/2020. (Clark Technology, 2019).

e ADEC. Matanuska-Susitna Borough Central Landfill, permit revision for new C&D Cell Solid
Waste Permit No. SW1A007-20a. January 30, 2020.

e (lark Technology, Inc. (Clark) 100-percent Leachate Treatment Costs, 2020. (Clark Technology,
2020).
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2.0 LANDFILL DEVELOPMENT PLAN UPDATES

21 Assumptions and Methodology

The following future development criteria were used for the MSW Landfill:

Property Boundaries: The Central Landfill Property boundary was obtained from Borough legislation
85-035, 89-182, and 89-183. Per direction from the MSB, future landfill disposal development is limited
to the area east of the existing Matanuska Electric Association (MEA) 100-foot power line easement as
shown on Figure 5, located on the west side of the Animal Shelter and C&D Landfill, and east of the
Recycling Center. Development west of this easement would be limited to a possible entrance relocation
with new scalehouse, customer convenience area, administrative office, and/or other support facilities

(Figure 6).

Depth to Groundwater: Base grades of lateral expansions must maintain a minimum ten-foot vertical
separation from historic high groundwater table, in accordance with Title 18 Alaska Administrative Code
(AAC) Chapter 60.217. The historic high-water table estimate was determined by contouring using the
highest historic elevation at each applicable well for the data record. This contour map is provided in
Figure 7. Note that these water table elevations should be evaluated at the time of each cell construction,
and with each Landfill permit reissuance, to verify compliance with this regulation. This may require

additional groundwater well or piezometer installation.

Landfill Sequencing: Landfill sequencing is configured to maximize solid waste capacity of individual
cells, utilize space within the landfill property to optimize landfill footprint, and preserve the Crevasse-
Moraine trail system for as long as possible. This Plan divides the MSW Landfill development into the

following three Phases as shown on Figure 8:

e Phase 1 — Existing Cells 1, 2A, 2B, 3, and 4 and future Cell 5. The intent of building out Phase 1
is to streamline leachate collection from the lined cells (Cell 2B, 3, 4, and 5), maximize Cell 5
capacity during construction, and to square up the area to align with future expansion to the south
and east.

e Phase 2 — This area represents the seven waste disposal corridors south of Phase 1.

e Phase 3 — This area represents the eight waste disposal corridors east of Phases 1 and 2.

Once MSW disposal moves to Phases 2 and 3, each corridor can be divided into cells. Cell size will be
determined based on waste tonnage, airspace utilization factor (AUF), and the desired cell life at the time

of construction. Cell construction (and numbering) would start at the leachate sump, or low end, and
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progress up slope if more cells are required. For example, as shown on Figure 8, Phase 2, Corridor 1

would be divided into Cell 6 to the west, and Cell 7 to the east.

Buffer Zones: Buffer zones are measured from the cell boundary to the facility boundary. The buffer on
the east, west, and south sides will be the minimum of 100 feet from the property boundary and 300 feet
from the north property boundary due to residential proximity. Besides providing distance between
disposed waste and adjacent property, the buffer zones also provide a location for perimeter access roads,

stormwater control, and leachate, LFG, and electric utilities.

Landfill Slopes: Interior landfill slopes will have a slope no greater than 3 to 1 (horizontal to vertical).
Development between Phases 1 and 2, and between Phases 1/2 and 3, will not have a separation berm.
Phase edges will meet at the base grades as shown in Figure 9 (and Cell 5 base grades in Figure 10).
Removal of this berm maximizes airspace and maximizes the economic value of gravel recovery during
cell excavation. Exterior landfill slopes are defined in the permit to have a slope no greater than 4 to 1
(horizontal to vertical); however, analysis completed in the previous CH2MHill plan confirmed liner and
waste mass stability for increasing the outer intermediate slopes to 3:1 (horizontal to vertical) under static
and seismic conditions. As requested by MSB and as completed in the previous CH2MHill plan, the
maximum height was not increased and exterior 3:1 slopes of the Landfill were maintained in this Plan.
ADEC has requested that a stability analysis be completed with the future closure of each individual cell
to confirm that 3:1 final cover slopes are stable. The previous analysis is included in Appendix A for

reference.

Access Roads: Access roads were established in the Plan as indicated on the drawings. Figure 9 shows
an access road around the entire MSW Landfill build out. In addition, each cell and corridor will be
surrounded by an access road to allow traffic entrance at multiple locations. The maximum design grade
is five percent on the main perimeter road, with the exception of the southeast corner of Phase 2, which is
a 6.7 percent grade. Access roads within cells should not exceed 10 percent. Access roads are also
provided from the perimeter to the crown of the final cover, graded at 6.7 percent, as shown on Figure

11. Road width of 30 feet is recommended to be maintained.

Maximum Height Limit: The current permitted vertical elevation of the Landfill cells is 340 ft above
mean seal level (MSL), which was defined by utilizing locally established datum (ADEC Solid Waste
Permit SW1A007-20a). The Landfill final cover was graded to an adjusted maximum elevation of 348.5
ft above MSL utilizing the current site datum North American Vertical Datum (NAVD) 88 and is shown
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on Figure 11. The actual vertical elevation is the same, it is just redefined using the most recent datum as

described in the August 20, 2019 memorandum from All Points North (provided in Appendix B).

Phasing/Sequencing: Phasing for the site was developed on a per cell basis for Cells 3 through 5 (Figure
12 and Figure 13) and on a per corridor basis for Phase 2 (Figure 14 through Figure 17) and as one
buildout for Phase 3 (Figure 18). Volumes for each of the sequencing completed are included on the
drawings and are indicative of the waste and daily/intermediate cover for each cell. Cross sections of the

base grades, final cover, and phasing are also provided on Figure 19 and Figure 20.

Bottom Liner Cross Section: For this Plan, the bottom liner cross section in ascending order is: prepared
subgrade, six-inch sand cushion layer, geosynthetic clay liner (GCL), textured 60-mil high density
polyethylene (HPDE) geomembrane liner, geotextile cushion fabric, and 18-inches of granular drainage
material (gravel). The GCL provides a more economical option to a two-foot compacted clay layer and
has better impermeability performance. The granular drainage layer was reduced from the previously
constructed 24-inches to 18-inches to allow for liner cost savings as well as additional airspace while still

protecting the liner and meeting regulations. Figure 21 provides a detail of this liner profile.

Final Cover Cross Section: In ascending order, the final cover cross section will include a six inch
grading layer, a textured 40-mil linear low density polyethylene (LLDPE) geomembrane liner, 18-inches
of granular drainage material (sand), and six-inches of topsoil. Figure 21 provides a detail of this cover
profile. The 40-mil LLDPE geomembrane is recommended to replace the GCL used in the Cell 2A

closure, and was detailed in the previous development plan.

Leachate Collection System: Leachate will drain via gravity to a low spot within each landfill corridor
where it will then be collected in a sump and pumped through a side slope riser to a force main at the
Landfill perimeter, and then to the leachate storage lagoons. Leachate collection pipes will slope a
minimum of one percent to the sumps. The leachate piping plan for the entire Phase 1 through Phase 3
MSW Landfill buildout is shown on Figure 22 with select leachate collection details provided on Figure

23 and Figure 24. See Section 4.2 for more detail on the proposed leachate system.

Landfill Gas Collection and Control System (GCCS): During 2020 it is anticipated that the first phase
of an active GCCS will be installed in closed Cells 1 and 2A (see Burns & McDonnell Issued for Bid
plans dated June 1, 2020 and June 17, 2020 Addendum). This Plan builds off of this 2020 design to
provide a site build out for Phases 1 through 3 (Figure 25) as well as system details (Figure 25 through

Figure 29). See Section 5.0 for more detail on the proposed gas system.
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Stormwater Control: The goal for stormwater control is to prevent ponding, prevent run-on and runoff
from the waste footprint, minimize stormwater contact with waste, and minimize erosion. Intermediate
slope diversion berms are recommended to minimize stormwater flow into the adjacent open cell. Final
cover slopes include diversion berms and downslope channels to convey stormwater to the landfill
perimeter. From there, stormwater is conveyed via ditches at the perimeter of the Landfill based on the
design topography, with a minimum ditch slope of 0.5 percent. Ditches with design velocities greater than
five feet per second are recommended to be reinforced with riprap, erosion control blanket, or turf
reinforcement mat to minimize erosion. Stormwater ponds will be located at low topographic points
around the Landfill perimeter. A conceptual stormwater plan design for the final MSW Landfill build out
through Phase 3 is provided in Figure 30 with typical details provided in Figure 31.

Desired Soil Balance: Excavation of future cells will be conducted to maximize the value of the
underlying geology as a gravel resource for construction projects at the Landfill and within the region, for
fill required in future Landfill projects, and for daily, intermediate, and final cover soils during landfill
operation and closure. This includes MSW, C&D, and asbestos landfill development. For each cell and
corridor in Phases 1 and 2, and for Phase 3 in its entirety, volume estimates are provided for excavation
cut and fill, subgrade cushion layer, daily and intermediate cover requirements, final cover soil
requirements, gravel for sale, and excess soil. Section 9.0 of the Plan provides more detail on the site soil

balance.

Crevasse Moraine Trail System: In accordance Borough legislation Resolution Serial No. 89-183,
established in 1989, the Landfill development shall not impact this trail system until removal is necessary
for expansion. The trail locations are shown in green on Figure 3 while the Phase 1 through 3 Landfill
development is illustrated on Figure 8. Current develop extends to the Section line which would be
through Phase 2, Corridor 2 with trail maintenance to the south and east. Based on the projections in this
Plan (Section 2.6), construction of Phase 2, Corridor 3 would not be necessary until after 2060. Therefore,
the current trail system can be maintained for approximately the next 40 years. Trails within Phase 3 of

Landfill development can likely remain in place for approximately 100 years.

2.2 Conceptual Cell Layout

There are three major development phases in the conceptual cell layout. Each phase includes multiple
individual landfill cells. Phase 1 includes the developed landfill area (Cells 2A, 2B, 3, and 4) and future
Cell 5. Phases 2 and 3 are divided into corridors, which may contain two or three landfill cells each,
depending on operational preferences as phasing progresses (e.g., cell life). Phase 2 is located south of

Phase 1 and includes seven corridors. Phase 3 is located east of Phases 1 and 2 and includes eight
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corridors. The general arrangement of Phases 1, 2, and 3 is provided in Figure 5. This corridor orientation

throughout the Landfill development takes advantage of piggybacking airspace over existing waste.

2.3 Base Grades

The base grades of the Landfill were developed so that bottom grades provided a minimum 10-foot
separation from the historic high groundwater table, in accordance with AAC regulations, and provide a
minimum one-percent slope for leachate collection trenches. Base grade slopes are a minimum four
percent toward the collection trenches. Historic high groundwater elevations were contoured and are
presented in Figure 7. Groundwater generally slopes from north to south, with approximate elevations
ranging from 240 ft north of Cell 2A to 120 ft at the southern edge of Phase 2 based on data from
groundwater monitoring wells across several sampling events. Internal side slopes are 3H:1V down to the
landfill bottom. The corridor bases in Phases 2 and 3 “stair-step” down to follow the decreasing
groundwater elevation. This improves the constructability of the corridors while minimizing the distance
between the landfill base and groundwater. As each cell and corridor is designed, MSB should revisit the
historic high-water table to see if adjustments to base grade elevation are necessary to maintain minimum
10-foot separation, or if base grades could be lowered to increase capacity. The total build-out for the
base grade in Phases 1, 2, and 3 is depicted in Figure 9; cross sections are provided in Figure 19 and

Figure 20.

2.4 Leachate Collection

Base grades are developed to include adequate slope for leachate collection systems to drain to the sumps.
Leachate from Phase 1 will drain to a sump located at the southwest corner of Cell 5. Two leachate
collection pipes run east to west within trenches, meeting a header collection trench that drains
southwesterly toward the sump. Leachate from Cell 2B, 3, and 4 will also drain into this header collection

trench as a modification when Cell 5 is constructed.

As shown in Figure 22, leachate from Phase 2 collects in a 2.5-foot-deep sump at the west end of each of
seven corridors where it is pumped to the leachate storage lagoons at the leachate treatment area on the
west side of the site via side slope risers and a leachate transmission force main. Note that Corridors 6 and
7 will share the same sump. Two leachate collection pipes run the length of each corridor (except for one
collection pipe in Phase 2, Corridor 7) and are spaced approximately 175 feet apart. The sequencing of
cells and corridors is planned such that leachate drainage is optimized. Leachate collection on the west
side of Phase 2 while each corridor “stair-steps” down to the south, is the most efficient development by

minimizing the distance between the base grade and groundwater, maximizing the disposal capacity, and
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minimizing piping distances and added infrastructure for leachate conveyance. Leachate collection system

details are included in Figure 23 and Figure 24.

In the Phase 3 landfill area, Corridors 1 through 4 include a minimum four-percent slope toward leachate
collection pipes and two-percent slope toward the sumps. Corridors 5 through 8 include a minimum four-
percent slope toward leachate collection pipes and one-percent slope toward the sumps. Each corridor has
two leachate collection trenches that lead to a header trench that directs leachate to the sump. Leachate is
pumped via sideslope riser and force main to either the existing leachate storage lagoons or a potential
future leachate management area planned east of Phase 3, Corridor 5 (Figure 22). Leachate collection on
the south and east side of Phase 3, while each corridor “stair-steps” or slopes down to the south, is the
most efficient development by minimizing the distance between the base grade and groundwater,
maximizing the disposal capacity, and minimizing piping distances and added infrastructure for leachate.
A decision to develop a leachate treatment option to the east of Phase 3 should be made before Phase 3 is

developed.

The ability to access the entire length of leachate collection piping with cleaning equipment is critical. It
is common that leachate rock will form in piping due to chemical precipitation, changes in oxidation state,
changes in LFG pressure, and pipe welding or fitting ridges. Leachate rock clogs piping, pumps, and
decreases the efficiency for leachate removal from the landfill. This inefficiency can lead to leachate head
increases greater than 12-inches, in violation of Title 18 ACC Chapter 60.330(b)(2). As a result, as
illustrated on Figure 22, cleanouts are provide at both ends of leachate collection pipes within the
Landfill and should be extended to maintain access as filling progresses within cells; cleanouts should

also be provided every 500 to 1,000 feet along the leachate force main around the Landfill perimeter.

Leachate piping along the base of all future cells will be perforated, 6-inch diameter, standard dimension
ratio (SDR) 11 high density polyethylene (HDPE) pipe. Piping up the internal side slopes to perimeter
cleanouts will be solid, 6-inch diameter, SDR 11 HDPE pipe. The leachate forcemain to the lagoons or, if
used, a leachate recirculation forcemain back out to the cells will be a solid, 4-inch diameter, SDR 11

HDPE pipe.

2.5 Final Grading Plan

Final cover, in ascending order, includes a six-inch layer of leveling course, 40 mil LLDPE textured
geomembrane liner, 18-inch granular drainage material, and six inches of topsoil. This profile is shown on
Figure 21. The final grading plan for Phases 1 through 3, as proposed on Figure 11, was developed with

a main ridge running generally north-south from the northern boundary of Phase 1 and Phase 3 down to
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the southern boundary of Phase 2, with a maximum elevation of 348.5 ft above mean sea level (NAVD
88). This is the maximum elevation permitted by the ADEC permit, adjusted for the NAVD 88 datum.
Two sub-ridges tee off of the main ridge, one in Phase 2, and one in Phase 3, to maximize disposal

volume. Final cover crown grades slope down from either side of these ridges at four percent.

2.6 Projections and Sequencing

The Phase 2 corridors are oriented west to east. Development will occur across a corridor west to east
(with leachate collection sumps located on the western most cell of the corridor) and then north to south
to the subsequent corridor. The size of each cell within a corridor will be determined at the time of
construction depending on the tonnage, AUF, and cell life desired, as well as available construction

budget.

Phase 3 Corridors 1 through 4 are oriented north-south. Development will occur south to north across a

corridor and then west to east to the subsequent corridor. Corridors 5 through 8 are oriented east to west.
Development will occur east to west across a corridor and then south to north to the subsequent corridor.
Again, the size of each cell within a corridor will be determined at the time of construction depending on

the tonnage, AUF, and cell life desired, as well as available construction budget.

The sequencing of corridors allows for eliminating the need for rerouting leachate collection as future
cells are developed and an optimization of landfill airspace and tie-ins while allowing the Crevasse
Moraine Trail System to remain open for as long as possible. Refer to Figure 12 through Figure 18 for
landfill cell and corridor sequencing. Note that Phase 2, Corridor 2 matches up with construction north of

the fence line along the section line easement.

A model provided in Appendix C calculates a projection of cell and corridor usage through Phase 3. A
conservative estimate, using an average annual waste tonnage growth rate of 2.0 percent and an average
AUF of 1,328 pounds per cubic yard (pcy), is summarized in Table 2-1 through Phase 1. The average
AUF was obtained from the MSB provided historic AUF for Cell 3. Note that the MSB should revisit this
site life model annually to account for any input changes. A realistic planning window for landfill capital
planning is 10 to 20 years. For reference, however, Phase 2 site life is projected for about 100 years into

the future and Phase 3 life is projected about 130 years into the future under these assumptions.

Based on the base grades and final cover surfaces developed herein, and the 2019 top of waste surface

provided by MSB:

e Remaining Phase 1 capacity for waste and daily/intermediate cover soil is 2.6 million cubic yards.
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e Phase 2 capacity for waste and daily/intermediate cover soil is 23.1 million cubic yards.
e Phase 3 capacity for waste and daily/intermediate cover soil is 24.0 million cubic yards.

e Overall MSW Landfill disposal capacity is approximately 51.5 million cubic yards.

Table 2-1: Phase 1 Life Estimate

Cell Construct Begin Disposal End Disposal Close
3 2008 2009 2022 2023
4 2018 2022 2032 2033
5 2030 2032 2043 2044

Note: Life estimates based on an average AUF of 1,328 pcy with a 2.0 percent growth rate.

2.7 Landfill Cell Access Roads

Figure 9 shows the location of a perimeter access road around the entire MSW Landfill development
through Phase 3. Besides at topographic changes west of Phase 2, Corridor 2, in the southwest corner of
Phase 2, and in the northwest corner of Phase 3, the road is relatively flat. Although not provided in this
Plan, each cell should have a perimeter access road included as part of design at construction. Access
roads to the final cover crown are illustrated in Figure 11 with a total of four around the entire MSW

Landfill development.

2.8 Stormwater

The purpose of stormwater controls is to prevent run-on and runoff into the MSW Landfill footprint,
minimize stormwater contact with waste, and to minimize erosion. Stormwater runoff from future cells is
directed to the perimeter ditches. In general, stormwater flows to the low points at the perimeter of the
Landfill and to ponds at points of low topography. Specific stormwater ponds, ditches, and other
stormwater controls may need to be developed during final design as cells are developed. This design
should, at a minimum, control the 25-Year, 24-Hour storm event. Additional stormwater discharge
locations may need to be identified, if during detailed design, the stormwater volume exceeds the ditch
capacity. General ditch and stormwater pond locations are shown on Figure 30. Stormwater control

details are provided in Figure 31.

During cell operation, to minimize waste contact and leachate generation, intermediate grades should be
well compacted and slope away from the working face, with the working face kept as small as practical
for customer traffic. Intermediate slopes in place for longer than one year should be seeded to minimize
runoff velocities and erosion. As shown on the sequence drawings, temporary diversion berms are
recommended on intermediate slopes that lead to open cells to minimize stormwater run-on and leachate

generation. During construction, new slopes and ditching should be protected with erosion control
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matting, seeding, riprap, and/or other best management practices (BMPs) (e.g., silt fence, biorolls, straw

bales) to slow runoff velocities and minimize erosion.

Proposed final cover slopes are steep at 3:1. To manage stormwater after closure, diversion berms are
proposed to slow runoff velocity down these slopes. Downslope channels are also proposed at select
locations where runoff is focused by the diversion berms, access roads, or final cover topography.
Downslope channels should have riprap or other engineered controls to dissipate velocity and discharge

into the perimeter ditch. Stormwater control details are provided in Figure 31.

2.9 Entrance Road Evaluation

The existing main entrance to the Landfill facility is on the north side of the site at N 49™ State Street and
Chanlyut Circle, controlled by three-way stop signs. The entrance area contains a scalehouse,
administrative office, household hazardous waste (HHW) facility, customer convenience drop off, and the
landfill operator’s and maintenance facilities. West of this intersection are the entrance to the Landfill’s
unattended scale for commercial account customers, the MSB Animal Shelter, and Valley Community for
Recycling Solutions (VCRS). Traffic to these latter facilities impacts traffic flow into the Landfill’s main
entrance at the intersection. Occasionally, customers are going to both the Landfill and VCRS,

complicating traffic flow.

291 Near-Term Entrance Improvements

Queuing distance for both inbound, and outbound traffic at the existing north scalehouse entrance area is
limiting. During busy periods, traffic backups occur inbound along N 49™ State Street, and outbound in
the paved area north and east of Cell 1. A Traffic Impact Analysis completed by Kinney Engineering,
LLC evaluated these impacts in 2009 and then projected impacts with the current traffic configuration in
2019. This document is provided in Appendix D for reference. According to this analysis, the 2019

projected queuing storage and probability of exceeding queue storage were:

e Three customers inbound to the scalehouse before traffic backs up on to southbound 49 State
Street at a 67-percent probability of occurrence; and
e Ten customers outbound of the scalehouse before traffic backs up into Landfill operations at a 92-

percent probability of occurrence.
Recent observations by MSB staff confirm these projections.

The Kinney Engineering Analysis recommended four alternatives to improve traffic flow and queuing.

Based on our review of this analysis, Alternative 2 is recommended as the best option. In that scenario,
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East Chanlyut Circle would arc north to meet East Lee Ann Drive. This would be a controlled intersection
with stop signs eastbound and westbound. As part of this upgrade, 49" State Street could be widened to
incorporate more storage and southbound righthand turn lanes. This traffic reroute is depicted on Figure 5

in conjunction with the potential addition of the College Connector. This option:

e Extends the inbound queue length.

e Provides traffic separation and control for customers heading west to the commercial scale, the
animal shelter, or VCRS.

e Provides traffic separation and control for customers that may be going to both the scalehouse
and VCRS while avoiding an internal road where such traffic could impact Landfill operations or
become disoriented on site.

e Does not directly address any outbound queuing issues.

On site traffic flow or scalehouse transaction modifications may be needed to improve outbound queuing.

Since the 2009 study, MSB has reconfigured the outbound queue to obtain more storage.

29.2 Long-Term Entrance Improvements

Ultimately, as the Landfill expands to the south, an alternate entrance should be considered. The
Conceptual Site Entrance Plan (Figure 6) proposes to bring traffic in from the west side of the site to
provide better queuing and scalehouse access for haulers and Landfill staff. Traffic will approach the
Landfill from College Connector Road. Positioning the long term site entrance and Landfill facilities
location on the west side of the Phase 2 area opens up space for access to a waste to energy/septage
facility, future compost area, appliance and tire recycling drop off area, customer convenience area,
Landfill diversion sorting area, and Landfill management office. Two options are presented for the
relocated scalehouse in Figure 6. During this transition, the HHW program could move to the current
equipment maintenance shop, when the Landfill operations and equipment maintenance moves to this
new area (which could be constructed prior to the remainder of the facilities depicted in Figure 6). This
location is also situated for better customer access to Phase 2 as those corridors are developed.
Development of this area could align with operation of Cells 4 and 5, projected during the next 20 years.
Note, however, that MSB would need to secure the right-of-way from the University to develop the

College Connector .

2.10 Noise Assessment
Noise control is managed on-site through ordinance and operation to prevent a nuisance to adjacent land

uses. This is accomplished by limiting hours of equipment operation (Monday through Saturday from 7
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AM to 6 PM and Sunday from 9 AM to 6 PM) and by requiring acceptable noise reducing muffler

systems on heavy landfill operating and construction equipment, as needed.

The Solid Waste Division is diligent on complying with local Ordinance requirements. Complaints to the
Borough result in a Code Compliance investigation. The investigating officer moves into position
adjacent to the area the complaint references unannounced and a series of readings are taken. The Central
Landfill has been surveilled for noise complaints twice over the last seven years, once in June 2016 and
again in July 2018. Each time noise never exceeded the limit of 60 dB(A) established for land of
residential use from 7 AM to 10 PM as outlined in Borough Ordinance 8.52.015 Table 1: Maximum

Permissible Sound Level Limits.

2.11 Yard Waste and Organics Composting

The Borough completed four separate waste composition studies during December 2018 and February,
May, and August 2019 on MSW and C&D disposed at the Landfill. This work indicated that over the
course of a year about 20 percent of the waste disposed in the MSW and C&D Landfills is comprised of
food waste, compostable paper, grass, leaves, brush, and trees. Based on observed participation in other
programs, Burns & McDonnell estimates that about half of this material could be diverted from Landfill
disposal through promotion of a source separated organics program. Currently, Landfill staff are
composting yard waste (i.e., brush, grass, and leaves) north of Cell 2A. Brush is chipped and used for
erosion control. Wood chips would be suitable for erosion control on the Landfill’s intermediate slopes.

MSB reports that there is considerable demand from the public for the resulting compost.

Organic wastes, such as yard wastes and food wastes, generally compose the largest single type of
municipal solid waste materials disposed by weight in the Landfill. Diversion of these materials from
disposal offers both measurable benefits and challenges. The benefits include increased landfill airspace
savings, production of a compost by-product for beneficial reuse, and the potential for an additional
revenue stream from the sale of the compost. The challenges may include implementing a separate
collection program, additional processing costs for the organic materials, and creating a demand for the

either the give-away or sale of the compost by-product.

Comparatively, organics degradation is slower in the anaerobic conditions of a landfill (environment
lacking free oxygen) than with degradation in aerobic conditions (environment containing free oxygen)
such as composting. The landfilled waste will begin producing landfill gas (LFG) shortly after placement
and will increase to moderate production levels within approximately 2 years. Displacement of the

organics from the landfill into a composting program may potentially have an impact on the overall LFG
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generation. However, organics collection programs typically capture only a limited fraction of the total
organics landfilled. Therefore, the impacts on LFG generation are very site specific. Section 5.4 and
Appendix | of the Plan present modeled results that estimate the reduction in LFG generation if MSB
would implement an organics diversion program. If the program begins in 2022, LFG generation would

be 10 percent less than without composting in 2030.

A number of U.S. local governmental solid waste management programs have added or are currently
considering offering curbside and/or drop-off food waste collection to their suite of services. The
challenges with adding food waste typically includes increased contamination and additional operational
requirements (e.g. achieve pathogen destruction). Local governmental programs currently offering food
waste collection have found the need to increase resources to educate customers on types of

contamination and the various benefits of food waste diversion to operate effective programs.

The west entrance development shown in Figure 6 provides a 2.5-acre area for dedicated composting of
yard waste and source separated organics. This area would be a suitable size for an MSB program and is
positioned on a topographic ridge to minimize grading pursuant to MSB staff. This location could be used

at any time in future development and accessed from the road south of the C&D Landfill.
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3.0 CONSTRUCTION AND CLOSURE PLAN FOR CELLS 2B-5 (PHASE 1)

3.1 Assumptions and Methodology

The same assumptions applied to the Plan, as outlined in Section 2.0, also apply to construction and
closure for Cells 2B through 5. The construction and closure for Cells 2B through 5 is planned in such a
way to maximize landfill capacity, minimize stormwater runoff, eliminate rework of system components

as development progresses, and maximize potential aggregate sales from excavations.

3.2 Conceptual Construction and Closure Grading Plans

General arrangement of the Landfill cells is depicted in Figure 5. Waste is currently being placed in Cell
3, with Cell 4, constructed in 2018, the next area to receive waste. The sequencing of Cell 3, with final
intermediate grades indicated, is shown in Figure 12. Grades will tie into the grading of the closed Cell
2A and Cell 2B with intermediate cover. Current closure at the high point in Cell 2A is 348.5 feet
(NAVDSS). Based on the site life projections presented in Section 2.6, these Cell 3 intermediate grades
are anticipated to be reached in 2022. Closure construction could then commence in 2023, including

expansion of the GCCS, initially to be installed in Cells 1 and 2A in 2020.

Note that previously MSB has considered extending the Crevasse Moraine trails on the final cover as the
Landfill undergoes phased closure. Based on the development recommended in this Plan, that is not
recommended since, as outlined in Section 5.0, the LFG collection piping will be above the cover surface,
interfering with end-use activity on the cover. Burns & McDonnell also recommends that public trail
users not be able to access portions of the Landfill with active operation, including the GCCS. However,
the current trail system is estimated to remain in place for approximately 40 years based on expansion

projections.

Disposal transition from Cell 3 to Cell 4 is estimated to take place during 2022. During this period, two
working faces will be required, one high in Cell 3 for bulky waste that could damage the Cell 4 liner, and
one on the Cell 4 base for softer residential waste to protect the Cell 4 liner. This initial “fluff” lift is
typically 10 to 15-feet thick. This filling logic applies as waste disposal transitions to all new cells. Cell 4
intermediate grades are proposed in Plan A of Figure 13. Cell 4 is projected to reach capacity in 2032
with final cover construction and GCCS expansion likely in 2033 based on the life projections described
in Section 2.6. Note that Burns & McDonnell recommends that waste not be placed over the Cell 4 sump

area to allow a more efficient tie-in to Cell 5. This is described in more detail in Sections 3.3 and 3.4.

Base grades of Cell 5 are depicted in Figure 10. Working with the natural topography and boundaries of

existing cells, the base grades of Cell 5 were developed to maximize excavation volumes and minimize
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fill volumes during construction, therefore optimizing disposal volume and potential for MSB to sell
aggregate on the market. The base grades were also developed such that Cell 5 will square off the site
development’s geometry to the east and south. Subsequent development will proceed to Phase 2 corridors.
Final cover grades are depicted in Figure 11 and the Cell 5 final intermediate grades are presented in Plan

B on Figure 13. Waste disposal in Cell 5 is estimated to occur between 2032 and 2043 (Section 2.6).

3.3 Cell 4 Stormwater Controls

Two stormwater flaps are currently positioned on the liner, one east to west across the Cell 4 midpoint
and another immediately upstream of the sump, both minimizing the amount of stormwater reaching the
sump and requiring treatment as leachate. As stormwater accumulates, MSB staff are pumping out the
stormwater retained behind these flaps. Waste filling will begin south of the midpoint flap at the tipping
pad; at that time, the sump flap would need to be removed to allow leachate flow to the sump. The

midpoint flap would be removed when waste placement transitions north of the flap after a few waste

lifts.

In order to tie-in Cell 4 to the proposed Cell 5 in this plan, Burns & McDonnell recommends the Cell 4
fill plan shown in Plan A of Figure 13. The southern toe of waste would align with the east-west southern
boundary of the cell and waste would not be placed over the sump. Instead, as Cell 4 waste lifts are
placed, the area above the sump will be filled with approximately 49,500 cubic yards of soil (similar to
daily/intermediate cover) up to the perimeter berm elevation of approximately 235 feet (NAV88). This fill
will have a one-percent slope outward to promote runoff from the Cell 4 south intermediate slope. A filter
geotextile is recommended below this fill to minimize fines infiltration into the gravel drainage media

used for leachate collection.

The soil fill option would require little maintenance but would generate some leachate and would need to
be excavated as part of Cell 5 construction. The soil could be reused as daily or intermediate cover. MSB
should coordinate the soil placement to protect the Cell 4 sump before Cell 4 operation begins and during

subsequent lifts as Cell 4 is accepting waste (anticipated in 2022, see Section 2.6).

The final intermediate crown of Cell 4 (Figure 13, Plan A) creates a natural ditch on the surface of the
final cover that slopes toward the southwest. This could potentially create significant stormwater runoff
down the southern intermediate slope to the Cell 4 sump area. A temporary diversion berm and letdown
structure is recommended to divert runoff from this Cell 4 crown area, down the southern intermediate

slope, to the Landfill perimeter west of the Cell 4 sump.
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3.4 Tie-In Details

The low point of the Cell 4 sump area will become a “hinge” point in Cell 5 for the purpose of tying the
cells together. The temporary fill placed during Cell 4 operation, if used, will be excavated, and can be
reused for daily or intermediate cover. The proposed Cell 5 base grade will tip down at a 12-percent slope
from the Cell 4 “hinge” to the Cell 5 base as shown in Figure 10. The existing Cell 4 SSR vault, piping
and leachate force main surface piping will be removed. It is possible that a portion of the Cell 4
infrastructure and controls could be reused for the Cell 5 SSR. The leachate collection lines in the Cell 4
sump will tie into new leachate collection piping in Cell 5. Note that this new leachate piping will also
carry leachate from Cells 2B and 3. Leachate collected from Cell 5 and from the previously developed
cells will be routed to the Cell 5 sump located at the southwest corner of Cell 5 from where it will be
pumped via the SSR to the perimeter force main. The leachate collection system for Cell 5 is also

illustrated in Figure 10.

Leachate collection for Phases 1 and 2 is planned to be on the west side of the site, with cell development
occurring from west to east, therefore eliminating the need for temporary leachate storage tanks or rework

of system components as development progresses.

3.5 Conceptual Schedule

Based on the site life projection model presented in Section 2.6, Table 3-1 provides a conservative
estimate of Phase 1 development. Again, note that this model should be adjusted annually based on the
latest information on annual MSW tonnage, percent growth, AUF, and surveyed remaining capacity. For

capital planning, projections within a 10 to 20-year timeframe should be used.

Table 3-1: Phase 1 Life Estimate

Cell Construct Begin Disposal End Disposal Close
3 2008 2009 2022 2023
4 2018 2022 2032 2033
5 2030 2032 2043 2044

Note: Life estimates based on an average AUF of 1,328 pcy with a 2.0 percent growth rate.

3.6 Cost Estimates

Closure cost estimates for the future construction and remaining open area of Phase 1 (Cells 2B through
5) were calculated as part of the financial assurance update as further described in Section 8.0. The total
area of closure is 40.32 acres and total closure cost estimates in 2020 dollars is $9.0 million ($223,241 per

acre). This includes the expansion of the Phase 1 active LFG system (installation of 39 additional wells
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and associated LFG piping as indicated on Figure 25. The incremental closure areas as depicted on

Figure 12 and Figure 13 provide the following partial closure areas and years as defined in Section 2.6:

e (Cell 2B-3 —13.21 acres in 2023
o (ell 4—4.12 acres in 2033
o (Cell 5—7.21 acres (for financial assurance calculations, if Cell 5 is the last cell, then this area

would increase to 22.99 acres) in 2044

Construction cost estimates for Cell 5 (9.5 acres) were also estimated at $6.5M (2020 dollars). However,
this estimate includes the cost for excavation of the cell (520,000 CY at $2.8M), which could be at least
partially completed with a gravel mining contract to offset costs. Cell 5 construction is currently
anticipated for year 2030 (Section 2.6); however, these estimates should be revisited regularly to confirm

timing. Cost estimates are included in Appendix L.
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40 LEACHATE MANAGEMENT PLAN

41 Assumptions and Methodology

An analysis of the potential leachate generation, leachate recirculation, and maximum daily head on the
liner system that may be expected during various stages of landfill development was conducted using the
Hydrologic Evaluation of Landfill Performance (HELP) Model Version 3.07, which was developed by
the United States Army Corps of Engineers. The HELP model is a hydrologic model of water movement
across, into, though, and out of landfills. The model uses climatologic, soil, and design data in a daily
sequential analysis that accounts for the effects of surface storage, runoff, infiltration, evapotranspiration,
percolation, soil moisture storage, and lateral drainage. Discussion on the HELP model analysis and

associated assumptions and methodology is included in Appendix E.

Based on MSW Landfill development described in Sections 2.0 and 3.0 herein, and the projected leachate
generation, this section outlines the leachate collection plan and then evaluates on-site leachate treatment

options.

4.2 Leachate Collection Plan
The leachate collection lines in Cell 4 will tie into new leachate collection piping in Cell 5. Leachate
drainage from the previously developed cells will be routed to a sump located at the southwest corner of

Cell 5. The leachate collection system for Cell 5 is included in Figure 10.

Phase 1, Cell 5 and the corridors in Phases 2 and 3 each contain two leachate collection trenches that run
the length of the respective cells with the exception of Phase 2, Corridor 7, which contains one leachate
collection trench. The purpose of the leachate collection trenches is to receive leachate from the drainage
layer and transfer it to the leachate collection sump. Access to the leachate collection pipes for

maintenance and cleaning is provided by cleanout risers, which will extend up the sideslopes.

Construction of a leachate collection trench generally begins with the placement of a protective geotextile
cushion (10-ounce thickness minimum) above the HDPE geomembrane liner. A three-inch bridge layer of
coarse aggregate is placed in the trench, and the pipe is then aligned. Two feet of additional coarse
aggregate overlies the pipe after installation. Note that the coarse aggregate over the rest of the cell is 18-

inches thick.

As shown in Figure 22, leachate from the leachate collection trenches will be transferred via sideslope
risers to a perimeter force main and direct leachate to the leachate storage lagoons or other leachate

management systems.
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Leachate piping along the base of all future cells will be perforated, 6-inch diameter, SDR 11 HDPE pipe.
Piping up the internal side slopes to perimeter cleanouts will be solid, 6-inch diameter, SDR 11 HDPE
pipe. The leachate forcemain to the lagoons or, if used, a leachate recirculation forcemain back out to the

cells will be a solid, 4-inch diameter, SDR 11 HDPE pipe.

4.2.1 Leachate Collection Locations

A 2.5-foot deep sump will be located at the low point of Cell 5 and within each Phase 2 corridor, located
in the southwest corner. The leachate management area for Phases 1 and 2 is located to the southwest of
Cell 3. In Phase 3, sumps will be located on the south end of Corridors 1 through 4 and at the east end of
Corridors 5 through 8. A future leachate treatment area for Phase 3 leachate may be considered by the
MSB (prior to Phase 3 construction) on the east side of Phase 3 as shown on Figure 9. Based on the
HELP modeling annual projection of leachate generation from Cells 2B, 3, 4, and 5 all being pumped
from the Cell 5 sump (see Table 4-2) of approximately 4.4 million gallons, a minimum pumping capacity
of 25 gallons per minute is recommended for the Cell 5 pump. This pumping rate will allow for variations
of higher flow during precipitation and snow melt events. Specific pump flow and head parameters should

be determined with each cell design.

4.2.2 Construction and Operational Considerations
Behind labor costs, leachate management is typically the next highest cost for landfill operation.

Therefore, it makes sense to consider all methods to reduce leachate generation, including:

e Placing a rain flap, as MSB has done during Cell 4 construction, to divert a portion of the
precipitation entering the cell to stormwater during the first few lifts of disposal.

e Designing stormwater control structures around the cell perimeter to prevent run-on into the cell
manage runoff from the cell. This includes diversion berms on internal intermediate slopes as
shown on the sequence drawings to limit drainage into the operating cell.

e Minimizing the size of the working face to match the customer traffic, maintaining the current
size as outlined in the current operations plan.

e Providing suitable daily cover to minimize stormwater contact with waste.

e Using compacted, relatively impermeable intermediate cover that sheds stormwater to the cell
perimeter.

e Placing final cover on cells that have reached final intermediate grade with minimal future

settlement anticipated.
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4.3 On-Site Leachate Treatment Evaluation
The leachate generated at the Landfill is currently collected in lagoons and hauled to the Anchorage
Water and Wastewater Utility (AWWU) treatment plant. This treatment plant is the only available facility

located near enough to the Landfill to feasibly receive the generated leachate.

MSB is concerned that future developments affecting AWWU will lead to significant price increases or
permit restrictions for their hauled leachate in future years, which may lead to on-site leachate treatment
becoming economically viable. Analysis of the leachate and the different options for handling it on-site

are discussed in the following sections.

431 Leachate Volume
The volume of leachate generated at the Landfill varies based on season, rainfall, and landfill cell

utilization. The variability of the leachate volume generated has led to leachate being stored on-site before

hauling to AWWU.

Table 4-1 shows the annual quantities of leachate hauled to AWWU. In 2019, about 3 million gallons of
leachate were generated from Cells 2B, 3 and a small portion of Cell 4. Current disposal is in Cell 3 with
Cell 4 constructed but not yet open. Most of the precipitation hitting the Cell 4 footprint is contained by

two rain flaps and diverted as stormwater.

Table 4-1: Leachate Outhaul Quantities

Year Total Gallons
2014 1,405,129
2015 1,230,474
2016 1,462,836
2017 1,407,389
2018 2,051,541
2019 3,151,360

As part of Cell 4 construction in 2018, MSB completed the construction of two leachate storage lagoons
to replace a lower capacity underground leachate storage tank. The ponds provide a total capacity of

500,000 gallons (750,000 gallons with available freeboard) with equalization for hauling operations or a
future leachate treatment system. Based on the current leachate generation of 7,500 to 8,000 gallons per

day (as provided by MSB), the lagoons provide about two months of holding capacity.
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A basis of 20,000 gallons of leachate treated per day (gpd) was used to evaluate leachate management
options. A rate of 20,000 gpd is higher than the current and projected leachate generation as additional
cells are opened in the near future. However, it reflects a treatment rate where leachate stored in the
lagoons as it is generated and a treatment option then operates at 20,000 gpd for a limited time period
(e.g., 10 hours per day, 5 days per week). This basis provides treatment and equipment cost efficiency and
flexibility as leachate generation changes. This basis also aligns with forecasting analyses conducted in a
recent engineering report (Clark Technology, 2019) and the previous sequencing plan (CH2M HILL,
2014).

Table 4-2 presents the approximate average annual leachate generation rates for various Landfill
development scenarios for Phase 1. The model’s results are conservative, as they do not take into account

the variations in leachate generation from the relatively flat areas of the landfill to the sideslopes.

Table 4-2: HELP Model Average Annual Leachate Generation

Year Active Filling Intermediate Cover Final Cover/Closed Average Annual
Leachate
Approx. Approx. Approx. Generation (Mgal)
Cells Area (ac) Cells Area (ac) Cells Area (ac)
2020 3 5.00 2B, 17.24 - 0 3.2
Part of 3
2025 4 8.59 Part of 3 9.03 2B, 13.21 3.5
Part of 3
2040 5 9.47 Part 4 14.38 2B, 3, 17.336 4.4
Part 4

Note: For baseline leachate generation with no recirculation: active filling 272,000 gallons/acre, intermediate filling

123,000 gallons/acre, and closed 0.15 gallons/acre.

During the active filling and intermediate cover conditions of Landfill development, up to 94 and 100

percent of leachate generated, respectively, can be recirculated through the Landfill while maintaining

less than twelve inches of head on the liner system. Leachate recirculation has the potential to reduce the

volume of leachate collected during the active filling and intermediate cover conditions of Landfill

development. More discussion on leachate recirculation can be found in Section 4.3.3.4.1 of this Plan. In

addition, the amount of precipitation that will potentially enter a cell to generate leachate is greatly

reduced when final elevations are reached and when individual cells receive final cover.

4.3.2

Leachate Quality

The constituents found within landfill leachate can vary significantly at a landfill and this variation leads

to challenges in treating the leachate. For the Landfill, the leachate quality has historically been tested and
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reported as part of the disposal agreement with AWWU. These sampling events have been compiled as
historical data and combined with more detailed sampling data from September 2019’s engineering report
(Clark Technology, 2019). Table 4-3 summarizes the results from the Clark Technology sampling event
in September 2018, as well as the averaged data reported to AWWU between 2016 and the end of 2018.

Table 4-3: Leachate Quality Summary

Parameter Abbrev. Unit Value
Total Dissolved Solids TDS mg/L 15,000
Total Suspended Solids* TSS mg/L 268
Total Kjeldahl Nitrogen TKN mg/L 1,100
Biochemical Oxygen Demand* BODs mg/L 7,890
Chemical Oxygen Demand COD mg/L 17,000
Phosphorus, Total mg/L 1.2
Phosphorus, as PO4 PO4 mg/L 3.8
Ammonia, as N mg/L 1,100
Ammonia, as NH3 NH3 mg/L 1,300
Cyanide** CN mg/L 0.006
Total Aromatic Hydrocarbons** TAH mg/L 1.86
Total Oil & Grease** 0&G mg/L 33.5
pH** 7.0
Metals
Antimony An mg/L 0.01
Arsenic* As mg/L 0.08
Barium Ba mg/L 0.42
Beryllium* Be mg/L 0.00098
Cadmium* Cd mg/L 0.00089
Calcium Ca mg/L 1,000
Chromium* Cr mg/L 0.18
Cobalt COD mg/L 0.14
Copper* Cu mg/L 0.016
Iron Fe mg/L 260
Lead* Pb mg/L 0.0081
Magnesium Mg mg/L 290
Manganese Mn mg/L 20
Mercury* Hg mg/L 0.00018
Molybdenum Mb mg/L 0.0066
Nickel* Ni mg/L 0.74
Potassium K mg/L 450
Selenium Se mg/L 0.019
Silver* Ag mg/L 0.0027
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Parameter Abbrev. Unit Value
Sodium Na mg/L 1,500
Vanadium \Y mg/L 0.09
Zinc* Zn mg/L 3.8
Per-and Polyfluoroalkyl Substances (PFAS)
Perfluorobutanoic acid PFBA ng/L 770
Perfluoropentanoic acid PFPeA ng/L 680
Perfluorobutane sulfonic acid PFBS ng/L 51
Perfluorohexanoic acid PFHxA ng/L 1,200
Perfluoroheptanoic acid PFHpA ng/L 350
Perfluorohexane sulfonic acid PFHxS ng/L 220
Perfluorooctanoic acid PFOA ng/L 540
Perfluorononanoic acid PFNA ng/L 18
Perfluorooctane sulfonic acid PFOS ng/L 16
6:2 Fluorotelomer sulfonic acid 6:2FTS | ng/L 160
Volatile Organic Compounds (VOCs)
Benzene ug/L 15
Ethylbenzene ug/L 12
Chloroethane ug/L ND
1,2-Dichloroethane ug/L 12
cis-1,2-Dichloroethane ug/L ND
trans-1,2-Dichloroethane ug/L ND
Methylene Chloride ug/L 30
Vinyl chloride ug/L ND
m-Xylene & p-Xylene ug/L 26
0-Xylene ug/L 14
Toluene ug/L 1,300
Semi Volatile Organic Compounds (SVOCs)
Bis(2-ethylhexyl)phthalate ug/L ND
2-Methylphenol ug/L 15
Phenol ug/L 1,100
3-Methylphenol & 4-Methylphenol ug/L 7,900

Note: ND is an acronym for non-detectable

*Includes averaged data from AWWU reporting and Clark sampling data.
**Only includes averaged data from AWWU reporting.

Table 4-4 summarizes the historic leachate sampling data provided to AWWU twice each year, as well as
the corresponding industrial discharge permit limits for each parameter at AWWU. This data set includes
sampling events from 2016 to the end of 2018 when storage occurred in the underground tanks. Leachate
zinc concentrations occasionally exceeded the AWWU permit limit. Now that leachate storage occurs in

the lagoons, concentrations should be reviewed to see if there is a change.
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Table 4-4: Historical Leachate Sampling Summary

Historical

Parameter Unit Limit Min Average Max
Arsenic mg/L 3.7 0.0137 0.02628 0.0438
Beryllium mg/L 14.5 0.001 0.001 0.001
Cadmium mg/L 0.69 0.0002 0.0009 0.00125
Chromium mg/L 2.77 0.0852 0.17404 0.306
Copper mg/L 3.38 0.009 0.01778 0.0246
Lead mg/L 0.69 0.00486 0.005266 0.006
Mercury mg/L 0.2 0.000167 0.000209 0.00025
Nickel mg/L 3.88 0.426 0.7304 1.18
Silver mg/L 2.5 0.0025 0.0025 0.0025
Zinc mg/L 5.62 1.74 3.548 6.12
Cyanide mg/L 1.7 0.0044 0.00608 0.0099
Total Suspended Solids mg/L | No limit 90 311.6 700
Biochemical Oxygen Demand mg/L | No limit 2,520 6,868 14,400
Biochemical Oxygen Demand, Soluble | mg/L | No limit 2,520 6,632 14,300
Total Aromatic Hydrocarbons mg/L 5 0.366 1.8615 3.8
Oil and Grease; Total mg/L 250 22.2 33.46 71.5
pH 5.0-12.5 6.67 6.974 7.2

4.3.3 Leachate Treatment Options

There are several ways to feasibly manage the future demands for the leachate generated from the

Landfill. These vary from supplementary treatment options to primary systems designed to treat the entire

leachate stream. This Plan considers the following three primary options:

e Option 1: Status Quo of Hauling to AWWU

e Option 2: Evaporation

e Option 3: Membrane Filtration

Additionally, leachate recirculation is a management method that could be used with any of these three

primary options and could possibly be a stand-alone option as well. Certain treatment methods, such as

reverse osmosis and ultrafiltration can become more efficient with leachate pretreatment to remove

nitrogen, biochemical oxygen demand (BODs), metals, and VOCs. These will be evaluated in this Plan as

well.
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4.3.31 Option 1: Status Quo of Hauling to AWWU

The first leachate management option considered is for MSB to continue to haul the leachate to AWWU
without constructing a new treatment system on-site. MSB currently hauls approximately three million
gallons of leachate each year. This volume has historically been stored within tanks and hauled, as
needed, to AWWU throughout the year. MSB currently pays $0.082 per gallon for combined hauling to,
and disposal at, AWWU. Further cost analysis will be provided in later sections. As indicated in Table
4-2, annual leachate generation is projected to increase up to 4.4 million gallons through Cell 5
development. AWWU regularly attends Borough Wastewater and Septage Board meetings (WASB) and
has alluded to either cutting off or increasing costs to the Borough or adding permit conditions to reduce
contaminant loading as an incentive to build their own treatment plant. This helps facilitate the longevity
of their existing permit which otherwise, could be discontinued by United States Environmental

Protection Agency (US EPA) if they do not see efforts at constituent reductions.

The recently constructed leachate storage lagoons have increased MSB’s storage capacity of leachate.
This additional storage can help to reduce the required hauling frequency but is unlikely to significantly
change the rate of disposal for this option. As leachate generation grows, MSB would need to add more
trucks to the round trip to AWWU. A maximum of three truckloads can be hauled to AWWU each day
according to MSB, which equals 18,000 gallons per day. Assuming hauling occurs five days per week, a
maximum of 4.6 million gallons per year can be transported from MSB to AWWU. Based on HELP
modeling projections, this maximum is applicable for Phase 1 operation through Cell 5 (i.e., at least the
next 20 years). If leachate volumes exceed the daily or annual maximums allowed by AWWU, then
addition storage at MSB will need to be constructed. Resources at the Landfill could be reallocated to
other projects and needs if the AWWU option remains viable. Additional leachate storage will likely be

required when Phase 2 is operational in about 20 years.

This option has the benefit of no capital expenses; the only expenses are related to the actual volume of

leachate generated rather than a system designed for a greater capacity than is observed, no construction
required, and no additional operation and maintenance. The drawbacks of this option are related to MSB
being subject to uncertain price increases for hauling the leachate to AWWU in the future. A decision to

implement an alternate treatment method may need to be made quickly.

4.3.3.2 Option 2: Evaporation
The leachate produced by MSB can be evaporated on site through a direct contact evaporation process.
Direct contact evaporators systems are designed to operate with flexible water chemistries and feed gas.

There are a couple vendors that provide leachate evaporation technology. One is Heartland Water
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Technology, who has provided information for their direct contact evaporator offering which fits the
needs of MSB. Their technology is being used currently at the Kenai Peninsula Borough Central
Peninsula Landfill in Soldotna, Alaska. Encon Evaporators is another vendor providing leachate

evaporation technology.
A process flow diagram of the evaporator system is illustrated in Figure 4-1.

Figure 4-1: Overall Process Flow Diagram for Direct-Contact Evaporator

Some key aspects of this system include the required fuel source and the product streams. The fuel source
of LFG or natural gas is required to produce combustion heat used for evaporating the leachate. The vapor
product stream will leave the system as a gas and will not require disposal measures, while the
concentrated slurry is removed from the system and can be applied (i.e., recirculated) to the waste mass
within the Landfill. Since this material is a slurry, disposal in the Landfill is considered leachate
recirculation and will require a Research, Development & Demonstration (RD&D) permit from ADEC.
Air emissions will be present from the evaporation of the compounds within the leachate. Further
investigation into the volatilization of specific compounds should be evaluated according to ADEC

regulations to determine if an air permit is required.
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Technology vendors report that leachate is concentrated through the evaporation process resulting in an
expected volume reduction of 95 percent based on the water chemistry of the leachate. At 95 percent
reduction, and the anticipated range of leachate generation from Phase 1 of 3.2 to 4.4 million gallons, the
range of evaporated volume would approximately be 3.0 to 4.2 million gallons per year. This results in
approximately 160,000 to 220,000 gallons per year of concentrated slurry to recirculate to the Landfill.
The evaporation system may operate at a lower percent reduction to allow for easier transport or
recirculation of the concentrated slurry. If the percent reduction is reduced in practice, a greater volume of

slurry would be returned to the Landfill.

The evaporation system has significant operational flexibility. If operating, the evaporator can likely
utilize all the LFG collected on-site. A conservative 200 standard cubic feet per minute (scfm) of 50
percent methane LFG available was used as a basis for the evaluation as the flow from the GCCS after
closure of Cells 2B and 3 in 2023. A flow of 200 scfm can treat approximately 10,000 gallons/day.
Additional LFG will become available in the future as phases of the Landfill close (see Appendix I for
projected LFG generation). Note that for the evaporator unit, fuel demands exceeding the supply of LFG
can be supplemented with utility natural gas; this may not be necessary based on the projected leachate
generation and LFG collection rates for the next 20 years. The system is also capable of handling a wide
range of flows between the current leachate production rate of 7,500 to 8,000 gpd and the design rate of
20,000 gpd. This allows for continuous or intermittent operation that best suits the schedule of MSB’s

seasonal operations and leachate storage capabilities.

Material compatibility should be considered by the supplier of the evaporator system. Evaporator
components may be susceptible to thermal fatigue, combustion byproduct deposition, and corrosion.
Materials in contact with the leachate will need to be resistant to corrosion due to salts in the leachate.
Selection of robust materials of construction and cleaning the system according to manufacturer

recommendations should minimize risk of corrosion.

The benefits of this system are the ability to use the LFG produced on-site at MSB, the high-volume
reduction leading to minimal material being returned to the Landfill, and the flexible operating conditions.
The fact that the Borough is investing in an active GCCS in 2020 makes this option more attractive. The
drawbacks of this system include the increased operation and maintenance (O&M) demands for MSB
staff, the significant capital expense, and the financial reliance on LFG availability. Additionally, if MSB
pursues another end use for LFG, the purchase of natural gas in the evaporator would significantly

increase operating costs.
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4.3.3.3 Option 3: Membrane Filtration

During the past three years, MSB has considered using a proprietary leachate treatment process from

Clark, called Leachbuster®, and a 100-percent level design has been completed.

This system involves multi-stage membrane filtration and produces and extremely clean effluent stream.
The system can treat the leachate to US EPA Groundwater Discharge Standards and US EPA Primary
Drinking Water Standards referenced in ADEC Rules 18 AAC 80 and 18 AAC 70, respectively. These
standards have been chosen as the basis for the treatment level by MSB. The filtration system offered by
Clark is modular which allows for a wide range of operating flows and future expandability. The
proposed system also has the capability of operating continuously or as a batch process, providing
additional flexibility for operation based on leachate volume available. This system may require further
pretreatment of the leachate if the water chemistry changes significantly in the future, due to the high
selectivity of this filtration system. Changes in water chemistry could be related to seasonal variability,
cell development, implementation of leachate recirculation, or increases in certain waste components at
the Landfill. Regular leachate quality and flow monitoring are recommended to assess the need for future

adjustments.

This option has been further evaluated and designed by Clark Technologies than any other option
evaluated in this Plan. Approximately $770,000 of research, permitting, and design services have been
completed to date; this level of design would reduce time and effort of implementing the full constructed
system. Another benefit of this system is the ability to reuse the treated water for purposes like irrigation,

equipment washdown, and dust control.

This system has a slightly greater amount of concentrate that must be returned to the Landfill. The pilot
study completed by Clark indicates 92 percent permeate recovery. In practice, ultrafiltration and reverse
osmosis units experience a range of 70 to 90 percent permeate recovery due to leachate flow and quality
variability. With the projected Phase 1 leachate generation of 3.2 to 4.4 million gallons per year, the
potential permeate rate for the next 20 years could range from 2.2 to 4 million gallons per year. The
permeate would be stored for future use or discharged via a forcemain to near the south end of the C&D
Landfill expansion area (see Figure 5). Conversely, the potential concentrate range could be 320,000 to
1,300,000 gallons per year. Membrane filtration has a significant capital cost, as well as more O&M
requirements than the other options. These O&M requirements include membrane cleaning (including
chemicals) and replacement, high pressure pump maintenance, higher electrical usage, and clean water

forcemain outfall maintenance.
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4.3.3.4 Supplementary Options

4.3.3.4.1 Leachate Recirculation

Recirculation of leachate returns the collected raw leachate, or the residuals from the evaporation or
membrane options, back to the waste within the Landfill. Incoming waste has a typical moisture content
of 20 to 25 percent while the field capacity is 45 to 55 percent. During recirculation, this liquid
accumulates in the waste pore space as dictated by available surface tension. A moisture content increase
to 30 to 35 percent is desired. Leachate generation will increase as moisture content increases and surface

tension decreases.

The HELP modeling completed on this Plan (Appendix E) indicates that 94 percent of leachate generated
in an active cell can be recirculated, while 100 percent of leachate from a cell at intermediate grades can
be recirculated. As a rule of thumb, 25 to 50 gallons of leachate can be recirculated for each ton of waste
disposed. In 2019, 57,311 tons of MSW were disposed indicating that between 1.4 and 2.9 million gallons
of leachate could have been recirculated. This is 45 to 90 percent of the 2019 leachate generated volume

and all of the concentrate volume from the evaporation or membrane technology.
Recirculation can be completed by several methods including:

e “Rabbit holing” by excavating holes in the active or intermediate areas and discharging a tanker
or pumping a known volume into the hole, and then covering the hole with Waste and cover soil.
The location is documented with global positioning system (GPS) survey. This option has
advantages low capital costs and good moisture distribution in the waste. A drawback is that it
can be labor intensive depending on the daily volume.

e Pumping systems that deliver leachate from the lagoon area to the disposal cells. The current
2020 GCCS project includes a vault (see Figure 23) by the lagoons that has a stub out for future
leachate recirculation to future cells. At each cell, whether in active, intermediate, or final
development, a pump at the lagoons can direct leachate to a buried lateral or bed in the cell, or to
a spray system at the active working face. Laterals and beds are spaced every 100 feet horizontal
and staggered vertically every 20 feet. This option has higher capital costs, but operation can be
automated. Water distribution in the waste can be limited if lateral or beds are used, while
distribution can be maximized with working face application. To minimize health impacts,
working face application is limited to non-customer hours, during non-freezing weather, and with

wind restrictions to minimize drift.
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Recirculation can provide several benefits including waste degradation, reduced leachate concentrations,
reduced leachate volume from waste storage, leachate treatment from the biology within the waste,
increase LFG generation rate to support a reuse project, accelerated waste settlement allowing the
recapture of airspace, deferment of permitting and construction costs, and leachate management savings.
Leachate application to the working face can improve compaction and litter control. The positive impact
of recirculation on LFG generation rate provided in Appendix I of this Plan. Long term, since leachate
quality will be improved, settlement will be maximized, and LFG generation has been accelerated,

financial assurance liabilities during post-closure should be reduced.

Challenges of leachate recirculation include potential odors, inefficient LFG collection due to higher
waste moisture content, higher leachate concentrations for certain parameters (e.g., ammonia), slope
stability, and leachate seeps. These challenges can be overcome through engineering and operational

controls.

Recirculation should be incorporated into whichever primary leachate treatment option MSB implements
in the future, even if hauling to AWWU is continued. The design of the LFG management system should
consider the increased gas production if recirculation is considered further. Design elements of the GCCS
that address leachate recirculation and proactive LFG collection are shown on Figure 24 and Figure 27.

This includes horizontal collectors on the liner and within the waste. Overall leachate recirculation would
have positive effects on leachate treatment and management at MSB but would require additional capital

expenses and operational requirements.

The initial capital expense to implement a pumped recirculation system would be about $250,000 for
pump systems, flow meters, electric and controls, and the initial forcemain and manifold. MSB would
then spend about $50,000 to $100,000 annually to expand the system. The airspace gained (15 to 30
percent) and the resulting revenue should compensate these expenses. Once valves are manually adjusted,
operation would be automated where the pump would be started, and system shutdown would occur at a
specified volume for each lateral or working face application. Note that working face application would

occur after hours to maintain customer safety.

4.3.3.4.2 Pretreatment

Leachate flow and quality is quite variable depending on waste disposed, phase of landfill development,
time of year, and precipitation. Pretreatment of the leachate upstream of a major treatment process option
like membrane filtration may be recommended, or even required based on the water chemistry of the

leachate to improve treatment efficiency. High concentrations of organics, phosphorus, nitrogen, solids,
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metals, alkalinity, or excessively high or low pH can all affect the treatment performance of the evaluated

technologies.

The evaporation and membrane filtration options both include forms of chemical addition to clean and
improve the performance of their treatment systems. Additional forms of chemical or biological
pretreatment or filtration may be required as designs progress further. For example, air addition to the
current lagoons could reduce BODs, VOCs, and metals concentrations. It is important that these designs
and operation are based on comprehensive testing (before design and during operation) to understand the
variability on leachate quality and flow. The guidance of the selected technology manufacturers is

followed based on the leachate quality analysis.

4.3.3.5 Combination of Options

It is possible to combine some of the leachate treatment methods evaluated. This includes implementation
of either leachate recirculation or pretreatment with each of the three primary options. For example,
leachate recirculation can lead to an overall reduction in the contaminant levels within the leachate and
the amount of leachate that must be hauled or treated. Pretreatment could be applied to either evaporation
or membrane filtration to improve performance and/or reduce operations and maintenance for the

systems.

Membrane filtration and evaporation can also be applied in series to further reduce the amount of
concentrated byproduct returned to the Landfill. This system would apply filtration in the same manner as
Option 2 but would include an additional evaporator system for the concentrate stream. This would
further reduce liquid volume of the stream while retaining most of the residual contaminants that would
return to the Landfill. This system would have a significantly increased capital and O&M costs without
significant benefit to MSB. The treated stream in Option 1 and Option 2 can already be disposed of or
reused, while the return of the concentrated byproduct stream should not impact the Landfill at the

volumes being considered.

4.3.4 Byproduct Handling

Each of the on-site treatment options have a waste stream that is proposed to return (i.e., recirculated) to
the Landfill as a concentrate. Any byproducts returned to the Landfill should be tested and confirmed as
non-toxic according to the US EPA developed Toxicity Characteristic Leaching Procedure. If the
byproducts cannot be deemed non-toxic, then additional measures like chemical addition or further
treatment may be required, or off-site disposal may be required. These additional measures would further

impact the financial aspects of on-site treatment and should be evaluated in further phases of design.
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Testing by Clark during their development of Option 3 has indicated that these byproducts are non-
hazardous. This is consistent with byproduct testing for these technologies at other MSW landfills.

4.3.5 Cost Analysis for Leachate Treatment

A 20-year life cycle cost analysis was conducted for each of the primary treatment options to directly
compare their costs over the course of their operating lifetimes. Time value of money was used to present
the final cost at the end of 20-years in 2020 dollars. Additional details on construction costs are provided
in Appendix F. This timeframe is consistent with the Phase 1 development of the Landfill, with operation

through Cell 5 projected until 2043.
General assumptions for the life cycle cost analysis are as follows:

e Time value of money based on 2020 dollars

e Net Present Value (NPV) is equated using: NPV = Cost * ( ! )

(1+interest rate)current year—intial year

e 20-year life cycle for each option

e Debt Service cost of 1.5 percent (i.e. 1.5% annual interest being paid on equal loan payments over
life-cycle)

o Inflation rate of 2.14 percent

e Discount rate of 0.67 percent

e No salvage value of any construction costs

e  O&M costs based on the range of 3.2 to 4.4 million gallons of leachate treated per year through
Phase 1 Landfill development, with a daily design capacity of 20,000 gallons of leachate treated
per day for operational flexibility. The total volume of leachate over the 20-year period is 76.6
million gallons.

e Labor estimate is included in General Maintenance and is based on an annual Salary & Benefit of
$160,000

e Electrical price = $0.1682 per kilowatt hour (kWh), based on Palmer industrial rate according to

(SOURCE - https://www.electricitylocal.com/states/alaska/palmer/)

e Natural gas price = $10.66/1,000 cubic feet, based historical natural gas data from MSB

4.3.5.1 Option 1: Status Quo of Hauling to AWWU
A summary of the 20-year life cycle cost for Option 1 is provided in Table 4-5.
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Table 4-5: Option 1 — Status Quo Life Cycle Cost Summary

. .- Total Summation

Year Con%t;t:t:tlon S(?r(\al?c:e OM&R Ag?"et'r;;al Total P\r,esent Present
alue Value

2020 $0 $0 $ 262,400 $0 $262,400 $ 262,000 $ 262,000
2021 $0 $ 268,020 $0 $ 268,020 $ 266,000 $ 528,000
2022 $0 $299,420 $0 $299,420 $ 295,000 $ 823,000
2023 $0 $ 305,820 $0 $ 305,820 $ 300,000 $ 1,123,000
2024 $0 $ 312,370 $0 $312,370 $ 304,000 $ 1,427,000
2025 $0 $319,050 $0 $ 319,050 $ 309,000 $ 1,736,000
2026 $0 $ 325,880 $0 $ 325,880 $ 313,000 $ 2,049,000
2027 $0 $ 332,850 $0 $ 332,850 $ 318,000 $ 2,367,000
2028 $0 $ 339,980 $0 $ 339,980 $ 322,000 $ 2,689,000
2029 $0 $ 347,250 $0 $ 347,250 $ 327,000 $ 3,016,000
2030 $0 $ 354,680 $0 $ 354,680 $ 332,000 $ 3,348,000
2031 $0 $ 362,270 $0 $ 362,270 $ 337,000 $ 3,685,000
2032 $0 $ 465,180 $0 $ 465,180 $ 429,000 $4,114,000
2033 $0 $475,130 $0 $475,130 $ 436,000 $ 4,550,000
2034 $0 $ 485,300 $0 $ 485,300 $ 442,000 $ 4,992,000
2035 $0 $ 495,680 $0 $ 495,680 $ 448,000 $ 5,440,000
2036 $0 $ 506,290 $0 $ 506,290 $ 455,000 $ 5,895,000
2037 $0 $517,130 $0 $517,130 $ 462,000 $ 6,357,000
2038 $0 $ 528,190 $0 $ 528,190 $ 468,000 $ 6,825,000
2039 $0 $ 539,500 $0 $ 539,500 $ 475,000 $ 7,300,000
Totals $0 $0 $ 7,842,390 $0 $ 7,842,390 | $ 7,300,000

Note: OM&R is Operation, Maintenance and Replacement

The life-cycle cost analysis for Option 1 assumed:

e The annual design volume of 3.2 million gallons steps to 3.5 million gallons in 2022 when Cell 4

opens and 4.4 million gallons in 2032 when Cell 5 opens;

e Leachate is hauled to AWWU at a rate of $0.082 per gallon (2020 dollars);

e Price of hauling and disposal at AWWU increases with inflation; and,

e Continued acceptance of leachate by AWWU.

The total NPV for treating 76.6 million gallons of leachate is $7,300,000. The resulting NPV cost per
gallon of leachate hauled and disposed at AWWU is $0.095 per gallon.

4.3.5.2

Option 2: Evaporation

A summary of the 20-year life cycle cost for Option 2 is provided in Table 4-6.
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Table 4-6: Option 2 Life Cycle Cost Summary

. . Total Summation

Year Consgcl;l;::tlon Stlejr?/li)c:e OM&R Agﬁ::;;al Total P\r}esent Present
alue Value

2020 $ 3,426,314 $200,000 $ 102,630 $ 100 $ 302,730 $ 303,000 $ 303,000
2021 $ 200,000 $ 104,826 $ 100 $ 304,926 $ 303,000 $ 606,000
2022 $ 200,000 $ 107,070 $ 100 $307,170 $ 303,000 $ 909,000
2023 $ 200,000 $ 109,361 $110 $309,471 $ 303,000 $ 1,212,000
2024 $ 200,000 $111,701 $110 $311,811 $ 304,000 $ 1,516,000
2025 $ 200,000 $ 114,092 $110 $ 314,202 $ 304,000 $ 1,820,000
2026 $ 200,000 $ 116,533 $110 $316,643 $ 304,000 $ 2,124,000
2027 $ 200,000 $ 119,027 $120 $319,147 $ 305,000 $ 2,429,000
2028 $ 200,000 $121,574 $120 $ 321,694 $ 305,000 $ 2,734,000
2029 $ 200,000 $124,176 $120 $ 324,296 $ 305,000 $ 3,039,000
2030 $ 200,000 $ 126,833 $120 $ 326,953 $ 306,000 $ 3,345,000
2031 $ 200,000 $ 129,547 $ 130 $ 329,677 $ 306,000 $ 3,651,000
2032 $ 200,000 $ 132,320 $130 $ 332,450 $ 307,000 $ 3,958,000
2033 $ 200,000 $ 135,151 $130 $ 335,281 $ 307,000 $ 4,265,000
2034 $ 200,000 $ 138,044 $130 $ 338,174 $ 308,000 $ 4,573,000
2035 $ 200,000 $ 140,998 $ 140 $ 341,138 $ 309,000 $ 4,882,000
2036 $ 200,000 $ 144,015 $ 140 $ 344,155 $ 309,000 $ 5,191,000
2037 $ 200,000 $ 147,097 $ 140 $ 347,237 $ 310,000 $ 5,501,000
2038 $ 200,000 $ 150,245 $ 150 $ 350,395 $ 311,000 $ 5,812,000
2039 $ 200,000 $ 153,460 $ 150 $ 353,610 $ 311,000 $ 6,123,000
Totals $ 3,426,314 $ 4,000,000 | $ 2,528,700 $ 2,460 $ 6,531,160 | $ 6,123,000

Note: OM&R is Operation, Maintenance and Replacement

The life-cycle cost analysis for Option 2 assumed:

Periods

LFG produced by MSB has no associated cost when used for the evaporation system since the
evaporation system is and add on to the flare skid that is being installed in 2020;

Adequate LFG is available based on projections through Cell 3 closure and no supplemental
natural gas is required;

An annual design volume of 3.2 million gallons steps to 3.5 million gallons in 2022 when Cell 4
opens and 4.4 million gallons in 2032 when Cell 5 opens; and,

The same capital costs for civil improvements, leachate piping, building, fees, and contingencies

as estimate provided by 100% Design Engineering Report (Clark Technology, 2020).

of reduced treatment rate can better utilize the LFG as a fuel source. The lagoons can serve to

store leachate for metering into the evaporator, as necessary. With Cells 2B and 3 closure in 2023, at least
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200 scfm should be collected by the GCCS and available. The evaporator can treat at least 12,500 gpd
using 200 scfm. Note that the direct contact evaporator unit can operate all year including winter

conditions at the Landfill.

The total NPV for treating 76.6 million gallons of leachate is $6,123,000. The resulting NPV cost per
gallon of leachate treated by evaporation is $0.080 per gallon.

If LFG produced on site is not available to fuel the leachate evaporation process, then natural gas must be
purchased to fuel the evaporator. This scenario could be present, for example, from using LFG to generate
electricity elsewhere at the Landfill. The NPV for treating 76.6 million gallons of leachate by only
purchasing natural gas is $15,637,000. The corresponding NPV cost per gallon of leachate treated by

evaporation is $0.204 per gallon.

Capital costs associated with connecting the evaporator unit to utility natural gas are not included as part
of the rate or cost estimate in this case. This capital cost would further increase the life cycle cost of the

evaporation system in the case of using natural gas as the only fuel, or as a supplementary fuel.

4.3.5.3 Option 3: Membrane Filtration
A summary of the 20-year life cycle cost for Option 3 is provided in Table 4-7.
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Table 4-7: Option 3 Life Cycle Cost Summary

. .- Total Summation

Year Con%t;t;;:tlon SeDs/ti)ct:e OM&R Ag‘:‘:'r;;al Total P\r}esent Present
alue Value

2020 $4,775,363 $ 278,000 $ 142,880 $20,630 $441,510 $ 442,000 $ 442,000
2021 $ 278,000 $ 145,940 $21,070 $445,010 $ 442,000 $ 884,000
2022 $ 278,000 $ 149,060 $21,520 $ 448,580 $ 443,000 $ 1,327,000
2023 $ 278,000 $ 152,250 $21,990 $ 452,240 $ 443,000 $ 1,770,000
2024 $ 278,000 $ 155,510 $22,460 $ 455,970 $ 444,000 $2,214,000
2025 $ 278,000 $ 158,840 $22,940 $ 459,780 $ 445,000 $ 2,659,000
2026 $ 278,000 $ 162,230 $23,430 $ 463,660 $ 445,000 $ 3,104,000
2027 $ 278,000 $ 165,710 $23,930 $ 467,640 $ 446,000 $ 3,550,000
2028 $ 278,000 $ 169,250 $ 24,440 $471,690 $ 447,000 $ 3,997,000
2029 $ 278,000 $172,870 $ 24,960 $ 475,830 $ 448,000 $ 4,445,000
2030 $ 278,000 $ 176,570 $ 25,500 $ 480,070 $ 449,000 $ 4,894,000
2031 $ 278,000 $ 180,350 $ 26,040 $ 484,390 $ 450,000 $ 5,344,000
2032 $ 278,000 $ 184,210 $ 26,600 $ 488,810 $ 451,000 $ 5,795,000
2033 $ 278,000 $ 188,150 $27,170 $ 493,320 $ 452,000 $ 6,247,000
2034 $ 278,000 $ 192,180 $27,750 $497,930 $ 453,000 $ 6,700,000
2035 $ 278,000 $ 196,290 $ 28,350 $ 502,640 $ 455,000 $ 7,155,000
2036 $ 278,000 $ 200,490 $ 28,950 $ 507,440 $ 456,000 $ 7,611,000
2037 $ 278,000 $204,780 $29,570 $512,350 $ 457,000 $ 8,068,000
2038 $ 278,000 $209,170 $ 30,200 $517,370 $ 459,000 $ 8,527,000
2039 $ 278,000 $213,640 $ 30,850 $ 522,490 $ 460,000 $ 8,987,000
Totals $4,775,363 | $5,560,000 | $ 3,520,370 [ $508,350 | $9,588,720 [ $ 8,987,000

Notes: OM&R is Operation, Maintenance and Replacement. The construction cost estimate includes $773,425 of
Engineering costs for work completed to-date, representing sunk costs already expended by MSB for this option.

The life-cycle cost analysis for Option 3 assumed:

opens and 4.4 million gallons in 2032 when Cell 5 opens.

An annual design volume of 3.2 million gallons steps to 3.5 million gallons in 2022 when Cell 4

Estimates provided by 100% Design Engineering Report (Clark Technology, 2020) still apply.

The total NPV for treating 76.6 million gallons of leachate is $8,987,000 ($8,143,000 if sunk engineering

costs are excluded). The resulting NPV cost per gallon of leachate treated by membrane filtration is

$0.117 per gallon ($0.106 per gallon if sunk engineering costs are excluded).

4.3.6

Conclusions & Recommendations

MSB must plan for future increases in the amount of leachate generated, while also considering that the

cost of their current method of disposal may increase in the future. These considerations favor the having

Matanuska-Susitna Borough

Burns & McDonnell




Central Landfill Development Plan

Final Draft

Leachate Management Plan

an alternate on-site leachate treatment option, something that MSB has been considering since 2006,

ready to implement when economic conditions dictate. The leachate can be effectively treated on-site by

membrane filtration or by an evaporation system. Additionally, leachate recirculation is a viable option

presently, as a bridge while implementing an on-site strategy, or as an option for concentrate disposal for

the on-site options.

Table 4-8 summarizes the benefits, challenges, permitability, constructability, operations, and costs of the

three leachate management options evaluated.

Table 4-8: Leachate Treatment Option Benefits, Challenges and Cost Summary

Item Option 1: Status Quo Option 2: Evaporator Option 3: Membrane
of Hauling to AWWU Filtration
Benefits No Capital Expense Reuse of LFG Clean Water Source
Volume Reduction Volume Reduction
Flexible Operation ADEC Approval
Process Underway
Engineering Complete
Flexible Operation
Challenges Uncertain AWWU Significant Capital and Moderate Significant Capital and
pricing Operation Expense Operating Expenses
Future Permit Slurry Requiring Landfill Concentrate Requiring
Conditions Disposal Landfill Disposal
Limited Loads per Day Lost Opportunity for LFG
Electricity Project
Permitability AWWU Industrial ADEC Approval with Potential ADEC Approval
Discharge Permitting Air Permit
Constructability N/A Adjacent to LFG Blower/Flare Adjacent to Leachate
Skid Lagoons
Minimal Below Grade Moderate Below Grade
Requirements Requirements
Operations Minimal Requirements Moderate Requirements Significant
Requirements
Cost* NPV: $7,300,000 NPV: $6,123,000 NPV: §8,987,000
$0.095/gal $0.080/gal $0.117/gal

Note: *Cost shown for evaporator based on LFG energy source; using natural gas, NPV increases to $15.6 million

and rate t0$0.204 per gallon. Costs shown for membrane filtration include engineering costs completed to date for

Option 3. Excluding these costs results in an NPV of $8,143,000 total and $0.106 per gallon.

If an alternate leachate treatment method to AWWU is desired by MSB, the evaporation system is

recommended in this case due to its operational flexibility (i.e., operate in batch verses continuously), the

presence of LFG as a fuel source, lesser O&M requirements, and slightly lower cost over a 20-year life
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cycle. However, a key factor making the evaporation system favorable is the development and
implementation of an GCCS in 2020 and the associated sunk capital costs for MSB. Selecting the leachate
evaporation technology would also mean that the design cost for the 100-percent design of Clark
Technology’s leachate filtration system would be a sunk cost. If LFG proceeds with another reuse (e.g.,

electric generation), membrane filtration is recommended for the on-site alternative.

Further investigation into the effects of leachate recirculation is also recommended. Testing or piloting a
recirculation system would provide further insight as to how this practice could affect other treatment
options and Landfill operations in general for MSB. Recirculation provides many benefits the most

significant of which is the recapture of permitting and constructed airspace.
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5.0 LANDFILL GAS MANAGEMENT PLAN

Landfill gas (LFG) generated within the Landfill will be controlled on-site. LFG generation occurs under
anaerobic conditions in which methanogenic microorganisms create LFG when breaking down the waste.
This process results in LFG composing typically of 50-percent methane and 50-percent carbon dioxide,
with trace amounts of nonmethane organic compounds (NMOCs), oxygen, nitrogen, hydrogen sulfide,
and siloxanes. The composition of LFG is generally considered to have half the heating value of natural
gas, or an average heating value of 506 British thermal units (Btu) per standard cubic feet (scf). LFG
movement within the landfill is driven by pressure and waste permeability. With the exception of Cells 1
and 2A at the Landfill, which are unlined, the liner system for future cells should restrict lateral and

downward LFG migration into the adjacent geology.

A gas collection system can be installed to control the release of LFG from the Landfill. Collection
systems can be passive, with vent wells within the waste or perforated piping beneath the final cover that
allows captured LFG to vent at the landfill surface. If more proactive control is required, an active LFG
collection system is installed, where a vacuum from a blower is imparted on wells and/or other collectors
via a network of header and lateral piping. The collected LFG is combusted in a flare or through a
beneficial reuse (e.g. electricity generation). The LFG collectors, piping network, and combustion devices

are collectively termed a gas collection and control system (GCCS).
The objectives of this LFG Management Plan are to:

e Describe the existing LFG monitoring program and migration control system.

e  Summarize the MSB response to LFG migration in early 2020.

e Present modeling projections of future LFG generation, including the impact of leachate
recirculation and organics diversion.

e Describe the design of the active GCCS as a long-term solution to control LFG migration.

e Complete an evaluation of LFG beneficial reuse options.

e Discuss air permitting regulatory compliance.

e Recommend an implementation plan for LFG activities.

e Provide planning level cost estimates for future LFG systems.

5.1  Existing LFG Monitoring and Control
Currently, LFG control consists of a passive venting system beneath the Cell 2A final cover system. Cell

2A final cover was constructed in 2015 and includes a GCL impermeable layer. The venting system
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consists of a trench grid containing four-inch perforated HDPE pipe installed beneath this GCL to capture
collected LFG. The grid system emits LFG at the crown of Cell 2A through a series of seven vertical
vents that protrude through the final cover system. The effectiveness of this system in the unlined cell is
limited since the surface piping does not influence LFG in deeper portions of the Landfill, which is

evidenced by LFG odors at the western toe of Cell 2A and methane detections in the monitoring probes.

The landfill also has an existing network of six perimeter LFG monitoring probes as shown on Figure 4
(CLFP-1 to CLFP-6). These probes and on-site structures are monitored for methane as specified in the
Landfill’s ADEC permit documents. The probes are screened in the subsurface strata above the
groundwater table. Probes CLFP-1 and CLFP-2 are west and north of the C&D landfill. Probes CLFP-3
to CLFP-6 are along the northern property boundary. There are also two Gas Wells within the Cell 1
waste, CLFG-1 and CLFG-2.

MSB Personnel will continue to conduct monthly gas monitoring at Gas Wells CLFG-1 and CLFG-2; and
Gas Monitoring Probes CLFP-1 through CLFP-6; the crawlspaces of the CLF scalehouse building and
Animal Control facility; and ambient air at 200-foot intervals along the northern facility perimeter
between the Animal Control building and the entrance gate to the Crevasse Moraine trailhead. The
crawlspaces are considered confined spaces and will not be entered by the field sampler. Ambient air
methane gas monitoring will continue to be performed quarterly at each of the groundwater monitoring
wells currently in the sampling program (Monitoring Wells CLF-9, CLF-11, CLF-15R, CLF-16, CLF-17,
CLF-19, CLF-20, CLF-21, CLF-22, CLF-24) by the MSB Environmental Consultant, currently Shannon

and Wilson, Inc.

An RKI Eagle will be used to measure the concentrations of methane (percentage of the lower explosive
limit and/or percent by volume), carbon dioxide (percent by volume), and oxygen (percent by volume). At
the time of sampling, barometric pressure will be recorded from the Davis Weather Link weather station.
The weather station is located on Cell 2A. Weather station information is available to the field sampler
via cell phone application. The RKI Eagle will be calibrated prior to each monitoring event according to
the manufacturer’s specifications as detailed in the equipment manual, Appendix G. Field measurements

will be recorded on the field form for gas monitoring provided in Appendix G.

For Gas Wells and Gas Monitoring Probes, the RKI Eagle will be connected to the probe and the probe
valve will be opened. Measurements will be taken continuously until gas readings stabilize within 0.5%
by volume. The stabilized measurement will be recorded, the valve shut, and the monitoring device

disconnected. The Animal Control and scalehouse crawlspaces will be measured by lowering the
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monitoring device probe into the crawlspace; the sampler will not enter the confined space.
Measurements will be collected from all three sides of the crawlspace opening, with the fourth side being
the foundation wall. Measurements will be taken continuously until gas readings stabilize within 0.5% by
volume. Ambient air measurements will be collected at predetermined intervals along the northern
property. To minimize the impacts of air dilution, the sampler will collect ambient air measurements from
the ground surface and/or insert the monitoring device probe into available holes or cracks in the ground

surface at the predetermined intervals.

Monthly monitoring events will typically be performed during the first week of the respective month.
MSB will submit results of the monitoring event to ADEC within 14 days of the event. MSB personnel
will transfer field data to a spreadsheet and submit to ADEC. The spreadsheet will contain all historical
sampling data. Field data and historical data sampling will be stored electronically in the MSB records

retention system.

5.2 Summary of 2020 Landfill Gas Migration
On January 23, 2020, routine monthly LFG monitoring was performed at the Landfill. During the

sampling event, methane levels were detected at 22 percent by volume (or 440-percent of the lower
explosive limit [LEL]) at gas monitoring probe CLFP-3. The results were submitted to ADEC on January
24,2020. ADEC responded with a letter dated January 30, 2020 in which ADEC found the Landfill to be
in violation of 18 AAC 60.350 which defines a methane gas exceedance from a municipal solid waste
landfill as 100 percent of the LEL at the facility boundary and 25 percent LEL within facility structures,

which are equivalent to methane concentrations of 5 percent and 1.25 percent by volume, respectively.

In response, MSB began daily monitoring of the probes and passive vents on January 31, 2020. Gas
monitoring probes CLFP-3, CLFP-4, CLFP-5, and CLFP-6 are located outside the limits of waste along
the northern extent of the Facility and serve as perimeter methane monitoring compliance points. On
January 30, 2020, MSB began contacting all property owners within 1,000 feet of CLFP-3 by telephone.
On January 31, 2020, a notification letter was sent via certified mail to all property owners within a half-
mile radius of probe CLFP-3 to inform them of the exceedance and to offer methane testing through a
third-party contractor at the owners’ structures. As a result, 102 property owners were contacted, and 42

properties were tested.

Methane has been detected at one residence, within about 300 feet of CLFP-3. The initial reading on
February 3, 2020 from this residence was 16 percent LEL. MSB furnished the resident a dedicated,
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continuous methane monitoring device set to emit an audible warning tone at 25 percent LEL. Methane

has not been detected at the residence since February 20, 2020.
In an effort to mitigate the migration of LFG from the Landfill, MSB completed the following actions:

e On February 4, 2020, MSB inspected the Cell 2A vents to verify operation and they were found
to be blocked with snow and ice at the ground surface. Once this was cleared, the vents began
emitting LFG as designed. These vents are connected to the horizontal passive LFG collection
grid immediately beneath the final cap and influence the upper waste mass. It is suspected that the
combination of weather conditions and frost depth led to freezing of condensate within the LFG
at this point.

e  On February 4, 2020, a portable blower was attached to Vent 1 in Cell 2A to impart a vacuum on
the waste mass. The other vent pipes were capped to prevent oxygen intrusion from ambient air.
The blower is rated at 80 scfm and was moved to other vents at times to create a more centralized
extraction from Cell 2A. Blower operation was suspended if oxygen readings exceeded 10
percent.

e On February 6, 2020, a portable blower was connected to CLFP-3 to impart a vacuum on the
probe to intercept LFG migrating toward the north property boundary at this location. This
blower is rated also at 80 scfm.

e Methane readings in CLFP-3 began going below 100 percent LEL on about May 1, 2020 and
have remained below 100 percent LEL since May 5, 2020. Monitoring reverted to weekly on
May 11.

5.3 Landfill Gas Control Plan

In response to the 2020 LFG migration and ADEC’s requirements for the implementation of a long-term
solution, MSB has completed the design of an initial GCCS that will be installed later this year. The
GCCS will be installed within closed Cells 1 and 2A, consisting of 13 gas recovery wells. Both Cells 1
and 2A are unlined. Figure 25 provides a plan view of this portion of the GCCS. The wells are generally
positioned along the northern edge of these cells, serving to intercept LFG within the waste profile before
migrating toward the north property boundary. The wells are connected with a series of piping, below
grade within Cell 1 and on the surface within Cell 2A. Vacuum will be imparted on the wells and piping
network from a new blower/flare skid that will be located near the leachate storage lagoons. LFG will be
combusted via an enclosed flare, which was selected since the flame is enclosed at the bottom of flare

stack, limiting visibility from adjacent properties.
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The GCCS also includes condensate management. LFG is saturated with moisture and has elevated
temperature when extracted from a landfill, typically 80 to 120 degrees Fahrenheit. As the LFG travels
through the piping outside the landfill and cools to ambient conditions, condensate will form. Condensate
generated will be collected in two condensate sumps (CS). CS-01 is located at the northern extent of Cell

2A and CS-02 is adjacent to the flare skid.

5.3.1 Condensate Estimates

CS-01 will consist of a condensate storage tank that will be manually pumped as needed. CS-02 will
consist of a large-diameter pipe with an electric pump. When actuated, the pump will transmit the
condensate from CS-02 to the leachate vault just east of the leachate lagoons via a condensate force main

and then into the lagoons. Details on the GCCS are provided in Figure 26 through Figure 29.

Condensate estimates were calculated based on the modeled LFG generation rates for the base case
scenario (no leachate recirculation and no organics diversion). It was assumed 75 percent of the LFG
generated is collected by the GCCS, per industry standard. As mentioned above, when the LFG migrates
from the waste mass into the GCCS piping network, the temperature of the gas will decrease, causing
condensate to form. Using the Landfill Gas System Engineering Design, a Practical Approach (CES-
LANDTEC 2002) guidance, the temperature of the gas can be used to determine its pressure. The ratio of
the initial and final pressures of the gas determines the rate at which condensate will form. Using an
average temperature difference of 30 degrees Fahrenheit, a peak daily condensate rate of 0.27 gallons per
day per cubic feet per minute (gpd/cfm) was calculated. Using an average annual temperature drop of 20
degrees Fahrenheit, an annual average condensate rate of 0.2 gpd/cfm was calculated. Future condensate

generation estimates are provided in Table 5-1.

Table 5-1: Future Condensate Generation

Base Case LFG Base Case Base Case

. . Condensate Condensate
Year Generation Collection Generation Generation

(cfm) (cfm) (gallons per day) (gallons per year)

2020 328 246 66 18,126
2030 403 302 81 22,269
2040 478 359 95 26,439
2050 555 417 111 30,711

See Appendix H for condensate calculations and assumptions.
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5.3.2 GCCS Design Assumptions and Methodology

The radius of influence (ROI) of gas extraction wells determines the appropriate number and placement
of wells for an effective GCCS design. The ROI is based on several factors including waste and interim
cover permeability and transmissivity, moisture, and applied vacuum. Typically, well spacing is
approximately one well per acre, which results in an ROI of approximately 115 feet. A ROI of 115 feet
was used for the gas extraction wells around the perimeter of the Landfill. The existing final cover of the
Landfill Cell 2A includes an impermeable GCL, providing a barrier between the waste and atmosphere,
minimizing air intrusion. Future closure will replace the GCL with a 40-mil LLDPE geomembrane to
further minimize air intrusion into the waste through the GCCS vacuum. A larger ROI of 150 feet was
used for the interior gas extraction wells, as a greater vacuum can typically be imparted on interior wells.
Well locations and lateral/header piping for the entire Landfill development GCCS, Phases 1 through 3,

are provided in Figure 25.

LFG extraction wells are typically 2 to 3 feet in diameter and are typically drilled with a bucket auger.

Well depth from final cover will be determined at the time of GCCS expansion design for:

e Cell 1 and 2A, since these cells are unlined, as either 10-feet above the historic high groundwater
table or at the base of waste when encountered during drilling, which ever has the highest
elevation. Note that the bottom of waste in these cells is unknown.

e (Cells 2B and beyond, since these cells are lined, approximately 10-feet above the top surface of

the leachate collection granular drainage layer.

Besides wells, horizontal collectors are also proposed, particularly if MSB develops a LFG reuse project
or if MSB needs to minimize odor or LFG emissions in the future. One option proposed is a gas lateral
(GL) collector along the ridge lines of the Landfill base liner. This is illustrated in Figure 10 as an
example for Cell 5. Once there is over 20 feet of waste overlying these collectors, LFG collection can
begin. The GL would be connected to the GCCS with a temporary lateral to the existing system. GLs can
also be placed within waste lifts, placed about every 100-feet horizontally, every 40-feet vertically, and
more than 50-feet from the intermediate sideslope. Figure 24 and Figure 27 provide sections and details

for horizontal collection systems.

As LFG is extracted, moisture present in the LFG will condense as the temperature drops between the
waste mass and atmospheric conditions. The condensate will collect in the piping outside of the waste

mass. To facilitate effective LFG collection and mitigate the potential for future condensate blockages in
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the system, a minimum design slope of three percent will be specified in the design for the lateral and

header LFG collection piping that is within the landfill limits.

Condensate traps will be installed at the low points within the GCCS to remove condensate from the
piping system. As shown in Figure 25, there will be approximately four permanent condensate traps
around the Landfill (Phases 1-3) after final closure. The condensate traps will drain via gravity through
traps that empty directly into leachate collection cleanouts within the cell. A detail of this condensate trap
is provided on Figure 28. This option will eliminate the need for additional condensate sumps and a force
main around the landfill perimeter and the associated freeze risks, for pump purchase and maintenance,
and for electric connections. Temporary condensate traps will be needed in situations where the perimeter
GCCS header is sloping down to permanent traps. For example, looking at Figure 25, condensate
generated from collectors in Phase 2, Corridor 3 would drain in final GCCS buildout to CT-02 in Phase 2,
Corridor 7. Temporary traps, similar to that shown on Figure 28, would need to be installed in Corridors
4,5, and 6. They could be abandoned once CT-02 is installed. Similarly, temporary traps would be

needed in Phase 3, Corridors 2 and 3, before CT-03 is installed with Corridor 4 construction.

The wellfield collection piping layout has been determined based on the final cover system topography,
with a minimum slope of three percent for each pipe segment. A header line will be located around the
perimeter of the Landfill with several jumper lines across the crest for contingency and to reduce system
head losses. The header line will be located over the Landfill footprint in all three Phases of development;
the only underground portion is at the connection point by the flare. Header and lateral piping will also be
on the final cover surface, rather than buried. The use of surface piping will allow for adjustments as

filling progresses and as waste settles.

The wellfield layout was designed using a combination of branch and loop configurations to connect the
extraction wells to the blower/flare skid. The header is looped around the perimeter of the landfill and
connected at several locations across the landfill to allow the LFG to flow in multiple directions and
follow the path of least resistance. This redundancy is important to allow the LFG to bypass portions of
the system that are taken out of service for maintenance. Isolation valves are provided on the collection
piping (Figure 25) to allow shut down of select portions of wellfield for maintenance or repair while

allowing the system to continue operation.

A minimum slope of three percent was used for all piping to prevent condensate from clogging the pipes
and to account for potential waste settlement over time. The headers are oriented to slope toward the least

number of low points using the existing final cover side slope elevations.
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5.3.3 GCCS Features

A LFG blower/flare skid will be installed as part of the initial GCCS construction in 2020, just north of
the existing leachate lagoons. LandGEM was used to model future LFG generation at the site and to size
the initial blower/flare skid. The initial skid is sized to accommodate between 60 scfm and 600 scfm of

LFG, allowing the skid to be used for the next 30 years, based on the LFG modeling in Appendix L.

Remote wells are necessary at certain locations throughout the GCCS in order for all segments of
collection piping to maintain a minimum three percent slope. The slotted well screen for the remote wells
or GLs will be located downslope of the wellhead and associated connection to the lateral/header line.
The remote well will extend above the subgrade and connect to a lateral line running upstream to the
wellhead and connection point, as shown on Figure 26. Condensate formed in the pipe between the well

screen and the wellhead will flow back into the well screen.

As indicated on Figure 25 and Figure 28, gas cleanouts (GCO) have been included to assist with
maintaining portions of the header and periodically remove debris or blow out accumulated condensate
where future waste settlement occurs. The GCOs are located at each high point along the LFG collection

header and where the collection piping crosses the crest of the final cover of the Landfill.

The header and lateral wellfield piping will be located on the surface of the Landfill for ease of access for
future maintenance and repair. Above-ground piping will be insulated arctic pipe, without heat trace, to

protect from freezing. Details are provided in Figure 26 through Figure 29.

5.3.4 Preliminary GCCS Cost Estimates and Sequencing

The contractor bid for the initial Cell 1 and Cell 2A GCCS construction is approximately $1.91M (2020
USD). Subsequent Phase 1 GCCS expansion costs after the initial installation are included in Appendix L,
and total Phase 1 GCCS costs are anticipated to be approximately $5.88M (2020 USD). LFG extraction
wells and collection piping will be added to the system as the Landfill cells reach final grade.
Additionally, interim piping, horizontal gas collection laterals (GLs), and condensate traps may be needed
to support a LFG beneficial use project and/or to adequately capture LFG for the purposes of complying
with ADEC requirements. Burns & McDonnell recommends that MSB budget about $50,000 to $100,000

annually for interim LFG system expansions.

With the current phasing plan, approximately 39 wells will be added to Phase 1, 94 wells will be installed
in Phase 2, and 115 wells will be installed in Phase 3.
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5.4 Modeling of Future LFG Generation

As part of this scope, the LFG generation was modeled using the US EPA Landfill Gas Emissions Model
(LandGEM). The LandGEM model utilized current waste receipts and future waste disposal projections.
This model is utilized solely as a basis for future potential LFG generation rates for purposes of this
feasibility study. The LandGEM model uses three main input values for developing LFG generation

projections:

e  Waste receipts;
e Lo —potential methane generation capacity; and,

e k— methane generation rate, which is dependent upon waste moisture.

The most important contributing factors to LFG generation aside from total waste disposed, are waste
moisture and composition. Other factors include climatological conditions, waste temperature, and soil
use, among others. LFG generation will continue to increase as the Landfill continues to expand and

incoming tonnage increases. Future LFG generation rates were modeled for four different scenarios:

1. The base case assumes the operations at the landfill will continue as they are today with a
consistent annual one percent increase of accepted MSW;

2. The leachate recirculation case adds additional moisture from recirculated leachate to the base
case, which increases the Landfill’s methane generation rate;

3. The organics diversion case reduced the amount of annual accepted waste by 10 percent and
diverting high-moisture waste streams out of the Landfill to decrease the methane generation rate;
and,

4. The last case applies both leachate recirculation and organics diversion to the base case, resulting

in an overall increase to the Landfill’s methane generation rate.

Table 5-2 provides the projected LFG generation rates for each scenario assuming the change in
operations is implemented 2022. The rate of LFG collected is a percentage of the overall LFG generation
rate and depends on the number of collectors and timing of installation as the MSW Landfill develops.
Typical collection efficiencies range from 60 to 85 percent of total generation, with the industry average
being about 75 percent, per the US EPA’s AP-42 Section 2.4. Appendix I provides for additional

information on the future LFG generation.
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Table 5-2: Future LFG Generation

Projected LFG Generation
(scfm)
Y
ear 2. Leachate 3. Organics 4 Leac.hate
1. Base Case Reci . . . Recirculation and
ecirculation Diversion . . -
Organics Diversion
2020 328 328 328 328
2025 365 417 348 387
2030 403 506 363 443
2040 478 651 400 543
2050 555 769 444 633

scfm — standard cubic feet per minute

5.5 LFG Beneficial Use Feasibility

Landfill Gas (LFQ) is a reliable and renewable energy feedstock that can be utilized beneficially to offset
the use of fossil fuels for thermal processes, electricity generation, transportation fuels, and other uses
(commonly referred to as LFG to Energy). As MSB is taking the initiative to collect LFG, a portion of the
up-front LFG to Energy development costs will be offset through avoidance of installation of a GCCS.
For the purposes of this financial feasibility evaluation, Burns & McDonnell has assumed that the
installation and operation of the GCCS will occur independently of the beneficial use project (e.g. for
compliance with Alaska Department of Environmental Conservation (ADEC) solid waste and air

regulations).
As part of this plan, the following options were evaluated:

e LFG for electricity generation at the Landfill;

e LFG for electricity generation at the Landfill with waste heat recovery for leachate evaporation;

e LFG for leachate evaporation at the Landfill;

e An LFG Pipeline to the Mat-Su Regional Medical Center (Medical Center), utilizing the LFG for:
o Combined Heat and Power (CHP);

o Direct Use within a New Boiler; and

It should be noted that although the above options were the primary scope of this feasibility study, four

other LFG reuse options were initially considered, specifically:

e CHP at the Landfill. There are several buildings that are located at or near the Landfill. Burns &
McDonnell reviewed utility bills for each building and the associated relative costs of the CHP
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equipment (heat exchangers, unit heaters, and glycol supply and return piping). Based on the

cursory review, waste heat recovery from a reciprocating engine and associated utilization

buildings near the landfill is cost prohibitive due to low thermal requirements for each building.

e Direct use of the LFG in boilers for Landfill building heating. The capital costs associated with
this option are relatively low compared to the full analyses conducted; however, the benefit of
utilizing LFG collected by the GCCS is not fully realized due to heating demand being
substantially lower than the LFG that can be produced by the Landfill. Operation and
maintenance for this system would include additional staff time for GCCS monitoring and
balancing, utility costs, maintenance of the blower/flare skid and boiler, and unplanned
contingencies. Experience with similar systems at other landfills indicates a return on investment
of approximately 15 years. This option could be considered if no other reuse options are
implemented.

e CHP at Mat-Su College (College). The College is located approximately two miles southwest of
the Landfill (closer than the Medical Center by approximately one mile — see Figure 3); however,
Burns & McDonnell and Borough representatives were unable to make contact with the College.
Based on discussions with MSB, the College would have a substantially lower heat demand than
the Medical Center, making it difficult to financially justify this option.

e Process LFG to compressed natural gas (CNG) for use as transportation fuel. There are
substantial renewable fuel credits available in the United States if the LFG is used for
transportation purposes. Two potential CNG options were considered:

o Upgrading LFG to pipeline quality gas (removing carbon dioxide and other impurities) for
injection to the grid. This option was determined to be not feasible as capital and operational
costs associated with the project for treatment equipment, gas compressors, and pipeline are
substantial relative to the revenue generation potential. For further analysis of this option, the
Landfill would need to generate about four times the amount of LFG that is believed to be
currently collectable, or roughly 1,000 scfm.

o Upgrading LFG for use at a dedicated CNG fueling station. This option requires similar
equipment to that required for generating pipeline quality gas. The capital costs associated
with the treatment and fueling systems for CNG would be less than LFG conversion to
pipeline quality gas, but there are additional costs associated with converting and maintaining
a fleet of CNG-capable vehicles. Furthermore, the LFG to CNG fuel station would likely be
the only CNG station in the region, resulting in potential demand shortages and lack of back-

up options should the LFG to CNG station be offline for maintenance or other reasons.
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The options evaluated in this feasibility study are further detailed in the following sections.

5.5.1 LFG for Electricity Generation at the Landfill

Based on the LFG generation and associated collection discussed prior in this Section, Burns &
McDonnell selected a 1.14-Megawatt (MW) Innio Jenbacher J416 engine for the 20-year analysis,
although other LFG fueled electric generators exist. Jenbacher generators have been used successfully

around the country in similar LFG reuse projects.

The initial LFG collection quantity in 2021 corresponds to the engine being able to operate at an average
of 75 percent of the maximum capacity. Based on LFG collection projections, the engine will be operated
at full capacity in year 16 of the analysis, and the average capacity is approximately 90 percent over the
20-year evaluation period. The engine was assumed to be operational for 92 percent of a given year,
which is typical for LFG to electricity facilities, as the engine will require preventative and corrective
maintenance. The generation equipment would be located adjacent to the blower/flare skid and electricity

would connect to Matanuska Electric Association, Inc. (MEA) powerlines at the Landfill property.

Budgetary quotes for the engine, container, switchgear, and operations & maintenance (O&M) were
provided by California-based Western Energy Systems. Western Energy Systems currently operates the
Joint Elmendorf-Richardson base LFG to electricity project located in Anchorage, Alaska. The selected
J416 engine, as identified above, is from the same engine family that is currently in use at the Joint

Elmendorf-Richardson base.

The analysis assumes that MSB self develops the project and receives payments from MEA for the
electricity generated at the MEA’s Small Facility Power Purchase Rate of $0.07985/kWh. The project
simple payback is 9.7 years and has a 20-year net present value of approximately $5.0M (~$250,000

annual benefit). Supporting information is provided in Appendix J.

5.5.2 LFG for Leachate Evaporation at Landfill with Electrical Generation

Burns & McDonnell built upon the preceding feasibility analysis of generating electricity and evaluated
the addition of an engine exhaust heat recovery system to evaporate leachate at the Landfill. For the
analysis, Burns & McDonnell consulted with Heartland Water Technology regarding their system for
recovering engine waste heat and evaporating leachate. Heartland Water Technology’s system can
evaporate roughly 5,200 gallons per day when the engine is operated at full load at an operating cost of
$0.01-5$0.015/gallon. A capital system cost was provided by Heartland Water Technology (roughly $300k

less than the evaporator specified for use in Section 4.0) and balance of plant capital costs were assumed
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to be similar to the costs provided in Appendix F (removed the contingency and engineering costs to

avoid double counting).

The analysis includes electricity revenues as specified in the preceding section and an additional avoided
cost for not having to haul the leachate that is evaporated by the waste heat evaporation system. The
project simple payback is 13.3 years and has a 20-year net present value of approximately $2.87M
(~$140,000 annual benefit). Supporting information is provided in Appendix J.

While Heartland Water Technology’s system can only evaporate roughly 5,200 gallons per day at full
capacity, the total leachate generation at the Landfill is projected to exceed this amount in the future.
Therefore, it is anticipated that some leachate will still need to be hauled to AWWU or managed by some

other method.

5.5.3 LFG for Leachate Evaporation at Landfill

Additional options for evaporating leachate at the Landfill using LFG is discussed in detail in Section
4.3.3.2 of this Plan. Burns & McDonnell reviewed the financial performance of the leachate evaporation
option discussed in Section 4 and compared it with the status quo of hauling leachate to the local POTW.
The project simple payback is approximately 14 years and has a 20-year net present value of
approximately $900,000 (~$45,000 annual benefit). Supporting information is provided in Appendix F
and Appendix J.

5.5.4 LFG Beneficial Use at Medical Center

The Mat-Su Regional Medical Center is located approximately three miles southwest of the Landfill at
the intersection of Trunk Road and Parks Highway (see Figure 3). Two options were evaluated for the
development of a LFG beneficial use project at the Medical Center. The options are (1) electric
generation with combined heat and power (CHP) and (2) direct use of the LFG in a new specialized boiler

intended to run on LFG.

These scenarios assume that a dedicated, low pressure, LFG pipeline would be required to be constructed
from the Landfill to the Medical Center. For this evaluation, the costs associated with the use or
acquisition of the land were not included, as it was assumed that the pipeline would be constructed in

right of way, on property owned by the Medical Center, and on property owned by the Borough.

The Medical Center currently utilizes two natural gas fired boilers to produce steam for sanitary and
building space heat. Medical Center staff provided natural gas utility bills for the last year of operation.
The facility used approximately 70,000 MMbtu of natural gas in the last 12 months.
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5.5.41 Combined Heat and Power at Medical Center

A CHP system includes electric generation and recovery of waste heat that can be used for facility or
process heating needs. The generator assumed for this analysis is an Innio Jenbacher J416 Generator
(same as the prior analyses). The CHP system maximizes the potential of the LFG by utilizing the heat
from the generator and the exhaust. The heat is cycled through a series of heat exchangers which can then
cycle through a network of piping that delivers heat to the Medical Center’s hot water system for use in
building heat. The generator and heat recovery system would be housed in a small building near the

Medical Center.

Based on review of the natural gas monthly usage, Burns & McDonnell estimated that approximately 45
percent of the Medical Center’s annual natural gas usage could be replaced by hot water supplied by the
LFG CHP system. Burns & McDonnell assumed that the hot water would be provided to the Medical
Center at a 20 percent discount to current natural gas utility rates, which equates to an overall present
value cost savings of $1.1M (~$55,000 annual benefit) to the Medical Center over the 20-year project

period.

The analysis assumes that MSB self develops the project and receives payments from MEA for the
electricity generated at the MEA’s Small Facility Power Purchase Rate of $0.07985/kWh. The analysis
also assumes hot water payments of $6.821/MMBtu equivalent delivered to the Medical Center’s hot
water space heating system. The project simple payback is 10.8 years and has a 20-year net present value
of approximately $6.41M (~$320,000 annual benefit) to MSB. Supporting information is provided in
Appendix J.

5.5.4.2 Direct Use Heat at Medical Center

Direct use of the LFG in a new specialized boiler (manufactured to combust LFG) was also evaluated.
The capital costs associated with this option are less than a CHP option; however, the revenues are also
less since there are not electricity sales to MEA. As noted above, the annual average thermal demand is
about 70,000 MMBtu and the Landfill was estimated to be able to provide an average of 57,310
MMBtu/year.

Costs associated with maintaining the boiler are included in this evaluation and include preventative and
corrective maintenance, consumables and miscellaneous parts, and utility costs. Burns & McDonnell
assumed that the landfill gas would be provided to the Medical Center at a 10 percent discount to current
natural gas utility rates, which equates to an overall present value cost savings of $930,000 (~$47,000

annual benefit) to the Medical Center over the 20-year project period.
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The analysis assumes that MSB self develops and maintains the project and receives payments for LFG
used at 10 percent discount to the current rate for natural gas on an equivalent $/MMBtu basis. The
project simple payback is 11.9 years and has a 20-year net present value of approximately $1.86M
(~$90,000 annual benefit) to MSB. Supporting information is provided in Appendix J.

5.5.5 LFG Beneficial Use Recommendations
Table 5-3 provides a summary of financial performance of each beneficial use option. Table 5-4 compares

the benefits, challenges, permitability, constructability, and operations of each option.

Table 5-3: LFG Beneficial Use Financial Summary

Simple Net Present Average Annual
Project Capital Cost Payback Present Value to
Value to MSB
(Years) MSB
Option I: LEG to $3,280,000 9.7 $5,000,000 $250,000

Electricity at Landfill

Option 2: LFG to
Electricity and Leachate $7,220,000 13.3 $2,870,000 $140,000
Evaporation at Landfill

Option 3: LFG CHP at

Medical Center $6,330,000 10.8 $6,410,000 $320,000

Option 4: Direct Use in

Boiler at Medical Center $4,190,000 11.9 $1,860,000 $90,000

As provided above, LFG to Electricity at the Landfill has the shortest payback period and an attractive net
present value over the 20-year evaluation period. Based on the projected financial performance, and
through consultation with MSB and MEA representatives, Burns & McDonnell recommends
consideration of the Landfill Gas to Electricity Project at the Landfill. Subsequent project development
steps should include:
e Discussions with MEA to develop a framework for a project partnership moving forward. Project
development options include:
o MSB develops, owns and operates the plant and sells electricity to MEA
o MEA develops, owns and operates the plant and purchases LFG from MSB (Recommended
if MEA is interested, given their institutional experience in operating reciprocating engine
power generation facilities).
e (alibrate LFG collection projections with actual collection information after the initial GCCS is

in operation later this year or early in 2021.
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e Collect samples of LFG to review potential conditioning / pre-treatment requirements prior to

firing in an engine.

e Prepare 30-percent engineering design documents; then refine the financial analysis based on the

30 percent design and associated costs and revenues.

e Finalize design; then construct and operate the project if mutual objectives are achieved by MEA

and MSB.

As presented in Appendix J, capital costs include 17.5 percent grouped contingency and profit assumption

and 2.5 percent escalation. Debt service and utility price escalation were assumed to be 2.14 percent

based on inputs derived in Section 4.0 and discussions with MSB staff.

Table 5-4: LFG End Use Option Benefits and Challenges

Item Option 1: Option 2: Option 3: Option 4:
LFG to Electricity | LFG to Electricity & LFG CHP at Direct Use in
at Landfill Leachate Medical Center Boiler at Medical
Evaporation at Center
Landfill
Benefits No pipeline cost No pipeline cost Decreases landfill | Decreases landfill
Decreases LFG Decreases LFG emissions emissions
emissions emissions Medical Center Medical Center
On-site Significant leachate revenue revenue
volume reduction
On-site
Challenges Depends on MEA | Depends on MEA Coordination with | Coordination with
purchase rates purchase rates Medical Center Medical Center
Significant capital Coordination with | Pipeline routing —
cost for evaporator MEA 3 miles
If LFG used for Pipeline routing —
electricity, less 3 miles
leachate can be
evaporated
Another form of
leachate disposal
likely required in
the future
Permitability ADEC approval ADEC approval with | ADEC approval ADEC approval

with potential air
permit

potential air permit

and air permit
Pipeline right-of-
way

Pipeline right-of-
way
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Item Option 1: Option 2: Option 3: Option 4:
LFG to Electricity | LFG to Electricity & LFG CHP at Direct Use in
at Landfill Leachate Medical Center Boiler at Medical
Evaporation at Center
Landfill
Constructability | Adjacent to LFG | Adjacent to LFG Three-mile Three-mile

Blower/Flare Blower/Flare skid pipeline pipeline
skid Minimal below Significant below | Significant below

Minimal below grade requirements grade grade
grade requirements requirements
requirements

Operations Moderate Moderate Minimal Minimal

requirements requirements requirements requirements

Burns & McDonnell recommends that these options be investigated further by MSB after the GCCS is
installed later in 2020 and LFG flow projections are verified. Additional analyses should be completed to
adjust the LFG generation model if necessary, further refine each options’ cost, identify potential contract
terms for power and heat purchase, and determine location and routing requirements for a pipeline or
power connection, among other possible factors. As part of this refined evaluation, MSB should combine
the evaluation to include leachate management and develop a joint Proforma. Combinations could

include:

e Leachate evaporation and recirculation.
e Electricity generation, leachate membrane filtration, and recirculation.

e Electricity generation with leachate evaporation, and recirculation.

Burns & McDonnell’s estimates, analyses, and recommendations contained in this section are based on
professional experience, qualifications, and judgement. Burns & McDonnell has no control over actual
landfill gas production or collection rates; weather; cost and availability of labor, material and equipment;
labor productivity; energy or commodity pricing; demand or usage; population demographics; market
conditions; changes in technology; or other economic or political factors affecting such estimates,
analyses, and recommendations. Therefore, Burns & McDonnell makes no guarantee or warranty (actual,
expressed, or implied) that actual results will not vary, perhaps significantly, from the estimates, analyses,

and recommendations contained herein.

5.6 Air Permitting Requirements

US EPA introduced two new rules which will serve to replace the existing New Source Performance

Standards (NSPS) for Municipal Solid Waste (MSW) Landfills (40 CFR 60, Subpart WWW). MSW
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Landfills that have a Design Capacity greater than 2,500,000 metric tons and 2,500,000 cubic meters that

have commenced construction, modification, or reconstruction after July 17, 2014 are subject to 40 CFR
60, Subpart XXX. MSW Landfills that have commenced construction, modification, or reconstruction on
or before July 17, 2014 will be subject to 40 CFR 60, Subpart Cf (Emission Guidelines) when the final
federal plan is promulgated (tentatively set for August 2021). ADEC regulations, the NSPS, and the
Emission Guidelines require a facility to obtain an ADEC Air Operating Permit once the Design Capacity
threshold is exceeded. The current (2020) permitted Design Capacity is below the NSPS threshold, and
the Landfill does not require an air permit. Based on review of existing facility information, the Design
Capacity will be exceeded when Cell 5 construction commences and MSB will need to apply for a permit

within 12 months of commencing construction on Cell 5.

Upon commencing construction of Cell 5, the Landfill will be subject to 40 CFR 60, Subpart XXX or a

more recently promulgated regulation at that time. Air compliance related activities include:

e Providing a Design Capacity report within 90 days of commencing construction of Cell 5. Design
Capacity is defined by DENR and EPA as “the maximum amount of solid waste a landfill can
accept, as indicated in terms of volume or mass in the most recent permit issued by the State,
local, or Tribal agency responsible for regulating the landfill, plus any in-place waste not
accounted for in the most recent permit”. Thus, the pre-Subtitle D landfill waste located adjacent
to the current would also likely need to be included within the Design Capacity report. The
Design Capacity report is brief in nature and contains one figure and volume calculations
developed to substantiate the developed Design Capacity.

e Conduct a Tier 1 non-methane organic compound (NMOC) emissions evaluation within 90 days
of commencing construction of Cell 5. If the Tier I NMOC emissions exceed 34 Megagrams per
year (Mg/yr), MSB will then conduct Tier 2 NMOC emissions sampling and report within 180
days of the Tier | NMOC emissions report submittal.

o Most active MSW landfills that are subject to Title V permitting requirements exceed the 34
Mg NMOC Tier 1 calculation threshold. The Tier 1 calculation methodology utilizes a
default NMOC concentration of 4,000 parts per million (ppm), which is typically
significantly higher than measured (Tier 2) concentrations.

o Tier 2 emissions evaluations are prepared and submitted every 5 years for facilities that
exceed the 34 Mg Tier 1 calculation threshold and consist of on-site landfill gas sampling and
subsequent laboratory analysis. Sampling typically takes 2-4 days (dependent on weather

conditions and the surface area required to be sampled).
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e Preparation and submittal of an initial Title V Operating Permit application within 12 months of
commencing construction on Cell 5.

e Preparation of semi-annual and annual Title V compliance reports.

e Preparation of annual emission fee reports.

e At some point in time in the future, the Landfill will be subject to the GCCS requirements
contained in 40 CFR 60, Subpart XXX. For conservative fiscal planning purposes, we
recommend that these costs be included in the budget beginning 30 Months after the initial Tier 2,

as provided below.

Burns & McDonnell has prepared an example of a 5-year annual air compliance schedule outline to

illustrate annual submittal requirements:

Table 5-5: Example Air Compliance Schedule

Annual Budgetary

Year Reports Cost in 2020
$USD
2031 e Design Capacity Report $35,000
e Tier | NMOC Report
e Title V Application Report
e Annual / Semi-Annual Reports
e Emissions Fee Report

2032 e Tier 2 NMOC Sampling/Reporting $40,000
e Annual / Semi-Annual Reports
e Emissions Fee Report
2033-2034 e Annual / Semi-Annual Reports $15,000
e Emissions Fee Report
2035 e Title V Permit Renewal (Due 4.5 $75,000
years after original permit is issued)
e Annual / Semi-Annual Reports
e Emissions Fee Report
e  GCCS Compliance Monitoring
2036-2039 e Annual / Semi-Annual Reports $65,000

Emissions Fee Report

e GCCS Compliance Monitoring
2040 e Title V Permit Renewal (Due 4.5 $75,000
years after original permit is issued)
Annual / Semi-Annual Reports
Emissions Fee Report

GCCS Compliance Monitoring
Annual / Semi-Annual Reports $65,000
Emissions Fee Report

GCCS Compliance Monitoring

2041-2044
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5.7 Future Phase 1 GCCS Implementation Schedule

The GCCS will be installed over time as the Landfill expands. Table 5-6 depicts the anticipated schedule
for implementing the GCCS within Phase 1. Note that the Landfill’s ADEC solid waste permit requires
renewal every five years; the Title V permit will require renewal every five years as well. Interim LFG

collection through GLs may be installed by MSB each cell is filled, beginning with Cell 4 in 2022.

Table 5-6: Future Phase 1 GCCS Installation Schedule

Anticipated
Activity Implementation
Year
Cell 1 and Cell 2A GCCS Installation 2020
Cell 4 Waste Disposal Begins 2022
Cell 2B and Cell 3 Closure and GCCS Installation 2023
Cell 5 Construction 2030
NSPS Air Permit Application 2031
(within 12 months of commencing Cell 5 construction)

Cell 4 Capacity Reached / 2032

Cell 5 Waste Disposal Begins
Cell 4 Closure and GCCS Installation 2033
Next Cell Construction (Phase 2, Corridor 1) 2041
Cell 5 Capacity Reached / 2043

Next Cell Waste Disposal Begins

Cell 5 Closure and GCCS Installation 2044

Note: Life estimates based on an average AUF of 1,328 pcy with a 2.0 percent growth rate.
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6.0 C&D SITE DEVELOPMENT PLAN

6.1  Assumptions and Methodology

The following future development criteria was for the C&D area site development:

Maximum Height Limit: Similar to the MSW Landfill, the maximum height for the C&D area in the
Plan is 348.5 feet NAVD 88.

Stormwater Control: The goal for stormwater control is to prevent run-on, run-off, and erosion.

Bottom Liner Cross Section: There is no established bottom liner for C&D waste. Base grades
developed by CH2M Hill in the C&D Cell Development Plan (C&D Plan) dated May 31, 2017
(Appendix K) were primarily used for the development for this Plan. Slight modifications were made in
the northeast corner of the expansion area to match existing grades, as well as to connect the existing

C&D disposal area and the C&D expansion area to have one continuous C&D area.

Depth to Groundwater: Base grades must maintain a minimum ten-foot separation from historic high
groundwater table, in accordance with Title 18 AAC Chapter 60.217. As identified in the C&D Plan,

groundwater elevation meets the minimum separation requirement.

Final Cover Cross Section: In ascending order, the final cover cross section will include 18 inches of
general soil and six inches of topsoil. Title 18 AAC Chapter 60 does not prescribe a final cover profile for

C&D landfills. Unlike the MSW Landfill, a liner and LFG vents are not required.

Landfill Slopes: Similar to the MSW Landfill development, the C&D site was graded with an exterior
slope of to 3 to 1 (horizontal to vertical). Interior slopes do not require a defined maximum slope, and the
slopes developed in the C&D Plan were utilized (as provided on Figure 32). The C&D Plan outlines that
the western limit of the C&D Landfill will extend to within 50-feet of the MEA powerline guy wires.

Access Roads: Access roads were established in the Plan as indicated on the drawings. The current
perimeter road will be maintained for the life of the C&D Landfill. Entrance to the cell will vary
depending on elevation and may access from any point on the perimeter road. These roads will maintain a
width of 30 feet. One final cover access road will be provided (Figure 33). Road widths shall be

maintained at 30 feet with a maximum grade of 6.8 percent.
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6.2 Expansion Area Grading

Cell 1 of the C&D Landfill is at final grade and should undergo final closure within the next year. The
southern extent of the closure limits is shown on Figure 33. Disposal in the southernmost portion of Cell
2 has begun in 2020, while gravel extraction continues. The C&D Landfill will be filled in generally 10-
foot lifts until the final grades shown in Figure 33 are obtained. Once Cell 2 attains final intermediate
grade, final cover shall be constructed as depicted in Figure 34. The disposal airspace between the 2019

existing grade and the proposed final intermediate contours is 2,775,989 cubic yards.

6.3 Projected Tonnages/Remaining Life

The life projection model for the C&D Landfill is provided in Appendix C. Using the assumptions of:

e 5-Year Average Annual tonnage: 12,372.6 tons
e Annual growth rate: 2 percent

e [Estimated Airspace Utilization Factor: 1,000 pcy

MSB reports that a Caterpillar D6 dozer is used for C&D waste spreading and compaction and the AUF
could be as low as 600 pcy. Burns & McDonnell recommends that MSB use a waste compactor for the
C&D Landfill to improve the AUF and extend the life of this asset. With an AUF of 600 pcy, the
remaining life of the C&D Landfill as developed in this Plan is 42 years or until 2062. With an AUF of
1,000 pcy, the remaining life of the C&D Landfill as developed in this Plan is 58 years, or until 2078.

6.4 Anticipated Construction Costs

With the exception of final cover, there are no significant construction costs for the C&D Landfill. In
2020 dollars, the planning level final cover cost for Cell 1 closure (5.8 acres) is $550,000. Cell 2 closure
costs (20.7 acres) in 2020 dollars is estimated to be $1,950,000. Cost estimates are provided in Appendix
L.
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7.0 ASBESTOS SITE DEVELOPMENT PLAN

7.1 Assumptions and Methodology

The following future development criteria was for the asbestos area site development:

Maximum Height Limit: The maximum height for the asbestos area in the Plan is 326 ft above MSL
NAVD 88. This height is limited by the geometry and size of the asbestos cell.

Stormwater Control: The goal for stormwater control for this cell is to prevent run-on, run-off, and

erosion.

Bottom Liner Cross Section: There is no established bottom liner for asbestos waste. For the
development, existing site grades were assumed for base grades as the depth of the asbestos in place is

unknown. The existing grades are shown in Figure 35.

Final Cover Cross Section: In ascending order, the final cover cross section will include 18 inches of
general soil and six inches of topsoil. Title 18 AAC Chapter 60.450(I) requires that an asbestos cell shall
have a two-foot cover of non-asbestos soil. Unlike the MSW Landfill, a liner and LFG vents are not

required.

Landfill Slopes: Similar to the MSW Landfill development, the asbestos site was graded with an exterior
slope of to 3 to 1 (horizontal to vertical) until height of 320 ft. From 320 ft to 326 ft it was graded with a
crown slope of five percent. Asbestos final cover contours are illustrated in Figure 36. Cross sections are

provided in Figure 37.

Access Roads: Access roads were established in the Plan as indicated on the drawings. The current
perimeter road will be maintained for the life of the asbestos cell. The access road will maintain a width

of 30 feet and 6.7 percent grade with a maximum grade not to exceed eight percent (Figure 36).

7.2 Expansion Area Grading

The current horizontal footprint of the Asbestos Cell will be expanded during development beyond the
current footprint as shown on Figure 35. The cell will be filled in generally 10-foot lifts until the final
grades shown in Figure 36 are obtained. The disposal airspace between the existing grade and the
proposed final contours is 544,032 cubic yards, including final cover. The airspace lost for final cover is
23,215 cubic yards. Consequently, the disposal airspace between the existing grade and the proposed top
of waste is 520,817.
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7.3  Projected Tonnages/Remaining Life

The life projection model for the Asbestos Cell is provided in Appendix C. Using the assumptions of:

e 5S-year annual tonnage (2015-2019): 182 tons

e Annual growth rate: 2 percent

e Estimated Airspace Utilization Factor: 75.7 pcy (calculated from 2017 through 2019 average
airspace utilization as provided by MSB).

The remaining life of the Asbestos Cell as developed is 57 years, or until 2077.

7.4 Anticipated Construction Costs
With the exception of final cover, there are no significant construction costs for the Asbestos Cell. In

2020 dollars, the planning level final cover cost is $690,000. Cost estimates are provided in Appendix L.
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8.0 FINANCIAL ASSURANCE PLAN

8.1  Assumptions and Methodology

The Matanuska-Susitna Borough has a long-term plan for its Landfill that includes three phases as
described previously in this Plan. The current Phase 1 consists of five landfill cells (Cells 1-5, with Cell 2
being divided into Cell 2A and 2B). Based on current tonnage levels and an estimated two percent
tonnage growth, Phase 1 is expected to reach capacity in FY 2043 (Section 2.6). Therefore, the focus of
the financial assurance liability is Phase 1 and the Borough will incorporate other phases of the Landfill

once Phase 1 nears capacity.

8.2 Financial Assurance Model
Cell 1 and Cell 2A have each received final cover and therefore the Borough no longer has financial

liability for closure for those two cells. The Borough is currently operating in Cell 3 and constructed Cell

4 during 2018.

In 2020 dollars, the total estimated cost for closure of Cells 2B through 5 is approximately $9.0 million
and the 30-year post-closure care cost is approximately $8.4 million for Phase 1, for a total closure and
post-closure financial liability of approximately $17.4 million. The estimated capacity of Cells 2B
through 5 is 3.7 million cubic yards and an estimated 1.08 million cubic yards have been consumed

through 2019. Therefore, 29.2 percent of the capacity has been consumed through 2019.

8.3 Recommendations for Annual Contributions

Total liability at the end of FY 2019 was calculated at $5,073,571 (capacity consumed multiplied by total
financial liability). The Borough recognized a financial liability of $5,463,707 at the end of FY 2018.
Therefore, the decrease in liability for FY 2019 is $390,136. Financial assurance calculations are provided

in Appendix L.
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9.1

9.0 SOIL BALANCE PLAN

Assumptions and Methodology

The following assumptions were included in the soil balance plan:

9.2

Fifty percent of the asbestos airspace is used for daily/intermediate cover (1:1 waste to soil ratio)
Twenty percent of the C&D airspace is used for daily/intermediate cover (4:1 waste to soil ratio)
Twenty percent of the MSW airspace is used for daily/intermediate cover (4:1 waste to soil ratio)
Forty percent of the overall material to be excavated on the site is suitable for gravel use/sales
C&D and Asbestos final cover profile is consistent with above and contains the following soil
layers:

o 1.5-feet of general soil

o 0.5-feet of topsoil

MSW final cover profile is consistent with above and contains the following soil layers:

o 1.5-feet of drainage sand

o 0.5-feet of cushion soil

o 0.5-feet of topsoil

MSW base grade profile is consistent with above and contains the following soil layers:

o 0.5-feet of cushion soil

o 1.5-feet of granular drainage material (gravel)

Soil Balance Model

The volume balance computations for the entire site development is provided in Table 9-1 totaling the

quantities of onsite soils for cell construction, daily and intermediate cover, and final cover. The soil

balance model results in a net gravel surplus of over 2.4 million cubic yards. Note that if a waste to soil

cover ratio of 5:1 is used, the gravel surplus increases to 4.1 million cubic yards. This volume could be

removed for offsite use and sale for revenue. A detailed soil balance model for Landfill development is

included in Appendix M.
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Table 9-1: Soil Balance Summary

MSW Area c&D Asbestos Total
Total Cut (CY) 18,161,100 569,400 0 18,730,500
Topsoil Available (CY) 379,600 0 0 379,600
Topsoil Needed (CY) (225,600) (21,400) (5,900) (252,900)
Topsoil Excess (CY) 126,700
Gravel Available (CY) 7,112,600 227,800 0 7,340,400
Gravel Needed (CY) (592,300) (0) (0) (592,300)
Sand/Fines Available (CY) 10,668,900 341,600 0 11,010,500
Total Base Fill (CY) (3,361,100) (14,700) 0) (3,375,800)
Base Cushion Material (CY) (197,450) (0) (0) (197,450)
Daily/Intermediate Cover (CY)! (9,965,200) (555,200) (260,400) (10,780,800)
Final Cover Cushion (CY) (197,450) (0) (0) (197,450)
Final Cover Soil (CY) (676,700) (64,200) (17,600) (758,500)
Gravel Available for Sale (CY) 2,448,600

! — Daily cover ratio is likely better with the use of alternative daily cover, which would result in a greater soil
surplus and potentially more gravel available for sale. For example, a 5:1 waste to soil ratio results in a gravel

surplus quantity of 4.1 million cubic yards.

Matanuska-Susitna Borough

9-2

Burns & McDonnell




APPENDIX A — SLOPE STABILITY EVALUATION



MEMORANDUM CH2MHILL.

Matanuska-Susitna Landfill:

Stability Evaluation

PREPARED FOR: Wright, Shannon/SAC

COPY TO: Harris, Dean/SAC
PREPARED BY: Mayer, Andrew/SAC
DATE: July 28, 2014

PROJECT NUMBER: 496410

This memorandum was prepared to summarize a stability analysis performed on three cross sections of the
Matanuska-Susitna Borough Central Landfill. Material properties, geotechnical design criteria, and analyses
are summarized below.

Material Properties

Material properties are based on properties used for previous studies. The landfill is comprised of waste
overlying an impermeable barrier of a geosynthetic clay liner, granular drain material and an HDPE
geomembrane, which overlies native soil.

TABLE 1
Material Properties for Analysis
Mat-Su Landfill
Material/Interface Peak Friction Angle/ Residual Friction Angle/ Unit Weight (pcf)
Cohesion Intercept Cohesion Intercept
GCL/HDPE 26°, 500 psf 10°, 500 psf 120
HDPE/ Granular Drain 28°, 0 psf 28°, 0 psf 120
Material
Native Soil 35°, 0 psf 35°%, 0 psf 130
Waste 20°, 600 psf 20°, 600 psf 75

Design Criteria

Shear strength and other stability considerations for geotechnical evaluation are based on previous studies
(CH2M HILL, 2010). Mohr-Coulomb effective stress failure criterion was used for all analyses.

Three failure scenarios were considered for analysis of each landfill cross section. The slope stability
software SLIDE was used to evaluate a circular slope failure, a block failure near or through the lining
material, and failure through the lining. Static and seismic loading were evaluated for each failure
mechanism. A minimum factor of safety of 1.5 and 1.0 are required for static and seismic conditions,
respectively.

Stark (1994) recommended the use of residual shear strength along the side slopes to account for “down-
drag” shearing or the displacements exerted on the lining system due to the settlement of landfill waste.
The critical component of the lining system along the side slopes is the GCL at residual internal shear
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strength. Lining along the base will not be subject to downdrag and therefore the critical component to be
considered is the interface strength of the HDPE geomembrane with the granular drain material.

Water level is conservatively assumed to be 6 feet above the lowest point of the landfill lining. This is not
anticipated to occur in landfill operations but is intended to be a worst case scenario.

A horizontal pseudo static coefficient of 0.13, approximately half of the site peak ground acceleration, 0.25g,
of the 50 year recurrence earthquake, is used for seismic analyses.

Results

SLIDE output results can be found in Attachment 1 of this memo and are summarized in tabular format
below.

TABLE 2
SLIDE ANALYSIS RESULTS
Mat-Su Landfill — Cross Section A

Slip Surface Case Analysis Method Required Factor of Computed Factor of
Safety Safety

Circular Static Spencer 1.5 2.0
Seismic Spencer 1.0 1.4
Block Static Spencer 1.5 2.1
Seismic Spencer 1.0 1.5
Lining System Static Spencer 1.5 2.1
Seismic Spencer 1.0 1.4

Note: Seismic analysis performed using horizontal pseudo-static coefficient of 0.13.

TABLE 3
SLIDE ANALYSIS RESULTS
Mat-Su Landfill — Cross Section B

Slip Surface Case Analysis Method Required Factor of Computed Factor of
Safety Safety

Circular Static Spencer 1.5 2.0
Seismic Spencer 1.0 1.3
Block Static Spencer 1.5 2.2
Seismic Spencer 1.0 1.5
Lining System Static Spencer 15 2.2
Seismic Spencer 1.0 1.4

Note: Seismic analysis performed using horizontal pseudo-static coefficient of 0.13.
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TABLE 4
SLIDE ANALYSIS RESULTS
Mat-Su Landfill — Cross Section D

Slip Surface Case Analysis Method Required Factor of Computed Factor of
Safety Safety

Circular Static Spencer 1.5 2.1
Seismic Spencer 1.0 1.4
Block Static Spencer 15 2.1
Seismic Spencer 1.0 1.4
Lining System Static Spencer 1.5 2.1
Seismic Spencer 1.0 1.5

Note: Seismic analysis performed using horizontal pseudo-static coefficient of 0.13.

Conclusions

Acceptable factors of safety were calculated for cross sections A, B, and D for each of the considered
potential failure modes. The computed factors of safety are similar in all each of the three cases and are
well above required limits.

References

CH2M HILL (2010). Slope Stability Evaluation, Leachate Collection System Improvements Design Project,
Prepared for Mat-Su Borough, Alaska. October 2010.

Rocscience, Inc. (2014). SLIDE Computer Software. Version 6.029, Build date: April 25, 2014.
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Attachment 1
SLIDE OUTPUT
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CHZMH I LL case Section A Block Failure - Seismic
Description
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CH2MH I LL Case Section A Lining Failure - Static
Description
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Project Matanuska-Susitna Borough Central Landfill
CH2MH I LL Case Section A Lining Failure - Seismic
Description
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Project Matanuska-Susitna Borough Central Landfill
CHZMH I LL case Section B Circular Failure - Static
Description
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project Matanuska-Susitna Borough Central Landfill
CHZMH I LL case Section B Circular Failure - Seismic
Description
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project Matanuska-Susitna Borough Central Landfill
CHZMH I LL case Section B Block Failure - Static
Description
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project Matanuska-Susitna Borough Central Landfill
CHZMH I LL case Section B Block Failure - Seismic
Description
Date 7/24/2014 8:16:47 AM Scale: 1:1476 |Fite name Section B block seismic.slim
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Project Matanuska-Susitna Borough Central Landfill
CH2MH I LL Case Section B Lining Failure - Static
Description
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Project Matanuska-Sisitna Borough Central Landfill
CHZMH I LL case Section D Circular Failure - Static
Description
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Project Matanuska-Sisitha Borough Central Landfill
CHZMH I LL case Section D Circular Failure - Seismic
Description
Date 7/28/2014 12:49:40 PM Scale: 1:1300 |F/79 Name Section D.slim
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CHZMH I LL case Section D Block Failure - Static
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CHZMH I LL case Section D Block Failure - Seismic
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APPENDIX B — ALL POINTS NORTH VERTICAL DATUM MEMORANDUM



To: Macey “Butch” Shapiro Date: 8/20/2019
Solid Waste Division Manager
Matanuska Susitna Borough

907-861-7606 Job: 19-59 MSB Landfill
Subject: Mat-Su Borough Central Landfill Elevation Memo
Memorandum

Mr. Shapiro,

It has come to our attention that various datums have been used for defining elevations at
the MSB Central Landfill conversion values between various datums can be seen below.

The vertical datum of all All Points North surveys is NAVD 88 orthometric heights
(computed using GEOID12B).

NAVD88 to NAD_83 ellipsoid heights

The translation value from NAVD 88 orthometric heights to NAD_83 ellipsoid heights were
determined for all APN control points. The average geoid separation and therefore
translation value for converting from NAVD 88 to ellipsoid heights is +33.11". The source of
this information is the National Geodetic Survey computational software.

NAVDS88 to NGVD29

The translation value from NAVD 88, to NGVD 29 was determined by analyzing NGS Data
Sheets for nearest benchmark stations, namely TT0610 and TT0650. Note that the Landfill
site is situated between these two marks. This value ranges from -5.93’ to -6.2’ thus a
average translation value of -6.1’ can be used when converting from NAVD 88 to NGVD 29.

NAVD88 to MLLW (per Aerometric)

The translation value from NAVD 88, to the MLLW datum used at the MSB Central Landfill
was also determined. Per the 2013 Aerometric survey (provided to APN by the Landfill)
control point HV-301 has a MLLW elevation of 304.67. APN tied into this as control point
#2004 with a NAVD 88 elevation of 312.70. Thus, a translation value of -8.03 can be used
when converting between NAVD 88 and the 2013 Aerometric MLLW datum.

Please find attached depiction of the datums, and other supporting information.

Thank you,

Max Schillinger, P.L.S., P.E.
907-746-4185
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NAD_83 ELLIPSOID TO NAVD88 ORTHOMETRIC

Point # Northing Easting Description NAD_83 ELLIPSOID Geoid Sep. NAVDS88
100 2774382.16 1778122.71 SET PK W/ BLUE FUZZIE 343.39 33.06 310.33
2000 2774385.52 1778127.97  BASE PK'"+" TOPwW/PENNANT CLOTH 343.61 33.06 310.56
2004 2774729.15 1778250.38 PM CFB 345.78 33.08 312.70
2006 2774764.41 1780891.76 S5RB-FS-AGL-RPC-13##S 338.86 33.31 305.54
2011 2772292.17 1777576.59 5rb-FS-AGL-YPC-12039-SET-cc 356.01 32.93 323.08
2014 2772815.07 1779129.51 5rb-FS-AGL-YPC-12039-SET-cc 298.21 33.09 265.12
2016 2773422.66 1779033.74 hld 2-1/2"AC CP-102 297.17 33.10 264.07
2018 2773616.43 1778911.27 5rb-FS-AGL-YPC-12039-SET-cc 306.92 33.10 273.82
2020 2774188.82 1778767.55 FND SS-DR FS "DATUM POINT" 337.13 33.11 304.02
2022 2774286.59 1780682.73 FND 2-1/2inAC-FS-AGL SB116 328.04 33.28 294.76
2027 2773146.42 1778163.79 5rb-FS-AGL-YPC-12039-SET-cc 319.79 33.01 286.78
2036 2773142.28 1779867.87 5rb-FS-AGL-YPC-12039-SET 266.47 33.16 233.30




DATASHEETS Page 1 of 2

INAVDS88 to NGVD29|

The NGS Data Sheet

See file dsdata.pdf for more information about the datasheet.

PROGRAM = datasheet95, VERSION = 8.12.5.3

1 National Geodetic Survey, Retrieval Date = AUGUST 21, 2019

TTO610 i b b b b b b b b b b b b b b b b b b i b b b b b b b b b b b b i b b b b b b b b b b i b d b b b b b b b b i b b b b b g b b b b b b b g
TT0610 DESIGNATION - W 20 RESET 1968

TT0610 PID - TTO0610

TT0610 STATE/COUNTY- AK/MATANUSKA-SUSITNA BOROUGH

TT0610 COUNTRY - US

TT0610 USGS QUAD - ANCHORAGE C-6

TT0610

TT0610 *CURRENT SURVEY CONTROL

TT0610

TTO0610* NAD 83(1986) POSITION- 61 35 11. (N) 149 07 39. (W) SCALED
TT0610* NAVD 88 ORTHO HEIGHT - 64.409 (meters) 211.32 (feet) ADJUSTED
TT0610

TT0610 GEOID HEIGHT - 10.461 (meters) GEOID12B
TT0610 DYNAMIC HEIGHT - 64.498 (meters) 211.61 (feet) COMP
TT0610 MODELED GRAVITY - 981, 966.7 (mgal) NAVD 88
TT0610

TT0610 VERT ORDER - FIRST CLASS I

TT0610

TT0610.The horizontal coordinates were scaled from a topographic map and have
TT0610.an estimated accuracy of +/- 6 seconds.

TT0610.

TT0610.The orthometric height was determined by differential leveling and
TT0610.adjusted by the NATIONAL GEODETIC SURVEY

TT0610.in June 1991.

TT0610

TT0610.Significant digits in the geoid height do not necessarily reflect accuracy.
TT0610.GEOID12B height accuracy estimate available here.

TT0610

TT0610.The dynamic height is computed by dividing the NAVD 88
TT0610.geopotential number by the normal gravity value computed on the
TT0610.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45
TT0610.degrees latitude (g = 980.6199 gals.).

TT0610

TT0610.The modeled gravity was interpolated from observed gravity wvalues.
TT0610

TT0610

TT0610 U.S. NATIONAL GRID SPATIAL ADDRESS: 6VUP870299 (NAD 83)

TT0610

TT0610 SUPERSEDED SURVEY CONTROL

TT0610

TT0610 NGVD 29 (?2/22/92) 62.602 (m) 205.39 (f) ADJ UNCH 11
TT0610

TT0610.Superseded values are not recommended for survey control.

TT0610

TT0610.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
TT0610.See file dsdata.pdf to determine how the superseded data were derived.
TT0610

TT0610 MARKER: DB = BENCH MARK DISK

TT0610 SETTING: 46 = COPPER-CLAD STEEL ROD W/O SLEEVE (10 FT.+)

https://www.ngs.noaa.gov/cgi-bin/ds mark.prl?PidBox=TT0610 8/21/2019
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Page 2 of 2

TT0610 STAMPING: W 20 RESET 1968

TT0610 STABILITY: B = PROBABLY
TTO0610

TTO0610 HISTORY - Date
TTO0610 HISTORY - 1968
TT0610 HISTORY - 1975
TT0610
TT0610
TTO0610

HOLD POSITION/ELEVATION WELL

Condition Report By
MONUMENTED CGS
GOOD NGS

STATION DESCRIPTION

TTO610'DESCRIBED BY NATIONAL GEODETIC SURVEY 1975

TT0610'1.1 MI S FROM PALMER.

TT0610'1.1 MILES SOUTH ALONG THE ALASKA RAILROAD FROM THE STATION AT PALMER,
TT0610'0.1 MILE NORTHEAST OF THE CROSSING OF SPRINGER LOOP INNER, 0.25 MILE
TTO0610'SOUTHWEST OF THE CROSSING OF A PRIVATE ROAD, 27.6 FEET NORTHWEST OF
TTO610'THE NORTHWEST RAIL, 44 FEET SOUTHEAST OF THE CENTER LINE OF STATE
TTO610'HIGHWAY 1, 61.4 FEET SOUTHWEST OF THE NORTHWEST STEEL LEG OF A STATE

TT0610'TROOPERS 1 MILE SIGN, 8
TT0610'EAST OF A METAL WITNESS
TTO610'ABOUT 4 FEET LOWER THAN
TTO0610'COATED STEEL ROD DRIVEN
TT0610'ABOVE THE GROUND AND IS
TT0610'FOOT ABOVE THE GROUND.

***% retrieval complete.
Elapsed Time = 00:00:03

1/2 FEET SOUTH OF A TELEPHONE POLE, 1.0 FOOT
POST, ABOUT 1 1/2 FEET LOWER THAN THE HIGHWAY,
THE TRACK, AND A DISK ON THE TOP OF A COPPER
TO A DEPTH OF 16 FEET. THE DISK IS 0.8 FOOT
PROTECTED BY A 4-INCH PIPE WHICH PROJECTS 1.4
SEC 5, 17 N, R 2E.2 E.

https://www.ngs.noaa.gov/cgi-bin/ds mark.prl?PidBox=TT0610 8/21/2019
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INAVDSS to NGVD29 |

The NGS Data Sheet

See file dsdata.pdf for more information about the datasheet.

PROGRAM = datasheet95, VERSION = 8.12.5.3

1 National Geodetic Survey, Retrieval Date = AUGUST 21, 2019

TTO65O i b b b b b b b b b b b b b b b b b b i b b b b b b b b b b b b i b b b b b b b b b b i b d b b b b b b b b i b b b b b g b b b b b b b g
TT0650 DESIGNATION - T 102

TT0650 PID - TTO0650

TT0650 STATE/COUNTY- AK/MATANUSKA-SUSITNA BOROUGH

TTO0650 COUNTRY - US

TTO0650 USGS QUAD - ANCHORAGE C-7

TT0650

TT0650 *CURRENT SURVEY CONTROL

TT0650

TTO650* NAD 83(1986) POSITION- 61 34 04. (N) 149 19 15. (W) SCALED
TTO0650* NAVD 88 ORTHO HEIGHT - 48.584 (meters) 159.40 (feet) ADJUSTED
TT0650

TTO0650 GEOID HEIGHT - 9.482 (meters) GEOID12B
TTO0650 DYNAMIC HEIGHT - 48.651 (meters) 159.62 (feet) COMP
TTO0650 MODELED GRAVITY - 981, 966.9 (mgal) NAVD 88
TT0650

TT0650 VERT ORDER - FIRST CLASS II

TT0650

TT0650.The horizontal coordinates were scaled from a topographic map and have
TT0650.an estimated accuracy of +/- 6 seconds.

TT0650.

TT0650.The orthometric height was determined by differential leveling and
TT0650.adjusted by the NATIONAL GEODETIC SURVEY

TT0650.in June 1991.

TTO0650

TTO0650.Significant digits in the geoid height do not necessarily reflect accuracy.
TTO0650.GEOID12B height accuracy estimate available here.

TTO0650

TT0650.The dynamic height is computed by dividing the NAVD 88
TT0650.geopotential number by the normal gravity value computed on the
TT0650.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45
TT0650.degrees latitude (g = 980.6199 gals.).

TT0650

TT0650.The modeled gravity was interpolated from observed gravity wvalues.
TTO0650

TT0650

TT0650 U.S. NATIONAL GRID SPATIAL ADDRESS: 6VUP767282 (NAD 83)

TT0650

TT0650 SUPERSEDED SURVEY CONTROL

TT0650

TT0650 NGVD 29 (?2/22/92) 46.69 (m) 153.2 (f) COMPUTED 12
TT0650

TT0650.Superseded values are not recommended for survey control.

TT0650

TT0650.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.
TT0650.See file dsdata.pdf to determine how the superseded data were derived.
TT0650

TT0650 MARKER: DB = BENCH MARK DISK

TT0650 SETTING: 46 = COPPER-CLAD STEEL ROD W/O SLEEVE (10 FT.+)

https://www.ngs.noaa.gov/cgi-bin/ds mark.prl?PidBox=TT0650 8/21/2019
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DATASHEETS Page 2 of 2

TTO0650 STAMPING: T 102 1965

TT0650 STABILITY: B = PROBABLY HOLD POSITION/ELEVATION WELL

TT0650 SATELLITE: THE SITE LOCATION WAS REPORTED AS NOT SUITABLE FOR
TTO650+SATELLITE: SATELLITE OBSERVATIONS - June 13, 2008

TT0650

TT0650 HISTORY - Date Condition Report By
TT0650 HISTORY - 1965 MONUMENTED CGS
TT0650 HISTORY - 20080613 GOOD GEOCAC
TT0650

TT0650 STATION DESCRIPTION
TT0650

TT0650'DESCRIBED BY COAST AND GEODETIC SURVEY 1965

TT0650'4.9 MI E FROM WASILLA.

TT0650'0.9 MILE EAST ALONG THE ALASKA RAILROAD FROM THE STATION AT WASILLA,
TTO650'THENCE 4 MILES EAST ALONG A DIRT ROAD, AT THE JUNCTION OF THE ALASKA
TTO650'RAILROAD, AT THE JUNCTION OF A DIRT ROAD LEADING SOUTH ACROSS TRACKS,
TTO650'AT THE CROSSING OF A POWER LINE, 151 1/2 FEET SOUTH OF THE CENTER LINE
TT0650'OF THE ROAD, 23 FEET WEST OF THE CENTER LINE OF THE ROAD LEADING
TTO0650'SOUTH, 58 FEET SOUTHWEST OF AND ACROSS THE ROAD FROM THE FOURTH
TTO650'TELEPHONE POLE WEST OF MILEPOST 155 ON RAILROAD, 66.1 FEET SOUTH OF
TTO650'THE SOUTH RAIL, 1 FOOT NORTH OF POWER LINE POLE F 51, 1 FOOT WEST OF A
TTO650'WITNESS POST, ABOUT LEVEL WITH THE ROAD LEADING SOUTH, AND A 5/8-INCH
TT0650'COPPER COATED ROD THAT IS DRIVEN TO DEPTH OF 48 FEET AND IS ENCASED IN
TT0650'A 5-INCH ORANGEBURG PIPE WHICH PROJECTS 1.0 FOOT.

TTO0650

TTO0650 STATION RECOVERY (2008)

TT0650

TT0650'RECOVERY NOTE BY GEOCACHING 2008 (MTT)

TT0650"'COORDINATES AT STATION USING HH2 WITH 25 FT OF VARIATION WERE
TTO0650'61 34' 03.18, 149 19' 14.76 SOUTHBOUND ROAD FROM THE PREVIOUS
TTO650'DESCRIPTION IS NOW A DRIVEWAY AND RESIDES DIRECTLY SOUTH OF HIGHWAY 3
TTO650'EXIT RAMP, .05 MILES WEST OF A GAS STAION.

***% retrieval complete.
Elapsed Time = 00:00:04

https://www.ngs.noaa.gov/cgi-bin/ds mark.prl?PidBox=TT0650 8/21/2019
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2014 Merrill Field Drive
Anchorage, AK 99201
P 90/-2/2-4495

Fi 90/-2/74-3265

wWww.aerometric.com

r -1
aerometric
L

Geospatial Solutions

NOTES:
Project Name: Central Landfill 2013

Project: 6130502

This map was compiled to meet horizontal accuracy in accordance with ASPRS Class II Accuracy Standards.
This map was compiled to meet vertical accuracy in accordance with ASPRS Class II Accuracy Standards.

Areas denoting vegetation cover on the ground should be considered less accurate and not used
for engineering purposes until field checked in accordance with ASPRS Accuracy Standards.

The map projection is based on NAD83, Alaska State Plane Zone 4, as expressed in U.S. Survey Feet.

Vertical data is referenced to MLLW.

This map is based on photography acquired 05—-24—-2013 at a nominal scale of 1"=800" and previous photography
dated 05—-02-2011 at a nominal scale of 1"=800".

This map produced for output at a scale of 1"=100" with a contour interval of 2 feet.
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APPENDIX C - LIFE OF SITE



Matanuska-Susitna Borough Central Landfill Development Plan
Burns & McDonnell, June 2020
MSW Remaining Life Calculation

Tonnage 2019 = 57,311.21
Average AUF = 1327.8 Ib/cy
Growth % = 2.00% (Client Provided)
Remaining Life Cell 3 = 228,466 CY *(Calculated from Fall 2019 Survey Received from USGS Lidar)
Total Capacity Cells 2B-5 = 3,702,204
‘ Projected ‘ Airspace Total Airspace Cumulative Capacity Airspace Remaining
Year Tonnage Consumed (CY) | Consumed (CY) [ Consumed (thru Cell 5) Year End (CY)
2019 4,385 6,605 1,079,667 29.2% 221,860 *Assume Survey Flown in Nov 2019; tonnage reflects Dec 2019
2020 58,457 88,052 1,167,719 31.5% 133,809
2021 59,627 89,813 1,257,532 34.0% 43,996
2022 60,819 91,609 1,349,140 36.4% 935,951 Move into Cell 4; added Cell 4 Volume
2023 62,035 93,441 1,442,582 39.0% 842,510
2024 63,276 95,310 1,537,891 41.5% 747,200
2025 64,542 97,216 1,635,107 44.2% 649,984
2026 65,833 99,160 1,734,268 46.8% 550,824
2027 67,149 101,144 1,835,411 49.6% 449,680
2028 68,492 103,166 1,938,578 52.4% 346,514
2029 69,862 105,230 2,043,808 55.2% 241,284
2030 71,259 107,334 2,151,142 58.1% 133,950
2031 72,684 109,481 2,260,623 61.1% 24,469 <-- Construct Cell 5
2032 74,138 111,671 2,372,294 64.1% 1,323,305 Move into Cell 5; added Cell 5 Volume
2033 75,621 113,904 2,486,198 67.2% 1,209,401
2034 77,133 116,182 2,602,380 70.3% 1,093,219
2035 78,676 118,506 2,720,886 73.5% 974,713
2036 80,250 120,876 2,841,762 76.8% 853,837
2037 81,855 123,293 2,965,055 80.1% 730,543
2038 83,492 125,759 3,090,814 83.5% 604,784
2039 85,161 128,275 3,219,089 87.0% 476,510
2040 86,865 130,840 3,349,929 90.5% 345,670
2041 88,602 133,457 3,483,386 94.1% 212,213
2042 90,374 136,126 3,619,512 97.8% 76,087 <-- Construct PH2C1
2043 92,181 138,848 3,702,204 100.0% 1,521,828 Move into PH2C1; added PH2C1 Volume / Cell 5 Life Depleted (FA)
2044 94,025 141,625 1,380,202
2045 95,906 144,458 1,235,744
2046 97,824 147,347 1,088,397
2047 99,780 150,294 938,103
2048 101,776 153,300 784,803
2049 103,811 156,366 628,437
2050 105,888 159,493 468,944
2051 108,005 162,683 306,261
2052 110,165 165,937 140,324 <-- Construct PH2C2
2053 112,369 169,255 2,163,469 Move into PH2C2; added PH2C2 Volume
2054 114,616 172,641 1,990,829
2055 116,908 176,093 1,814,735
2056 119,247 179,615 1,635,120
2057 121,632 183,208 1,451,912
2058 124,064 186,872 1,265,041
2059 126,545 190,609 1,074,432
2060 129,076 194,421 880,010
2061 131,658 198,310 681,700
2062 134,291 202,276 479,424
2063 136,977 206,321 273,103
2064 139,716 210,448 62,655 <-- Construct PH2C3
2065 142,511 214,657 2,738,113 Move into PH2C3; added PH2C3 Volume
2066 145,361 218,950 2,519,163
2067 148,268 223,329 2,295,834
2068 151,233 227,796 2,068,038
2069 154,258 232,352 1,835,687
2070 157,343 236,999 1,598,688
2071 160,490 241,739 1,356,950
2072 163,700 246,573 1,110,377
2073 166,974 251,505 858,872
2074 170,313 256,535 602,337
2075 173,720 261,666 340,671
2076 177,194 266,899 73,773 <-- Construct PH2C4
2077 180,738 272,237 3,235,509 Move into PH2C4; added PH2C4 Volume
2078 184,353 277,682 2,957,828
2079 188,040 283,235 2,674,593
2080 191,801 288,900 2,385,693
2081 195,637 294,678 2,091,015
2082 199,549 300,571 1,790,443
2083 203,540 306,583 1,483,860
2084 207,611 312,715 1,171,146
2085 211,763 318,969 852,177
2086 215,999 325,348 526,829
2087 220,319 331,855 194,974 <-- Construct PH2C5
2088 224,725 338,492 3,516,679 Move into PH2C5; added PH2C5 Volume

2089 229,220 345,262 3,171,417



2090
2091
2092
2093
2094
2095
2096
2097
2098
2099
2100
2101
2102
2103
2104
2105
2106
2107
2108
2109
2110
2111
2112
2113
2114
2115
2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2126
2127
2128
2129
2130
2131
2132
2133
2134
2135
2136
2137
2138
2139
2140
2141
2142
2143
2144
2145
2146

233,804
238,480
243,250
248,115
253,077
258,138
263,301
268,567
273,939
279,417
285,006
290,706
296,520
302,450
308,499
314,669
320,963
327,382
333,930
340,608
347,420
354,369
361,456
368,685
376,059
383,580
391,252
399,077
407,058
415,199
423,503
431,973
440,613
449,425
458,414
467,582
476,934
486,472
496,202
506,126
516,248
526,573
537,105
547,847
558,804
569,980
581,379
593,007
604,867
616,965
629,304
641,890
654,728
667,822
681,179
694,802
708,698

352,167
359,211
366,395
373,723
381,197
388,821
396,598
404,530
412,620
420,873
429,290
437,876
446,633
455,566
464,677
473,971
483,450
493,119
502,982
513,041
523,302
533,768
544,444
555,332
566,439
577,768
589,323
601,110
613,132
625,395
637,902
650,660
663,674
676,947
690,486
704,296
718,382
732,749
747,404
762,352
777,600
793,151
809,015
825,195
841,699
858,533
875,703
893,217
911,082
929,303
947,389
966,847
986,184

1,005,908

1,026,026

1,046,547

1,067,477

2,819,249
2,460,039
2,093,644
1,719,921
1,338,724
949,902
553,305
148,775 <-- Construct PH2C6
3,963,966 Move into PH2C6; added PH2C6 Volume
3,543,094
3,113,804
2,675,928
2,229,295
1,773,729
1,309,051
835,080
351,630 <-- Construct PH2C7
5,007,284 Move into PH2C7; added PH2C7 Volume
4,504,302
3,991,261
3,467,958
2,934,190
2,389,747
1,834,414
1,267,975
690,207
100,884 <-- Construct PH3
23,565,102 Move into PH3; added PH3Volume
22,951,970
22,326,576
21,688,673
21,038,013
20,374,339
19,697,392
19,006,906
18,302,610
17,584,228
16,851,479
16,104,074
15,341,722
14,564,122
13,770,971
12,961,956
12,136,762
11,295,063
10,436,530
9,560,827
8,667,609
7,756,528
6,827,224
5,879,335
4,912,488
3,926,303
2,920,396
1,894,370
847,823
(219,654) Life Depleted



Matanuska-Susitna Borough Central Landfill Development Plan
Burns & McDonnell, June 2020
C&D Remaining Life Calculation, 1000 PCY

C&D Tonnage = 12,372.60 5 yr average (2015-2019)
Average AUF = 1000 Ib/cy (assumed value)
Growth % = 2.00% (Client Provided)
Remaining Life C&D = 2,775,989 CY *(Calculated from Fall 2019 Survey Received from USGS Lidar)

Projected Airspace Consumed | Airspace Remaining Year

Year Tonnage (CY) End (CY)
*Assume Survey Flown in Nov 2019;

2019 1,031 2,062 2,773,927 tonnage reflects Dec 2019
2020 12,620 25,240 2,748,687
2021 12,872 25,745 2,722,942
2022 13,130 26,260 2,696,682
2023 13,393 26,785 2,669,897
2024 13,660 27,321 2,642,576
2025 13,934 27,867 2,614,709
2026 14,212 28,424 2,586,285
2027 14,496 28,993 2,557,292
2028 14,786 29,573 2,527,719
2029 15,082 30,164 2,497,555
2030 15,384 30,768 2,466,787
2031 15,691 31,383 2,435,404
2032 16,005 32,011 2,403,394
2033 16,325 32,651 2,370,743
2034 16,652 33,304 2,337,439
2035 16,985 33,970 2,303,469
2036 17,325 34,649 2,268,820
2037 17,671 35,342 2,233,478
2038 18,025 36,049 2,197,429
2039 18,385 36,770 2,160,659
2040 18,753 37,505 2,123,153
2041 19,128 38,256 2,084,898
2042 19,510 39,021 2,045,877
2043 19,901 39,801 2,006,076
2044 20,299 40,597 1,965,479
2045 20,705 41,409 1,924,070
2046 21,119 42,237 1,881,832
2047 21,541 43,082 1,838,750
2048 21,972 43,944 1,794,807
2049 22,411 44,823 1,749,984
2050 22,859 45,719 1,704,265
2051 23,317 46,633 1,657,632
2052 23,783 47,566 1,610,066
2053 24,259 48,517 1,561,549
2054 24,744 49,488 1,512,061
2055 25,239 50,477 1,461,584
2056 25,743 51,487 1,410,097
2057 26,258 52,517 1,357,580
2058 26,784 53,567 1,304,013

2059 27,319 54,638 1,249,375



2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2077
2078

27,866
28,423
28,991
29,571
30,163
30,766
31,381
32,009
32,649
33,302
33,968
34,647
35,340
36,047
36,768
37,503
38,253
39,019
39,799

55,731
56,846
57,983
59,142
60,325
61,532
62,762
64,018
65,298
66,604
67,936
69,295
70,681
72,094
73,536
75,007
76,507
78,037
79,598

1,193,643
1,136,798
1,078,815
1,019,673
959,347
897,816
835,053
771,036
705,738
639,134
571,198
501,903
431,223
359,129
285,593
210,586
134,079
56,042
(23,556) <-- C&D Life Depleted



Matanuska-Susitna Borough Central Landfill Development Plan
Burns & McDonnell, June 2020
C&D Remaining Life Calculation, 600 PCY

C&D Tonnage =
Average AUF =
Growth % =
Remaining Life C&D =

12,372.60 5 yraverage (2015-2019)
600 Ib/cy (assumed value)
2.00% (Client Provided)
2,775,989 CY *(Calculated from Fall 2019 Survey Received from USGS Lidar)

Projected Airspace Consumed | Airspace Remaining Year

Year Tonnage (cyY) End (CY)
*Assume Survey Flown in Nov 2019;

2019 1,031 3,437 2,772,552 tonnage reflects Dec 2019
2020 12,620 42,067 2,730,485
2021 12,872 42,908 2,687,577
2022 13,130 43,766 2,643,811
2023 13,393 44,642 2,599,169
2024 13,660 45,535 2,553,635
2025 13,934 46,445 2,507,189
2026 14,212 47,374 2,459,815
2027 14,496 48,322 2,411,494
2028 14,786 49,288 2,362,206
2029 15,082 50,274 2,311,932
2030 15,384 51,279 2,260,653
2031 15,691 52,305 2,208,348
2032 16,005 53,351 2,154,997
2033 16,325 54,418 2,100,579
2034 16,652 55,506 2,045,073
2035 16,985 56,616 1,988,456
2036 17,325 57,749 1,930,708
2037 17,671 58,904 1,871,804
2038 18,025 60,082 1,811,722
2039 18,385 61,283 1,750,439
2040 18,753 62,509 1,687,929
2041 19,128 63,759 1,624,170
2042 19,510 65,034 1,559,136
2043 19,901 66,335 1,492,801
2044 20,299 67,662 1,425,139
2045 20,705 69,015 1,356,124
2046 21,119 70,395 1,285,728
2047 21,541 71,803 1,213,925
2048 21,972 73,239 1,140,685
2049 22,411 74,704 1,065,981
2050 22,859 76,198 989,783
2051 23,317 77,722 912,061
2052 23,783 79,277 832,784
2053 24,259 80,862 751,922
2054 24,744 82,479 669,442
2055 25,239 84,129 585,313
2056 25,743 85,812 499,502
2057 26,258 87,528 411,974
2058 26,784 89,278 322,696
2059 27,319 91,064 231,632
2060 27,866 92,885 138,746
2061 28,423 94,743 44,003
2062 28,991 96,638 (52,634) <-- C&D Life Depleted



Matanuska-Susitna Borough Central Landfill Development Plan
Burns & McDonnell, June 2020

Asbestos Remaining Life Calculation

Asbestos Tonnage =
Average AUF =
Growth % =

Remaining Life Asbestos =

182 5yraverage (2015-2019)
75.7 Ib/cy
2.00% (Client Provided)
520,817 CY *(Calculated from Fall 2019 Survey Received from USGS Lidar)

Projected Airspace Consumed | Airspace Remaining Year

Year Tonnage (CY) End (CY)
*Assume Survey Flown in Nov 2019;

2019 15 401 520,416 tonnage reflects Dec 2019
2020 186 4,908 515,508
2021 190 5,006 510,501
2022 193 5,106 505,395
2023 197 5,209 500,186
2024 201 5,313 494,874
2025 205 5,419 489,455
2026 209 5,527 483,927
2027 214 5,638 478,290
2028 218 5,751 472,539
2029 222 5,866 466,673
2030 227 5,983 460,690
2031 231 6,103 454,588
2032 236 6,225 448,363
2033 240 6,349 442,014
2034 245 6,476 435,538
2035 250 6,606 428,932
2036 255 6,738 422,194
2037 260 6,873 415,322
2038 265 7,010 408,312
2039 271 7,150 401,162
2040 276 7,293 393,869
2041 282 7,439 386,430
2042 287 7,588 378,842
2043 293 7,740 371,102
2044 299 7,894 363,208
2045 305 8,052 355,155
2046 311 8,213 346,942
2047 317 8,378 338,565
2048 324 8,545 330,019
2049 330 8,716 321,303
2050 337 8,890 312,413
2051 343 9,068 303,345
2052 350 9,250 294,095
2053 357 9,435 284,661
2054 364 9,623 275,038
2055 372 9,816 265,222
2056 379 10,012 255,210
2057 387 10,212 244,998
2058 394 10,416 234,581
2059 402 10,625 223,957



2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2077

410
419
427
436
444
453
462
471
481
490
500
510
520
531
542
552
563
575

10,837
11,054
11,275
11,501
11,731
11,965
12,205
12,449
12,698
12,952
13,211
13,475
13,744
14,019
14,300
14,586
14,877
15,175

213,119
202,065
190,790
179,290
167,559
155,594
143,389
130,941
118,243
105,291
92,081
78,606
64,862
50,842
36,543
21,957
7,080
(8,095) <-- Asbestos Life Depleted



APPENDIX D - LANDFILL TRAFFIC STUDY
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Transportation Planning

Traffic Impact Analysis, 09-051

Traffic Study for the Central Landfill,
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Draft Client Review
September 1, 2009

Prepared by:

Kinney Engineering, LLC

750 West Dimond Boulevard, Suite 203
Anchorage, Alaska 99515
Randy Kinney, P.E., PTOE

907 344-7575



Traffic Impact Analysis, 09-051
Traffic Study for the Central Landfill, Animal Shelter, and Recycle Center
September 1, 2009
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Commonly Used Abbreviations In This Report

ADT, AADT Average Daily Traffic, Annual Average Dalily Traffic
AASHTO American Association of State Highway and Transportation Officials
ADOT/ (&)PF, or DOT/(&)PF | Alaska Department of Transportation and Public Facilities
ATM Alaska Traffic Manual

AWSC All-way-stop-control (4 stop signs on all approaches)
CTWLTL Continuous (or center)-two-way left turn lane

DD, DDHV Directional Distribution, DD Hourly Volume

DSR Design Study Report

EB, EBL, EBLT Eastbound, eastbound left turn

HSIP Highway Safety Improvement Program (DOT&PF)
Hwy Highway

ISD Intersection Sight Distance

ITE Institute of Transportation Engineers

K % of AADT or ADT during peak hour

LOS Level of Service (performance grade)

LRTP Long Range Transportation Plan

LT, L Left turn(s)

MOA Municipality of Anchorage

Mph, MPH Miles Per Hour

MUTCD Manual of Uniform Traffic Control Devices

MSB Matanuska-Susitna Borough

NB, NBL, NBLT Northbound, northbound left turn

OSHP Official Streets and Highways Plan

Ped Pedestrian

Pkwy Parkway

PSD Pedestrian Sight Distance

PTR Permanent Traffic Recorder

RIO Right-in turns only

RIRO Right-in, Right-out driveway

Rd, RD Road

RT, R Right turn(s)

SB, SBL, SBLT Southbound, southbound left turn

S, Sec Second

Sf, SF Square feet

SSD Stopping Sight Distance

St, ST Street

SWS Solid Waste Services

T, Th, Thru Through

TWSC Two-way-stop-control (2 stopped approaches)

v/c Volume to capacity ratio

VCRS Valley Community for Recycling Solutions

Veh Vehicle(s)

Veh/sec, vph Vehicle(s) per second, vehicles per hour

WB, WBL, WBLT Westbound, westbound left turn
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Executive Summary

This traffic study analyzes the current demand on the Borough Solid Waste Services
Landfill, the Animal Control Shelter, and the voluntary recycling program, Valley
Community for Recycling Solutions (VCRS). The VCRS is currently located near the
intersection of Palmer Wasilla Highway and 49" State Street, but is planned to be
relocated to a parcel west of the Animal Shelter and landfill. With all three of these
programs soon to be located adjacent to each other on the same site, the combined
effect of existing traffic volumes is considered in this report, as well as the impact of
future traffic volumes on local intersections external to the site and circulation internal to
the site. The study area for this report is depicted in the following exhibit. The study
period is 10 years, with a planning horizon year of 2019.

Exhibit A- Study Area
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Traffic Volumes

The landfill attracts approximately 70 trips per hour during summer peak hours. Counts
on the existing VCRS facility indicates their peak hour (on Saturday) accommodates
between 45 and 50 recycling patrons.

A composite map of the existing peak turning movements for key intersections and

driveways are presented in Figure 8 on page 16.

Both the background traffic and the facility demand (landfill, animal control, and
recycling services) are expected to increase at an annual rate of 3.5%. Design hour
traffic volumes are presented in Figure 16, Figure 17, and Figure 18 beginning on page
26.

In addition to these counts, it was determined that approximately 9% of the landfill trips
also visit the recycling center on the same trip chain (e.g., home to landfill to VCRS to
home). These trips are “captured” by the landfill and in effect reduce the overall impact
of the VCRS on roadway volumes. A captured trip to a subsidiary or linked stop doesn’t
add traffic, and would be counted only as part of the primary generation. As such,

Figure 16, Figure 17, and Figure 18 also accommodate trip capture travel patterns.

Operations

The following exhibit present landfill circulation patterns.

Vi
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Commercial vehicles (generally refuse haulers) have their own entrance and scale, with
a self-service station. After they dump their loads in the east landfill area, they drive by
the exit station without weighing their empty truck since their tare weight is known by the
SWS staff. Private vehicles (more specifically, non-refuse haulers that include
individuals and businesses) enter the landfill at the end of 49" State Street. They have
three stages in their visit, the 1) entrance including weigh-in, 2) unloading at the dump
stalls, and 3) exit including weighing and paying. Each one of these stages requires a
processing time, which for entrance would be the time to move-on the scale, attendant
obtaining and recording the weight for billing, the finally the vehicle moving off of the
scale. Stage 2 process time at the dump stalls would be sum of the maneuvering time
into the stall, unloading, and then departure. Lastly stage 3 processes would be similar

to stage 1 process, with the additional task of a payment transaction.

A large enough number of samples were collected at each stage to determine a process
mean time that was statistically significant at a 95% confidence level with an allowable
10% error. The following exhibit summarizes available storage for each stage, and the

mean processing time for each stage determined from field samples.

Available Queue Storage Average Service (Process)
Stage (number of .
Storage (ft) : Time
vehicles)
90’ (Chanlyut
Circle to inbound
scale)
426’ (Lee Ann 3 (C_hanlyut 37.30 sec (move onto scale,
1-entrance . : Cir. To o
Drive to inbound weigh-in, move off of scale)
Scale)
scale)
481’ (SBRT taper
to inbound scale)
2-unloading 216’ (inbound - 4.64 min (average time to
refuse scale to wait line) unload refuse)
290’ (dump area 40.18 sec (move onto scale,
3-exit b 10 weigh-out payment, move off of
to outbound scale) scale)

Exhibit C- Queues and Process Times

These key queue distances are depicted in the following exhibit.

viii
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Exhibit D- Queue Storage

With the relocation of the VCRS to the west of the landfill and animal shelter (see
Exhibit A on page v), the facility demand increases over time (3.5% per year). The
analysis indicates that operations at intersections and roadway segments will be
adequate during the study period. The main operational issues will be at the stage 1
entrance and stage 3 exit. Both of these locations will have a demand in the future
which results in queues that spill back and exceed storage lengths depicted in Exhibit D
above. The following exhibits summarize the queue performance measures in 2009
and 2019 with a relocated VCRS during a peak hour (typically, a summer Saturday

afternoon when the landfill and VCRS are open).
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Available Probability
Arrivals Service Ayerage Critical queue of .
Stage (veh/hr) rate Time in Lenath storage exceeding
(veh/hr) Stage 9 vehicles gqueue
(feet) storage
Scaleto | 3 vehicles 0
25 | chanlyut| (90+) 23%
1 96.5, minutes | Scaleto | 14 vehicles 19
Inbound 72 Channel=] in queue | Lee Ann (420 ft.) 0
Scale 1 and Scale to _
weighing SBRT 16 vehicles 1%
(480 ft.)
entrance
4.7
1552, | minutes | Sc&'¢ 10 |
2 . dump 7 vehicles
, 72 Channel=| in queue , 0%
Unloading area wait (216 ft.)
12 and
, area
unloading
3.4
minutes Dump
3 89.6, in queue | area wait | 10 vehicles
Outbound 72 Channel= que 7%
weighing | areato (290 ft.)
Scale 1
and Scale
payment

Exhibit E- 2009 Queues

For most queuing design applications, we would want to contain queues within a
designated storage lane about 90 to 95% of the time. Based upon that criterion, we
might judge this operation to be deficient since queues at the entrance will spill back
beyond Chanlyut about 23% in 2009. There is a stop sign on 49" State Street at the
Chanlyut intersection to control intersection entry for southbound vehicles, and it would
be expected that the landfill queue on 49" State Street would provide courtesy gaps for
those vehicles that are eastbound on Chanlyut and wish to turn onto 49™ State Street.
However, in the event that a vehicle visits the recycling center, and then has refuse for
the landfill (about 9% of all landfill visits), the southbound queue may be not fully
cooperate since they might perceive that the vehicle cuts in line in front of them.
Furthermore, this system invites abuse since frequent landfill patrons will quickly learn

that the time in line will be reduced if a vehicle bound for the landfill by passes the
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gueue by using the southbound right turn lane to turn right into Chanlyut, then circle

around to cut into line.
The following table presents 2019 queues, in which external and internal queuing

becomes substantially worse.

Available Probability
Arrivals Service Ayerage Critical queue of .
Stage (veh/hr) rate Time in Lenath storage exceeding
(veh/hr) Stage 9 vehicles gqueue
(feet) storage
Scaleto | 3 vehicles ofk
g« | chanlyut | (901t 67%
1 96.5, minutes | Scaleto | 14 vehicles
* _1: 27%*
Inbound 101 Channel=] in queue | Lee Ann (420 ft.)
Scale 1 and Scale to _
weighing SBRT 16 vehicles 2304
(480 ft.)
entrance
4.7*
2 155.2, minutes Sgﬁ!ﬁ v 7 vehicles
, 101* Channel=| in queue P 1%*
Unloading area wait (216 ft.)
12 and
. area
unloading
100*
minutes Dum
3 89.6, in queue area WFE)iit 10 vehicles
Outbound 101* Channel= and 92%*
o area to (290 ft.)
Scale 1 weighing
Scale
and
payment

*101 vph demand cannot be served. The analysis is performed for 89 vph service rate
(constrained by outbound scale service rate).
Exhibit F- 2019 Design Hour Queue Lengths

In addition to the issues with the entrance queue, the exit queue will spill back into the
unloading area, unless additional storage is gained through lengthening the exit lead in
lanes. Even so, the demand increase of 3.5% per year produces queues that in theory
would require waiting times that exceed an hour. It is expected that people will adjust

the times that the visit the dump to minimize waits.

Xi
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Alternatives

Process Point
The limiting factors in this study are the vehicle service times at each stage of the

process of using the landfill, in particular the inbound weighing and outbound weighing
and paying. The service times place a finite limit on the number of vehicles that can be
served in an hour, approximately 89 per hour, is much less than the 2019 peak demand
of 101 vph. To address the demand/service imbalance, process point improvement
alternatives at the entrance and exit will be required to improve efficiency. These
process point alternatives include the following

Demand Management- Reduction of peak hour visits, and consequently queues may
be accomplished by demand management instead of site or road improvements. For
instance, increasing the number of households serviced by commercial waste vehicles
might help reduce the number of private trips required. Establishing higher fees for peak
hour usage might encourage people to make their trips to the landfill in off peak hours,
reducing the peak hour arrival rate, and in turn may fund additional hours of operation.
Otherwise improvements will have to be made to the constraint service points, that is,

the inbound and outbound scale processes.

Decrease Service Times- In order to accommodate future demand of over 100 patrons
per hour and reduce queues to fit within the physical constraints of the site, the
inbound, or entrance average service time must be reduced from 37 seconds to 20
seconds. The exit average service time must be reduced from 40 seconds to 28
seconds. This may only be accomplished through further automation or additional staff
to assist processors during peak hours. One option for decreasing service times would
be to eliminate the scales and move to a flat rate payment. Under this option, the
outbound service time would be eliminated and queues would not back into unloading
zone. The inbound service time would include move-up time, the transaction time for
paying the flat fee, and finally the move-off time. If this could not be accomplished in 30
seconds, then a second station could be mobilized during peak times.

Xil
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Increase Scale Service Channels- Adding an additional scale at the outbound scale
station would eliminate almost all exiting queues over the available 10 vehicle storage
length. Similarly, a second scale at the entrance would reduce the queue spillback to
Chanlyut Street (3 vehicles) to about 5% of the time; and practically eliminate queues
back to Lee Ann Street or the beginning of the SBRT lane.

Site and Roadway Improvements
In addition to the process point alternatives discussed above, four site and roadway

alternatives are proposed and evaluated. These alternatives are conceptually depicted

in exhibits following the alternative narrative introductions.

Alternative 1 consists of adding a right turn lane to the eastbound approach of 49"
State Street and Chanlyut Circle, and lengthening the right turn lane of the southbound
approach to the same intersection, to reduce delay to the eastbound left turn traffic, and
reduce the chance of blockage of the southbound right turn lane by the overflow landfill
entry queue. This alternative’s longer SBRT lane may defer the entrance process point

improvements until after 2014.

The eastbound right turn vehicles would encounter a maximum queue of the vehicle
being weighed, plus the three vehicles waiting in the 90 feet between the scale and
Chanlyut Circle. The arrival rate for the eastbound right turn in 2016 is about 9 vehicles
per hour. By the rules of stop sign control, the southbound vehicles would have to yield
to the eastbound right turn vehicles upon their arrival. The wait time for the eastbound
right turn to enter the queue would be about 45 seconds, given driver adherence to
rules of right of way. The queue storage for the eastbound right turn could be satisfied
by a lane length of 150'. It is entirely possible that some drivers would elect to take
advantage of the eastbound right turn service time without actually going to VCRS.

Alternative 2 requires purchase of additional right of way in order to sweep Chanlyut

Circle north to intersect with Lee Ann Drive. This alternative would add a right turn lane

Xiii
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to the eastbound approach, and maintain the right turn lane for the southbound
approach. The queue storage requirements on both approaches is less than 100 feet,
and deceleration is not required for lower speed streets. However, a minimum lane

length of 100 feet for both approach right turn lanes is recommend for large vehicles.

This new Chanlyut/Lee Anne intersection would probably be a two way stop controlled
intersection. The landfill queue storage would be uninterrupted from the scale to the
Chanlyut Circle/ Lee Ann Drive, for about 420 feet. With Alternative 2, and one of the
process point alternatives, the queue from the inbound scale would only occasionally
spillback to the Chanlyut/Lee Anne intersection. The egress traffic from the stop
control approaches would not be impeded by queues into the landfill, and the eastbound
right turn traffic coming from VCRS would be joining the back of the landfill queue.
Finally, this alternative increases spacing between conflicting movements in and out of
the landfill. As an example of this benefit, an outbound vehicle that wishes to visit the
VCRS or animal shelter after exiting the landfill turns into the Chanlyut approach 400
feet downstream from the landfill scale and queues formed while awaiting gaps to turn

would not impact the landfill exit.

In Alternative 3, the entry scale to the landfill is moved further south from the
intersection of 49™ State Street and Chanlyut Circle, to provide entry queue storage
onsite. A right turn lane is added to the eastbound approach to the intersection of 49"
State Street and Chanlyut Circle. This alternative would probably require automation of
the inbound scale and advance signals that prompt movement onto and off of the scale
unless the scale house is relocated as well. There should be at least 2 vehicle storage
lengths between the scale and the wait line for unloading even though computations
show that there is rarely a wait to unload once past the inbound scale. If the scale
house is not relocated, the outbound scale would not be moved so that the storage
distance between the scale and the unloading area would be preserved. In addition,

additional outbound queue storage may have to be developed on site

Xiv
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Alternative 4 provides a connection between VCRS and the landfill, allowing the
capture trips from recycling side to bypass the intersection of 49™ State Street and
Chanlyut Circle, and proceed more or less directly to the landfill. Vehicles entering from
the recycling site would have to be weighed either at the existing scale or at an
additional scale located somewhere between VCRS and the landfill. The path of the
recycle vehicles to the unloading area conflicts with the path of the commercial trucks.
Even though the number of vehicles from both VCRS and the commercial scale are few
(about 10 each in 2019), the implications from an accident are major. Some form of
traffic control (stop sign) would be required for one or both approaches. An additional

scale, if installed, would probably require an automated process.

If a second scale were installed for the vehicles arriving from VCRS, during peak hours
some of the inbound traffic could be rerouted to this scale, thus reducing the landfill
queue on 49" State Street and effectively doubling the service rate from 96.5 vehicles
per hour to 193 vehicles per hour. Although this would reduce queues lengths that
rarely would extend to Chanlyut Circle, there are other issues that may make this
unfeasible. Specifically the conflicts at the intersection of the commercial truck route
and the second inbound access greatly increase beyond the 20 vehicles described
above. In addition, a conflict point is created at the waiting line for the unloading area

between the southbound and eastbound traffic streams.

Under all alternatives, volumes and operations of the 49™ State Street and Chanlyut
Circle intersection would be LOS B in 2019. Also, the operations of Palmer Wasilla
Highway and 49" State Street intersection in 2019 PM peak hour with relocated VCRS
facility satisfies AASHTO’s LOS recommendation of C or better for arterials. As such
this alternative will not adversely impact operations to the extent requiring action at the

Palmer Wasilla Highway and 49" State Street intersection.
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Traffic Impact Analysis, 09-051
Traffic Study for the Central Landfill, Animal Shelter, and Recycle Center
September 1, 2009

Recommendations

During a client review of the draft report, MSB Transportation Planning staff indicated
that the scales have a finite life and that scales replacements are likely within period of
this study (2009 to 2019). As such, it would be economical to implement Alternative 3,
scales relocation, during that changeover. In addition, a process point alternative; that
is, demand management, service time reduction, or additional, parallel scales, would

have to be implemented as well.

During the interim between now and the scale relocation, traffic operations at the
Chanlyut / 49" State Street intersection should be monitored. If incoming scale queues
spill back to block off the right-turn lane, then Alternative 1, should be constructed.

If scales were to be eliminated as the process point alternative, and instead flat fees

were to be charged, then scale relocation would become unnecessary and Alternative 1
would likely be adequate for 2019 planning horizon.

XX
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1 Introduction

1.1 Project Description

As the Mat-Su Borough population grows, Borough government departments can
expect increased demand for their services. This traffic study analyzes the current
demand on the Borough Solid Waste Services Landfill, the Animal Control Shelter, and

the voluntary recycling program, Valley Community for Recycling Solutions (VCRS).

The VCRS is currently located near the intersection of Palmer Wasilla Highway and 49™
State Street, but is planned to be relocated to a parcel west of the Animal Shelter and
Landfill. With all three of these programs soon to be located adjacent to each other on
the same site, the combined effect of existing traffic volumes is considered in this report,
as well as the impact of future traffic volumes on local intersections external to the site

and circulation internal to the site.

1.2 Design Year

The design year for this traffic study was established to be 2019, a 10 year planning
horizon. The midlife of this study is 2014.

1.3 Location

The Mat-Su Solid Waste Landfill Facility is located west of the City of Palmer CBD, and
is accessed from the Palmer-Wasilla Highway via 49" State Street. The following
figures present the location, Mat-Su Borough vicinity and study area vicinity maps for

this study.

Kinney Engineering, LLC 1
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Figure 1- Location Map
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Figure 2- Study Vicinity Map
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Figure 3 — Study Area Vicinity Map

1.4 Site Description

The following figure presents the site circulation and details for the landfill.

Kinney Engineering, LLC 4
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The observed commercial vehicles are primarily solid waste refuse collectors. These
vehicles enter a separate entrance with self-serve weigh-in scale, shown below in the
following photographs. After weigh in they proceed to the eastern area of the landfill to

dump their loads.

Figure 5- Commercial Scale, Looking South From On Ramp (self serve weigh-in
panel on left)

Kinney Engineering, LLC 6
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Figure 6- Commercial Scale, Looking North

Private vehicles may include businesses that must weigh at the main entrance. Normal
private vehicles (cars, pickups, cars with trailers) dump their refuse in 1 of 3 buildings,
each holding 4 stalls (12 total). Oversize vehicles would proceed to the eastern landfill

area.

Kinney Engineering, LLC 7
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2 Highway, Street and Intersections

2.1 Inventory

2.1.1 Street and Highway Geometrics and Attributes

2.1.1.1 49" State Street

The Mat Su Borough LRTP lists 49" State Street as a major collector; as such its
primary purpose is to move traffic between neighborhoods or from neighborhoods to
arterials. South of Palmer Wasilla Highway (PWH), 49" State Street is a two lane paved
facility with a posted speed limit of 30 mph, located about 2 miles from Hemmer Road,
and just over a mile from Trunk Road. Its terminus on the south side of PWH is the MSB
Landfill.

2.1.1.2 Palmer Wasilla Highway

Palmer Wasilla Highway is listed as a major arterial in the Mat-Su Borough LRTP; its
purpose is to provide through traffic movement within and across the Borough. In the
project area, the speed limit is 55 mph. It is a two lane paved facility with bike

trails/pedestrian facilities on both sides of the highway.

2.1.1.3 Chanlyut Circle

Chanlyut Circle is not listed in the Mat-Su Borough LRTP; therefore it is a local road.
Currently it provides access to the Borough Animal Shelter, but in the near future, it will
also provide access to the relocated Recycling Center. It may be extended westward to
provide access to other land parcels, but currently, no plans exist for such expansion. It

is a two lane paved road without pedestrian facilities. The posted speed limit is 25 mph.

2.1.2 Intersection Attributes

2.1.2.1 49" State Street/Chanlyut Circle

The intersection of 49" State Street and Chanlyut Circle is a “T” intersection; Chanlyut

Circle forms the stem of the “T”. The southbound approach of 49™ State Street is stop

Kinney Engineering, LLC 8
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controlled, as is the eastbound approach of Chanlyut Circle. The southbound approach
also has a right turn auxiliary lane. The northbound approach coming from the landfill

site is a free, or uncontrolled approach.

2.1.2.2 49" State Street/Lee Ann Drive

This “T” intersection is located about 300’ north of the Landfill entrance. The Lee Ann
Drive approach is stop controlled. Queues from the landfill entrance could impact this
intersection. The taper for the right turn lane at 49™ State Street and Chanlyut begins
north of this intersection.

2.1.2.3 49" State Street/Douglas Street

This is also a “T” intersection about 300’ north of the intersection of 49" State
Street/Lee Ann and thus about 600’ north of the Landfill access. Douglas Street is stop
controlled, and is a local street providing access for a residential area on the west side
of 49" State Street.

2.1.2.4 Palmer Wasilla Highway/49" State Street

Palmer Wasilla Highway/49™ State Street is a signalized intersection. Palmer Wasilla
Highway is the main street, with left and right turn lanes for both east and westbound
traffic. Main Street through traffic has one lane in either direction. Main street left turns
are protected-permissive; there are no minor street left turn phases. The minor street
northbound approach has a single lane approach for all movements, the minor street

southbound approach has a left turn, and through-right lane.

2.2 Planning Background

2.2.1 MSB LRTP
The 2007 Mat Su Borough Long Range Transportation Plan (LRTP) Base Level

Projects, indicates that Palmer Wasilla Highway will be expanded to 4 lanes and Bogard
Road will be extended from 49" State Street to the Glenn Highway. The LRTP also
shows separated pathway development along the Bogard Road corridor, in addition to
the existing pathway along the Palmer Wasilla Highway.

Kinney Engineering, LLC 9
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2.2.2 MSB Official Streets and Highway Plan
Figure 7 presents the MSB Official Streets and Highway Plan (OSHP) in the study area,
which depicts the functional classification of study area streets. 49" State Street is
functionally classified as a major collector, and Palmer Wasilla Highway is a major

arterial.

Figure 7 — MSB OSHP

The State of Alaska Department of Transportation and Public Facilities functionally
classifies 49" Street as a Rural Local Road south of Palmer Wasilla Highway and as a
Rural Minor Collector north of Palmer Wasilla Highway, and Palmer Wasilla Highway as

a Rural Minor Arterial.

2.2.3 Studies regarding Population Growth
The Institute of Social and Economic Research (ISER) and the University of Alaska

Anchorage published a report prepared for Chugach Electric Association in September

Kinney Engineering, LLC 10
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2005 entitled “Economic Projections for Alaska and the Southern Rail belt 2005-2030".
In it, they discuss population growth in the Mat-Su Borough over the next 25 years (to
2030). Their base case assumption is that average annual population growth in the Mat-
Su Borough between 2010 and 2020, generally the time period of this study, will be
about 3.5%.

2.2.4 SWS Plans
CH2MHill performed a study in 2006 examining long term plans for the central landfill.

Though waste volume grew at 5.3% annually from 1995 to 2005, CH2MHill's report
assumes further growth rates in line with the 3.5% used by Kinney Engineering for this
report. Expansion plans for the landfill include adequate access roads, with the internal

road network expanding as the landfill changes.

During the client review of the draft report, the MSB Transportation Planning staff
indicated that the scales for the facility will likely be replaced with this study duration
(2009 to 2019).

2.2.5 Valley Recycle Plans
Valley Recycling plans to move from their current location on the southwest corner of

PWH and 49™ State Street to a new site adjacent to the borough animal shelter on
Chanlyut Circle. Plans for the new building have been drawn. Funding has been
obtained, and construction is expected to start in Spring 2009. The kinds and amounts
of recycled items are expected to increase, and new jobs related to recycling are
expected to develop. There will be a classroom in the new building which will draw field

trips from various schools.

2.2.6 Animal Control Plans
The MSB Animal Shelter is currently undergoing construction and expansion.

Renovation to the existing structure is underway and is expected to be complete in
Spring 2009.

Kinney Engineering, LLC 11
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2.2.7 Results of the Scoping Meeting
Minutes of the scoping meeting for this project may be found in Appendix A - Scoping

Meeting Agenda and Minutes. No other construction plans were known within the study

area.

2.2.8 SWS Time and Motion Study
A time and motion study was conducted at the Central Landfill scale house by Solid

Waste Division personnel. It was conducted over a two day period and a sample of 65
vehicles was used as the study group for both the vehicles timed on the basis of the
attendant weighing the vehicle in and the attendant evaluating the load on the basis of
volume. The time required to estimate volume was 31 seconds and time to weigh a

vehicle was 13 seconds.

2.3 Background Traffic Volumes

2.3.1 ADOT/PF Traffic Data
The following table presents 10 years of ADOT/PF Average Annual Daily Traffic (AADT)

counts for Palmer Wasilla Highway (PWH) in the study area, and 49" State Street
(north of PWH). The count data from the ADOT/PF Permanent Traffic Recorder (PTR)
is located in Appendix C - DOT/PF Palmer Wasilla Highway PTR Information.

Kinney Engineering, LLC 12
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1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Avg
AADT | AADT AADT AADT AADT AADT AADT AADT AADT AADT AADT
136800 Palmer Wasilla Highway
11303 | 11998 | 12415 12550 12806 14014 13765 14197 14414 14364 | 13230 | 13320
136805 49th State Street (North of PWH)
No No No No No No
Data Data Data Data Data Data 3893 4358 4420 4012 3910 | 4119

Source: ADOT&PF Central Region Report
Table 1 — ADOT/PF Historical AADTs

2.3.2 MSB Traffic Counts
The Mat-Su Borough performed a seven day count in August 2008 of 49" State Street

south of Palmer Wasilla Highway. Counts provided both Animal Shelter and Landfill
daily and hourly volumes. Volumes were not seasonally adjusted, but the ADOT PTR
information indicates August volumes are 112% of AADT, so the MSB counts may be
used without adjustment, and results will be conservative, or tending toward worst case.
A copy of the counts is in Appendix B - MSB Traffic Count-49" State Street.

2.3.3 Permanent Traffic Recorder Data
ADOT maintains a Permanent Traffic Recorder (PTR) on Palmer Wasilla Highway

between 49" State Street and Trunk Road. The data presented includes the %AADT for
traffic on each day of the week, and each month of the year. It also lists the highest
travel days and hours, with the corresponding %AADT for each. A copy of the PTR
information for 2007 is contained in Appendix C - DOT/PF Palmer Wasilla Highway PTR

Information.

2.4 Field Traffic Data

Figure 8 on page 16 shows turning movement counts performed by Kinney Engineering,
LLC for this project. The turning movement count at the Palmer-Wasilla Highway and
49™ State Street was obtained from the traffic analysis report for Bogard Road by
DOWL. The date and /or hour of each count is listed in the figure.

Kinney Engineering, LLC 13
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2.4.1 Landfill Volume Count
The August 2008 MSB count of 49™ State Street showed the highest volume leaving the

landfill occurred on Saturday at 2 pm. A total of 92 vehicles were counted going north
on 49" State Street. During that same hour, 34 trips were counted going to and from the
borough animal shelter. We assumed that there were no pass by or capture trips from
the animal shelter to the landfill, so one half of the animal shelter trips were subtracted
from the 92 northbound trips to determine that 75 vehicles visited the landfill during that
hour. From our observations, we determined that about 6% of total vehicles are
commercial vehicles using the commercial scales, so about 5 vehicles of the 75 using
the landfill turned right on Chanlyut Circle to access the commercial scales. A total of 70

vehicles use the landfill residential scales for our design hour base count.

2.4.2 Recycling Center Volume Count
Kinney Engineering counted the traffic at Valley Recycling one Saturday in January, and

recorded a peak hour volume of 95 vehicle trips, 47 in and 48 out. On another occasion,
we counted the number of vehicles that made either a left turn from 49" State Street
onto PWH and an immediate left into the current recycling center, or a right turn from
the recycling center and then an immediate right onto 49™ State Street. These vehicles
were considered to be captured trips, vehicles that would access both the landfill and
the new recycling center site on the same trip if the sites were adjacent to one another.
The MSB Solid Waste Department provided scale counts for the same time period. We
computed that about 9% of the landfill trips also visit the recycling center. As such,
once these facilities are located next to one another, we can expect that 14% of VCRS
trips will be captured by the landfill (volumes comparable to 9% of landfill trips captured
by VCRS). This has the effect of volume reduction on the streets and intersections

serving the complex, but complicates site circulation issues.

2.4.3 Animal Shelter Volume Count
As mentioned in Section 2.4.2, the animal shelter traffic was counted in August 2008 at

the same time as the landfill count. The highest peak hour for the shelter was on a
Friday between 4 pm and 5 pm, for a total 38 vehicle trips. The next highest hour

coincided with the highest hour recorded at the landfill, that is, on Saturday at 2 pm, with

Kinney Engineering, LLC 14
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34 vehicle trips, 17 inbound and 17 outbound. We are assuming no captured trips
between the animal shelter and the landfill.

However, the Animal Shelter expansion was under construction during the counts.

2.4.4 Bogard Road Counts
In November, 2006, DOWL Engineers collected AM and PM peak turning movement

counts at Palmer Wasilla Highway/49" State Street as part of the Bogard Road
Extension Project. These counts are used as a basis for our analysis. The PM Peak
values were used as a conservative case, even though the landfill peak hour is a

Saturday.

Kinney Engineering, LLC 15



Figure 8- Most Current Turning Movements, Composite Map
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2.4.5 Queue Studies
Kinney Engineering recorded service (processing) times for vehicles at the MSB

Landfill. Vehicles were timed during three stages: the entrance, in which the vehicle
moves from a stop onto the inbound scale and is weighed; the unloading, in which the
vehicle leaves the scale and moves to the unloading stalls where refuse is unloaded
and then moves into the departure queue, and finally the departure, where the vehicle
moves onto the outbound scale, is reweighed, pays the accessed fee, and exits the

landfill. The following photographs show each stage.

Figure 9- Stage 1, Entrance and Scales

Kinney Engineering, LLC 17
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Figure 10- Stage 2, Dumping Area, 12 Stalls in 3 Groups

Figure 11- Stage 3, Channelized Aisle to Scale

Kinney Engineering, LLC 18
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Figure 12- Stage 3 Scale

A statistically valid number of recorded observations were made for each stage. Any
statistical outliers in the data were removed, and the average of the remaining data was
used in probability models for each stage. The queue storage area was measured for
each stage, and an average vehicle length of 30’ was used to convert the storage area
to number of queued vehicles. This is a slightly longer length of vehicle than is normally
used in traffic studies, but it allows for some vehicles to be towing trailers, or have

objects extending over their bumpers and tailgates.

The average service times, queue lengths, and volume counts were used in a random

arrival, random service, and single queue distribution probability model to determine the

Kinney Engineering, LLC 19
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probability of queues exceeding the queue storage and causing interference at

intersections or other stages.

The following table presents the measured length of storage in feet, the storage length
in number of vehicles which includes the vehicle(s) being serviced, and the average
service time for each stage. Inbound storage for stage 1 is measured from the north
edge of the inbound scale nearest Chanlyut Circle to the south side of Chanlyut Circle.
Stage 2 queue storage is measured from the back (south) edge of the scale to the
unloading area where vehicles will wait for an unloading stall, is along a roadway
defined by concrete barriers and plastic cones. The queue area for stage 3 is measured
from the outer edge of the unloading area to the south edge of the outbound scale,

along the outbound roadway defined by concrete barriers and plastic cones.

Available Queue Storage Average Service (Process)
Stage (number of .
Storage (ft) . Time
vehicles)
90’ (Chanlyut
Circle to inbound
scale)
426’ (Lee Ann 3 (C.hanlyut 37.30 sec (move onto scale,
1-entrance . . Cir. To L
Drive to inbound weigh-in, move off of scale)
Scale)
scale)
481’ (SBRT taper
to inbound scale)
2-unloading 216’ (inbound r 4.64 min (average time to
refuse scale to wait line) unload refuse)
290" (dump area 40.18 sec (move onto scale,
3-exit b 10 weigh-out payment, move off of
to outbound scale) scale)

Table 2 — Current Landfill Storage Data and Service Times

Appendix D contains the service time data summary that was collected by Kinney

Engineering, LLC.

These key queue distances are depicted in the following figure.

Kinney Engineering, LLC
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Figure 13 — Queue Storage Areas

2.5 Crash Studies

Both 49" State Street south of PWH and the PWH and 49" State Street intersection

were evaluated for problematic crash rates. In no case was there a location with an
above average crash rate. As such, it is unlikely that relocation of the facilities in the

proposed site would significantly increase crashes.

Kinney Engineering, LLC 21
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3 Traffic Forecasts

3.1 Annual Growth Rate Model

ADOT/PF maintains historical average annual daily traffic (AADT) volume information at
various points along the Palmer Wasilla Highway, and also counts the traffic on 49"
State Street north of the Palmer Wasilla Highway. From those historical counts, we can
develop a reasonable prediction of the AADT for future years. ADOT/PF counts the
Palmer Wasilla Highway at the junction with Hemmer Road, about 0.86 miles west of
the PWH/Glennallen Hwy, and at the junction with Trunk Road, about 3 miles further
west. The intersection of Palmer Wasilla Highway and 49" State Street falls between
these two count points. We calculated the growth rates for both 9 and 10 year intervals
at each location, from 1997 to 2006, and from 1997 to 2007, because ADTs dropped
from 2006 to 2007 at both count locations. The ADOT Permanent Traffic Recorder data,
located near Hemmer Road, also showed a similar drop in ADT for the same year. This
drop could be a temporary result of construction at some point on the highway, or a
trend of reduced travel in response to the increased cost of travel during that time. The

average 9 year growth rate was 2.8%; the average 10 year growth rate was 2.04%.

3.1.1 MSB TransCad Model
The Matanuska-Susitna Borough TransCad model forecasts future roadway volumes in

year 2025 based on projected household and employment growth. Figure 14 shows the
predicted 2025 volumes from the model for the portion of the Palmer-Wasilla Highway in
the project area. From these volumes, we can derive an annual growth rate by dividing
the 2025 volume by a past year volume, and solving for the nth  root where n is the
number of years. So for instance, if we want the average annual growth rate from 1997
to 2025, we divide the 2025 volume from the TransCad model by the ADOT volume
from 1997, and find the 28" root. Doing this for the time periods from 1997 to 2006 at
each of the ADOT count locations described in Section 2.3.1, including the PTR counts,
yields an average annual growth rate of 3.485%, which may be rounded to 3.5% per

year.

Kinney Engineering, LLC 22
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Figure 14 — AADT Volume Map from the 2025 MSB Traffic Model

3.2 Trip Generation

The ITE Trip Generation Manual does not have trip generation rates for landfills, animal
shelters or recycling centers. It seems reasonable to assume that as the population of
the Mat-Su Borough grows, there will be a corresponding growth in site traffic volumes
at each of these facilities. Accordingly, we have used 3.5% as our annual growth rate in
site traffic for this report, to reflect the ISER estimate of population growth described in
Section 2.2.3. Background traffic rates are also assumed to grow at 3.5% per year to
match the Mat-Su Borough TransCad model predictions. The following table

summarizes trip generation estimates for each facility.

Kinney Engineering, LLC 23
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2008 2008 2009 2009 2014 2014 2019 2019
Facility Trips | Trips | Trips | Trips | Trips | Trips | Trips | Trips
in out in out in out in out
Valley 47 48 49 50 58 59 69 70
Recycling
MSB 75 75 78 78 93 93 110 | 110
Landfill
MSB
Animal 17 17 18 18 21 21 25 25
Shelter

Table 3 — Trip Generation Estimates

3.3 Trip Distribution

Trips into and out of the landfill, animal shelter, and new recycling site are distributed to

the road system in the same percentages that exist currently. This is particularly

relevant at the intersection of the Palmer-Wasilla Highway and 49" State Street.

3.4 Combined Forecasts (AADT and Peak Hour)

Figure 15 shows the forecast AADT for the roads in the project area. The 2009, 2014,
and 2019 peak hour turning movement forecasts for the study area are shown in Figure
16, Figure 17, and Figure 18, respectively, beginning on page 26. These forecasts
reflect a 9% capture of the VCRS trips by the landfill.

assumed to be unlinked to either of the other facilities.

Kinney Engineering, LLC
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Figure 15 — Current and Future Average Daily Traffic

Kinney Engineering, LLC 25
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Figure 16- 2009 Forecasted Peak Hour Turning Movements (After Relocation of VCRS)
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Figure 17- 2014 Forecasted Peak Hour Turning Movements
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Figure 18- 2019 Forecasted Peak Hour Turning Movements
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4 QOperational Analyses

4.1 Site Circulation, Access Analysis

4.1.1 Process Description
A landfill user goes through a three stage process to deposit refuse in the landfill. In

stage one, his vehicle is weighed at the entrance, whereupon he proceeds to stage two
and unloads his vehicle. Finally, his vehicle is weighed again at the exit, and he is
charged a fee based on the difference between the vehicle’s initial and final weight.
Each stage has unique service times and storage areas. Kinney Engineering collected a
statistically significant number of observations of vehicle service times in each stage,
summarized in Table 2 on page 20, above. Linking these observations together with
existing counts, we are able to generate average service times, average queue wait

times, and probabilities of queue lengths exceeding available storage for each stage.

We used a probability model based on random arrival, random service, and number of
channel, commonly known as M/M/C queuing model, to generate queue measures.
There is one channel, or C, for stages 1 and 3 (scales), and stage 2 has 12 channels

(number of bins to dump refuse).

4.1.2 Current and Future Queue Lengths
Table 4 shows the queue performance measures for each stage in 2009 during a peak

hour (typically, a summer Saturday afternoon when the landfill and VCRS are open).

Kinney Engineering, LLC 29
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Available Probability
Arrivals Service Ayerage Critical gueue of _
Stage (veh/hr) rate Time in Lenath storage exceeding
(veh/hr) Stage g vehicles gqueue
(feet) storage
Scaleto | 3 vehicles 0
o5 | chanyut | (90t) 23%
1 96.5. minutes | Scaleto | 14 vehicles 1%
Inbound 72 Co1 in queue | Lee Ann (420 ft.)
Scale and Scale to .
weighing | SpRrT 16 vehicles 1%
(480 ft.)
entrance
mi;lJtes Scale to
2 72 155.2, in queue dump 7 vehicles 0%
Unloading C=12 gnd area wait (216 ft.)
: area
unloading
3.4
3 minutes Dump
89.6, in queue | area wait | 10 vehicles 0
Oubound | 72 c=1 | weighing | areato | (290 tt) 7%
cale
and Scale
payment

Table 4 — 2009 Design Hour Queue Lengths

As Table 4 shows, queues will back up to Chanlyut about 23% of the time after the

relocation of the VCRS in 20009.

The following table presents 2014 queuing for the facility stages, assuming the landfill

demand and VCRS demand will expand at the same rate of forecasted population

growth, or about 3.5% per year.

Kinney Engineering, LLC 30



Traffic Impact Analysis, 09-051
Traffic Study for the Central Landfill, Animal Shelter, and Recycle Center
September 1, 2009

Available Probability
Arrivals | Service | Average | o icq) queue of
Stage (veh/hr) rate Time in Lenath storage exceeding
(veh/hr) Stage 9 vehicles queue
(feet) storage
Scaleto | 3 vehicles 0
52 | chanyut | (90t) 53%
1 minutes | Scaleto | 14 vehicles
Inbound 85 9é5_51 in queue | Lee Ann (420 ft.) 13%
Scale B and Scale to .
weighing | SpRrT 16 vehicles 10%
(480 ft.)
entrance
mi;lJtes Scale to
2 85 155.2, in queue dump 7 vehicles 0%
Unloading C=12 gnd area wait (216 ft.)
. area
unloading
13.0
minutes
3 in queue Dump. .
Outbound 85 89_.6, and area wait | 10 vehicles 5304
C=1 . areato (290 ft.)
Scale weighing
Scale
and
payment

Table 5 — 2014 Design Hour Queue Lengths

The results above indicate that the inbound queue will cause upstream blocks at key
points for a substantial portion of the peak hour. Intersection blockage (Chanlyut and
Lee Ann) may be solved by cooperation and courtesy gaps extended by queued
vehicles that would allow the side street to enter through the queue. However, this
won’'t work with the blockage of the SBRT queue, which would be about 10% of the

peak time.
Of significantly more concern is the outbound scale queue. As the demand increases,

gueues will exceed the available storage over 50% of the time, which will become the
choke point of the entire private vehicle stage chain. Vehicles that can't enter the
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outbound scale queue, will have to dwell in the unloading area, which in turn prohibits

waiting vehicles from unloading causing that queue to back up to inbound scales.

The following table presents 2019 queues.

Available Probability
Arrivals Service Ayerage Critical queue of .
Stage (veh/hr) rate Time in Lenath storage exceeding
(veh/hr) Stage 9 vehicles gueue
(feet) storage
Scaleto | 3 vehicles op
g« | Chanlyut | (90 ft) 67%
1 minutes | Scaleto | 14 vehicles
Inbound 101~ 9é5_51 in queue | Lee Ann (420 ft.) 279
Scale B and Scale to .
weighing | SpRrT 16 vehicles 23045
(480 ft.)
entrance
*
miillztes Scale to
2 101* 155.2, in queue dump 7 vehicles 104
Unloading C=12 gnd area wait (216 ft.)
: area
unloading
100*
minutes
3 in queue Dump. .
Outbound 101 89_.6, and area wait | 10 vehicles 9204
C=1 . areato (290 ft.)
Scale weighing
Scale
and
payment

*101 vph demand cannot be served. The analysis is performed for 89 vph service rate
(constrained by outbound scale service rate).
Table 6 — 2019 Design Hour Queue Lengths

4.1.3 Queue Impacts
Probabilistic queuing analysis presents impacts in terms of the likelihood or probability

that a queue will spill back beyond the storage capacity. Usually we would select a
desired maximum of 5% probability that the queue storage will be exceeded as a good
design value. As such, Table 4 above indicates that both Stage 1 and 3 queues storage
lengths will be exceeded more than 5% of the time in 2009. By 2014, if traffic growth
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continues as projected, queues into the facility will frequently back beyond the SBRT
lane. Also the queue at the outbound scale will frequently back into the unloading area.
Finally, in 2019, projected demand cannot be met, and interior queues will cause overall

failure.

Drivers with both refuse and recycling loads may decide that they can avoid waiting in
the landfill queue by going to the recycling center first with a southbound right turn, and
then make an eastbound right turn to the landfill scale at Chanlyut Circle and 49™ State
Street after unloading recyclables. With the current single eastbound lane approach,
these vehicles, which are part of the landfill queue, would cause delay to the eastbound
left turn vehicles coming from the animal shelter and VCRS, as they wait to enter the
inbound scales. Other drivers who are waiting in the queue for the landfill may resent
yielding their place in line to the eastbound right turn traffic, particularly if it is perceived
that people are attempting to jump ahead in line. Such resentment may lead to drivers
ignoring the southbound stop sign and block the intersection.

4.1.4 Circulation
Currently, onsite circulation may be described as two concentric loop routes. The

commercial vehicles enter at the commercial scales and traverse an outer loop south of
the unloading site for the general vehicles. They are weighed at entry, and proceed to
the landfill cell currently being filled. After emptying their loads, they leave via a “free”, or
uncontrolled, lane adjacent to the entry scale for the private vehicles, since their tare
weight is known to the landfill staff. Other vehicles enter directly south of the
intersection of 49™ State Street and Chanlyut Circle, and follow a loop to the refuse
unloading site and the exit scale. After they are weighed and have paid, they leave via
the uncontrolled northbound approach of 49" State Street and Chanlyut Circle.
Interaction between private and commercial vehicles is kept to a minimum by this
arrangement. One major advantage of the current circulation pattern is that private
traffic is separated from commercial traffic. Figure 19 shows the approximate
circulation paths.
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4.2 Intersection Current and Future Traffic Operations

4.2.1 Intersection and Roadway Performance Objectives
Operation quality on facilities is generally assessed during future peak hours as a

indication of performance. (AASHTO) Geometric Design of Highway and Streets 2004,
Exhibit 2-32 provides guidelines for design levels of services of functionally classed
facilities. AASHTO states urban and suburban freeway and arterial facilities should
operate at a level of service (LOS) C or better during a design life. Collector and local
street facilities should operate at LOS D or better during the design life. This study
adopts these objectives for this analysis as well. These performance objectives apply to

roadways and to intersections.

In addition, volume to capacity (v/c) ratios and 95" percentile (traffic volume percentile)
gueues are used for performance measures at intersections. The v/c ratios should
always be less than one (meaning that demand is less than capacity), and desirably
should be 0.85 or less to accommodate unforeseen circumstances or events that impact
operations. Long queues may block upstream intersections or ramps and may cause

an increase in rear-end or sideswipe collisions.

4.2.2 49" State Street/Chanlyut Circle
With such relatively low traffic volumes at this intersection, standard performance

measures of effectiveness such as Level of Service (LOS) and volume to capacity (v/c),
as calculated by Synchro, are excellent (LOS A), but fail to take into account the delay
created for southbound vehicles by the process of weighing each vehicle as it enters the
landfill area. As such, the intersection southbound and eastbound movements are
controlled by the Stage 1 operations in times of higher traffic flow. Acceptable operation
of this intersection is determined to a large extent by the average service time for each

entering vehicle.
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Volumes at this intersection depend upon alternative configurations (see Section 5.2, on
page 40) and will have minor variations from what is depicted in Figure 16 through
Figure 18. Volumes and operations at this intersection are discussed for each

alternative under its respective section..

4.2.3 Palmer Wasilla Highway/49" State Street
Once the VCRS is relocated, the traffic patterns at this intersection will not vary between

alternatives.

The PM Peak traffic volumes collected by DOWL at this intersection were increased
from 2006 to 2019 using the 3.5% annual growth rate. The total combined volumes for
the Landfill and animal shelter were added to the PWH intersection in the existing
turning movement proportions at the intersection. For instance, the eastbound right turn
volume at PWH and 49" State Street is 60% of the traffic going south on 49" State
Street, which includes the westbound left turn, the southbound through, and the
eastbound right turn. Therefore, 60% of the inbound traffic for the landfill and the animal
shelter was added to the eastbound right turn, 11% (the westbound left turn ratio) was
added to the westbound left turn, and 29% added to the southbound through
movement. Similar distributions of the outbound traffic from the landfill and animal
shelter were made to the northbound approach. The trips from VCRS were assigned to
the eastbound right turn and westbound left turn for arriving trips, and to the northbound
left and right turn for outbound trips, in the same proportions as they arrived and left on
Palmer Wasilla Highway. This procedure was followed for the base year, midlife year,
and design year, and the combined volumes appear in Figure 16, Figure 17 and Figure
18.

Synchro generates Highway Capacity Manual reports, and the report for the intersection
of Palmer Wasilla Highway and 49" State Street for 2019 volumes, operated as a semi-

actuated, uncoordinated signal, with current lane configurations, is as follows:
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HCM level of service C
HCM average control delay 32.0 secl/veh

HCM volume to capacity ratio 0.92

Given these results for 2019, with a single through lane on each main street approach,
we can assume results for the intervening years of 2009 and 2014 will be equally
acceptable, and therefore Synchro analysis for those years was not done. No

remediation will be necessary at this intersection due to this project.

4.2.4 49" State Street Segment
The 49" State Street segment is a shorter lower speed road. As such, level of service

would be controlled by intersection operations. As a check, Planning LOS on page 69
in Appendix E - Capacity Analysis and Level of Service provides planning level of
service for roadway segments. Based upon future 2019 AADT of 3500 (Figure 15 on
page 25) this segment would have LOS C. Therefore, operations on the streets and
intersections are all acceptable other than those involving site queue impacts.

5 Alternatives

The above section indicates that the future increases in landfill traffic and the relocated
VCRS facility will likely cause operational problems at the entrance to the landfill
resulting in long queues that spill back to block streets and turn lanes. In addition,
internal circulation aisles will not have enough storage between stages and queues may

impact upstream stages.

The following alternatives accommodate, fully or in part, 2019 demands for landfill,
animal control center, and the VCRS facilities. There are two classes of alternatives,
those that improve the process points through efficiency measures; and a second class

that would improve site and roadway geometrics.
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5.1 Process Point Alternatives

The limiting factors in this study are the vehicle service times at each stage of the
process of using the landfill, in particular the inbound weighing and outbound weighing
and paying. The service times place a finite limit on the number of vehicles that can be
served in an hour, which at current levels are much less than the 2019 peak demand of
101 vph. A large part of the total service time is controlled by the vehicle driver, by how
fast he/she gets on and off the scale. This is evidenced by the difference between the
inbound vehicle service times observed by Kinney Engineering (37.3 sec/veh, which
translates to 96.5 veh/hr), and the Time and Motion Study done by Solid Waste Division
personnel, which found an average employee service time of 13 seconds per vehicle
when loads were weighed, as opposed to an average service time of 31 seconds when
attendants estimated the cubic yardage of each load. Once the hourly vehicle arrival
rate exceeds the hourly vehicle service rate, the queue length theoretically reaches
infinity. In reality, the queue continues to grow until the arrival rate declines below the
service rate, and the backlog of vehicles slowly clears. We have prepared 3 process
alternatives, of which one will have to be implemented between 2009 and 2014 to

prevent breakdown of site circulation.

5.1.1 Process Point Alternative 1: Demand Management
Reduction of peak hour visits, and consequently queues may be accomplished by

demand management instead of site or road improvements. For instance, increasing
the number of households serviced by commercial waste vehicles might help reduce the
number of private trips required. Establishing higher fees for peak hour usage might
encourage people to make their trips to the landfill in off peak hours, reducing the peak
hour arrival rate, and in turn may fund additional hours of operation. Otherwise
improvements will have to be made to the constraint service points, that is, the inbound

and outbound scale processes.
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5.1.2 Process Point Alternative 2: Decrease Service Times
The average inbound scale service time is 37.3 seconds, or about 96.5 vehicles per

hour. The average outbound scale service time is 40.2 seconds or 89.6 vehicles per
hour. Facility demand will be 101 vph in 2019.

In order to reduce the probability of backup into the unloading area from the outbound
scale from 92% to 5% in 2019, the average outbound scale service time would have to
be reduced from 40.2 seconds to 27.7 seconds per vehicle. If so, only 5% of queues
would exceed available storage of 10 vehicles, an acceptable level.

Also, to reduce the spillback queue at the inbound scale so that the queue only extends
into the Chanlyut intersection about 5% of time, then the service time at the inbound
scale should be reduced from 37.3 seconds to 19.6 seconds per vehicle. The service
time needed to restrict blockage of SBRT lane to about 5% of the time would be about

30.2 seconds per vehicle.

The time reduction alternatives presuppose that there are no efficiencies realized from
improved human performance. As such, the reductions for inbound and outbound scale
service times would only be attained with increased staff or through technology.
However, one option for decreasing service times would be to eliminate the scales and
move to a flat rate. Under this option, the outbound service time would be eliminated
and queues would not back into unloading zone. The inbound service time would
include move-up time, the transaction time for paying the flat fee, and finally the move-
off time. If this could not be accomplished in 30 seconds, then a second station could

be mobilized during peak times.

5.1.3 Process Point Alternative 3: Increase Scale Service
Channels
Adding an additional scale at the outbound scale station would eliminate almost all

exiting queues over the available 10 vehicle storage length. Similarly, a second scale at

the entrance would reduce the queue spillback to Chanlyut Street (3 vehicles) to about
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5% of the time; and practically eliminate queues back to Lee Ann Street or the
beginning of the SBRT lane.

5.2 Site and Roadway Modification Alternatives

The following 4 alternatives are proposed in addition to the process point alternatives
described above.

5.2.1 Alternative 1
Alternative 1 consists of adding a right turn lane to the eastbound approach of 49" State

Street and Chanlyut Circle, and lengthening the right turn lane of the southbound
approach to the same intersection, to reduce delay to the eastbound left turn traffic, and
reduce the chance of blockage of the southbound right turn lane by the overflow landfill
entry queue. This alternative’s longer SBRT lane may defer the entrance process point

improvements until after 2014.

The eastbound right turn vehicles would encounter a maximum queue of the vehicle
being weighed, plus the three vehicles waiting in the 90 feet between the scale and
Chanlyut Circle. The arrival rate for the eastbound right turn in 2016 is about 9 vehicles
per hour. By the rules of stop sign control, the southbound vehicles would have to yield
to the eastbound right turn vehicles upon their arrival. The wait time for the eastbound
right turn to enter the queue would be about 45 seconds, given driver adherence to
rules of right of way. The queue storage for the eastbound right turn could be satisfied
by a lane length of 150'. It is entirely possible that some drivers would elect to take

advantage of the eastbound right turn service time without actually going to VCRS.
Figure 20 presents Alternative 1.

During peak periods, VCRS traffic that also wish visit the landfill would rely on the
inbound queue to let them into the line, perhaps ahead of many others.
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The Palmer Wasilla Highway and 49" State Street in 2019 would have performance
measures as follows for the PM peak hour with relocated VCRS facility (from Section
4.2.3 on page 36).

HCM level of service C
HCM average control delay 32.0 sec/veh
HCM volume to capacity ratio 0.92

This level of service satisfies AASHTO’s LOS recommendation of C or better for
arterials. As such this alternative will not adversely impact operations to the extent
requiring action at the Palmer Wasilla Highway and 49" State Street intersection.

The following figure presents the East Chanlyut Circle and 49" State Street intersection
2019 peak hour volumes, (from Figure 18 on page 28 with adjustments) and operational
performance. All critical movements are shown to be LOS B which exceeds the

minimum LOS of D for collector streets discussed under Section 4.2.1 on page 35.
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Figure 21- 2019 Operations at Chanlyut Circle and 49th State Street

5.2.2 Alternative 2
Alternative 2, Figure 22 below on the next page, requires purchase of additional right of

way in order to sweep Chanlyut Circle north to intersect with Lee Ann Drive. This
alternative would add a right turn lane to the eastbound approach, and maintain the
right turn lane for the southbound approach. The queue storage requirements on both
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approaches is less than 100 feet, and deceleration is not required for lower speed
streets. However, a minimum lane length of 100 feet for both approach right turn lanes

is recommend for large vehicles.

This intersection would probably be a two way stop controlled intersection, although if
there were enough right of way, a roundabout may be a good alternative. The landfill
gueue storage would be uninterrupted from the scale to the Chanlyut Circle/ Lee Ann
Drive, for about 420 feet. With Alternative 2, and one of the process point alternatives,
the queue from the inbound scale would only occasionally spillback to the Chanlyut/Lee
Anne intersection. The egress traffic from the stop control approaches would not be
impeded by queues into the landfill, and the eastbound right turn traffic coming from
VCRS would be joining the back of the landfill queue. Finally, this alternative increases
spacing between conflicting movements in and out of the landfill. As an example of this
benefit, an outbound vehicle that wishes to visit the VCRS or animal shelter after exiting
the landfill turns into the Chanlyut approach 400 feet downstream from the landfill scale

and queues formed while awaiting gaps to turn would not impact the landfill exit.
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The Palmer Wasilla Highway and 49" State Street in 2019 would have performance
measures as follows for the PM peak hour with relocated VCRS facility (from Section
4.2.3 on page 36).

HCM level of service C
HCM average control delay 32.0 sec/veh
HCM volume to capacity ratio 0.92

This level of service satisfies AASHTO’s LOS recommendation of C or better for
arterials. As such this alternative will not adversely impact operations to the extent
requiring action at the Palmer Wasilla Highway and 49" State Street intersection.

The critical intersection of this alternative will be the VCRS/Commercial Scale access,
49™ State Street, and East Lee Ann Drive intersection. The following figure presents
2019 volumes that are computed from Figure 18 on page 28 and from trip generation
distribution estimates of the residences along Lee Ann Drive. The figure also
summarizes operational performance. All critical movements are shown to be LOS B
which exceeds the minimum LOS of D for collector streets discussed under Section

4.2.1 on page 35.
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Figure 23- 2019 Operations at Access, E Lee Ann Drive, and 49th State Street

Exhibit 9-75 in AASHTO'’s A Policy on the Geometric Design of Highways and Streets
provides volume level guidance on whether left-turn lanes for major street approaches
to unsignalized intersections are recommended. The volume levels shown above do
not satisfies volume thresholds in Exhibit 9-75, and therefore northbound and

southbound left turn lanes are not needed.

5.2.3 Alternative 3
In Alternative 3, the entry scale to the landfill is moved further south from the

intersection of 49™ State Street and Chanlyut Circle, to provide entry queue storage
onsite. A right turn lane is added to the eastbound approach to the intersection of 49™
State Street and Chanlyut Circle. This alternative would probably require automation of

the inbound scale and advance signals that prompt movement onto and off of the scale
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unless the scale house is relocated as well. There should be at least 2 vehicle storage
lengths between the scale and the wait line for unloading even though computations
show that there is rarely a wait to unload once past the inbound scale. If the scale
house is not relocated, the outbound scale would not be moved so that the storage
distance between the scale and the unloading area would be preserved. In addition,

additional outbound queue storage may have to be developed on site

Under this Alternative, volumes and operations of the 49" State Street and Chanlyut
Circle intersection (critical intersection) would be similar to that presented in Figure 21
on page 43, which is LOS B in 2019. Also, the operations of Palmer Wasilla Highway
and 49" State Street intersection in 2019 PM peak hour with relocated VCRS facility
satisfies AASHTO’s LOS recommendation of C or better for arterials. As such this
alternative will not adversely impact operations to the extent requiring action at the

Palmer Wasilla Highway and 49™ State Street intersection.

Alternative 3 is presented in Figure 24 on the next page.
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5.2.4 Alternative 4
Alternative 4, shown in Figure 25 on the following page, provides a connection between

VCRS and the landfill, allowing the capture trips from recycling to bypass the
intersection of 49™ State Street and Chanlyut Circle, and proceed more or less directly
to the landfill. Vehicles entering from the recycling site would have to be weighed either
at the existing scale or at an additional scale located somewhere between VCRS and
the landfill. As shown in Figure 25, the path of the recycle vehicles to the unloading
area conflicts with the path of the commercial trucks. Even though the number of
vehicles from both VCRS and the commercial scale are few (about 10 each in 2019),
the implications from an accident are major. Some form of traffic control (stop sign)
would be required for one or both approaches. As in Alternative 3, the additional scale,

if installed, would probably require an automated process.

If a second scale were installed for the vehicles arriving from VCRS, during peak hours
some of the inbound traffic could be rerouted to this scale, thus reducing the landfill
queue on 49" State Street and effectively doubling the service rate from 96.5 vehicles
per hour to 193 vehicles per hour. Although this would reduce queues lengths that
rarely would extend to Chanlyut Circle, there are other issues that may make this
unfeasible. Specifically the conflicts at the intersection of the commercial truck route
and the second inbound access greatly increase beyond the 20 vehicles described
above. In addition, a conflict point is created at the waiting line for the unloading area
between the southbound and eastbound traffic streams.

Under this Alternative, volumes and operations of the 49" State Street and Chanlyut
Circle intersection (critical intersection) would be similar to that presented in Figure 21
on page 43, which is LOS B in 2019. Also, the operations of Palmer Wasilla Highway
and 49" State Street intersection in 2019 PM peak hour with relocated VCRS facility
satisfies AASHTO’s LOS recommendation of C or better for arterials. As such this
alternative will not adversely impact operations to the extent requiring action at the
Palmer Wasilla Highway and 49" State Street intersection.

Kinney Engineering, LLC 50



Figure 25- Alternative 4

Kinney Engineering, LLC

51



Traffic Impact Analysis, 09-051

Traffic Study for the Central Landfill, Animal Shelter, and Recycle Center

September 1, 2009

5.3 Summary of Alternatives

We have prepared a summary table of the advantages and disadvantages of each of

the site and roadway modification alternatives.

Alternative

Advantage

Disadvantage

Alternative 1-
Add EBRT lane, lengthen
SBRT at 49"/Chanlyut.

--ample ROW exists

--reduces delay to EBLT traffic
--may delay process point
improvements past 2014

--may create driver “ill will” by
VCRS traffic joining front of
queue.

--conflicting movements close
to landfill exit.

Alternative 2-

Relocating Chanlyut Circle to
intersect with 49" State Street
at Lee Ann Drive.

--uninterrupted queue storage
for landfill

--increased spacing between
conflicting movements in and
out of landfill

--landfill traffic from VCRS
joins back, not front, of queue

--requires ROW purchase and
significant road construction
--also requires a process point
alternative by 2014

Alternative 3-
Move entry scale further south
from intersection.

--moves part of landfill queue
onsite
--EBRT joins end, not front, of
queue

--probably requires
automation of entry scale and
signals to prompt movement
--also requires a process point
alternative by 2014

Alternative 4-
Connect VCRS and landfill

--reduces or eliminates EBRT
at 49" State St/Chanlyut Cir.
--second entry scale for
recyclers serves as process
point alternative
implementation.

--introduces conflicts between
commercial and private
vehicles

--creates a conflict point at
unloading between WB and
EB traffic streams

--requires second entry scale
with automation

Table 7 — Site and Roadway Modification Alternative Summary

None of these alternatives prelude

the need for

process point alternative

implementation at both the entry and outbound stage sometime near the midlife year
2014. Process point alternatives include demand management measures, service time
reduction, and increasing scale service channels (adding additional scales). In terms of

cost and effort, the process point alternatives may well be worth implementing first.
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6 Recommendations

With the relocation of the VCRS to a parcel adjoining the landfill and Animal Control,
and increasing population growth in the MSB, access issues, specifically queues, for
this complex are forecasted to worsen. Queuing analyses indicate that the queues at
the scales are the system constraint, and that peak time queues will likely grow longer

each year with increased demand.

During a client review of the draft report, MSB Planning staff indicated that the scales
have a finite life and that scales replacements are likely within period of this study (2009
to 2019). As such, it would be economical to implement Alternative 3, scales relocation,
during that changeover. In addition, a process point alternative; that is, demand
management, service time reduction, or additional, parallel scales, would have to be

implemented as well.

During the interim between now and the scale relocation, traffic operations at the
Chanlyut / 49" State Street intersection should be monitored. If incoming scale queues

spill back to block off the right-turn lane, then Alternative 1, should be constructed.
If scales were to be eliminated as the process point alternative, and instead flat fees

were to be charged, then scale relocation would become unnecessary and Alternative 1

would likely be adequate for 2019 planning horizon.
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Appendix B - MSB Traffic Count-49™ State Street
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Appendix D - Service Times

Inbound at Scales Quthound at Scales
Removed Removed
Count Ik Clatliers  |Outlier Count 44 Clatliers  |Qutlier
Degrees of Freedom, v 7B 3 Degrees of Freedom v 43 1
Ay 39.40 sec ==»|37.30 sec |~y 41.09 sec ==>|40.18 sec
Std Dew 17.01 sec 13.22 sec [Std Dev 13.46 sec 12.18 sec
o, level of significance 0.05 o, level of significance 0.05
test stat t{wa) 1.9592 test stat t{wa) 2.017
Alloweable Errar (10%) 3.94 sec Allowable Errar (10%) 411 gec
Minimum Sample "n"  |73.93806792 Minimum Sample "n" |43 63669521
hdaxirnurm 115.02 sec hdaximurm 80.16 sec
hinimum B.08 sec hinimum 23.40 sec
hedian 37.53 sec 35.54 sec |Median 39.45 sec 3936 sec
Quartile 1 28.140 Quartile 1 30.63
Inner @ range 18.940 Inner & range 17.70
Quartile 3 47.080 Quartile 3 48.32
upper mild limit 75.490 upper mild limit 74.87
upper severe limit 103.900 upper severe limit 101.41
lowver mild limit -0.270 lower mild limit 4.03
lower severe limit -28.680 lower severe limit S22 47
Dump Stalls

Count o5 outliers 97
Degrees of Freedom v =1 1 H6
Avy 265 66 sec 4 761064626 27827 sec 4.64
=td Dey 141.57 sec 121.78 sec
a, level of significance 0.05 0.05
test stat tiv a) 1.985 1.8985
Allowable Error (10%) 28.57 sec 27 .83 sec
Pinimum Sample "n" 86, 74601578 75 46502275
hlaximum 1003.34 sec B07 .50 sec
Minimum 9257 sec Y257 sec
Median 26127 sec 258.72 sec
Cluartile 1 1849149995 [Quartile 1 184 52299995
Inner Quartile Range 158.6225001 [Inner Cluartile Range 154, 3500002
Cluartile 3 343537489598 | Cuartile 3 33921
upper mild limit 581,47 12501 [upper mild limit 5707800004
LInper severe limit 819.4050003 [Upper severe limit 8023500005
lower mild limit -53.01587503 |lawer mild limit -46. 74000055
lowwer severe limit -290.8952501 |lower severe limit -278.3100009
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Appendix E - Capacity Analysis and Level of Service

Freeways

Freeways use density in passenger cars per mile per lane. Levels of services are defined as
follows by HCM2000.

LOS A: £11 passenger cars/mile/lane

LOS B: >11 - 18 passenger cars/mile/lane
LOS C: >18 - 26 passenger cars/mile/lane
LOS D: >26 - 35 passenger cars/mile/lane
LOS E: >35-45 passenger cars/mile/lane
LOS F: >45 passenger cars/mile/lane

For merge and diverge ramp terminal areas, the following LOS criteria from HCM 2000, Exhibit

25-4 applies:

LOS A: <10 passenger cars/mile/lane

LOS B: >10 - 20 passenger cars/mile/lane
LOS C: >20 - 28 passenger cars/mile/lane
LOS D: >28 - 35 passenger cars/mile/lane
LOS E: >35 passenger cars/mile/lane
LOS F: Demand exceeds capacity

Two-Lane Highways

The methods for this analysis are found in Chapters 12 and 20 in the HCM2000. HCM provides
two levels of service (LOS) descriptions for two lane highways according to its class. Class |
highways are higher speed, higher mobility two-lane highways, suitable for longer trips. Class Il

highways are lower speed and oriented towards access and shorter trips.
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Class | uses two performance measures for level of service, percent time spent following (PTSF)

and average travel speed (ATS) (mph). The following level of service (LOS) table is reproduced

from E

xhibit 20-2 of HCM2000. The operational level of service for a two-lane highway would be

the least LOS rating of either the PTSF and ATS ratings.

LOS
A
B
C
D
E

Two-L

Percent Time Spent Average Travel Speed

Following (mph_
<35 >55
>35-50 >50-55
>50-56 >45-50
>65-80 >40-45
>80 <40

ane Class | Highway LOS

The LOS for two-lane, Class Il highways uses PTSF for LOS ratings. LOS for Class Il highways

is as follows:

LOS A:
LOS B:
LOS C:
LOS D:
LOS E:

<40 Percent Time Following

>40 and <55 Percent Time Following
>55 and <70 Percent Time Following
>70 and <55 Percent Time Following

>85 Percent Time Following

Signalized Intersections

The following narrative from Chapter 9 of the 1997 HCM defines LOS for signalized intersections.
(Note that these definitions have not changed with the 2000 edition of HCM)

LOS A describes operations with very low control delay, up to 10 seconds per vehicle.
This level of service occurs when progression is extremely favorable and most vehicles
arrive during the green phase. Most vehicles do not stop at all. Short cycle lengths may
also contribute to low delay.

LOS B describes operations with control delay greater than 10 and up to 20 seconds per
vehicle. This level generally occurs with good progression, short cycle lengths, or both.
More vehicles stop than with LOS A, causing higher levels of average delay.
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e LOS C describes operations with control delay greater than 20 and up to 35 seconds per
vehicle. These higher delays may result from fair progression, longer cycle lengths, or
both. Individual cycle failures may begin to appear at this level. The number of vehicles
stopping is significant at this level, though many still pass through the intersection without

stopping.

e LOS D describes operations with control delay greater than 35 and up to 55 seconds per
vehicle. At level D, the influence of congestion becomes more noticeable. Longer delays
may result from some combination of unfavorable progression, long cycle lengths, or high
v/c ratios. Many vehicles stop and the proportion of vehicles not stopping declines.
Individual cycle failures are noticeable.

e LOS E describes operations with control delay greater than 55 and up to 80 seconds per
vehicle. This level is considered by many agencies to be the limit of acceptable delay.
These high delay values generally indicate poor progression, long cycle lengths, and high
v/c ratios. Individual cycle failures are frequent occurrences.

e LOS F describes operations with control delay in excess of 80 seconds per vehicle. This
level, considered unacceptable to most drivers, often occurs with over saturation, that is,
when arrival flow rates exceed the capacity of the intersection. It may also occur at high
v/c ratios below 1.0 with many individual cycle failures. Poor progression and long cycle
lengths may also be major contributing factors to such delay.

Unsignalized Intersections

Intersection capacity analysis was performed in accordance with the procedures outlined in
Transportation Research Board Highway Capacity Manual 2000 (HCM) for interrupted flow
facilities, using Highway Capacity Software 2000 by McTrans.

The operational performance measures used for this intersection analysis are levels of service,
control delay (seconds delay per vehicle), and volume to capacity ratio, v/c. A common limit for
v/c values is 0.85, or 85% of capacity. This upper value represents good design practice, in that

there is some reserve capacity to absorb surges in volumes or flow turbulence.

The methodology for unsignalized intersections only computes LOS for the minor movements of

the intersection, which include the minor street approaches under sign control, or major
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movements that must yield to oncoming traffic, such as left-turning traffic. Unsignalized LOS is
defined as follows (HCM Exhibit 17-2):

LOS A: <10 seconds of control delay per vehicle
LOS B: >10 and <15 seconds of control delay per vehicle
LOS C: >15 and <25 seconds of control delay per vehicle
LOS D: >25 and <35 seconds of control delay per vehicle
LOS E: >35 and <50 seconds of control delay per vehicle
LOS F: >50 seconds of control delay per vehicle
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Pedestrian Crossing Performance Measures

The minimum gap time for crossing uncontrolled streets is computed with the following formula
(from ITE’s A Program for School Crossing and HCM 2000 Chapter 18, Equation 18-17 and 18-
20):
tg :SLHS +2(N -1)

P
Where:

te= critical gap for single pedestrian crossing (seconds)

L= width of crossing (feet)

Sp= walking speed (fps), assumed to b 3.5 fps (from ITE)

ts= startup time (sec), 3 seconds (from ITE)

N= spatial distribution of pedestrians (rows), N=1, up to 5 children in one crossing.

Percent pedestrian delay, Dy, is directly computed from a pedestrian gap study as:

_ TimeTotaI B Z (Gaps Z tG)

% .
T Im eTotal

Where:
Timero= total observation time (seconds)
> Gaps = tg= sum of individual gap recordings that are equal to or greater than the critical

gap crossing (seconds)

The following figure is from A Program for School Crossing Protection, Institute of Transportation

Engineers (ITE), 1971, which indicates when control (schools) may be needed.
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Exhibit No. 2
*See Appendix B, “Analysis of School Crossings at Signalized Intersections”, for equation of
the family of lines and for the assumption upon which they are plotted.

Exhibit No. 2 From ITE “A Program for School Crossing Protection”

The MUTCD Warrant 5, School Crossing establishes that a signal should be considered where
available safe crossing gaps are less than 1 gap per minute on the average, and 20 or more
children use the crossing. MUTCD suggests other remedial measures be considered such as
signage and flashing beacons, reduced speed zones, crossing guards, and grade separated
crossings. Also, ITE’s School Trip Safety Program Guidelines indicates that there should be at
least one gap per minute

Number of adequate crossing gaps per minute, Agap is computed as:

Gaps >t
Agap:Z( Ps2te) 60
tG TImeTotaI
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If a pedestrian gap study is not available, or if delay and adequate crossing are to be established
for future traffic flows, then this information can be computed upon the basis that gaps generally

are well modeled with a negative exponential distribution.

For a negative exponential distribution, the probability that a gap exceeds any value “t” is

calculated as:
Ph>t,)=e™"

Where:
t is the critical time, seconds
h is any gap, seconds
v is the vehicular flow rate, vehicles per second (volume in an hour divided by 3,600
seconds). The value v is also the gap flow rate (1 vehicle = 1 gap).
The estimated frequency of gaps in any time bin, h, would be the product of the probability of h

by the Volume, V, or:

N, = P(h)xV

And if:

v is the forecasted vehicular and gap flow rate, vehicles (gaps) per second,
t h+1, t h-1 @re the time bins immediately adjacent to the bin of interest, h.
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The following presents the pedestrian unsignalized crossing delay equation from HCM2000.
HCM2000 based this equation on pedestrian delay equations in Gerlough & Huber 1975 Special
Report 165 Traffic Flow Theory A Monograph.

d, :%(e“G —Vtg —1)
Where:

dp= average pedestrian delay (seconds)

v=vehicular flow rate (vehicles per second)

Gerlough and Huber’s derivation for Equation 3 assumes that traffic gaps are in a random traffic

flow state, and gaps distributions are represented well by the negative exponential distribution.

HCM Exhibit 18-13 provides pedestrian unsignalized crossing LOS based on delay. This is

summarized the following table.

Average Delay per

LOS HCM2000 Comments on Risk

Pedestrian

A <5 seconds Low likelihood of accepting gaps that are less
than tg

B =5 and <10 seconds -

C >10 and <20 seconds Moderate likelihood of accepting gaps that
are less than tg

D >20 and <30 seconds -

E >30 and <45 seconds High likelihood of accepting gaps that are
less than {g

F >45 seconds Very high likelihood of accepting gaps that

are less than tg
Pedestrian LOS
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Urban Streets, Generalized Planning Level Analysis

The Florida DOT Quality/Level of Service Manual provides planning level LOS for various
facilities. This is most appropriate for corridor planning, and also for facilities that are not well

analyzed in HCM2000.

The following figure is an excerpt from that manual describing LOS methods for urban facilities.
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TABLE 4 -1
GENERALIZED ANNUAL AVERAGE DAILY VOLUMES FOR FLORIDA’S
URBANIZED AREAS*

UNINTERRUPTED FLOW HIGHWAYS

Level of Service

urbanized area over 750,000)

Level of Service

Lanes Divided A B C D

2 Undivided R ok 5.300 12.600
4 Divided R ok 12,400  28.900
6 Divided A ok 19.500  44.700
8 Divided e K 25,800  38.700

Class III (more than 4.5 signalized intersections per nule and not
within primary city central business district of an

E
15,500
32,800
49300
63,800

Class IV (more than 4.5 signalized intersections per mile and within
primary city central business district of an urbanized area

FREEWAYS

Interchange spacing = 2 mi. apart

Lanes Divided A B C D E Level of Service
2 Undivided 2200  7.600 15000 21300 27100 | Lanes A B C D E
4 Divided 20400 33000 47800 61.800 70200 f4 23800 39.600 55.200 67.100 74.600
6 Divided 30.500 49500  71.600 92700 105400 6 36.900 61.100 85,300 103,600 115300
STATE TWO-WAY ARTERIALS 8 49,900 82,700 113300 140200 136,000
Class I (=0.00 to 1.99 signalized intersections per mile) 10 63,000 104,200 145500 176,900 196,400
Level of Service 12 75.900 125800 175500 213,500 237,100
Lanes Divided A B C D E
2 Undivided i 4.200 13,800 16,400 16,900 J Interchange spacing < 2 mi. apart
4 Divided 4800 29300 34700 35,700 ok Level of Service
] Divided 7300 44700 52100 53.500 ok Lanes A B C D E
8 Divided 9400 58000 66,100 67.800 mE 4 22.000 36,000 52,000 67.200 76.500
6 34.800 56,500 81.700 105800 120.200
Class IT (2.00 to 4.50 signalized intersections per mile) 8 47.500 77.000 111400 144300 163,900
Level of Service 10 60.200 97.300  141.200 182,600 207.600
Lanes Divided A B C D E 12 72.900 118.100 170900 221100 251,200
2 Undivided = ** 1.900 11,200 15400 16,300
4 Divided b 4100 26000 32700 34500
] Divided A 6.500 40300 49200  51.800 BICYCLE MODE
8 Divided R 8.500 53,300 63,800 67,000 J (Note: Level of service for the bicycle mode 1in this table is based on roadway

geometrics at 40 mph posted speed and traffic conditions, not number of bicyclists
using the facility.) (Multiply motorized vehicle volumes shown below by number
of directional roadway lanes to determine two-way maximum service volumes.)

Paved Shoulder/
Bicycle Lane Level of Service
Coverage A B C D E
0-49% = == 3.200 13,800 =>13.800
50-84% = 2,500 4.100 =4.100 ok
85-100% 3.100 7.200 =7.200 ok ok
PEDESTRIAN MODE

(Nate: Level of service for the pedestrian mode in this table 1s based on roadway
geometrics at 40 mph posted speed and traffic conditions. not number of pedestrians
using the facility.) (Multiply motorized vehicle volumes shown below by number of
directional roadway lanes to determine two-way maxmmum service volumes.)

Level of Service

Sidewalk Coverage A B C D E
0-49% = == = 6,400 15.500
50-84% = == = 9,900 19.000
§3-100% = 2.200 11300 =11.300 ok

BUS MODE (Scheduled Fixed Route)
Level of Service (Buses per hour)
{Note: Buses per hour shown are only for the peak hour m the single direction of the higher traffic flow.}

Level of Service

Sidewalk Coverage A B C D E
0-84% = =5 =4 =3 =2
83-100% =6 =4 =3 =2 =1

Systems Planning Office
605 Suwannee Street, MS 19
Tallahassee, FL 32399-0450

over 750.000)
Level of Service
Lanes Divided A B C D E
2 Undivided R ok 5,200 13,700 15,000
4 Divided R ok 12,300 30.300  31.700
6 Divided R ok 19.100 45.800  47.600
8 Divided R ok 23900 39900 62200
NON-STATE ROADWAYS
Major City/County Roadways
Level of Service
Lanes Divided A B C D E
2 Undivided R ok 9.100 14,600 15,600
4 Divided R ok 21,400 31,100 32,900
6 Divided A ok 33400 46.800 49300
Other Signalized Roadways
(signalized intersection analysis)
Level of Service
Lanes Davided A B C D E
2 Undivided e K 4.800 10.000 12,600
4 Divided = i 11,100  21.700 25200
Source: Florida Department of Transportation 05/17/07

hrtp:/www . dot.state flus/planning/systems/sm/los/default htm

ARTERIAL/NON-STATE ROADWAY ADJUSTMENTS
(alter corresponding volume by the indicated percent)

Lanes Median Left Turn Lanes Adjustment Factors
2 Divided Yes +5%
2 Undivided No -20%
Multi Undivided Yes -5%
Multi Undivided No -25%

ONE-WAY FACILITIES
Multiply the corresponding two-directional volumes m this table by 0.6

**Cammot be achisved using table input value defanlts.

* Values shown are presented as two-way anmual average daily volumes for levels of service and are for the sutomobile/truck modes unless speci?ica]ly stated. Although presented as daily volumes, they
actually represent peak hour direction conditions with applicable K and D factors applied. This table dees not constitute a standard and should be nsed only for general plammung spplications. The computer
models from which this table is derived should be nsed for mere specific planning applications. The table and denving computer models should not be used for corrider or intersection design, where more
refined techmigues exist. Level of service letter grade threshelds are probably net comparable across modes and, therefore, cross modal comparisons should be made with caution. Furthermore, combining
levels of service of different modes into one overall roadway level of service 1s not recommended. Calculations are based on planning applications of the Highway Capacity Manual, Bicycle LOS Model,
Pedestrizn L.OS Model and Transit Capacity and Quality of Servies Mamial, respectively for the automobile/truck, bicyele, pedestrian and bus modes.

***Not applicable for that level of service letter grade. For automobile/fmuck modes, volumes greater than level of service D become F because mntersection capacities have been reached For bieyele and
pedestrian modes, the level of service letter grade (including F) s not achievable, because there is no maximum vehicle volume threshold using table input value defaults.

Planning LOS
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Appendix F - Equations for M/M/C Queuing Analyses
M/M/1, p<1

0= ]—'(_)—p Average queue length
W — j’ A . . .

11— 2) verage wait time in queue
- 1
A Average time in system
where :

A ==> arrival(veh/sec)

U ==> service(veh/ sec)

A
p=—=p=l
7]

M/M/N, p/N<1

Car=ps , P Probability of 0 units in

Son! N!(l_ PJ system, n, is channel
N

p=Llopcn - s
L Probability of “n” units in
p=Lh _ .5y system

NN

(130 1]

VP Probability of “n” units >
' ,-'\"1.N[I— p] number of channels, or
’ probability of wait

0= ":wl \P‘ ' Iﬂ : Average queue
['_ _-’\-’] length

0= PR I Average queue

NN [ |_P ]2 length

N
w= p+g T Average wait time
A H in queue

Fal w1 Average time in

A system
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APPENDIX E — HELP MODEL ANALYSIS



Memorandum

Date: May 20, 2020
To: Fred Doran, PE
From: Gina Tinio, EIT

Subject: HELP Model Analysis
Central Landfill
Project No. 120344

INTRODUCTION

This memorandum presents the results of the Hydrologic Evaluation of Landfill Performance
(HELP) Model analysis for the Matanuska-Susitna Borough Central Landfill (Landfill). The
analysis evaluated the leachate management system components, including leachate quantities at
each stage of landfill development, maximum leachate recirculation rate, and leachate collection

pipe sizing and material type.

METHODOLOGY

The following analyses were performed utilizing the HELP Model Version 3.07, which was
developed by the United States Army Corps Engineers (USACE) for the United States
Environmental Protection Agency (USEPA) Risk Reduction Engineering Laboratory in
November of 1997. The HELP model is a hydrologic model of water movement across, into,
through, and out of landfills. The model uses climatologic, soil, and design data in a daily
sequential analysis that accounts for the effects of surface storage, runoff, infiltration,

evapotranspiration, percolation, soil moisture storage, and lateral drainage.

The HELP Model was used to estimate amounts of leachate generation, leachate recirculation,
and maximum daily head on the liner system that may be expected during various stages of
landfill development for the Matanuska-Susitna Borough Central Landfill (Landfill). Three
different landfill development design simulations were run which include the following:

1. Active Filling

2. Intermediate Cover; and
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3. Final Cover.

The simulations were modeled on a per acre basis and results were then multiplied by the area of
each phase in acres to quantify volumes associated with the leachate management system. The

approximate area of each phase is shown in Table 1.

Table 1: Area of Landfill Phases

Phase I II III

Area
(Acres)

42 | 113 | 123

DESIGN CRITERIA

The HELP Model requires climatological, vegetative, soil, and design data specific to the landfill
site. The following sections document the basis for data selection and the layer profiles used in

the HELP Model analyses.

Weather Data

The required weather data for the HELP Model includes daily precipitation values, mean
monthly temperatures, and solar radiation representative of the landfill site. These values may be
entered by the user, synthetically generated by the program, or default data supplied with the
program may be used. The HELP Model Version 3.07 does not include Palmer, Alaska, as a
default location, so Bethel, Alaska, was selected as the default location for temperature and solar
radiation data. Bethel, Alaska, is the closest location relative to the landfill site for solar and
temperature data in the program. The model does not include any Alaska locations for synthetic
precipitation data, so Medford, Oregon, was selected. Palmer, Alaska, precipitation data was then
manually input into the HELP Model to simulate site specific weather conditions. Precipitation
data was taken from monthly averages from 1981 to 2010. The average monthly values are

presented in Table 2 and supporting documentation is included in Attachment 1.
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Table 2: Precipitation Data

Average
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Annual

Inches | 1.06 | 093 | 0.68 | 034 | 0.72 | 1.23 | 2.05 | 2.61 | 250 | 1.56 | 1.04 | 1.28 16.00

The peak daily precipitation was modified to be 2.69 inches for the initial and intermediate
conditions, which corresponds to the upper bound of the 24-hour, 25-year storm event 90%
confidence interval. For the final cover condition, the peak daily precipitation was modified to be
3.47 inches, which corresponds to the upper bound of the 24-hour, 100-year storm event 90%

confidence interval.

Landfill Development

Three scenarios of landfill development design simulations were performed to calculate leachate

generation rates for sizing the collection system. The three scenarios include:

1. Active Filling. The first stage of landfill development is after an initial 10-foot-thick lift
of waste has been placed in a cell.

2. Intermediate cover. This stage of landfill development represents areas that have reached
intermediate grades and intermediate cover soils have been placed over the waste. The
intermediate waste thicknesses was modeled at 20 feet.

3. Final cover. The final stage of landfill development is when an area has reached final
grade and receives its final cover. The final waste thicknesses was modeled at 192 feet,
which reflects the maximum waste thickness measured from the top of the drainage layer

to the top of final intermediate cover.

Landfill Liner Design Parameters

The landfill design for Landfill consists of the following layers from top to bottom:

e 6 inches of earthen material;
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® 18 inches of granular drainage material;

e 40 mil LLDPE flexible membrane liner;

® 6 inches of leveling course;

e Waste and intermediate cover;

¢ [8inches of granular drainage material;

e (Geotextile fabric;

e 60 mil HDPE flexible membrane liner;

¢ Geosynthetic clay liner;

® 6 inches of sand leveling course; and

e Prepared subgrade.
Note that geotextiles are not modeled as a part of the HELP model analysis. Additionally, the
sand leveling course and prepared subgrade below the geosynthetic clay liner are not included in

the model, as the program does not allow multiple sequencing barrier layers.

Additional Design Assumptions
1. The program initialized soil moisture content by setting moisture content at field capacity
and running the program from the first year of climatological data.
2. Evaporative zone depth was estimated to be:

a. 6 inches for active filling. This depth is equal to the thickness of the daily cover
soil layer.

b. 12 inches for intermediate cover condition. This depth is equal to the thickness of
the intermediate cover soil layer and includes the influence of plant roots
extending into the intermediate cover soil layer; and

c. 24 inches for final cover condition.

3. Percent of area where runoff is possible was assumed to be:

a. 0 percent for active filling.

b. 100 percent for intermediate and final cover conditions.
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4. SCS runoff curve numbers were calculated by the HELP Model based on default soil
data, vegetative cover, and user inputted surface slope.

a. The soil texture used to compute the curve number was bare group B soil,
consistent with the daily and intermediate cover in the active and intermediate
scenarios.

b. The soil textured used to compute the curve number for the final cover scenario
was a good stand of grass.

c. A conservative slope length of 1,500 ft was used. This reflects the maximum final
cover slope length on the east side of the landfill.

d. For the initial and intermediate condition scenarios, a surface slope of 2% was
used. This is consistent with typical landfill construction surface slopes.

e. For the final cover scenario, a surface slope of 4% was used.

5. The default growing period for Bethel, Alaska, was used for the landfill location.
6. The vegetative cover was modeled as:
a. Bare ground for active filling and intermediate cover conditions
b. Good stand of grass for final cover conditions
7. Maximum leaf area index of:
a. Bare ground for active filling and intermediate cover conditions
b. Good stand of grass for final cover conditions
8. The effective saturated hydraulic conductivity of the granular drainage material was set to
1.0 x 10! cm/s (minimum from Cell 4 design specification).
9. The effective saturated hydraulic conductivity of the geosynthetic clay liner was set to 5.0
x 10? cm/s in accordance with Geosynthetic Institute GRI-GCL3 Standard Specification.
10. Geomembrane placement was assumed to be good with one installation defect per acre

and one pinhole per acre.
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11. Active and intermediate conditions were modeled over a time span of five years of data
generation, and the final cover condition was modeled over a time span of 30 years of

data generation.

RESULTS

Hydraulic Head on Liner

The HELP Model was used to calculate the amount of percolation through the liner system and
the maximum daily hydraulic head over the liner for each stage of landfill development. The
model calculates the depth of the hydraulic head on the liner as a function of the drainage slope,

slope length, permeability of the drainage material, and the amount of leachate reintroduced into

the landfill.

Results demonstrate conformance with the Alaska Department of Environmental Conservation
Solid Waste Management Rule 18 AAC 60.330, which requires less than 12 inches head of
leachate over the liner. Detailed HELP modeling reports are included as Attachment 2. A

summary of results is presented in Table 3.

Maximum Leachate Recirculation Rate

The HELP model allows for inclusion of leachate application rates as a percentage of leachate
collected from the drainage layer and applied back into the landfill, also referred to as
recirculation. During active filling (Scenario 1), a recirculation rate of 94 percent (approximately
516,000 cubic feet or 3,860,000 gallons per open acre of active landfill cell per year) was
included in the model while still maintaining less than 12 inches of head on the liner (10.875
inches). During the intermediate cover condition, 100 percent of the volume of leachate
collected from the drainage layer (approximately 374,000 cubic feet or 2,801,00 gallons per open

acre of active landfill cell per year) was included in the model while maintaining less than 12
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inches of head on the liner (7.628 inches). Table 3 provides a summary of head and the liner and

leachate generation rates per acre for reach scenario.

Table 3: HELP Modeling Results

Average Average
Annual Annual
Leachate Leachate Leachate
Recirculation Max Average Recirculated Collected
Scenario (%) Head (in) | Head (in) (gals/acre) (gals/acre)
Active Filling 94 10.875 7.039 3,859,816 246,371
Intermediate
Cover 100 7.628 4.675 2,800,972 -
Final Cover 0 9.939 6.337 - 0.02

Leachate Generation

The HELP Model calculated a peak daily volume and annual average volume of leachate
collected from the drainage layer and volume recirculated over the modeled period. Scenarios 1
and 2 were modeled for 5 years since this represents a conservative time period for active filling
conditions and intermediate slopes. Scenario 3 was modeled for 30 years to evaluate the post-

closure period requirements.

Table 4 presents estimated annual and peak daily leachate generation assuming no leachate is
recirculated back into the landfill. These values are useful for evaluating leachate storage and
treatment options. The peak volume of leachate generated over a 24-hour period is 5,274 gallons

per acre, assuming no leachate is recirculated.
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Table 4: Per Acre Leachate Generation
Average
Annual Average Peak Daily
Leachate Annual Leachate Peak Daily
Collected | Leachate Generated Leachate
(cubic Collected (cubic Generated
Scenario feet/acre) | (gals/acre) feet/acre) (gals/acre)
Active Filling 36,432 272,532 705 5,274
Intermediate Cover 16,438 122,965 450 3,366
Final Cover 0.020 0.150 0.002 0.015

Attachment 1 — Weather Data
Attachment 2 — HELP Modeling Reports
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

(1 NOVEMBER 1997)
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PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

TIME:

:\HELP3\INITIAL.
:\HELP3\INITIAL.
:\HELP3\INITIAL.
:\HELP3\INITIAL.
:\HELP3\INIT160.
:\HELP3\INIT160.
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MAT-SU LANDFILL ACTIVE FILLING CONDITION
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THICKNESS

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER
6.00



POROSITY = 0.4630 VOL/VOL

FIELD CAPACITY = 0.2320 VOL/VOL

WILTING POINT = 0.1160 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.1621 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC
LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS = 120.00 INCHES
POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL

WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.0770 VOL/VOL
0.2920 VOL/VOL
0.100000005000E-02 CM/SEC

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER ©

THICKNESS = 18.00  INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

0.0450 VOL/VoL
0.100000001000 CM/SEC
4.00 PERCENT
160.0 FEET

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL

WILTING POINT = 0.0000 VOL/VOL



INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = ©0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY 1.00  HOLES/ACRE

FML INSTALLATION DEFECTS 1.00  HOLES/ACRE

FML PLACEMENT QUALITY 3 - GOOD

LAYER 5

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER ©

THICKNESS = 0.24  INCHES
POROSITY = 0.7500 VOL/VOL
FIELD CAPACITY = 0.7470 VOL/VOL
WILTING POINT = 0.4000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.499999997000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 86.0, A SURFACE SLOPE
OF 2.% AND A SLOPE LENGTH OF 1500. FEET.

SCS RUNOFF CURVE NUMBER = 84.90

FRACTION OF AREA ALLOWING RUNOFF = 0.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 6.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 0.973 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 2.778 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.696 INCHES
INITIAL SNOW WATER = 1.607 INCHES
INITIAL WATER IN LAYER MATERIALS = 37.003 INCHES
TOTAL INITIAL WATER = 38.610 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA



NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

BETHEL ALASKA
STATION LATITUDE = 60.78 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 184
END OF GROWING SEASON (JULIAN DATE) = 225
EVAPORATIVE ZONE DEPTH = 6.0 INCHES
AVERAGE ANNUAL WIND SPEED = 12.90 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 78.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 83.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 80.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR MEDFORD OREGON

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
1.06 0.93 0.68 0.34 0.72 1.23
2.05 2.61 2.50 1.56 1.04 1.28

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR BETHEL ALASKA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
4.90 5.70 10.70 23.40 40.30 50.60
54.70 52.80 45.00 29.70 17.50 4.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR BETHEL ALASKA
AND STATION LATITUDE = 60.78 DEGREES
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ANNUAL TOTALS FOR YEAR 1



INCHES CU. FEET PERCENT

PRECIPITATION 16.51 59931.316 100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 7.669 27837.207 46.45
DRAINAGE COLLECTED FROM LAYER 3 8.8412 32093.447 53.55
PERC./LEAKAGE THROUGH LAYER 5 0.000016 0.058 0.00
AVG. HEAD ON TOP OF LAYER 4 0.1713

CHANGE IN WATER STORAGE 0.000 0.582 0.00
SOIL WATER AT START OF YEAR 37.003 134319.969

SOIL WATER AT END OF YEAR 37.003 134320.547

SNOW WATER AT START OF YEAR 1.607 5833.651 9.73
SNOW WATER AT END OF YEAR 1.607 5833.651 9.73
ANNUAL WATER BUDGET BALANCE 0.0000 0.020 0.00
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ANNUAL TOTALS FOR YEAR 2

INCHES CU. FEET PERCENT
PRECTPITATION 16.85 61165.508  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 6.814 24733.717 40.44
DRAINAGE COLLECTED FROM LAYER 3 9.4566 34327.543 56.12
PERC./LEAKAGE THROUGH LAYER 5 0.000017 0.062 0.00

AVG. HEAD ON TOP OF LAYER 4 0.1824



CHANGE IN WATER STORAGE 0.580 2104.186 3.44

SOIL WATER AT START OF YEAR 37.003 134320.547
SOIL WATER AT END OF YEAR 37.389 135720.969
SNOW WATER AT START OF YEAR 1.607 5833.651 9.54
SNOW WATER AT END OF YEAR 1.801 6537.427 10.69
ANNUAL WATER BUDGET BALANCE 0.0000 0.002 0.00
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ANNUAL TOTALS FOR YEAR 3

INCHES CU. FEET PERCENT
PRECTPITATION C17.57 63779121 100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 5.372 19499.645 30.57
DRAINAGE COLLECTED FROM LAYER 3 10.5497 38295.473 60.04
PERC./LEAKAGE THROUGH LAYER 5 0.000019 0.069 0.00
AVG. HEAD ON TOP OF LAYER 4 0.2026
CHANGE IN WATER STORAGE 1.648 5983.897 9.38
SOIL WATER AT START OF YEAR 37.389 135720.969
SOIL WATER AT END OF YEAR 38.301 139033.844
SNOW WATER AT START OF YEAR 1.801 6537.427 10.25
SNOW WATER AT END OF YEAR 2.537 9208.442 14.44
ANNUAL WATER BUDGET BALANCE 0.0000 0.037 0.00
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ANNUAL TOTALS FOR YEAR 4

INCHES CU. FEET PERCENT
PRECTPITATION 10.89 72200.687  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 8.235 29893.785 41.40
DRAINAGE COLLECTED FROM LAYER 3 13.3908 48608.777 67.32
PERC./LEAKAGE THROUGH LAYER 5 0.000024 0.087 0.00
AVG. HEAD ON TOP OF LAYER 4 0.2577
CHANGE IN WATER STORAGE -1.736 -6301.982 -8.73
SOIL WATER AT START OF YEAR 38.301 139033.844
SOIL WATER AT END OF YEAR 38.023 138024.641
SNOW WATER AT START OF YEAR 2.537 9208.442 12.75
SNOW WATER AT END OF YEAR 1.079 3915.669 5.42
ANNUAL WATER BUDGET BALANCE 0.0000 0.021 0.00
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ANNUAL TOTALS FOR YEAR 5

INCHES CU. FEET PERCENT
PRECTPITATION 17.34 62944.215  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 7.475 27135.564 43.11

DRAINAGE COLLECTED FROM LAYER 3 7.9437 28835.756 45.81



PERC./LEAKAGE THROUGH LAYER 5 0.000014 0.052 0.00

AVG. HEAD ON TOP OF LAYER 4 0.1529

CHANGE IN WATER STORAGE 1.921 6972.825 11.08
SOIL WATER AT START OF YEAR 38.023 138024.641

SOIL WATER AT END OF YEAR 38.044 138100.422

SNOW WATER AT START OF YEAR 1.079 3915.669 6.22
SNOW WATER AT END OF YEAR 2.979 10812.708 17.18
ANNUAL WATER BUDGET BALANCE 0.0000 0.018 0.00
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.89 1.06 0.58 0.33 0.82 1.05
1.21 3.46 4.29 1.55 0.90 1.49
STD. DEVIATIONS 0.26 0.32 0.24 0.19 0.79 1.06
1.57 1.26 1.59 0.91 0.31 0.31
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
EVAPOTRANSPIRATION

TOTALS 0.312 0.326 0.351 0.382 0.048 1.335



0.499 1.256 1.158 0.765 0.455 0.226

STD. DEVIATIONS 0.049 0.041 0.086 0.09%4 0.080 0.503
0.458 0.524 0.478 0.119 0.187 0.051

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.0000 0.0000 0.0000 0.2111 .1321 .5201
0.8368 0.6664  2.3848 2.1318 ©0.1533 0.0000

N
=

STD. DEVIATIONS 0.0000 0.0000 .0000 0.1665 .5428 .2070
0.6544 ©.7388 0.8717 1.6901 0.3355 0.0000

o
o
o

TOTALS 0.0000 0.0000 ©0.0000 ©0.0000 ©0.0000 0.0000
0.0000 0.0000 ©0.0000 ©0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0©.0000 0.0000
0.0000 ©0.0000 ©0.0000 0.0000 0©.0000 0.0000

AVERAGES 0.0000 0.0000 ©.0000 .0497 .4861 .3581
0.1908 ©0.1519 ©0.5618 ©0.4860 0.0361 0.0000

(W]
(W]
(]

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0392 0.1237 0.0488
0.1492 ©0.1684 0.2054 0.3853 0.0790 0.0000
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES CU. FEET PERCENT
PRECIPITATION 17.63 ( 1.328) 64004.2 100.00
RUNOFF 0.000 ( ©.0000) 0.00 0.000

EVAPOTRANSPIRATION 7.113 ( 1.0978) 25819.98 40.341



LATERAL DRAINAGE COLLECTED 10.03642 ( 2.10118) 36432.195 56.92160
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH 0.00002 ( ©.00000) 0.066 0.00010
LAYER 5

AVERAGE HEAD ON TOP 0.193 ( 0.040)
OF LAYER 4

CHANGE IN WATER STORAGE 0.483 ( 1.4657) 1751.90 2.737
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

(INCHES) (CU. FT.)

PRECIPITATION 260 9764.700
RUNOFF 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 3 0.19423 705.04028
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00130
AVERAGE HEAD ON TOP OF LAYER 4 1.373
MAXIMUM HEAD ON TOP OF LAYER 4 2.502
LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 13.9 FEET
SNOW WATER 3.82 13867.8398
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4630
MINIMUM VEG. SOIL WATER (VOL/VOL) 9.1160

***  Maximum heads are computed using McEnroe's equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas



ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 5

LAYER (INCHES) (VOL/VOL)

1  2.0142 e.3357

2 35.08399 9.2920

3 0.8100 09.0450

4 0.0000 0.0000

5 0.1800 0.7500
SNOW WATER 2.979
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

(1 NOVEMBER 1997)

%k %
%k %
%k %
%k %
%k %
%k %k
%k %
%k %k
%k %

3k 3k 5k 5k 5k >k >k 3k ok ok 5k >k >k 5k 5k 5k 5k k >k 5k 5k 5k >k >k >k 5k 5k 5k >k k >k 5k 5k 5k >k %k >k 5k 5k >k >k >k >k 5k 5k >k >k %k >k 5k >k >k %k 5k 5k 5k >k %k %k 5k >k >k >k %k %k >k >k >k >k %k %k 5k >k %k %k k %k k

3k 3k 3k 3k 3k >k >k 3k 5k 3k 5k >k %k 5k 5k 3k %k %k %k 5k 3k 3k 3k %k >k 5k 3k 3k 3k %k >k 5k 3k 5k 3k %k >k 5k 3k 3k 3k 5k >k 5k 3k 3k >k >k 5k 3k %k %k %k 5k 3k 3k 3k >k >k 5k 3k 3k >k %k >k 5k 3k %k %k %k %k 5k 3k %k k k ok k

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

TIME:

:\HELP3\INITIAL.
:\HELP3\INITIAL.
:\HELP3\INITIAL.
:\HELP3\INITIAL.
:\HELP3\INIT160.
:\HELP3\INIT160.

5/ 4/2020

D4
D7
D13
D11
D1o
ouT
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MAT-SU LANDFILL ACTIVE FILLING CONDITION
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THICKNESS

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER
6.00



POROSITY = 0.4630 VOL/VOL

FIELD CAPACITY = 0.2320 VOL/VOL

WILTING POINT = 0.1160 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.1621 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC
LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS = 120.00 INCHES
POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL

WILTING POINT 0.0770 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3326 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
NOTE: 94.00 PERCENT OF THE DRAINAGE COLLECTED FROM LAYER # 3
IS RECIRCULATED INTO THIS LAYER.

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER ©
THICKNESS = 18.00  INCHES

POROSITY = 0.4170 VOL/VOL

FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0707 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC
SLOPE = 4.00 PERCENT
DRAINAGE LENGTH = 160.0 FEET

NOTE: 94.00 PERCENT OF THE DRAINAGE COLLECTED FROM THIS
LAYER IS RECIRCULATED INTO LAYER # 2.

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35



THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER

3 -

5

0.06 INCHES

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL
0.199999996000E-12 CM/SEC
1.00  HOLES/ACRE
1.00  HOLES/ACRE

GOOD

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER ©
0.24  INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7500 VOL/VOL
0.499999997000E-08 CM/SEC

THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. =

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 86.0, A SURFACE SLOPE

OF 2.% AND A SLOPE LENGTH OF 1500.

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

84.90
.0
.000
.0
.973
.778
.696
.607
42.333
43.940
0.00

RPONMNOORO®

FEET.

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR



EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

BETHEL ALASKA
STATION LATITUDE = 60.78 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 184
END OF GROWING SEASON (JULIAN DATE) = 225
EVAPORATIVE ZONE DEPTH = 6.0 INCHES
AVERAGE ANNUAL WIND SPEED = 12.90 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 78.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 83.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 80.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR MEDFORD OREGON

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
1.06 0.93 0.68 0.34 0.72 1.23
2.05 2.61 2.50 1.56 1.04 1.28

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR BETHEL ALASKA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
4.90 5.70 10.70 23.40 40.30 50.60
54.70 52.80 45.00 29.70 17.50 4.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR BETHEL ALASKA
AND STATION LATITUDE = 660.78 DEGREES
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ANNUAL TOTALS FOR YEAR 1

INCHES CU. FEET PERCENT
PRECTPITATION 1651 59931.316  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 7.669 27837.207 46.45
RECIRCULATION INTO LAYER 2 90.169006 327313.500 546.15
DRAINAGE COLLECTED FROM LAYER 3 5.7555 20892.346 34.86
RECIRCULATION FROM LAYER 3 90.169006 327313.500 546.15
PERC./LEAKAGE THROUGH LAYER 5 0.000188 0.684 0.00
AVG. HEAD ON TOP OF LAYER 4 1.8537
CHANGE IN WATER STORAGE 2.960 10744.728 17.93
SOIL WATER AT START OF YEAR 42.333 153668.531
SOIL WATER AT END OF YEAR 45.293 164413.250
SNOW WATER AT START OF YEAR 1.607 5833.651 9.73
SNOW WATER AT END OF YEAR 1.607 5833.651 9.73
ANNUAL WATER BUDGET BALANCE 0.1257 456.352 0.76
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ANNUAL TOTALS FOR YEAR 2

PRECIPITATION 16.85 61165.508 100.00

RUNOFF 0.000 0.000 0.00



EVAPOTRANSPIRATION 6.814 24733.717 40.44

RECIRCULATION INTO LAYER 2 123.488007 448261.469 732.87
DRAINAGE COLLECTED FROM LAYER 3 7.8822 28612.430 46.78
RECIRCULATION FROM LAYER 3 123.488007 448261.469 732.87
PERC./LEAKAGE THROUGH LAYER 5 0.000271 0.983 0.00
AVG. HEAD ON TOP OF LAYER 4 2.5397

CHANGE IN WATER STORAGE 2.068 7507 .894 12.27
SOIL WATER AT START OF YEAR 45,293 164413.250

SOIL WATER AT END OF YEAR 47.167 171217.375

SNOW WATER AT START OF YEAR 1.607 5833.651 9.54
SNOW WATER AT END OF YEAR 1.801 6537.427 10.69
ANNUAL WATER BUDGET BALANCE 0.0855 310.486 0.51
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ANNUAL TOTALS FOR YEAR 3

INCHES CU. FEET PERCENT
PRECTPITATION C17.57 63779121 100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 5.372 19499.645 30.57
RECIRCULATION INTO LAYER 2 144.080811 523013.344 820.04
DRAINAGE COLLECTED FROM LAYER 3 9.1966 33383.820 52.34
RECIRCULATION FROM LAYER 3 144.080811 523013.344 820.04
PERC./LEAKAGE THROUGH LAYER 5 0.000327 1.187 0.00

AVG. HEAD ON TOP OF LAYER 4 2.9635



CHANGE IN WATER STORAGE 2.915 10582.174 16.59

SOIL WATER AT START OF YEAR 47.167 171217.375
SOIL WATER AT END OF YEAR 49.347 179128.531
SNOW WATER AT START OF YEAR 1.801 6537.427 10.25
SNOW WATER AT END OF YEAR 2.537 9208.442 14.44
ANNUAL WATER BUDGET BALANCE 0.0860 312.295 0.49
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ANNUAL TOTALS FOR YEAR 4

INCHES CU. FEET PERCENT
PRECTPITATION 10.89 72200.687  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 8.235 29893.785 41.40
RECIRCULATION INTO LAYER 2 187.973648 682344 .312 945.07
DRAINAGE COLLECTED FROM LAYER 3 11.9983 43553.914 60.32
RECIRCULATION FROM LAYER 3 187.973648 682344 .312 945.07
PERC./LEAKAGE THROUGH LAYER 5 0.000461 1.674 0.00
AVG. HEAD ON TOP OF LAYER 4 3.8587
CHANGE IN WATER STORAGE -0.439 -1593.703 -2.21
SOIL WATER AT START OF YEAR 49,347 179128.531
SOIL WATER AT END OF YEAR 50.366 182827.594
SNOW WATER AT START OF YEAR 2.537 9208.442 12.75

SNOW WATER AT END OF YEAR 1.079 3915.669 5.42



ANNUAL WATER BUDGET BALANCE 0.0950 345.019 0.48
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ANNUAL TOTALS FOR YEAR 5

INCHES CU. FEET PERCENT
PRECTPITATION 17.38 629044.215  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 7.475 27135.564 43.11
RECIRCULATION INTO LAYER 2 165.007996 598979.000 951.60
DRAINAGE COLLECTED FROM LAYER 3 10.5324 38232.691 60.74
RECIRCULATION FROM LAYER 3 165.007996 598979.000 951.60
PERC./LEAKAGE THROUGH LAYER 5 0.000383 1.389 0.00
AVG. HEAD ON TOP OF LAYER 4 3.3982
CHANGE IN WATER STORAGE -0.497 -1804.679 -2.87
SOIL WATER AT START OF YEAR 50.366 182827.594
SOIL WATER AT END OF YEAR 47.969 174125.891
SNOW WATER AT START OF YEAR 1.079 3915.669 6.22
SNOW WATER AT END OF YEAR 2.979 10812.708 17.18
ANNUAL WATER BUDGET BALANCE -0.1710 -620.753 -0.99
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.89 1.06 0.58 0.33 0.82 1.05
1.21 3.46 4.29 1.55 0.90 1.49
STD. DEVIATIONS 0.26 0.32 0.24 0.19 0.79 1.06
1.57 1.26 1.59 0.91 0.31 0.31
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATIONS

()

. 000 .000 .000 . 000 . 000 . 000
0.000 0.000 0.000 0.000 0.000 0.000

()
()
()
()
()

EVAPOTRANSPIRATION
TOTALS 0.312 0.326 0.351 0.382 0.048 1.335
0.499 1.256 1.158 0.765 0.455 0.226
STD. DEVIATIONS 0.049 0.041 0.086 0.09%4 0.080 0.503

0.458 0.524 0.478 0.119 0.187 0.051

LATERAL DRAINAGE RECIRCULATED INTO LAYER 2

TOTALS 10.8182  8.8565 8.7921 7.6070 9.8987 10.9146
12.0920 12.0476 14.7720 17.5624 15.1041 13.6785

STD. DEVIATIONS 4.2922 3.3643 3.1295 2.5717 2.9304  2.5372
2.3954 3.4809 4.5544 5.1619 4.0473 3.4158

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.6905 0.5653 .5612 0.4856 .6318 .6967
0.7718 0.7690  0.9429 1.1210 0.9641 0.8731

(O]
(O]
(W]

STD. DEVIATIONS 0.2740 0.2147 .1998 .1641 .1870 .1619
0.1529 0.2222 09.2907 0.3295 0.2583 0.2180

()
()
()
()

TOTALS 10.8182  8.8565 8.7921 7.6070 9.8987 10.9146
12.0920 12.0476 14.7720 17.5624 15.1041 13.6785



STD. DEVIATIONS 4.2922 3.3643 3.1295 2.5717 2.9304  2.5372
2.3954 3.4809 4.5544 5.1619 4.0473 3.4158

PERCOLATION/LEAKAGE THROUGH LAYER 5

TOTALS 0.0000 0.0000 ©0.0000 ©.0000 ©0.0000 0.0000
0.0000 0.0000 ©0.0000 ©0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0©.0000 0.0000
0.0000 ©0.0000 0.0000 0.0000 0©.0000 0.0000

AVERAGES 2.6236 2.3574 2.1322 1.9063 2.4006 2.7352
2.9325 2.9218 3.7019  4.2592 3.7851 3.3173
STD. DEVIATIONS 1.0409 0.8869 0.7590 0.6445 0.7107 0.6358
0.5809 0.8442 1.1413 1.2519 1.0143 0.8284
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES CU. FEET PERCENT
PRECTPITATION 17.63  ( 1.328) 640042  100.60
RUNOFF 0.000 ( ©.0000) 0.00 0.000
EVAPOTRANSPIRATION 7.113 ( 1.0978) 25819.98 40.341
DRAINAGE RECIRCULATED 142.14389 ( 37.67066) 515982.312 806.16980
INTO LAYER 2
LATERAL DRAINAGE COLLECTED 9.07301 ( 2.40451) 32935.043 51.45765
FROM LAYER 3
DRAINAGE RECIRCULATED 142.14389 ( 37.67066) 515982.312 806.16980

FROM LAYER 3



PERCOLATION/LEAKAGE THROUGH 0.00033 ( 0.00010) 1.183 0.00185
LAYER 5

AVERAGE HEAD ON TOP 2.923 ( 0.774)
OF LAYER 4
CHANGE IN WATER STORAGE 1.401 ( 1.7434) 5087.28 7.948
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

(INCHES) (CU. FT.)

PRECIPITATION 260 9764.700
RUNOFF 0.000 0.0000
DRAINAGE RECIRCULATED INTO LAYER 2 0.93633 3398.86523
DRAINAGE COLLECTED FROM LAYER 3 0.05977 216.94884
DRAINAGE RECIRCULATED FROM LAYER 3 0.93633 3398.86523
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000003 0.00989
AVERAGE HEAD ON TOP OF LAYER 4 7.039
MAXIMUM HEAD ON TOP OF LAYER 4 10.875
LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 36.2 FEET
SNOW WATER 3.82 13867.8398
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4630
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1160

***  Maximum heads are computed using McEnroe's equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas



ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 5

LAYER (INCHES) (VOL/VOL)

1  2.0142 e.3357

2 43.8878 0.3657

3 1.8865 0.1048

4 0.0000 0.0000

5 0.1800 0.7500
SNOW WATER 2.979
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

(1 NOVEMBER 1997)
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PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

TIME:

:\HELP3\INTERMED.
:\HELP3\INTERMED.
:\HELP3\INTERMED.
:\HELP3\INTERMED.
:\HELP3\2INTE160.
:\HELP3\2INTE160.

5/20/2020

D4
D7
D13
D11
D1o
ouT
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MAT-SU LANDFILL INTERMEDIATE COVER CONDITION

3k 3k 3k 3k 3k >k >k 3k 5k 3k 5k >k %k 5k 5k 3k %k %k %k 5k 3k 3k 3k >k >k 5k 3k 3k 3k %k >k 5k 3k 3k 3k %k >k 5k 3k 3k 3k >k >k 5k 3k 3k >k >k 5k 3k %k %k %k 5k 3k 3k 3k >k %k 5k 3k 3k 3k >k >k 5k 3k %k %k %k %k 5k 3k %k k k ok k

THICKNESS

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER
12.00



POROSITY = 0.4630 VOL/VOL

FIELD CAPACITY = 0.2320 VOL/VOL

WILTING POINT = 0.1160 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.1974 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC
LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS = 240.00 INCHES
POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL

WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.0770 VOL/VOL
0.2920 VOL/VOL
0.100000005000E-02 CM/SEC

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER ©

THICKNESS = 18.00  INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

0.0450 VOL/VoL
0.100000001000 CM/SEC
4.00 PERCENT
160.0 FEET

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL

WILTING POINT = 0.0000 VOL/VOL



INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = ©0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY 1.00  HOLES/ACRE

FML INSTALLATION DEFECTS 1.00  HOLES/ACRE

FML PLACEMENT QUALITY 3 - GOOD

LAYER 5

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER ©

THICKNESS = 0.24  INCHES
POROSITY = 0.7500 VOL/VOL
FIELD CAPACITY = 0.7470 VOL/VOL
WILTING POINT = 0.4000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.499999997000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 86.0, A SURFACE SLOPE
OF 2.% AND A SLOPE LENGTH OF 1500. FEET.

SCS RUNOFF CURVE NUMBER = 84.90
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES

EVAPORATIVE ZONE DEPTH = 12.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE 2.369 INCHES

UPPER LIMIT OF EVAPORATIVE STORAGE = 5.556 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.392 INCHES
INITIAL SNOW WATER = 1.607 INCHES
INITIAL WATER IN LAYER MATERIALS = 73.439 INCHES
TOTAL INITIAL WATER = 75.046 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA



NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

BETHEL ALASKA
STATION LATITUDE = 60.78 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 184
END OF GROWING SEASON (JULIAN DATE) = 225
EVAPORATIVE ZONE DEPTH = 12.0 INCHES
AVERAGE ANNUAL WIND SPEED = 12.90 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 78.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 83.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 80.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR MEDFORD OREGON

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
1.06 0.93 0.68 0.34 0.72 1.23
2.05 2.61 2.50 1.56 1.04 1.28

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR BETHEL ALASKA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
4.90 5.70 10.70 23.40 40.30 50.60
54.70 52.80 45.00 29.70 17.50 4.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR BETHEL ALASKA
AND STATION LATITUDE = 60.78 DEGREES
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ANNUAL TOTALS FOR YEAR 1



INCHES CU. FEET PERCENT

PRECIPITATION 16.51 59931.316 100.00
RUNOFF 3.383 12281.097 20.49
EVAPOTRANSPIRATION 8.669 31469.055 52.51
DRAINAGE COLLECTED FROM LAYER 3 4.4572 16179.498 27.00
PERC./LEAKAGE THROUGH LAYER 5 0.000008 0.030 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0862

CHANGE IN WATER STORAGE 0.000 1.606 0.00
SOIL WATER AT START OF YEAR 73.439 266582.156

SOIL WATER AT END OF YEAR 73.439 266583.781

SNOW WATER AT START OF YEAR 1.607 5833.651 9.73
SNOW WATER AT END OF YEAR 1.607 5833.651 9.73
ANNUAL WATER BUDGET BALANCE 0.0000 0.030 0.00
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ANNUAL TOTALS FOR YEAR 2

INCHES CU. FEET PERCENT
PRECTPITATION 16.85 61165.508  100.00
RUNOFF 4.380 15898.184 25.99
EVAPOTRANSPIRATION 8.643 31372.676 51.29
DRAINAGE COLLECTED FROM LAYER 3 3.1623 11479.095 18.77
PERC./LEAKAGE THROUGH LAYER 5 0.000006 0.022 0.00

AVG. HEAD ON TOP OF LAYER 4 0.0608



CHANGE IN WATER STORAGE 0.665 2415.530 3.95

SOIL WATER AT START OF YEAR 73.439 266583.781
SOIL WATER AT END OF YEAR 73.911 268295.531
SNOW WATER AT START OF YEAR 1.607 5833.651 9.54
SNOW WATER AT END OF YEAR 1.801 6537.427 10.69
ANNUAL WATER BUDGET BALANCE 0.0000 0.001 0.00
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ANNUAL TOTALS FOR YEAR 3

INCHES CU. FEET PERCENT
PRECTPITATION C17.57 63779121 100.00
RUNOFF 4.354 15804.095 24.78
EVAPOTRANSPIRATION 6.533 23716.424 37.19
DRAINAGE COLLECTED FROM LAYER 3 5.1685 18761.521 29.42
PERC./LEAKAGE THROUGH LAYER 5 0.000010 0.035 0.00
AVG. HEAD ON TOP OF LAYER 4 0.0999
CHANGE IN WATER STORAGE 1.514 5497.010 8.62
SOIL WATER AT START OF YEAR 73.911 268295.531
SOIL WATER AT END OF YEAR 74.689 271121.531
SNOW WATER AT START OF YEAR 1.801 6537.427 10.25
SNOW WATER AT END OF YEAR 2.537 9208.442 14.44
ANNUAL WATER BUDGET BALANCE 0.0000 0.035 0.00
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ANNUAL TOTALS FOR YEAR 4

INCHES CU. FEET PERCENT
PRECTPITATION 10.89 72200.687  100.00
RUNOFF 4.824 17510.082 24.25
EVAPOTRANSPIRATION 10.287 37342.996 51.72
DRAINAGE COLLECTED FROM LAYER 3 6.6672 24201.891 33.52
PERC./LEAKAGE THROUGH LAYER 5 0.000012 0.043 0.00
AVG. HEAD ON TOP OF LAYER 4 0.1284
CHANGE IN WATER STORAGE -1.888 -6854.312 -9.49
SOIL WATER AT START OF YEAR 74.689 271121.531
SOIL WATER AT END OF YEAR 74.259 269560.000
SNOW WATER AT START OF YEAR 2.537 9208.442 12.75
SNOW WATER AT END OF YEAR 1.079 3915.669 5.42
ANNUAL WATER BUDGET BALANCE 0.0000 -0.011 0.00
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ANNUAL TOTALS FOR YEAR 5

INCHES CU. FEET PERCENT
PRECTPITATION 17.34 62944.215  100.00
RUNOFF 2.998 10882.966 17.29
EVAPOTRANSPIRATION 9.155 33233.090 52.80

DRAINAGE COLLECTED FROM LAYER 3 3.1869 11568.364 18.38



PERC./LEAKAGE THROUGH LAYER 5 0.000006 0.022 0.00

AVG. HEAD ON TOP OF LAYER 4 0.0618

CHANGE IN WATER STORAGE 2.000 7259.728 11.53
SOIL WATER AT START OF YEAR 74.259 269560.000

SOIL WATER AT END OF YEAR 74.359 269922.687

SNOW WATER AT START OF YEAR 1.079 3915.669 6.22
SNOW WATER AT END OF YEAR 2.979 10812.708 17.18
ANNUAL WATER BUDGET BALANCE 0.0000 0.046 0.00
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.89 1.06 0.58 0.33 0.82 1.05
1.21 3.46 4.29 1.55 0.90 1.49
STD. DEVIATIONS 0.26 0.32 0.24 0.19 0.79 1.06
1.57 1.26 1.59 0.91 0.31 0.31
RUNOFF
TOTALS 0.000 0.000 0.023 1.723 0.937 0.102
0.160 0.391 0.506 0.000 0.145 0.000
STD. DEVIATIONS 0.000 0.000 0.052 0.922 0.782 0.216
0.228 0.264 0.413 0.000 0.138 0.000
EVAPOTRANSPIRATION

TOTALS 0.312 0.326 0.351 0.382 0.048 2.033



0.982 1.286 1.451 0.803 0.456 0.226

STD. DEVIATIONS 0.049 0.041 0.086 0.09%4 0.080 0.398
0.824 0.685 0.343 0.103 0.189 0.051

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.0000 0.0000 ©0.0000 ©0.0000 .0000 .8144
0.7259 0.1096 1.0950 1.5006 0.2828 0.0000

(W]
(]

STD. DEVIATIONS 0.0000 0.0000 .0000 0.0000 .0000 .3300
0.5310 ©.1387 09.5533 1.1209 0.5786 0.0000

()
()
()

TOTALS 0.0000 0.0000 ©0.0000 ©0.0000 ©0.0000 0.0000
0.0000 0.0000 ©0.0000 ©0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0©.0000 0.0000
0.0000 ©0.0000 ©0.0000 0.0000 0©.0000 0.0000

AVERAGES 0.0000 0.0000 ©.0000 .0000 . 0000 .1919
0.1655 ©0.0250 0.2579 0.3421 0.0666 0.0000

(W]
(W]
(]

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 ©.0000 0.0777
0.1211 0.0316 0.1303 0.2555 0.1363 0.0000
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES CU. FEET PERCENT
PRECIPITATION 17.63 ( 1.328) 64004.2 100.00
RUNOFF 3.988 ( 0.7634) 14475.28 22.616

EVAPOTRANSPIRATION 8.658 ( 1.3616) 31426.85 49.101



LATERAL DRAINAGE COLLECTED 4.52840 ( 1.47098) 16438.074  25.68282
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH 0.00001 ( ©.00000) 0.030 0.00005
LAYER 5

AVERAGE HEAD ON TOP 0.087 ( 0.028)
OF LAYER 4

CHANGE IN WATER STORAGE 0.458 ( 1.5207) 1663.91 2.600
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

(INCHES) (CU. FT.)

PRECIPITATION 260 9764.700
RUNOFF 1.325 4810.1763
DRAINAGE COLLECTED FROM LAYER 3 0.12395 449.95428
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00079
AVERAGE HEAD ON TOP OF LAYER 4 0.876
MAXIMUM HEAD ON TOP OF LAYER 4 1.637
LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 10.3 FEET
SNOW WATER 3.82 13867.8398
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3679
MINIMUM VEG. SOIL WATER (VOL/VOL) 9.1160

***  Maximum heads are computed using McEnroe's equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas



ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 5

LAYER (INCHES) (VOL/VOL)

1 3.2889 e.2741

2 70.0799 9.2920

3 0.8100 09.0450

4 0.0000 0.0000

5 0.1800 0.7500
SNOW WATER 2.979
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

(1 NOVEMBER 1997)
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PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

TIME:

:\HELP3\INTERMED.
:\HELP3\INTERMED.
:\HELP3\INTERMED.
:\HELP3\INTERMED.
:\HELP3\2INTE160.
:\HELP3\2INTE160.

5/ 4/2020

D4
D7
D13
D11
D1o
ouT
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MAT-SU LANDFILL INTERMEDIATE COVER CONDITION
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THICKNESS

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER
12.00



POROSITY = 0.4630 VOL/VOL

FIELD CAPACITY = 0.2320 VOL/VOL

WILTING POINT = 0.1160 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.1974 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC
LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS = 240.00 INCHES
POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL

WILTING POINT 0.0770 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3101 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
NOTE: 100.00 PERCENT OF THE DRAINAGE COLLECTED FROM LAYER # 3
IS RECIRCULATED INTO THIS LAYER.

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER ©
THICKNESS = 18.00  INCHES

POROSITY = 0.4170 VOL/VOL

FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0574 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC
SLOPE = 4.00 PERCENT
DRAINAGE LENGTH = 160.0 FEET

NOTE: 100.00 PERCENT OF THE DRAINAGE COLLECTED FROM THIS
LAYER IS RECIRCULATED INTO LAYER # 2.

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35



THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER

3 -

5

0.06 INCHES

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL
0.199999996000E-12 CM/SEC
1.00  HOLES/ACRE
1.00  HOLES/ACRE

GOOD

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER ©
0.24  INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7500 VOL/VOL
0.499999997000E-08 CM/SEC

THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. =

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 86.0, A SURFACE SLOPE

OF 2.% AND A SLOPE LENGTH OF 1500.

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

84.90
100.0
1.000
12.0
2.369
5.556
1.392
1.607
78.001
79.608
0.00

FEET.

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR



EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

BETHEL ALASKA
STATION LATITUDE = 60.78 DEGREES
MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 184
END OF GROWING SEASON (JULIAN DATE) = 225
EVAPORATIVE ZONE DEPTH = 12.0 INCHES
AVERAGE ANNUAL WIND SPEED = 12.90 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 78.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 83.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 80.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR MEDFORD OREGON

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
1.06 0.93 0.68 0.34 0.72 1.23
2.05 2.61 2.50 1.56 1.04 1.28

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR BETHEL ALASKA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
4.90 5.70 10.70 23.40 40.30 50.60
54.70 52.80 45.00 29.70 17.50 4.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR BETHEL ALASKA
AND STATION LATITUDE = 660.78 DEGREES
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ANNUAL TOTALS FOR YEAR 1

INCHES CU. FEET PERCENT
PRECTPITATION 1651 59931.316  100.00
RUNOFF 3.383 12281.097 20.49
EVAPOTRANSPIRATION 8.669 31469.055 52.51
RECIRCULATION INTO LAYER 2 37.283405 135338.766 225.82
DRAINAGE COLLECTED FROM LAYER 3 0.0000 0.000 0.00
RECIRCULATION FROM LAYER 3 37.283405 135338.766 225.82
PERC./LEAKAGE THROUGH LAYER 5 0.000065 0.237 0.00
AVG. HEAD ON TOP OF LAYER 4 0.7207
CHANGE IN WATER STORAGE 4.406 15993.635 26.69
SOIL WATER AT START OF YEAR 78.001 283144.250
SOIL WATER AT END OF YEAR 82.407 299137.906
SNOW WATER AT START OF YEAR 1.607 5833.651 9.73
SNOW WATER AT END OF YEAR 1.607 5833.651 9.73
ANNUAL WATER BUDGET BALANCE 0.0516 187.292 0.31
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ANNUAL TOTALS FOR YEAR 2

PRECIPITATION 16.85 61165.508 100.00

RUNOFF 4.380 15898.184 25.99



EVAPOTRANSPIRATION 8.643 31372.676 51.29

RECIRCULATION INTO LAYER 2 55.094719 199993.828 326.97
DRAINAGE COLLECTED FROM LAYER 3 0.0000 0.000 0.00
RECIRCULATION FROM LAYER 3 55.094719 199993.828 326.97
PERC./LEAKAGE THROUGH LAYER 5 0.000099 0.360 0.00
AVG. HEAD ON TOP OF LAYER 4 1.0661

CHANGE IN WATER STORAGE 3.777 13711.146 22.42
SOIL WATER AT START OF YEAR 82.407 299137.906

SOIL WATER AT END OF YEAR 85.990 312145.281

SNOW WATER AT START OF YEAR 1.607 5833.651 9.54
SNOW WATER AT END OF YEAR 1.801 6537.427 10.69
ANNUAL WATER BUDGET BALANCE 0.0505 183.142 0.30
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ANNUAL TOTALS FOR YEAR 3

INCHES CU. FEET PERCENT
PRECTPITATION C17.57 63779121 100.00
RUNOFF 4.354 15804.095 24.78
EVAPOTRANSPIRATION 6.533 23716.424 37.19
RECIRCULATION INTO LAYER 2 79.268555 287744 .844 451.16
DRAINAGE COLLECTED FROM LAYER 3 0.0000 0.000 0.00
RECIRCULATION FROM LAYER 3 79.268555 287744 .844 451.16
PERC./LEAKAGE THROUGH LAYER 5 0.000149 0.541 0.00

AVG. HEAD ON TOP OF LAYER 4 1.5332



CHANGE IN WATER STORAGE 6.569 23844.197 37.39

SOIL WATER AT START OF YEAR 85.990 312145.281
SOIL WATER AT END OF YEAR 91.823 333318.437
SNOW WATER AT START OF YEAR 1.801 6537.427 10.25
SNOW WATER AT END OF YEAR 2.537 9208.442 14.44
ANNUAL WATER BUDGET BALANCE 0.1140 413.864 0.65
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ANNUAL TOTALS FOR YEAR 4

INCHES CU. FEET PERCENT
PRECTPITATION 10.89 72200.687  100.00
RUNOFF 4.824 17510.082 24.25
EVAPOTRANSPIRATION 10.287 37342.996 51.72
RECIRCULATION INTO LAYER 2 135.567825 492111.219 681.59
DRAINAGE COLLECTED FROM LAYER 3 0.0000 0.000 0.00
RECIRCULATION FROM LAYER 3 135.567825 492111.219 681.59
PERC./LEAKAGE THROUGH LAYER 5 0.000281 1.019 0.00
AVG. HEAD ON TOP OF LAYER 4 2.6159
CHANGE IN WATER STORAGE 4.558 16546.576 22.92
SOIL WATER AT START OF YEAR 91.823 333318.437
SOIL WATER AT END OF YEAR 97.840 355157.812
SNOW WATER AT START OF YEAR 2.537 9208.442 12.75

SNOW WATER AT END OF YEAR 1.079 3915.669 5.42



ANNUAL WATER BUDGET BALANCE 0.2204 800.017 1.11
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ANNUAL TOTALS FOR YEAR 5

INCHES CU. FEET PERCENT
PRECTPITATION 17.38 629044.215  100.00
RUNOFF 2.998 10882.966 17.29
EVAPOTRANSPIRATION 9.155 33233.090 52.80
RECIRCULATION INTO LAYER 2 208.536835 756988.687  1202.63
DRAINAGE COLLECTED FROM LAYER 3 0.0000 0.000 0.00
RECIRCULATION FROM LAYER 3 208.536835 756988.687  1202.63
PERC./LEAKAGE THROUGH LAYER 5 0.000475 1.724 0.00
AVG. HEAD ON TOP OF LAYER 4 4.0351
CHANGE IN WATER STORAGE 5.046 18316.727 29.10
SOIL WATER AT START OF YEAR 97.840 355157.812
SOIL WATER AT END OF YEAR 100.986 366577.500
SNOW WATER AT START OF YEAR 1.079 3915.669 6.22
SNOW WATER AT END OF YEAR 2.979 10812.708 17.18
ANNUAL WATER BUDGET BALANCE 0.1404 509.709 0.81
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.89 1.06 0.58 0.33 0.82 1.05
1.21 3.46 4.29 1.55 0.90 1.49
STD. DEVIATIONS 0.26 0.32 0.24 0.19 0.79 1.06
1.57 1.26 1.59 0.91 0.31 0.31
RUNOFF
TOTALS 0.000 0.000 0.023 1.723 0.937 0.102

0.160 0.391 0.506 0.000 0.145 0.000

STD. DEVIATIONS

()

. 000 .000 .052 .922 .782 .216
0.228 0.264 0.413 0.000 0.138 0.000

()
()
()
()
()

EVAPOTRANSPIRATION
TOTALS 0.312 0.326 0.351 0.382 0.048 2.033
0.982 1.286 1.451 0.803 0.456 0.226
STD. DEVIATIONS 0.049 0.041 0.086 0.09%4 0.080 0.398

0.824 0.685 0.343 0.103 0.189 0.051

LATERAL DRAINAGE RECIRCULATED INTO LAYER 2

TOTALS 7.6167 6.9397 7.6167 7.3710  7.6167 7.3527
8.4689 8.5754 8.8349 10.7382 10.8286 11.1907

STD. DEVIATIONS 5.3722 4.8778 5.3721 5.1988 5.3721 5.3700
5.6981 5.9978 6.1455 7.0109 6.7135 6.9350

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.0000 0.0000 .0000 .0000 .0000 .0000
0.0000 0.0000 ©0.0000 ©0.0000 0.0000 0.0000

(O]
(W]
(O]
(W]

STD. DEVIATIONS 0.0000 0.0000 .0000 .0000 .0000 .0000
0.0000 ©0.0000 0.0000 0.0000 0©.0000 0.0000

()
()
()
()

TOTALS 7.6167 6.9397 7.6167 7.3710  7.6167 7.3527
8.4689 8.5754 8.8349 10.7382 10.8286 11.1907



STD. DEVIATIONS 5.3722 4.8778 .3721 5.1988 .3721 .3700
5.6981 5.9978 6.1455 7.0109 6.7135 6.9350

Ul
Ul
Ul

PERCOLATION/LEAKAGE THROUGH LAYER 5

TOTALS 0.0000 0.0000 ©0.0000 ©.0000 ©0.0000 0.0000
0.0000 0.0000 ©0.0000 ©0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0©.0000 0.0000
0.0000 ©0.0000 0.0000 0.0000 0©.0000 0.0000

AVERAGES 1.7364 1.7364 1.7364 1.7363 1.7363 1.7320
1.9306 1.9549 2.0812 2.4480 2.5508 2.5511
STD. DEVIATIONS 1.2247 1.2247 1.2247 1.2247 1.2247 1.2650
1.2990 1.3673 1.4477 1.5983 1.5815 1.5810
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES CU. FEET PERCENT
PRECTPITATION 17.63  ( 1.328) 640042  100.60
RUNOFF 3.988 ( 0.7634) 14475.28 22.616
EVAPOTRANSPIRATION 8.658 ( 1.3616) 31426.85 49.101
DRAINAGE RECIRCULATED 103.15027 ( 69.59768) 374435.469 585.01727
INTO LAYER 2
LATERAL DRAINAGE COLLECTED 0.00000 ( ©0.00000) 0.000 0.00000
FROM LAYER 3
DRAINAGE RECIRCULATED 103.15027 ( 69.59768) 374435.469 585.01727

FROM LAYER 3



PERCOLATION/LEAKAGE THROUGH 0.00021 ( ©.00017) 0.776 0.00121
LAYER 5

AVERAGE HEAD ON TOP 1.994 ( 1.346)
OF LAYER 4
CHANGE IN WATER STORAGE 4.871 ( 1.e516) 17682.46 27.627

>k 3k 5k 5k 3k >k %k 3k 5k 5k 5k %k %k 5k 5k 5k %k %k >k 5k 5k 5k >k %k >k 5k 5k 3k >k %k >k 5k 5k >k >k >k >k 5k 5k >k >k >k 5k 5k 3k >k %k >k 5k 5k >k %k >k 5k 5k 5k >k %k >k 5k >k >k >k %k >k 5k >k >k %k %k >k >k >k >k %k *k >k >k %k

)]
3k 3k 3k 3k 3k >k >k 3k 3k 3k 5k >k %k 5k 3k 3k %k %k %k 5k 3k 3k %k %k >k 5k 3k 3k 3k %k >k 5k 3k 3k 3k %k >k 5k 3k 3k 3k >k >k 5k 3k 3k >k >k >k 3k %k >k %k 5k 3k 3k >k %k >k 5k 3k 3k >k >k >k 5k 3k %k %k %k %k >k 3k %k k k k 3k

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

(INCHES) (CU. FT.)

PRECIPITATION 260 9764.700
RUNOFF 1.325 4810.1763
DRAINAGE RECIRCULATED INTO LAYER 2 0.66146 2401.09497
DRAINAGE COLLECTED FROM LAYER 3 0.00000 0.00000
DRAINAGE RECIRCULATED FROM LAYER 3 0.66146 2401.09497
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000002 0.00569
AVERAGE HEAD ON TOP OF LAYER 4 4.675
MAXIMUM HEAD ON TOP OF LAYER 4 7.628
LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 29.2 FEET
SNOW WATER 3.82 13867.8398
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3679
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1160

***  Maximum heads are computed using McEnroe's equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas



ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 5

LAYER (INCHES) (VOL/VOL)

1 3.2889 e.2741

2 94.9689 9.3957

3 2.5477 9.1415

4 0.0000 0.0000

5 0.1800 0.7500
SNOW WATER 2.979
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*% * %
*k * %
*ok HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *ok
*k HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
*ok DEVELOPED BY ENVIRONMENTAL LABORATORY *ok
*k USAE WATERWAYS EXPERIMENT STATION *x
*ok FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *k
*k * %
* % * %
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PRECIPITATION DATA FILE: C:\HELP3\FINAL.D4
TEMPERATURE DATA FILE: C:\HELP3\FINAL.D7
SOLAR RADIATION DATA FILE: C:\HELP3\FINAL.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\FINAL.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\FINAL.D1@
OUTPUT DATA FILE: C:\HELP3\FINAL.OUT

TIME: 17:15 DATE: 5/ 4/2020
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TITLE: MAT-SU LANDFILL FINAL COVER CONDITION
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8
THICKNESS = 6.00  INCHES



POROSITY = 0.4630 VOL/VOL
FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SOIL WATER CONTENT 0.1905 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.369999994000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER ©

THICKNESS = 18.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL

WILTING POINT

0.0180 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0488 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.100000001000 CM/SEC
SLOPE = 4.00  PERCENT
DRAINAGE LENGTH 160.0 FEET

LAYER 3

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.04 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL

INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY = 0.00  HOLES/ACRE

FML INSTALLATION DEFECTS 0.00  HOLES/ACRE

FML PLACEMENT QUALITY 4 - POOR

LAYER 4

TYPE 1 - VERTICAL PERCOLATION LAYER



MATERIAL TEXTURE NUMBER 8

THICKNESS = 6.00 INCHES
POROSITY = 0.4630 VOL/VOL
FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2320 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03
LAYER 5
TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8
THICKNESS = 12.00 INCHES
POROSITY = 0.4630 VOL/VOL
FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2320 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03
LAYER 6

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18
THICKNESS = 2304.00  INCHES

POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL
WILTING POINT = 0.0770 VOL/VOL

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.2920 VOL/VOL
0.100000005000E -02

LAYER 7

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER ©

THICKNESS = 18.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL

WILTING POINT 0.0180 VOL/VOL

CM/SEC

CM/SEC

CM/SEC



INITIAL SOIL WATER CONTENT 0.0450 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.100000001000 CM/SEC
SLOPE = 4.00  PERCENT
DRAINAGE LENGTH 160.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL

INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY = 1.00  HOLES/ACRE

FML INSTALLATION DEFECTS 1.00  HOLES/ACRE

FML PLACEMENT QUALITY 3 - GOOD

LAYER 9

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER ©

THICKNESS = 0.24 INCHES
POROSITY = 0.7500 VOL/VOL
FIELD CAPACITY = 0.7470 VOL/VOL
WILTING POINT = 0.4000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.499999997000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 86.0, A SURFACE SLOPE
OF 4.% AND A SLOPE LENGTH OF 1500. FEET.

SCS RUNOFF CURVE NUMBER = 85.20



FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT

AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 2.021 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 10.284 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.020 INCHES
INITIAL SNOW WATER = 1.607 INCHES
INITIAL WATER IN LAYER MATERIALS = 679.955 INCHES
TOTAL INITIAL WATER = 681.562 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
BETHEL ALASKA

STATION LATITUDE 60.78 DEGREES

MAXIMUM LEAF AREA INDEX = 3.50

START OF GROWING SEASON (JULIAN DATE) = 184

END OF GROWING SEASON (JULIAN DATE) = 225
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
AVERAGE ANNUAL WIND SPEED = 12.90 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 78.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 83.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 80.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR MEDFORD OREGON

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
1.06 0.93 0.68 0.34 0.72 1.23
2.05 2.61 2.50 1.56 1.04 1.28

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR BETHEL ALASKA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC

4.90 5.70 10.70 23.40 40.30 50.60
54.70 52.80 45.00 29.70 17.50 4.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR BETHEL ALASKA
AND STATION LATITUDE = 60.78 DEGREES

>k 3k 5k 5k 3k >k %k 3k 5k 5k 5k >k %k 5k 5k 5k >k %k >k 5k 5k 5k >k %k >k 5k 5k Sk >k %k >k 5k 5k >k >k >k >k 5k 5k >k >k >k 5k 5k 3k >k %k >k 5k 5k >k %k >k 5k 5k >k >k %k >k 5k >k >k >k %k >k 5k >k >k %k %k 5k >k >k >k %k *k >k >k k

ANNUAL TOTALS FOR YEAR 1

INCHES CU. FEET PERCENT
PRECTPITATION C17.15 62254.520  100.00
RUNOFF 3.256 11819.186 18.99
EVAPOTRANSPIRATION 8.313 30176.988 48.47
DRAINAGE COLLECTED FROM LAYER 2 5.7916 21023.621 33.77
PERC./LEAKAGE THROUGH LAYER 3 0.000007 0.027 0.00
AVG. HEAD ON TOP OF LAYER 3 0.1128
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.023 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.004 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE -0.211 -765.260 -1.23
SOIL WATER AT START OF YEAR 681.347 2473291.000
SOIL WATER AT END OF YEAR 681.137 2472525.500
SNOW WATER AT START OF YEAR 1.607 5833.651 9.37
SNOW WATER AT END OF YEAR 1.607 5833.651 9.37

ANNUAL WATER BUDGET BALANCE 0.0000 -0.043 0.00
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3k 3k 3k 3k 3k 3k %k 3k 3k 3k %k >k %k 5k 3k 3k 3k k >k 5k 3k 3k 3k %k >k 5k 3k 3k 3k %k >k 5k 3k 3k 3k >k >k 3k 3k 3k >k >k 5k 3k 3k 3k >k >k 5k 3k %k %k 5k 5k 3k %k >k %k >k 3k 3k 3k %k >k >k 3k 3k >k %k %k 5k 3k %k %k k k 5k %k k

ANNUAL TOTALS FOR YEAR 2

INCHES CU. FEET PERCENT
PRECTPITATION 16.85 61165508  100.00
RUNOFF 3.412 12385.293 20.25
EVAPOTRANSPIRATION 7.552 27413.736 44 .82
DRAINAGE COLLECTED FROM LAYER 2 5.1570 18719.791 30.61
PERC./LEAKAGE THROUGH LAYER 3 0.000007 0.024 0.00
AVG. HEAD ON TOP OF LAYER 3 0.1002
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.020 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.003 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE 0.729 2646.615 4.33
SOIL WATER AT START OF YEAR 681.137 2472525.500
SOIL WATER AT END OF YEAR 681.672 2474468 .500
SNOW WATER AT START OF YEAR 1.607 5833.651 9.54
SNOW WATER AT END OF YEAR 1.801 6537.427 10.69
ANNUAL WATER BUDGET BALANCE 0.0000 0.050 0.00
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ANNUAL TOTALS FOR YEAR 3



INCHES CU. FEET PERCENT

PRECIPITATION 17.57 63779.121 100.00
RUNOFF 3.279 11902.514 18.66
EVAPOTRANSPIRATION 5.963 21644.273 33.94
DRAINAGE COLLECTED FROM LAYER 2 6.8639 24916.098 39.07
PERC./LEAKAGE THROUGH LAYER 3 0.000009 0.032 0.00
AVG. HEAD ON TOP OF LAYER 3 0.1333

DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.028 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.004 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000

CHANGE IN WATER STORAGE 1.465 5316.191 8.34
SOIL WATER AT START OF YEAR 681.672 2474468.500

SOIL WATER AT END OF YEAR 682.400 2477113.750

SNOW WATER AT START OF YEAR 1.801 6537.427 10.25
SNOW WATER AT END OF YEAR 2.537 9208.442 14.44
ANNUAL WATER BUDGET BALANCE 0.0000 0.011 0.00
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ANNUAL TOTALS FOR YEAR 4

INCHES CU. FEET PERCENT
PRECTPITATION 19.89 72200687 100.00
RUNOFF 3.892 14128.229 19.57
EVAPOTRANSPIRATION 9.472 34384.551 47.62

DRAINAGE COLLECTED FROM LAYER 2 8.3944 30471.543 42.20



PERC./LEAKAGE THROUGH LAYER 3 0.000011 0.039 0.00

AVG. HEAD ON TOP OF LAYER 3 0.1629

DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.034 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.004 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000

CHANGE IN WATER STORAGE -1.869 -6783.635 -9.40
SOIL WATER AT START OF YEAR 682.400 2477113.750

SOIL WATER AT END OF YEAR 681.990 2475622.750

SNOW WATER AT START OF YEAR 2.537 9208.442 12.75
SNOW WATER AT END OF YEAR 1.079 3915.669 5.42
ANNUAL WATER BUDGET BALANCE 0.0000 -0.037 0.00
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ANNUAL TOTALS FOR YEAR 5

INCHES CU. FEET PERCENT
PRECTPITATION 1812 65775.625  100.00
RUNOFF 2.870 10416.285 15.84
EVAPOTRANSPIRATION 8.321 30203.686 45.92
DRAINAGE COLLECTED FROM LAYER 2 4.8925 17759.646 27.00
PERC./LEAKAGE THROUGH LAYER 3 0.000006 0.023 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0952
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.019 0.00

PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.003 0.00



AVG. HEAD ON TOP OF LAYER 8 0.0000

CHANGE IN WATER STORAGE 2.037 7395.986 11.24
SOIL WATER AT START OF YEAR 681.990 2475622.750
SOIL WATER AT END OF YEAR 682.127 2476121.750
SNOW WATER AT START OF YEAR 1.079 3915.669 5.95
SNOW WATER AT END OF YEAR 2.979 10812.708 16.44
ANNUAL WATER BUDGET BALANCE 0.0000 -0.004 0.00
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ANNUAL TOTALS FOR YEAR 6

INCHES CU. FEET PERCENT
PRECTPITATION 1020 37026.008  100.00
RUNOFF 4.110 14919.498 40.29
EVAPOTRANSPIRATION 3.754 13627.629 36.81
DRAINAGE COLLECTED FROM LAYER 2 2.7832 10103.009 27.29
PERC./LEAKAGE THROUGH LAYER 3 0.000004 0.014 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0546
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.012 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.002 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE -0.447 -1624.078 -4.39
SOIL WATER AT START OF YEAR 682.127 2476121.750
SOIL WATER AT END OF YEAR 681.529 2473949.750

SNOW WATER AT START OF YEAR 2.979 10812.708 29.20



SNOW WATER AT END OF YEAR 3.130 11360.559 30.68

ANNUAL WATER BUDGET BALANCE 0.0000 -0.062 0.00
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ANNUAL TOTALS FOR YEAR 7

INCHES CU. FEET PERCENT
PRECTPITATION 2092 90459.617  100.00
RUNOFF 7.175 26045.891 28.79
EVAPOTRANSPIRATION 9.895 35920.520 39.71
DRAINAGE COLLECTED FROM LAYER 2 10.1934 37002.191 40.90
PERC./LEAKAGE THROUGH LAYER 3 0.000013 0.046 0.00
AVG. HEAD ON TOP OF LAYER 3 0.1962
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.042 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.004 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE -2.344 -8509.229 -9.41
SOIL WATER AT START OF YEAR 681.529 2473949.750
SOIL WATER AT END OF YEAR 681.685 2474518.000
SNOW WATER AT START OF YEAR 3.130 11360.559 12.56
SNOW WATER AT END OF YEAR 0.629 2283.034 2.52
ANNUAL WATER BUDGET BALANCE 0.0001 0.201 0.00
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ANNUAL TOTALS FOR YEAR 8

INCHES CU. FEET PERCENT
PRECTPITATION 1661 60294.309  100.00
RUNOFF 3.504 12718.188 21.09
EVAPOTRANSPIRATION 6.879 24969.205 41.41
DRAINAGE COLLECTED FROM LAYER 2 6.3496 23049.115 38.23
PERC./LEAKAGE THROUGH LAYER 3 0.000008 0.029 0.00
AVG. HEAD ON TOP OF LAYER 3 0.1225
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.026 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.003 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE -0.122 -442.227 -0.73
SOIL WATER AT START OF YEAR 681.685 2474518 .000
SOIL WATER AT END OF YEAR 681.562 2474069 .000
SNOW WATER AT START OF YEAR 0.629 2283.034 3.79
SNOW WATER AT END OF YEAR 0.631 2289.904 3.80
ANNUAL WATER BUDGET BALANCE 0.0000 -0.002 0.00
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ANNUAL TOTALS FOR YEAR 9

PRECIPITATION 15.52 56337.605 100.00



RUNOFF 1.975 7168.051 12.72

EVAPOTRANSPIRATION 7.279 26422.861 46.90
DRAINAGE COLLECTED FROM LAYER 2 5.5855 20275.471 35.99
PERC./LEAKAGE THROUGH LAYER 3 0.000007 0.026 0.00
AVG. HEAD ON TOP OF LAYER 3 0.1082

DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.023 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.003 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000

CHANGE IN WATER STORAGE 0.681 2471.336 4.39
SOIL WATER AT START OF YEAR 681.562 2474069.000

SOIL WATER AT END OF YEAR 681.906 2475320.250

SNOW WATER AT START OF YEAR 0.631 2289.904 4.06
SNOW WATER AT END OF YEAR 0.967 3509.883 6.23
ANNUAL WATER BUDGET BALANCE 0.0000 -0.140 0.00

>k 3k 5k 5k 3k >k %k 3k 5k 5k 5k >k %k 5k 5k 5k >k >k >k 5k 5k 5k >k %k >k 5k 5k 5k >k %k >k 5k 5k >k >k >k >k 5k 5k >k >k >k 5k 5k >k >k >k >k 5k 5k >k %k >k 5k 5k >k >k %k >k 5k >k >k %k %k >k 5k >k >k %k %k 5k >k >k >k %k *k >k >k %k

3k 3k 3k 3k 3k 3k %k 3k 5k 3k %k >k %k 5k 3k 3k 3k >k >k 5k 3k 3k 3k >k >k 5k 3k 3k 3k %k >k 3k 3k 3k 3k >k >k 3k 3k 3k >k >k 5k 3k 3k 3k >k >k 5k 3k %k 5k 5k 5k 3k 3k >k %k >k 3k 3k 3k >k %k 5k 3k 3k >k %k >k 5k 3k %k %k %k k >k %k k

ANNUAL TOTALS FOR YEAR 10

INCHES CU. FEET PERCENT
PRECTPITATION 1670 60621.008  100.00
RUNOFF 2.294 8326.901 13.74
EVAPOTRANSPIRATION 7.786 28261.469 46.62
DRAINAGE COLLECTED FROM LAYER 2 4.2838 15550.221 25.65
PERC./LEAKAGE THROUGH LAYER 3 0.000006 0.021 0.00

AVG. HEAD ON TOP OF LAYER 3 0.0829



DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.017 0.00

PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.004 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000

CHANGE IN WATER STORAGE 2.337 8482.311 13.99
SOIL WATER AT START OF YEAR 681.906 2475320.250

SOIL WATER AT END OF YEAR 681.923 2475380.250

SNOW WATER AT START OF YEAR 0.967 3509.883 5.79
SNOW WATER AT END OF YEAR 3.287 11932.372 19.68
ANNUAL WATER BUDGET BALANCE 0.0000 0.088 0.00
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ANNUAL TOTALS FOR YEAR 11

INCHES CU. FEET PERCENT
PRECTPITATION 15.56 56482.812  100.00
RUNOFF 6.246 22671.586 40.14
EVAPOTRANSPIRATION 6.445 23396.611 41.42
DRAINAGE COLLECTED FROM LAYER 2 4.1989 15242.148 26.99
PERC./LEAKAGE THROUGH LAYER 3 0.000005 0.020 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0818
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.017 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.003 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000

CHANGE IN WATER STORAGE -1.330 -4827.645 -8.55



SOIL WATER AT START OF YEAR 681.923 2475380.250

SOIL WATER AT END OF YEAR 682.784 2478507 .000

SNOW WATER AT START OF YEAR 3.287 11932.372 21.13
SNOW WATER AT END OF YEAR 1.096 3977.885 7.04
ANNUAL WATER BUDGET BALANCE 0.0000 0.092 0.00
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ANNUAL TOTALS FOR YEAR 12

INCHES CU. FEET PERCENT
PRECTPITATION 1310 47553.000  100.00
RUNOFF 3.255 11815.114 24.85
EVAPOTRANSPIRATION 7.557 27432.793 57.69
DRAINAGE COLLECTED FROM LAYER 2 3.0748 11161.594 23.47
PERC./LEAKAGE THROUGH LAYER 3 0.000004 0.016 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0598
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.012 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.004 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE -0.787 -2856.515 -6.01
SOIL WATER AT START OF YEAR 682.784 2478507 .000
SOIL WATER AT END OF YEAR 682.368 2476996 .000
SNOW WATER AT START OF YEAR 1.096 3977.885 8.37
SNOW WATER AT END OF YEAR 0.725 2632.393 5.54

ANNUAL WATER BUDGET BALANCE 0.0000 0.000 0.00
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ANNUAL TOTALS FOR YEAR 13

INCHES CU. FEET PERCENT
PRECTPITATION 1467 53252.098  100.00
RUNOFF 2.523 9157.834 17.20
EVAPOTRANSPIRATION 6.963 25274.764 47.46
DRAINAGE COLLECTED FROM LAYER 2 5.3135 19287.846 36.22
PERC./LEAKAGE THROUGH LAYER 3 0.000007 0.025 0.00
AVG. HEAD ON TOP OF LAYER 3 0.1027
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.021 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.004 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE -0.129 -468.194 -0.88
SOIL WATER AT START OF YEAR 682.368 2476996.000
SOIL WATER AT END OF YEAR 681.619 2474275.750
SNOW WATER AT START OF YEAR 0.725 2632.393 4.94
SNOW WATER AT END OF YEAR 1.346 4884.483 9.17
ANNUAL WATER BUDGET BALANCE 0.0000 -0.177 0.00
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ANNUAL TOTALS FOR YEAR 14



INCHES CU. FEET PERCENT

PRECIPITATION 10.69 38804.703 100.00
RUNOFF 1.843 6691.423 17.24
EVAPOTRANSPIRATION 4.918 17850.895 46.00
DRAINAGE COLLECTED FROM LAYER 2 3.6285 13171.343 33.94
PERC./LEAKAGE THROUGH LAYER 3 0.000005 0.017 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0711

DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.015 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.003 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000

CHANGE IN WATER STORAGE 0.301 1090.954 2.81
SOIL WATER AT START OF YEAR 681.619 2474275.750

SOIL WATER AT END OF YEAR 680.711 2470980.750

SNOW WATER AT START OF YEAR 1.346 4884.483 12.59
SNOW WATER AT END OF YEAR 2.554 9270.442 23.89
ANNUAL WATER BUDGET BALANCE 0.0000 0.070 0.00
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ANNUAL TOTALS FOR YEAR 15

INCHES CU. FEET PERCENT
PRECIPITATION 14.68 53288.414 100.00
RUNOFF 2.676 9713.694 18.23

EVAPOTRANSPIRATION 7.434 26984.105 50.64



DRAINAGE COLLECTED FROM LAYER 2 4.4974 16325.490 30.64

PERC./LEAKAGE THROUGH LAYER 3 0.000006 0.021 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0880

DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.018 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.003 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000

CHANGE IN WATER STORAGE 0.073 265.137 0.50
SOIL WATER AT START OF YEAR 680.711 2470980.750

SOIL WATER AT END OF YEAR 681.309 2473151.250

SNOW WATER AT START OF YEAR 2.554 9270.442 17.40
SNOW WATER AT END OF YEAR 2.029 7364.979 13.82
ANNUAL WATER BUDGET BALANCE 0.0000 -0.033 0.00
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ANNUAL TOTALS FOR YEAR 16

INCHES CU. FEET PERCENT
PRECTPITATION 1870 67881.016  100.00
RUNOFF 4.898 17780.273 26.19
EVAPOTRANSPIRATION 7.389 26821.268 39.51
DRAINAGE COLLECTED FROM LAYER 2 6.0095 21814.375 32.14
PERC./LEAKAGE THROUGH LAYER 3 0.000008 0.028 0.00
AVG. HEAD ON TOP OF LAYER 3 0.1164
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.024 0.00

PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.004 0.00



AVG. HEAD ON TOP OF LAYER 8 0.0000

CHANGE IN WATER STORAGE 0.404 1464.941 2.16
SOIL WATER AT START OF YEAR 681.309 2473151.250
SOIL WATER AT END OF YEAR 682.807 2478588 .000
SNOW WATER AT START OF YEAR 2.029 7364.979 10.85
SNOW WATER AT END OF YEAR 0.935 3393.118 5.00
ANNUAL WATER BUDGET BALANCE 0.0000 0.131 0.00
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ANNUAL TOTALS FOR YEAR 17

INCHES CU. FEET PERCENT
PRECTPITATION 671 24357297 100.00
RUNOFF 1.930 7006.661 28.77
EVAPOTRANSPIRATION 3.716 13487.886 55.38
DRAINAGE COLLECTED FROM LAYER 2 2.2498 8166.740 33.53
PERC./LEAKAGE THROUGH LAYER 3 0.000003 0.012 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0442
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.009 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.003 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE -1.186 -4303.947 -17.67
SOIL WATER AT START OF YEAR 682.807 2478588.000

SOIL WATER AT END OF YEAR 680.541 2470364 .000



SNOW WATER AT START OF YEAR 0.935 3393.118 13.93

SNOW WATER AT END OF YEAR 2.015 7313.168 30.02

ANNUAL WATER BUDGET BALANCE 0.0000 -0.056 0.00
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ANNUAL TOTALS FOR YEAR 18

INCHES CU. FEET PERCENT
PRECTPITATION o.sg 34775398 100.00
RUNOFF 2.045 7422.304 21.34
EVAPOTRANSPIRATION 5.473 19867.318 57.13
DRAINAGE COLLECTED FROM LAYER 2 2.0272 7358.789 21.16
PERC./LEAKAGE THROUGH LAYER 3 0.000003 0.011 0.00
AVG. HEAD ON TOP OF LAYER 3 0.0397
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.008 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.003 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE 0.035 126.942 0.37
SOIL WATER AT START OF YEAR 680.541 2470364 .000
SOIL WATER AT END OF YEAR 681.421 2473557 .000
SNOW WATER AT START OF YEAR 2.015 7313.168 21.03
SNOW WATER AT END OF YEAR 1.170 4247 .243 12.21
ANNUAL WATER BUDGET BALANCE 0.0000 0.035 0.00
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ANNUAL TOTALS FOR YEAR 19

INCHES CU. FEET PERCENT
PRECTPITATION 1782 64686621 100.00
RUNOFF 3.095 11233.452 17.37
EVAPOTRANSPIRATION 7.875 28584.586 44.19
DRAINAGE COLLECTED FROM LAYER 2 6.0785 22065.051 34.11
PERC./LEAKAGE THROUGH LAYER 3 0.000008 0.028 0.00
AVG. HEAD ON TOP OF LAYER 3 0.1176
DRAINAGE COLLECTED FROM LAYER 7 0.0000 0.024 0.00
PERC./LEAKAGE THROUGH LAYER 9 0.000001 0.004 0.00
AVG. HEAD ON TOP OF LAYER 8 0.0000
CHANGE IN WATER STORAGE 0.772 2803.564 4.33
SOIL WATER AT START OF YEAR 681.421 2473557 .000
SOIL WATER AT END OF YEAR 681.888 2475253 .000
SNOW WATER AT START OF YEAR 1.170 4247 .243 6.57
SNOW WATER AT END OF YEAR 1.475 5354.783 8.28
ANNUAL WATER BUDGET BALANCE 0.0000 -0.063 0.00
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