Regional Solid Waste Master Plan
Sioux Falls, South Dakota

4.0 LANDFILL DEVELOPMENT AND LONG TERM MANAGEMENT
This section addresses landfill development and long-term management. This includes a series of
drawings and descriptive narrative that address the present day through 20 years of development, at
5-year time intervals.
The development plans were prepared to show existing site conditions and proposed future development
and phased closure. These are included as Figures 4-1 through 4-9, following the text of this section. An
Implementation Plan, which includes a summary of recommendations contained in this section, along
with estimated costs and year of implementation, is presented in Section 7.0.

4.1

EXISTING CONDITIONS

The Active Area is unlined and is currently being utilized for the disposal of MSW and C&D. The MSW
disposal areas within the Active Area will soon reach the permitted grades and will, therefore, be closed
in phases over the next few years. Disposal of C&D in the Active Area will continue until final grades
are achieved. The estimated operating life in the Active Area for C&D disposal is at least 45 years.
Future disposal of MSW is planned to occur within the 160-acre Expansion Area located to the west of
the Active Area. The Expansion Area is estimated to have capacity for an operating life of approximately
34 years. Construction of the first cell in the Expansion Area was completed in 2002, with the exception
of a leachate removal and management system that is planned for fall of 2003. Landfilling operations in
Cell 1 has not yet begun.

4.2

EVALUATION OF VERTICAL EXPANSION IN ACTIVE AREA

The approved final grades of the Active Area, in accordance with the City’s closure plan (HDR, 2001b),
are shown on Figure 2-1 in Section 2 of this report. It is our understanding the City and SDDENR agreed
in principle that future waste filling would be done in the Expansion Area and no additional vertical
expansion would be considered for the Active Area.
Earth Tech did evaluate the potential for additional vertical expansion of the Active Area. From an
engineering standpoint, there is potential additional landfill capacity in excess of at least 1 year.
Considering the City and SDDENR’s understanding, it may not be politically feasible to pursue the
vertical expansion. However, as outlined in Section 2.5.5.3 of this report, increasing the top slope of this
area would have significant benefits with regard to cover efficiency and long term maintenance of the
cap. We recommend that the City revisit this issue with the SDDENR to determine whether or not this is
an option (from a regulatory standpoint) worth pursuing.

4.3

PROPOSED SITE DEVELOPMENT

Earth Tech reviewed the site development design presented by HDR in their Leachate Management
Evaluation Report (HDR, 2001c). Other than closure phasing and design issues (refer to Section 2.5,
Closure/Post-Closure Plan Evaluation), we concur with the cell sequencing outlined in the HDR report.
The Expansion Area is 160 acres of which 122 acres will be developed as 15 different cells for MSW
disposal.
The development of the facility over the next 20 years is presented in a series of sequential drawings
showing various stages of development. Figures 4-1 through 4-5 show the stages of major developments
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for the entire site starting in 2003 and continuing every 5 years until 2023. The cell development
sequence for the Expansion Area is based site life and capacity estimates included in HDR’s development
plan (HDR, 2001c). Although proposed locations for landfill facilities are shown on the Development
Plans, actual locations and areas required may vary and will be up to the discretion of the City.
The locations of improvements and activities shown on the development plans are for planning purposes
and should be considered conceptual. Further design and programming will be required prior to
implementation. As recommended in Section 3.2.16, all future design work should be based on updated,
current site surveys.
Current Conditions, Year 2003
Figure 4-1 shows the current, 2003, development of the site. Locations of site activities were updated by
the City in a survey on July 18, 2003. Phase I on the Active Area has received final cover. Cell 1 is
constructed in the Expansion Area, but the Active Area is still being filled. A clay stockpile exists to the
west of Cell 1. The petroleum contaminated soil (PCS) treatment area, tire storage, and the white goods
staging area are located in the southern portion of future Cell 3.
Years 2004 Through 2008
Figure 4-2 shows the future development of the site in the year 2008. Development features notable to
this drawing include the following:
•

The proposed Phase II and Phase III Closures on the Active Area are shown to be completed
(refer to Section 2.5). Phases II and III are planned for closure in 2004 and 2005, respectively.

•

C&D will be placed in Phase IV of the Active Area (refer to Section 2.5 and Figure 2-1).

•

If needed, a wetland mitigation area is proposed to be in-place on City property located east of
the Phase I (Closed) Active Area (refer to Section 2.2.4).

•

The compost site has been relocated to the area directly east of the entrance/scale facility (refer
to Section 3.2.6.3). It has been expanded from approximately 4.5 acres to approximately
10 acres to better accommodate fall leaf volumes.

•

The entrance road before the Scale Facility has been widened to improve traffic patterns
approaching the incoming scales (refer to Section 3.2.1).

•

Located adjacent to the relocated compost facility is a new public drop-off area where residents
will be able to deposit MSW, recyclables, white goods, tires, and compostables without having
to enter the landfill and mix with commercial haulers and semi-transfer trailers (refer to
Section 3.2.2).

•

The Landfill Gas Management System has been constructed within the Active Area (refer to
Section 4.10), and the landfill gas blower and flare have been installed at the west side of the
Active Area, east of the main entrance road.
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•

A new Equipment/Maintenance building has been constructed north of the current maintenance
building (refer to Section 3.2.12).

•

Cells 1, 2, and 3 are constructed in the Expansion Area. Cells 1 and 2 are filled to final grades
(final outer slopes and intermediate inner slopes) with temporary or daily cover in-place. Cell 1
was constructed in 2002. Cell 2 is planned for construction in 2005 and Cell 3 in 2007.

•

The perimeter landfill access road in the Expansion Area will be constructed along with each
new perimeter landfill phase constructed. The perimeter access road will be asphalt, which will
improve access in all weather conditions.

•

The leachate storage and loadout facility has been constructed at the southwest corner of the
Active Area and is collecting leachate from Cells 1, 2, and 3 in the Expansion Area.
Construction of this facility is planned in 2003 and 2004. We anticipate that a leachate
collection system will also be in place for the Active Area in 2004 and the leachate removal
from the Active Area will be ongoing. Also, a leachate treatment strategy should be decided on
and in-place (refer to Section 4.9). Although the treatment system has not been selected at this
time, we recommend truck hauling to the WWTP for the next 5 years, at least. At that time, the
other treatment alternatives should be re-evaluated. Currently, no other treatment option is
shown on the future development plans.

•

In the Expansion Area, the clay stockpile will have been removed from west of Cell 1 (see
Section 4.4). Soil stockpiles resulting from the excavation of Cells 2 and 3 have been created
on the City property located north of the Expansion and west of the new entrance facility. Some
of the soil excavated from Cells 2 and 3 will have been used for closure construction of
Phases II and III in the Active Area.

•

The tire storage and white goods staging areas have been relocated east of the
Maintenance Building. These areas provide reasonable access from the Maintenance Building
for staff to remove freon from the white goods. Also, there is adequate space for staging both
the tires and the white goods prior to them being hauled off for recycling. Although these areas
are part of the landfill and will eventually be occupied by C&D waste, filling in this area should
not occur for at least 20 years (refer to Section 2.5 and Figure 2-1).

•

Although a specific area is not shown on the figure, petroleum contaminated soils may be
treated at various delineated areas on the Active or Expansion Areas that are accessible to
haulers and adequate for treatment purposes.

•

It is not expected that Emergency Cells will be required in the Expansion Area and therefore,
one is not shown.
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Years 2009 Through 2013
Figure 4-3 shows the future development of the landfill in the year 2013. Development features notable
to this drawing include the following:
•

Cells 1, 2, 3, and 4 have been constructed and filled to capacity (final outer slopes and
intermediate inner slopes) with temporary or daily cover in-place. Cell 5 has been constructed
and will be receiving waste. As indicated in the Implementation Plan (Section 7.0), Cell 4 is
planned for construction in 2009, and Cell 5 in 2011.

•

Soil stockpiles remain on the City property located north of the Expansion Area.

•

C&D will continue to be placed in Phase IV of the Active Area (refer to Section 2.5 and
Figure 2-1).

•

Although a specific area is not shown on the figure, petroleum contaminated soils may be
treated at various delineated areas on the Active or Expansion Areas that are accessible to
haulers and adequate for treatment purposes.

•

Property to the west and south of the site will have been purchased by the City (refer to
Section 4.8). The drainageway from Wall Lake that transects the southwest corner of the
Expansion Area has been abandoned and relocated on the purchased property. We recommend
that this work be completed prior to development of Cell 4. The relocated drainageway may
provide mitigation opportunities and, therefore, will meander as much as practicable on the
purchased property. As the relocated drainageway approaches the existing drainageway south
of West 57th Street, we propose wide meanders and creation of a mitigation area.

•

A Landfill Gas Management System will be constructed in year 2013 within portions of Cells 1,
2, 3, and 4 (refer to Section 4.10).

Years 2014 Through 2018
Figure 4-4 shows the future development of the landfill in the year 2018. Development features notable
to this drawing include the following:
•

Final cover Phases 1 and 2 in the Expansion Area have been placed over Cells 1, 2, and portions
of Cells 4, 5, and 6. The remainder of Cells 3, 4, 5, and 6 have intermediate or daily cover
in-place. Closure construction of Phases 1 and 2 are estimated to occur in the years 2014 and
2017, respectively.

•

Cell 7 has been constructed and will be receiving waste. Cell 7 construction is expected in year
2017.

•

Soil stockpiles remain on the City property located north of the Expansion Area. Some of the
soil excavated from the cell construction will be used for closure construction of Phases 1 and 2
in the Expansion Area.
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•

C&D will continue to be placed in Phase IV of the Active Area (refer to Section 2.5 and
Figure 2-1).

•

Although a specific area is not shown on the figure, petroleum contaminated soils may be
treated at various delineated areas on the Active or Expansion Areas that are accessible to
haulers and adequate for treatment purposes.

Years 2019 Through 2023
Figure 4-5 shows the future development of the landfill in the year 2023. Development features notable
to this drawing include the following:

4.4

•

Closure construction in the Expansion Area continues with Phase 3. At this time, final cover
has been placed over Cells 1, 2, and 3, and portions of Cells 4 through 7 (i.e., those portions that
have reached final grades). The remainder of Cells 4 through 7 has intermediate or daily cover
in-place. Closure construction for Phase 3 is expected in year 2020.

•

The Landfill Gas Management System will be extended throughout closure Phases 1, 2, and 3.

•

Cell 8 has been constructed and filled to final grades (final outer slopes and intermediate inner
slopes) with temporary or daily cover in-place. Construction of Cell 8 is expected in year 2020.

•

Cell 9 has been constructed and is receiving waste. Construction of Cell 9 is expected in
year 2022.

•

Soil stockpiles remain on the City property located north of the Expansion Area.

•

C&D will continue to be placed in Phase IV of the Active Area (refer to Section 2.5 and
Figure 2-1).

SOIL STORAGE AND USAGE

Currently, a large soil stockpile is located on the Expansion Site (as shown on Figure 4-1). The
U.S. Army Corps of Engineers has committed to using 900,000 cy of that soil for a dike construction
project. The project is to be completed in 2006. The remaining soil will be used for weekly cover and for
closure in the Active Area. It has been estimated by others that 1,000,000 cy of soil is in the stockpile.
We recommend a survey be performed on the stockpile to verify that enough soil is there to meet shortterm needs.
Concurrent with cell development, excess soils will be stockpiled to the north of the Expansion Area as
shown on Figure 4-2. This stockpile will be used for weekly soil cover in the Expansion Area and for
closure activities in the Active Area. Table 4-1 shows estimated soil sources, uses, and surpluses for the
SFRSL.
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TABLE 4-1
APPROXIMATE SOIL BALANCE AT SFRSL
Source
Excess Soils from Existing Stockpile*
Soils from Excavation of Expansion Area
Active Area Weekly and Intermediate Cover
Active Area Final Cover
Expansion Area Berms
Expansion Area Weekly and Intermediate Cover
Expansion Area Final Cover
Surplus Soils at Closure

Estimated Quantity (Cubic Yards)
+100,000
+8,850,000
-770,000
-330,000
-210,000
-3,900,000
-450,000
3,290,000 cy

Notes:
* Estimated by Others. Assumes 900,000 cy of soil is used by the U.S. Army Corps of Engineers for a
dike construction project and the remaining soil balance is +100,000 cy.
This shows that significant excess soils may remain at closure unless uses are found for the estimated
3.3 million cubic yards of excess soil (a stockpile this big would cover 45 acres with an average height of
45 feet). It is not intended that the designated stockpile area shown on development plans 4-2 to 4-5
accommodate the entire soil surplus. If necessary, the stockpile area can be expanded to the north to
provide additional capacity. Additionally, more buffer land could be purchased to the west of the
designated stockpile to provide additional area for long term soil storage (refer to Section 4.8 regarding
Land Acquisition and Buffer Areas). Where possible, we recommend that other beneficial uses for the
surplus soil be found as development of the landfill proceeds. Possible uses of the surplus soil include:

4.5

•

Provide a thicker final cover over the waste to reduce infiltration of rainwater into the waste
(refer to Section 2.5.5.2 regarding Closure Design Issues).

•

Construct screening berms around the site. Specific areas or need for screening berms have not
been identified. Based on the successful acquisition of buffer land, logical locations for
screening berms would be just outside the north, west, and southern boundaries of the
Expansion Site.

•

Construct berms for leachate treatment ponds. If needed, this would not be implemented for
several years (refer to Section 4.9 regarding leachate management).

UTILITY PLAN

Existing site utilities were identified and the locations were surveyed. Figure 4-6 shows existing utilities.
Identified and surveyed utilities and other underground structures include:
•

Electric - Electric service comes into the site from the north. It is overhead service located on
utility poles on the east side of the landfill entrance road. This is single phase, 240v-service.
Electric service will be extended to new buildings and facilities. Three-phase service is only
available from nearly 1 mile away from the property, and we believe it would be cost-prohibitive
at this time to pursue extension of 3-phase service to the site. However, this may be pursued in
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the future. The new leachate loadout facility located on the south end of the site will be served
by an electric line from the south based on discussions with the utility. Future electrical needs
and service options will need to be evaluated by the City and the electric utility as the need
arises.

4.6

•

Telephone - Telephone service comes into the site from the north. Telephone service will be
extended to new buildings and will likely be utilized for an automatic dialer alarm system in the
future, which will automatically notify appropriate personnel in case of alarms, such as flare
shutdown or leachate tank full. The dialer can call pre-programmed call lists of personnel (or
consultants) who will respond to the emergency.

•

Fiber Optic - Fiber optic cable is installed between the new scale-house and the
maintenance/office building. This cable is used for data and communication on-site. It may be
extended in the future.

•

Water - Water service enters the site from the north and runs on the west side of the entrance
road. Water service currently extends to the scale-house and maintenance/office building. It will
be extended as needed in the future.

•

Storm Sewer - Storm sewer conveys surface water from the north side of the Active Area under
the entrance road and around the maintenance/office building where it discharges to an existing
ditch which is routed around the north and west sides of Cell 1 in the Expansion Area.

•

Septic - There are existing septic systems serving the maintenance/office building, the old scalehouse, and the new scale-house facility. In the future, it may be investigated to determine if the
sanitary waste can be combined with the leachate in a storage tank.

•

Compressed Air - It should be noted that there exists a potential future need to install an air
compressor facility to supply compressed air to power leachate extraction well pumps on the site
(primarily on the Active Area). Pneumatic pumps are often the best option since electric pumps
experience voltage changes due to the long distances on the landfill. Electric pumps also
experience plugging at the anticipated low flow rates. A location has not been proposed since it
may not be used, but it could be located near the proposed blower/flare station.

ROADWAY AND TRAFFIC PLAN

The county roads that lead to the site are paved all-weather roads. On-site roads are currently gravel and
maintained by landfill staff to be as all-weather as possible. We recommend that the perimeter road that
will run all the way around the Expansion Area be paved. The portion which runs from the scale to the
south end of the site and around Cell 1 to the gravel access road entering Cell 1 will receive asphalt
in 2004. The remainder of permanent perimeter access road will be built in increments as cell
development progresses as shown on Figures 4-2 through 4-5. Access to the cells for filling will be from
the south for Cells 1 and 2, and from the north for Cell 3 as shown on Figures 4-2 and 4-3. Access will be
from the south for Cells 4, 5, 8, and 9, and from the north for Cells 6 and 7.
Other road related improvements include adding a lane along the west side of the entrance road to the
Scale Facility. This additional lane will improve traffic flow for incoming commercial vehicles and the
public (refer to Section 3.2.1 for additional discussion). The current entrance road layout can be a bottle
neck by restricting the access of commercial vehicles to the incoming scales during peak traffic periods.
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The proposed public drop-off area and compost site to be located east of the Scale Facility will require a
short access road off of the main landfill road. The public will first proceed to the Scale Facility and then
be diverted to the public drop off area. This use of the public drop off area and compost site will reduce
traffic to the MSW and C&D landfill working face and will be substantially more accessible and safer for
the general public.

4.7

STORMWATER CONTROL PLAN

Stormwater is currently routed around the Active Area to a sedimentation basin located south of the site
across the county road. The sedimentation basin is utilized for all run-on and runoff on the site. The
existing on-site storm sewer reportedly discharges to a channel which runs around the north and west
sides of the newly constructed Cell 1 in the Expansion Area before entering the culverts that discharge to
the sedimentation basin. Runoff and run-on on the Expansion Area are planned to be routed to the same
sedimentation basin.
While enough elevation change is available to accomplish this surface water routing plan, the existing
engineering documents are not detailed enough to evaluate the effectiveness of the design. We
recommend that the City prepare an all-encompassing surface water management plan to study the entire
system, calculate peak flows, analyze capacities of existing structures, and design additional facilities, if
necessary. Further discussion of storm water management is included Sections 2.5.6 (Closure Plan
Evaluation) and 3.2.9 (Operations Assessment).

4.8

LAND ACQUISITION AND BUFFER AREAS

The City has been actively acquiring property adjacent to the landfill to maintain a buffer zone. This is
important to avoid conflicts with potential development, and to provide adequate area for future landfill
expansion. The property serves as a buffer zone, shelterbelt, future landfill area, or future related support
areas. In addition to those currently owned, we recommend the following additional purchases:
•

We recommend that the City obtain the parcels located south and west of the 160-acre landfill
Expansion Area. These parcels are critical to the City for long-term landfill development,
support facilities and buffer area. The drainage from Wall Lake currently crosses the southwest
portion of the 160-acre Expansion Area and will need to be relocated in the future to allow for
the permitted landfill development. This adjacent property is important to the rerouting of this
drainageway in order to maximize development of the landfill in the 160-acre Expansion Area.
For planning purposes, we assume that the recommended parcels will include a total of
160 acres at a cost of $5,000 per acre. As indicated in the Implementation Plan in Section 7.0,
purchase of this property is considered a priority, with purchase in 2004.

•

We understand from City staff that 16 acres is being considered for purchase south of the
landfill and east of the stormwater sedimentation pond. We agree that this parcel would be
beneficial, but not critical, for use as a buffer zone plus for landfill support facilities.

•

Although not critical to the operation of the landfill, additional property to the north of the west
half of the Expansion Area would be beneficial for stockpiling of excess soils during
development of the landfill. If available, the additional area would allow shorter haul distances
for stockpiling of soil as development in the Expansion Area proceeds to the west.
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It is our opinion that purchase of buffer area near the landfill is in the City’s best interest over the long
term to prevent encroachment and associated issues. The City should pursue these purchases as the
opportunity arises. In addition to the critical 160-acre parcel recommended for purchase in 2004, we
have included in the Implementation Plan (Section 7.0) the future acquisition of additional beneficial
buffer property around the landfill. Although the acquisition of such property is generally opportunity
based, the purchase of an additional 160 acres is indicated in the Implementation Plan (Section 7.0) in
the years 2006 and 2008.
Management of the City’s properties for landfill related operations and buffer zone is an important
function. Recommendations pertaining to land management issues are included in Section 3.0.

4.9

LEACHATE CONTROL PLAN

The purpose of this section is to evaluate leachate management options and make recommendations
regarding leachate management strategy for the SFRSL. Leachate management options include different
methods of storing, handling, and treating leachate generated from the Active and Expansion Areas.
Earth Tech has reviewed and refined evaluations from the August 2001 Leachate Management Evaluation
Report by HDR Engineering, Inc (HDR, 2001c).
The criteria used in the evaluation of leachate management strategies include: system costs; technical
viability; flexibility in dealing with variable leachate characteristics; ability to dispose of leachate in an
environmentally acceptable manner; and reliability. This evaluation attempts to include leachate
generation and treatment options from 2003 to closure of the Expansion Area (anticipated in 2036). We
expect any leachate management system chosen for the active life of the site will still be the best option
for post-closure. Therefore, post-closure costs are not included in the evaluations.
4.9.1

Leachate Generation

Leachate generation volume estimates are critical to evaluation of the various leachate management
strategies. Leachate volume affects costs because the size of facilities needed impacts capital costs and
the volume to be treated affects annual operation and maintenance costs. Leachate volume estimating
techniques come with a wide margin of error, making it difficult to estimate accurately and with
confidence. For reasonable assurance of our estimates, we compare various estimates including computer
modeling, previous estimates by others, and comparison with other similar facilities.
The United States Environmental Protection Agency (USEPA) Hydrologic Evaluation of Landfill
Performance (HELP) model was used to estimate the amount of leachate generated within the
Expansion Area during open (20-foot waste thickness with 6-inch daily cover), intermediate (50-foot
waste thickness with 12-inch intermediate cover), and closed (50-foot waste thickness with vegetated
permitted final cover in-place) conditions. The estimated average annual leachate generation for the
expansion site ranges from 350,000 gpy (HDR, 2001c) to 1,600,000 gpy (Earth Tech, 2003).
The Active Area is also a source of leachate. There is currently no leachate removal from the
Active Area. There is leachate within the waste mass and there is continual infiltration from rainfall
events. It has been estimated (HDR, 2001c) that 20 million gallons of leachate lie within the Active Area
and of that, 8.5 million gallons is estimated to lie above the water table within the site (per letter,
July 3, 2002). This volume may be removed by utilizing leachate extraction wells.
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Earth Tech views the results of the Leachate Extraction Pilot Project as encouraging. The results were
reported in the “Performance Evaluation” by Leggette, Brashears & Graham, Inc. (LBG), dated
May 16, 2003. The study showed that in 8 months, 65,000 gallons of leachate was removed of an
estimated 155,000 gallons of recoverable leachate in the area. Leachate head levels were reduced by as
much as 3.5 feet. Removing 42 percent of the estimated leachate at a consistent rate of 0.19 gpm over
only 8 months is a very good result for landfill conditions (especially considering that the study was
performed in the Emergency Cell where greater soil content and lower permeabilities would be expected).
Although we cannot calculate hydraulic properties to apply to the landfill and to use to calculate precise
spacing for wells, the leachate head within the landfill can be reduced. Well spacing can be determined
based upon experience at other landfills. Removal of leachate from the Active Area will be a dynamic
process. As head is reduced at a given well, the pump could be utilized in a different area. Low leachate
pumping rates and recharge rates are desirable because they keep suspended solids from entering the
wells and fouling the pumps. Pumping rates less than 1 gpm are both expected and desired. While the
use of horizontal directionally drilled (HDD) wells appear to hold promise for reducing leachate head
along the site perimeter, we recommend that overall leachate head within the landfill also be reduced.
Historically, HDD wells have experienced problems in landfill applications. Differential settlement
inherent in the waste causes the casing to be forced up, down, and side-to-side as well as squashing. The
pumps tend to get stuck in the casing, which requires abandonment of the entire well. Electric pumps are
used for horizontal wells, but they do not perform well at low flow rates. The electric pumps tend to burn
out. We recommend vertical wells. Vertical wells can perforate clay layers and release perched leachate.
Vertical leachate extraction wells can be used effectively over time, and are especially economical when
installed within a dual gas/leachate extraction system, since landfill gas extraction is expected to be
necessary.
Removal of the 8,500,000 gallons of leachate estimated to be above the water table in the Active Area
will take time. Assuming a 10-year pumping schedule, the extraction rate would be 850,000 gal/year,
which is only 1.62 gal/min. We would expect to achieve a higher overall pumping rate utilizing many
leachate extraction wells within the Active Site.
Infiltration through the waste due to rainfall is another source of leachate in the Active Area. HDR
estimated leachate generation of 350,000 gal/year, while Earth Tech estimates infiltration could produce
1,685,000 gal/year during waste filling. The MSW portion of the Active Area is near closure so this
leachate generation rate during filling is very short-term and the leachate generation rate at closure is
estimated by Earth Tech to be 125,500 gpy. Table 4-2 contains a summary of leachate generation
estimates by HDR and Earth Tech.
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TABLE 4-2
SUMMARY OF LEACHATE GENERATION ESTIMATES

HDR Estimate1
Earth Tech
Estimate

Active Area
Leachate
Mound
Pumping
Volume (gpy)
2 M to 4 M2
0.85 M3

N/A

Expansion
Area Final
Cover
Infiltration
(Filling) (gpy)
350,000

Expansion
Area Final
Cover
Infiltration
(Closed) (gpy)
N/A

125,500

1.7 M

125,500

Active Area
Final Cover
Infiltration
(Filling) (gpy)

Active Area
Final Cover
Infiltration
(Closed) (gpy)

350,000
1.7 M

Notes:
* “M” stands for “Million.”
1
“HDR Estimate” refers to leachate infiltration estimates included in the Leachate Management
Evaluation Report, August 2001, prepared by HDR Engineering, Inc.
2
2 Million gal/year over 10 years; 4 million gal/year over 5 years.
3
0.85 Million gal/year over 10 years to remove only the leachate which sits higher than the water
table.
The Expansion Area will have a constructed leachate collection and removal system utilizing a drainage
layer and perforated collection pipes on the base leading to perimeter sumps and sideslope risers with
pumps for extraction.
Over the remaining life of the facility, annual leachate generation will vary from year to year, but due to
specifics of the site, the variance won’t be extreme. When leachate extraction wells are installed in the
Active Area, and the existing “mound” of leachate is pumped, leachate volumes will be high for many
years, but these will be the years of initial development in the Expansion Site when leachate volumes
won’t be high. As the Active Area is closed, leachate generation due to infiltration through the final
cover will drop off. As the Expansion Area grows, leachate generation will increase.
For the purposes of this evaluation of alternative leachate treatment options, average annual leachate
volume is assumed to be 1.6 million gallons total, from the Active and Expansion Areas. For comparison,
Brown County, South Dakota, collected 1,300,000 gallons of leachate from their landfill in 2001. That
site covers approximately 15 acres, with intermediate cover over about ¾ of the area and no cover over
the remainder. The Active Area at SFRSL is six to seven times as big. The MSW (pre-Subtitle D)
portion of the Active Site covers approximately 81 acres. Currently, approximately 25 acres has final
cover and the remainder is under intermediate conditions. The Expansion Site will cover approximately
117 acres.
Based upon the above comparisons, the 1.6-million gallon volume estimate for the SFRSL may prove to
be somewhat low over the life of the facility. However, it should be high enough to show which options
are better economically, given higher leachate volumes.
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4.9.2

Leachate Management Options

Leachate management systems consist of several components including:
•

Collection

•

Storage

•

Treatment or pre-treatment

•

Disposal

Disposal is the ultimate disposition of leachate with collection, storage, and treatment as the means to this
end. These system components were analyzed to identify a viable leachate management strategy for the
entire site. The following sections present each system component and leachate management strategy.
4.9.2.1

Collection

Leachate will be collected from the Active Area through wells (horizontal, vertical, or both) drilled into
the waste. Pumps in the wells will extract leachate and bring it to the surface where it will go into headers
which may be either forcemains or gravity pipes. Leachate will be collected at the perimeter of the base
of the Expansion Area. The Expansion Area collection system includes sumps, pumps, and a header pipe
or tanker truck. Once the leachate is collected in the header pipe or tanker truck, it will be conveyed to a
storage system or directly to disposal. All costs presented later in this report do not include purchase or
maintenance of a tanker truck for collection. Gravity pipe or forcemain leading to a central storage
location is assumed.
4.9.2.2

Storage

Storage is assumed to be either one or two 20,000-gallon underground storage tanks depending on the
requirements of the treatment option selected. The storage area will include pumps, controls, electrical
services, access, and a truck loadout area.
4.9.2.3

Treatment or Pre-Treatment

Anticipated leachate characteristics, presented in the HDR Report (HDR 2001), are low in metals, low in
VOCs, and high in BOD. Some treatment or pre-treatment will be required prior to discharge.
Pre-treatment would apply to systems where further treatment would occur. Treatment would reach
regulated discharge limits and allow discharge into local waterways. For purposes of this discussion, all
treatment options will be referred to as pre-treatment. The technologies presented might provide full
treatment if combined.
Information from POTW personnel suggests that in the future, pre-treatment would likely not be required
for POTW disposal, unless characteristics change substantially. The City needs to continue to monitor
these characteristics if discharge to the City’s POTW is planned.
Pre-treatment options most applicable for SFRSL leachate include: biological treatment (aeration);
granular activated carbon; constructed wetlands; and recirculation. Following is a description of each of
these pre-treatment options.
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Aeration
Aeration can be used to accelerate ambient stabilization of BOD by removing biodegradable organics if it
is determined that concentrations exceed discharge or disposal limits. Aeration can also be used to reduce
odors prior to on-site disposal or discharge. Stabilization occurs by introducing more oxygen into the
upper layer using surface aerators. As BOD concentrations are reduced, odor associated with the
biodegradable organics should also be reduced.
Aeration is not feasible during cold weather. For cost estimation, we assume collection, storage in
underground storage tanks, hauling by truck, and treatment at the wastewater treatment plant (WWTP) for
5 months in winter.
Granular Activated Carbon
Granular activated carbon (GAC) is effective in removing organics by adsorption. GAC is most effective
as a polishing step for those cases in which biological treatment alone cannot meet effluent requirements
or in the case of a low BOD/COD ratio. Therefore, GAC alone is not appropriate as a pre-treatment
option. The only treatment and disposal option that may require a GAC system is direct discharge. This
would only be applicable if stringent effluent requirements had to be satisfied.
Filtration preceding GAC treatment would be required to prevent plugging, since suspended solids
concentrations will most likely be more than 10 times the limit for the GAC system. In addition, the
GAC system would require frequent thermal regeneration based on the estimated organic loading rates.
Constructed Wetlands
Wetlands are shallow inundated areas that support hydrophytic vegetation and hydric soils. Wetlands
reduce BOD by providing plant and soil surfaces for the attachment of bacteria films. Reduction of COD
also takes place via anaerobic soils. Operation of a wetland system through cold weather periods is not
feasible. Therefore, hauling, storage, or another treatment mechanism is expected to be required during
winter months. We will assume collection, storage in storage tanks, hauling by truck, and treatment at the
WWTP for 5 months in winter.
Recirculation
A recirculation system would consist of either: 1) perforated PVC pipes, in the waste, or 2) distribution
of collected leachate via a hose or spreader bar on the working face. Leachate treatment occurs within the
waste fill through absorption and uncontrolled anaerobic digestion. As a result, the level of BOD/COD
and metal reduction is not always predictable. Data from similar landfill projects show that recirculation
reduces the organic loads COD, BOD, and TOC, as well as volatile acids, phosphate, ammonia-nitrogen,
and TDS.
Recirculation could not be done until waste grades in a lined area reach a sufficient depth. Recirculation
would be limited somewhat, initially, depending on field capacity (ability to absorb and hold water) of the
waste. For the purposes of this evaluation, it is assumed that recirculation would be a bonus regardless of
the treatment system used. Recirculation may not serve to absorb or eliminate all leachate. As such, a
cost estimate is not included. It is recommended that recirculation be used in the future to the extent
possible. Recirculation is not a seasonally dependent technology.
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4.9.2.4

Disposal

Disposal refers to the ultimate elimination of the leachate following collection, storage, and treatment.
Viable options for disposal include the following:
•

Disposal at a City POTW via truck hauling.

•

Evaporation on-site.

•

Land application.

•

Discharge to wetlands.

•

Disposal at a City POTW via forcemain from the landfill to a City sewer.

•

Recirculation (to be used with all options; not costed).

•

Thermal evaporation (using landfill gas).

There are a number of variables that might be associated with each disposal method including treatment
or pre-treatment and storage requirements. Seasonal restrictions can impact evaporation, land application,
and wetlands methods and thus, require added storage capacity or seasonal transport to the POTW.
4.9.2.5

Leachate Management System Options

Leachate management system options consisting of storage, treatment, and disposal are presented below.
Storage will consist of one 20,000-gallon underground storage tank installed for the opening of the
Expansion Area with another tank added with construction of Cell 8, if needed. Costs are included only
for those options that require the second tank since the leachate storage and loadout facility will be
installed in 2003 and, therefore, it is not a factor in evaluating the various system options. The forcemain
option only requires one 20,000-gallon storage tank. (The thermal evaporation option does not require
the central storage and discharge area.)
To evaluate each management option, system definitions reflecting storage, treatment, and disposal
components have been created. The evaluations include consideration of technical viability, flexibility in
dealing with variable leachate generation rates and characteristics, and reliability. The system options are
summarized in Table 4-3 and are described and evaluated further in the following sections.
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TABLE 4-3
LEACHATE MANAGEMENT SYSTEM OPTIONS
Option
1
2
3
4
5
6
7
8

Description
Tank storage, haul to POTW
On-site evaporation pond with pre-treatment
Treatment and on-site discharge
Pre-treatment and land application
Discharge to on-site constructed wetlands
Thermal evaporation using landfill gas
Tank storage forcemain to POTW
Recirculation followed by disposal (not costed)

Option 1 - Tank Storage, Haul to a POTW and Dispose
It is not anticipated that treatment of leachate prior to discharge at the City’s POTW will be necessary
because of the relatively small contribution. This option was evaluated assuming the facility purchases
three leachate hauling tanker trucks over the 36-year site life and that site personnel operate the trucks.
Storage and hauling is considered technically viable and reliable (although there is risk inherent in
transporting leachate lest an accident causes a spill). The major advantage of this option is that the
landfill would not be responsible for the treatment process which could be difficult considering variations
in leachate quantities, concentration levels, and discharge regulations over the years. Another advantage
of this option is that there would be no odors at the landfill due to treatment ponds.
Option 2 - On-Site Evaporation Pond with Pre-Treatment
Leachate collected and allowed to evaporate in a shallow composite-lined pond would eliminate the need
for off-site disposal, except in winter months. To minimize potential odors from the leachate, an aeration
pond (including surface aerators) was included prior to the evaporation pond(s).
In the spring, additional odor control measures may be necessary in the aeration pond (i.e., increase
aeration rates, addition of hydrogen peroxide to oxidize odorous compounds, adding masking agents, or
installing a physical containment structure to cover the pond). For cost estimating purposes, it was
assumed that hydrogen peroxide would be utilized to control odors.
Evaporation is considered technically viable and reliable. Pre-treatment is considered essential prior to
discharge to a shallow evaporation pond. Flexibility would be achieved by using several ponds to adjust
for variations in leachate quantities and climate conditions. The relatively large leachate volumes
expected will require a lot of land dedicated to shallow ponds. Odors are another potential disadvantage
associated with the pre-treatment/storage ponds.
One advantage of this system is the elimination of POTW treatment costs and costs associated with
conveying leachate to the POTW for approximately 7 months of the year.
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Option 3 - Treatment and On-Site Discharge
To reach leachate characteristics suitable for on-site discharge, extensive on-site treatment would
probably be required. On-site treatment includes an aeration pond (including surface aerators) and a
Granular Activated Carbon (GAC) system. Due to removal inefficiencies and varied leachate generation
rates and characteristics, aeration alone may not satisfy National Pollution Discharge Elimination System
(NPDES) effluent requirements. Therefore, a GAC system was included in this process as one option to
polish the leachate to meet effluent discharge requirements. Truck transport to the POTW was included
in this process due to inefficient treatment during cold weather periods. Filtering to remove suspended
solids would be needed prior to the GAC system. The GAC system would require frequent re-generation
at considerable cost.
The technical viability and reliability of treatment and on-site discharge is limited by the variability of the
leachate composition. If treatment objectives cannot be satisfied, because of quantity or composition
variability, then alternate disposal would be required. A backup disposal system is assumed. Tank
storage and haul to a POTW is assumed as a backup and as the only alternative during approximately
5 months of winter. Within a reasonable design range, the system should be flexible, but may have
limitation due to odor control associated with the storage pond. A major drawback to this system is the
costs associated with a GAC system.
Option 4 - Pre-Treatment and Land Application
Land application of partially treated leachate, on- or off-site is assumed to be by irrigation techniques
using a center pivot system. Natural treatment of leachate using irrigation is provided by physical,
chemical, and biological processes that occur in the soil and vegetation. State guidelines provided by
SDDENR for land application of domestic wastewater were used by HDR Engineering, Inc., as a
guideline in area sizing. The guidelines identify application rates, vegetation uptake rates, and system
operation requirements. Based on the estimated leachate characteristics before and after pre-treatment
HDR determined approximately 5 acres would be required for land application if average annual leachate
generation is 350,000 gallons (HDR, 2001c). Since Earth Tech assumes annual leachate generation of
1.6 million gallons, potentially 23 acres could be required for land application.
Operation of a land application system during cold weather periods is not feasible. Therefore, truck
transport to the POTW of peak winter month’s quantities was included in this process, although other
leachate management options could be used.
The technical viability and reliability of this land application option is limited by the variability of the
leachate composition. Similar to Option 3, if treatment objectives cannot be satisfied, then alternate
disposal would be required. This poses a risk of reliability and of added costs. Within a reasonable
design range, the system should be flexible, but may have limitations due to seasonal restrictions.
Option 5 - Discharge to On-Site Constructed Wetlands
Within certain seasonal and characteristic limits, leachate can be treated on-site by a constructed wetland.
To minimize potential odors, an aeration pond was included prior to wetlands treatment. Odor control
measures (specifically hydrogen peroxide) were assumed to be required with this system. Truck transport
to the POTW was included in this process due to inefficient treatment during cold weather periods and the
potential for significant volumes of leachate during winter months.
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It is anticipated that leachate will have to be sampled prior to both discharge to the wetlands and from the
wetlands.
Wetlands treatment is considered technically viable, but has seasonal limits in reliability and requires a lot
of land area. Additional pre-treatment is considered necessary for odor control, not process performance.
The uncertainty of leachate flow rate and composition represents a risk that treatment objectives may not
always be satisfied. If treatment objectives are not met, then alternate disposal would be required.
Flexibility would be achieved by using several segmented ponds (areas) to adjust for variations in
leachate quantities and composition.
One advantage of this system would be the (seasonal) elimination of POTW treatment costs and a portion
of the costs associated with conveying leachate to the POTW. Disadvantages include the land area
required for wetlands, the seasonal limits on using wetlands, and the potential for odor problems.
Option 6 - Thermal Evaporation Using Landfill Gas
A thermal evaporation system would utilize heat from combustion of generated landfill gas (methane) to
evaporate leachate. In order for this option to operate in an economically feasible manner, there must be
enough methane produced from the landfill.
It is expected that an active landfill gas extraction system will eventually be required SFRSLF, so the cost
of the gas collection system installation is not included as a cost for this leachate management option.
Landfill gas generation is a fairly steady process whereas leachate generation is irregular. To match
leachate production with gas generation, a leachate storage tank is assumed. Earth Tech estimates that
831 cfm of recoverable landfill gas is being generated in the Active Area under the current conditions.
The peak quantity of recoverable landfill gas is calculated to be available in 2037. The peak quantity is
estimated at 2,850 cfm.
These estimates indicate that landfill gas could be used to evaporate essentially all leachate generated.
The smallest evaporator unit has a capacity of 5,000 gpd. It requires an enclosed landfill gas flare to be
operational also. Vapor is directed into the flare for destruction. The flare and evaporator require
approximately 1,000 cfm of landfill gas to operate. Estimation of available methane indicates there will
be enough gas generated by 2008 to run the evaporator and enclosed flare. The evaporator will remove
97%+ of the liquid from the leachate as well as all volatile organic compounds (VOCs). The residual
from the process is a concentrated leachate consisting of 3 percent (or less) of the original liquid. This
residual would be recirculated on the landfill (in lined portions) or it can be pressed such that the solids
are landfilled and the liquid goes to the POTW. For the purpose of this cost estimate, it was assumed that
the residual can be recirculated (i.e., lined cells will have enough waste in them) by the time the
evaporator system is up and running.
Evaporation is considered technically viable and reliable. However, the quantity of landfill gas required
to evaporate all leachate is not generated at the same rate as the leachate, making large storage tanks
necessary. Alternate disposal will be required from now until 2008. Tank storage and hauling to the
POTW is assumed for the first 5 years until gas generation and recovery is enough to support the enclosed
flare and leachate evaporator.
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Option 7 - Tank Storage, Forcemain to POTW
This option is similar to Option 1 in that treatment is provided at the City’s POTW. Transport to the City
sewer system is proposed via a forcemain that will exit the landfill to the south and be laid within the road
right-of-way. The forcemain will run east along West 57th Street until it reaches the western limit of the
City sewer system (approximately 6 miles). There it will discharge into the existing City sewer system.
Refer to Figure 4-7 for the proposed location of the leachate forcemain. A meter at the landfill will
document leachate volume discharged to the City sewer system.
The discharge system could be operated according to the requirements of the WWTP. Controls could be
added to fine tune the pumping system to some degree. The average volume of leachate is quite low, only
3.1 gpm. The discharge pump to be located in the 20,000-gallon storage tank will have a maximum
capacity of approximately 100 gpm. At this rate, the pump run time will average only 44 minutes per
day.
Earth Tech reviewed sewer design information provided by the City of Sioux Falls and determined that
there is reserve capacity in the downstream pipes in the sanitary sewer basin such that the 100 gpm
pumping rate would not overload the sewer system. Refer to sewer capacity calculations in Appendix B.
One major advantage of this option is that the landfill would not be responsible for the treatment process
which could be tricky considering variations in quantities, concentration levels, and discharge regulations
over the years. Other advantages of this option include no odors at the landfill due to treatment ponds,
reduced liability from trucking leachate off-site, and not having to purchase and maintain tanker trucks for
hauling. The main disadvantage of this option is the high up front capital costs to build the forcemain.
Option 8 - Recirculation Followed by Disposal
By recirculating the collected leachate through the expansion site, many advantages can be realized over
conventional disposal techniques. Recirculation is recommended in conjunction with the selected
disposal option. For cost estimating purposes, recirculation was not considered in examining alternatives
because we recommend it be used with all alternatives.
Calculations show that theoretically, any infiltration and/or recirculated leachate should be absorbed in
the landfill based on waste moisture contents. In reality, some of the water entering the landfill will find
highly permeable pathways to the collection system and not be absorbed by the waste. As a result,
recirculation does not eliminate the full need for leachate disposal.
The recirculation process increases the rate of anaerobic processes within the landfill, resulting in
accelerated settlement (consolidation), additional landfill gas, and potentially significant odors from
uncapped areas. The accelerated settling process within the landfill has both advantages and
disadvantages. This settling can damage or diminish the effectiveness of the recirculation piping if
utilized.
The recirculation process is considered technically viable, both as a pre-treatment process and for limited
disposal. The concept of a wet landfill (bioreactor) is an emerging technology with promising results, but
somewhat limited history and data. The system is also considered flexible in responding to changes in
quantity and characteristics of the leachate. Potential limitations include odors in uncapped areas.
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Major advantages of this system are reductions in quantities of leachate requiring disposal, effectiveness
as a pre-treatment system, and lack of seasonal restrictions on a properly designed and operated system.
Disadvantages of this system are that recirculation may not absorb all leachate, there will probably be a
limit to the volume that can be discharged on an area on a daily basis and recirculation can only be done
in lined landfill areas.
4.9.3

Conclusions and Recommendations

Estimated capital and long-term operating costs for the leachate management system options are
summarized in Table 4-4.
TABLE 4-4
LEACHATE TREATMENT ECONOMIC SUMMARY (2003)

1.

2.

3.

4.

5.

6.

7.

Technology Option
Tank Collection, Truck Haul, POTW Disposal
Present Worth Capital
Present Worth Annual O&M (2003$)
Total (Present Worth)
On-Site Evaporation
Present Worth Capital
Present Worth Annual O&M (2003$)
Total (Present Worth)
Treatment and On-Site Discharge
Present Worth Capital
Present Worth Annual O&M (2003$)
Total (Present Worth)
Pre-Treatment and Land Application
Present Worth Capital
Present Worth Annual O&M (2003$)
Total (Present Worth)
Discharge to Wetlands
Present Worth Capital
Present Worth Annual O&M (2003$)
Total (Present Worth)
Thermal Evaporation
Present Worth Capital
Present Worth Annual O&M (2003$)
Total (Present Worth)
Forcemain to City Sewer
Present Worth Capital
Present Worth Annual O&M (2003$)
Total (Present Worth)

Costs

Rank
1

$439,600
$708,400
$1,148,000
2
$1,042,090
$460,910
$1,503,000
5
$1,711,860
$1,166,730
$2,878,590
6
$2,882,180
$531,000
$3,413,180
7
$3,288,750
$344,860
$3,633,610
4
$2,060,880
$363,900
$2,424,780
3
$1,618,700
$125,870
$1,744,600

These costs are based on estimated leachate generation rates, projected leachate characteristics, and
effluent requirements for each treatment and disposal option. The closure period was not considered in
the system costs since leachate generated from closed areas is minimal compared to the active life of the
facility.
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Table 4-4 presents management system costs for long-term with an emphasis on total costs. The
economic analysis attempts to include all capital and operations costs from pre-treatment and disposal
components of each system option. All options assume the site closes in the year 2036 and subsequent
leachate management costs are minimal. Operating costs over the life of the facility are totaled based on
present worth in 2003 to compare total cost of each option.
The economic analysis suggests that hauling leachate to the WWTP by landfill personnel in
landfill-owned trucks is the most economically viable option. The next most viable option appears to be
on-site evaporation followed by the force main to the City sewer operation. It is expected that
recirculation will be utilized, to the extent possible, along with the chosen alternative, due to its low cost
and effectiveness at treating leachate and reducing leachate volumes.
Our recommendation is to proceed with the least costly and most easily implemented option which is
collection of leachate in a tank, and hauling it by truck to the City’s water reclamation plant for treatment.
Plans for installation of the leachate removal system for Cell 1 are currently underway. The tank and
loadout system will be constructed in the spring of 2004. Purchase of a 5,000-gallon semi-tanker for
leachate hauling is included in the Implementation Plan (Section 7.0) in 2004.
We also recommend initiating removal of existing leachate from the Active Area by installing
approximately 10 gas/leachate extraction wells in the Active Area along with a compressed air system in
2004. Initially, the 10 wells will only be utilized as leachate extraction wells. They will be connected to
the Active Gas Collection System when it is constructed in 2006. It is our understanding that the City
wishes to implement the leachate extraction system in the Active Area as soon as possible. However,
since the proposed leachate and landfill gas systems will function together as a combined system, it is our
opinion that construction will be more economical if the systems were installed at the same time. To
accomplish this, the leachate extraction system would either have to be delayed until 2006, or the landfill
gas system would have to be installed sooner to coincide with the leachate extraction. In the
Implementation Plan (Section 7.0), it is assumed that the construction will occur in two separate phases to
allow the immediate implementation of the leachate extraction system.
To reduce leachate volumes that must be hauled away, we recommend that recirculation be part of the
leachate management plan. To facilitate this, we recommend that the City purchase another tanker truck
for the purpose of hauling leachate to the working face or to recirculation piping within the cell. Leachate
recirculation is expected to begin with the development of Cell 2. We recommend that recirculation only
occur in cells that have a fully engineered liner system. The Implementation Plan (Section 7.0) provides
for the purchase of a leachate/multi purpose truck in year 2007.
We recommend the City re-evaluate continued truck hauling of the leachate after approximately 5 years.
Based upon actual leachate volumes, hauling costs, and treatment costs, truck hauling would be compared
to constructing leachate evaporation ponds or constructing a 5.5-mile forcemain to the City.
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4.10

LANDFILL GAS MANAGEMENT PLAN

4.10.1

Implementation Overview

Implementation of the landfill gas system depends on several factors as follows:
•

Regulatory Requirements.

•

Leachate Extraction for the Active Landfill.

•

City’s Proactive Measures.

Regulatory Requirements
As discussed in Section 2.2.5 of this report, the landfill is subject to NSPS. Tier 2 testing was performed
in July 2003. Average NMOC concentrations were used to calculate NMOC emissions for the landfill.
The 2003 results show NMOC emissions of 49.6 Mg/yr. The NSPS requires gas collection and control
for landfill emissions of 50.0 Mg/yr or greater. Additional municipal solid waste accepted at SFRSL will
likely put the facility over the 50.0 Mg/yr threshold in 2004. If in 2004, Tier 2 and/or Tier 3 sampling
and analysis confirm that the level has reached or exceeded 50 Mg/yr, the following events will take
place:
•

A NSPS gas system collection and control design plan must be prepared within 1 year of
reaching 50.0 Mg/yr.

•

Construction of a gas collection and control system is to be completed within 30 months of
submittal of the first annual report showing NMOC emissions equal to or exceeding 50 Mg/yr.
Thus, the system would be running in 2007.

•

Monitoring of the system including air emissions will be required after the system is in
operation. The federal regulations WWW Part 63, Subpart AAAA contain the requirements for
monitoring the gas system.

Leachate Extraction for the Active Landfill
If the City implements leachate extraction using vertical wells, a portion of the landfill gas system could
be constructed to provide dual gas and leachate extraction. Approximately 10 vertical wells will be
installed for dual gas/leachate extraction. The leachate would be extracted from the wells to reduce the
leachate mound within the Active Landfill (refer to Section 4.9).
The balance of the landfill gas system for the Active Landfill would be phased in as the landfill is closed.
There will be an estimated 53 gas extraction wells to serve the entire MSW area of the Active Landfill
including the Emergency Cell.
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City’s Proactive Measures
The City has initiated a variety of proactive measures to provide landfill planning and environmental
protection at the landfill. The City could initiate the leachate extraction in the Active Landfill and gas
collection if it so desires. Under a voluntary program, the City could develop the gas and leachate
extraction in phases to explore the effectiveness of the system and expand the network based on the
success of the initial development. Phased development would also reduce the City’s initial capital cost
allowing the investment to be paid off gradually. Phased development of the gas system could be
integrated with the landfill closure phases. Most landfills that are the size of the Active Landfill do have
an active landfill gas system in place to control air emissions and landfill gas migration.
4.10.2

Landfill Gas Collection and Control

This section describes the proposed landfill gas collection and control system for the SFRSL. Due to
NSPS requirements for collection and control of NMOC emissions, passive venting systems will not be
adequate at SFRSL. Active extraction and destruction of the gas, either by flare or by beneficial use, will
be required.
Vertical gas extraction wells will be utilized for gas collection throughout the MSW areas of the landfill.
Each gas well will be connected to a series of horizontal pipes called the “header line.” A vacuum will be
induced on this header line from a blower at the flare station, which will be located west of the Active
Area. The applied vacuum will pull landfill gas from each well into the header line, which conveys gas to
a utility flare station for combustion and/or other potential gas processing equipment that would provide a
beneficial use for the landfill gas. The projected maximum gas generation rate for the MSW portion of
the Active Area plus the 160-acre Expansion Area is 2,850 cfm (see Appendix B for gas generation
calculations).
The gas system should be designed to accommodate the existing and future areas of the landfill. For
C&D areas, no active gas collection system is proposed at this time. If the C&D areas warrant gas control
in the future, options such as gas extraction vents or horizontal gas collection trenches may be used.
These components may also be connected to the active gas collection system in the future. A projected
maximum gas generation rate for the C&D portion of the Active Area is estimated to be 705 cfm (see
Appendix B for gas generation calculations).
4.10.3

Implementation of Landfill Gas Extraction System

Depending on next year’s Tier 2 or Tier 3 testing results, a gas extraction system could be required to be
operational in the Active Area as soon as 2007. In the Implementation Plan (Section 7.0), costs for design
and construction of the gas extraction system are included for year 2006. This system is intended to
expand, and become part of, the leachate extraction system that would be installed in 2004. A concept
drawing showing the gas wells (including gas/leachate combination wells), header layout, and proposed
blower/flare station is included as Figure 4-8.
Gas extraction would not be necessary in the Expansion Area for some time. We assume that the gas
system will be phased in as cells are filled and brought up to final grade. As indicated in the
Implementation Plan (Section 7.0), gas wells and header will be extended to portions of Cells 1, 2, 3,
and 4 in year 2013. A concept drawing showing the extraction system for the entire Expansion Area is
included as Figure 4-9.
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4.10.4

Beneficial Use for Landfill Gas

Based on Earth Tech’s experience with similar alternative energy projects as well as a review of the latest
technical literature, the following options are being presented as possible beneficial use projects for the
landfill gas at SFRSL. If interested, an expanded study comparing each of these options could be
performed in the future to determine the optimum option for the facility, based on feasibility and cost.
•

On-site gas to electricity power plant utilizing landfill gas engines to produce electric power.

•

On-site Microturbines for electric power generation.

•

Dual fuel boiler system for heating facility buildings.

•

Leachate evaporation system fueled by landfill gas.

4.10.4.1 Landfill Gas Engines
This option includes the development of a landfill gas to electricity facility, which will incorporate
landfill gas fired engine generators. Most landfills collect landfill gas and send it to a flare for
combustion, wasting a valuable energy source. Landfill gas is delivered to a gas plant by a fuel gas
compressor and it is fed to reciprocating engines. The engines use the gas as a fuel and turn power
generators that produce the electricity. Power generated would be delivered to the local electrical utility
grid and also provide electricity to the facility. This option is the most commonly used technology for
utilizing landfill gas.
The limitations to this system are the upfront capital costs and the cost for electricity tie-in to the utility
grid. The electrical utility typically charges approximately $0.04 to $0.12/kw-hr to customers for service.
Often a third party firm gets involved in these types of projects. The firm would purchase the landfill gas
rights from the City to develop a gas to energy plant. In the past, tax credits were available to a third
party for such development. The tax credits provided financial incentives for development of these
systems. Based on similar projects, the third party would need to receive about $0.04 to $0.05/kw-hr
from the utility for the project to be cost-effective.
The City could further explore opportunities with third party firms to further assess the cost benefits. The
benefits to the City could be very significant. The City could obtain revenue from the gas sale, control
landfill gas emissions, and potentially reduce the investment in a landfill gas collection system for the
Active Area as well as for a future system in the Expansion Area. The City and third party could
negotiate the cost sharing of the design and construction of the landfill gas collection system.
4.10.4.2 Microturbines
This option includes delivering landfill gas to a microturbine system for generating electrical power.
Power generated would be delivered to the local electrical utility grid and also provide electricity to the
facility. Microturbines are ideally suited for landfills since they can convert biogas methane into
electricity without the heat and noise of reciprocating engines. Essentially, microturbines are scaled down
turbine engines with integrated generators and power electronics. Microturbines can operate on a wide
variety of gaseous and liquid fuels, and have extremely low emissions of nitrogen oxides.
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The main drawback to this technology is that microturbines require a minimum of 30 percent methane
concentration in order to operate effectively. Since landfill gas methane concentrations tend to vary over
time, the microturbine may need to be supplemented with other fuels. Another drawback is that the cost
of operating and maintaining the microturbines has been a significant issue at other landfills.
Similar to the engine generators, the limitations to implementing this system are the upfront capital costs
and the cost for electricity tie-in to the utility grid.
4.10.4.3 Dual Fuel Boiler Systems
This option includes delivering landfill gas to a dual fuel gas boiler system. The boiler system will heat
the existing landfill maintenance building and/or the proposed maintenance building. In order to
accomplish this, the HVAC system must be designed to have a hydronic (hot water) heating system to
carry heat energy (in the form of 190oF hot water) from the boilers out to the air handling units. The
boilers must be capable of carrying the peak heating loads. The boilers will use landfill gas and/or
propane as the fuel. That way, if the landfill gas system is down for any reason, the facility can rely on
the natural gas (propane) source.
The cost considerations include modifying or replacing the existing HVAC system to accommodate a
dual fuel gas boiler system and added costs for running the landfill gas pipeline to the boiler system. The
other cost issues revolve around the current heating costs. These cost considerations will need to be
evaluated for the feasibility of using this option.
4.10.4.4 Leachate Evaporation Systems
A leachate evaporation system consists of a process where leachate is evaporated using landfill gas as a
fuel. VOCs and other odorous compounds found in the leachate feed are stripped into the exhaust vapor
of the evaporation process and thermally treated within an enclosed flare. The leachate evaporator
reduces the volume of typical leachate by about 97 percent. Trace metals and salts remain with the
residual that is continuously removed from the bottom of the evaporator. This non-hazardous residue,
similar to a brine, can be recirculated to the landfill or solidified for landfill disposal. The process
includes tankage for the residual, evaporator, vapor demister, enclosed flare, leachate feed pump, and
related support equipment. In general, about 1,000 cfm of landfill gas is necessary to treat 1 gpm of
leachate.
Typically, this type of system is cost effective if the current leachate treatment costs are $0.06 per gallon
or greater (not including transportation costs).
4.10.5

Conclusions and Recommendations

A landfill gas collection and control system will be needed for SFRSL in the near future. The timeframe
for this is dependent on regulatory requirements outlined in Sections 2.2.5 and 4.10.1 of this report.
Potentially, a gas collection system could be required to be operational as soon as 2007.
Vertical gas extraction wells should be utilized for gas collection throughout the MSW areas of the
landfill. A utility flare station will be used for combustion of the gas over the near term. A study could
be performed in the future to determine which, if any, of the beneficial uses identified in Section 4.10.4
would be the most cost-effective at SFRSL.
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4.11

FUTURE MANPOWER AND EQUIPMENT

The City has appropriate manpower for the size and activities at the landfill. Additional staff will be
required as flow of waste and recyclables increase, and as additional activities at the landfill are
implemented. These activities include:
•

An additional compactor is placed on-line.

•

Leachate extraction in the Active Area.

•

Landfill gas collection in the Active Area.

•

Leachate hauling to the City’s water reclamation plant.

•

Leachate extraction and recirculation in the Expansion Area.

•

Potential gas to energy development.

•

Increase handling and storage of recyclables including white goods, tires, and metals.

Additional discussion of staffing is provided in Section 3.2.13, Hours of Operation, Staffing, and
Training.
The City has been proactive in keeping the equipment functional, efficient, and current. An equipment
replacement program is instituted whereby major pieces of equipment have a projected life, and a system
is in place to budget a replacement unit when the equipment’s life expectancy is reached. Landfill staff
monitor the equipment performance to ensure the equipment is functioning correctly, and they budget for
replacements according to the five year Capital Improvement Program.
During the next five years, most major pieces of equipment are planned for replacement. These items
include compactors, scrapers, dozers, a semi-tanker truck for leachate hauling, a replacement for the
Concover truck, and a number of other trucks and specialized equipment. Operating hours should be
monitored for each piece of equipment and 10,000 operating hours should be used as a threshold for
determining the timeframe for equipment replacement. The Implementation Plan, included in
Section 7.0, provides a detailed listing of major equipment, approximate cost, and the year planned for
purchase.
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