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1. INTRODUCTION 

1.1 Purpose 

The purpose of this site development plan is to present the conceptual design for the Riverbend 
Landfill (RBLF) Expansion Project and to document the design criteria and analyses that were 
utilized in its preparation. 

Currently, Riverbend Landfill Company, Inc. (RLI) is permitted by the Oregon Department of 
Environmental Quality (ODEQ) to dispose of municipal solid waste (MSW) on 86 acres within 8 
modules at Riverbend Landfill in accordance with the landfill’s 1997 Site Development Plan.  
RLI is proposing to laterally expand the landfill to include an additional 98.7 acres and increase 
its maximum height to 410-ft mean sea level (msl).   

1.2 State and Federal Regulations 

The site is operated under ODEQ Solid Waste Disposal Permit No. 345.  Operations at the 
landfill are regulated by the ODEQ, under Oregon Administrative Rule (OAR) Chapter 340, 
Divisions 93 through 97.  The rule prescribes requirements, limitations, and procedures for 
storage, collection, transportation, and disposal of solid waste.  For a site such as Riverbend 
Landfill, the rule requires the entity owning or controlling the site to obtain a permit from the 
ODEQ.   

OAR Chapter 340, Division 94 incorporates by reference the Criteria for Municipal Solid Waste 
Landfills (MSWLF’s), prescribed by the United States Environmental Protection Agency (EPA) 
in Title 40, Code of Federal Regulations (CFR), Part 258 and any amendments or technical 
corrections thereto.  These regulations, otherwise known as RCRA Subtitle D, will be adhered to 
at the Riverbend Landfill site. 

1.3 Scope of Report 

The site development plan that follows has been organized in accordance into the following 
chapters: 

• Introduction 

• Facility Operation 

• Development Plan 

• Leachate Management Plan 

• Surface Water Management Plan 
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2. FACILITY OPERATION 

Riverbend Landfill serves Yamhill, Clatsop, Lincoln, and Columbia Counties, as well as portions 
of the Metro area (including the Forest Grove transfer station and Pride Disposal).  The landfill is 
located 3 miles south of McMinnville, Oregon, on a 403-acre parcel of land that is located 
adjacent to Highway 18.  

2.1 Capacity and Projected Life 

Landfilling operations at the site began in 1982. As of May, 2006, the Riverbend Landfill has a 
remaining disposal capacity of 4.1 million cubic yards.  The landfill expansion that is proposed 
will provide 20.8 million cubic yards of additional air space for refuse disposal.  Combined, the 
total remaining air space available for solid waste disposal will be 24.9 million cubic yards.   

The landfill currently receives approximately 600,000 tons of solid waste annually.  Projected 
disposal and air space usage rates at the Riverbend Landfill are shown in Table 1.  In the future, 
it is anticipated that incoming solid waste disposal rates will increase in proportion to projected 
population increases in Yamhill, Clatsop and Columbia Counties.  At these rates, the expanded 
landfill will be filled to capacity in about 2038. 

2.2 Waste Stream Characterization 

Riverbend Landfill receives the following three primary waste streams:  

• Municipal Solid Waste (MSW - including domestic or “residential” wastes and 
commercial/institutional or “non-residential” wastes);  

• Construction and Demolition Wastes (C&D); and  

• Industrial/Special Wastes. 

No changes in the waste stream that is currently being received is anticipated. 



Annual Cumulative
Year Growth Rate Disposal Annual Cumulative

tpd tpy tons cy cy

2006 1,690 616,895 411,263 616,895 411,263
2007 1,882 686,820 1,098,083 686,820 1,098,083
2008 1,699 620,000 1.42% 1,718,083 620,000 1,718,083
2009 1,723 628,803 1.42% 2,346,887 628,803 2,346,887
2010 1,747 637,732 1.42% 2,984,618 637,732 2,984,618
2011 1,772 646,787 1.42% 3,631,405 646,787 3,631,405
2012 1,797 655,971 1.42% 4,287,376 655,971 4,287,376
2013 1,823 665,285 1.42% 4,952,660 665,285 4,952,660
2014 1,849 674,731 1.42% 5,627,391 674,731 5,627,391
2015 1,874 684,013 1.38% 6,311,404 684,013 6,311,404
2016 1,900 693,423 1.38% 7,004,827 693,423 7,004,827
2017 1,926 702,962 1.38% 7,707,790 702,962 7,707,790
2018 1,952 712,633 1.38% 8,420,422 712,633 8,420,422
2019 1,979 722,436 1.38% 9,142,859 722,436 9,142,859
2020 2,007 732,375 1.38% 9,875,233 732,375 9,875,233
2021 2,034 742,450 1.38% 10,617,683 742,450 10,617,683
2022 2,062 752,664 1.38% 11,370,347 752,664 11,370,347
2023 2,090 763,018 1.38% 12,133,365 763,018 12,133,365
2024 2,119 773,515 1.38% 12,906,879 773,515 12,906,879
2025 2,147 783,734 1.32% 13,690,614 783,734 13,690,614
2026 2,176 794,089 1.32% 14,484,703 794,089 14,484,703
2027 2,204 804,581 1.32% 15,289,283 804,581 15,289,283
2028 2,233 815,211 1.32% 16,104,494 815,211 16,104,494
2029 2,263 825,981 1.32% 16,930,475 825,981 16,930,475
2030 2,293 836,894 1.32% 17,767,369 836,894 17,767,369
2031 2,323 847,951 1.32% 18,615,321 847,951 18,615,321
2032 2,354 859,154 1.32% 19,474,475 859,154 19,474,475
2033 2,385 870,506 1.32% 20,344,981 870,506 20,344,981
2034 2,416 882,007 1.32% 21,226,988 882,007 21,226,988
2035 2,432 887,699 0.65% 22,114,686 887,699 22,114,686
2036 2,448 893,427 0.65% 23,008,114 893,427 23,008,114
2037 2,464 899,193 0.65% 23,907,306 899,193 23,907,306
2038 2,479 904,995 0.65% 24,812,301 904,995 24,812,301
2039 2,495 910,835 0.65% 25,723,137 910,835 25,723,137
2040 2,512 916,713 0.65% 26,639,850 916,713 26,639,850

Assumptions:

2.  Solid waste in-place densities at completion equal 2000 lb per cubic yard.

Table 1:  Projected Disposal Rates at Riverbend Landfill (2008-2040)

1.  Solid waste disposal rates increase in proportion to population projections provided by 
     Oregon Office of Economic Analysis.

Disposal Rate
Air Space Usage
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2.3 Population to Be Served 

Riverbend Landfill’s service area represents a population of more than 350,000 people.  No 
change in the service area that is currently being served is anticipated.  

2.4 Industry to be Served 

Many industries are served by the landfill including steel, paper, lumber, agriculture and mobile 
home manufacturing.  No changes to the general composition of industries that are currently 
being served is anticipated.  

2.5 Rate of Waste Disposal 

Table 1 shows the projected rate of solid waste disposal at the landfill.  The landfill currently 
receives approximately 600,000 tons of solid waste annually.  It is anticipated this solid waste 
disposal rate will increase in proportion to projected population increases.  It is assumed that 
recycle/recovery rates of 45% will continue to be attained.   

The Riverbend Landfill and Recycle Center will continue to accept and handle a variety of 
source separated recyclable materials for diversion.  These include: recyclable paper grades, 
scrap metals, glass, plastic bottles, tires, white goods, and lead-acid batteries.  

2.6 Overall Description of Operation 

The Riverbend Landfill is and will continue to be operated by RLI.  Public access to the landfill 
site will be from Highway 18.  All incoming vehicles will be weighed at the vehicle weigh 
station and inspected for prohibited materials.  Vehicles carrying acceptable solid wastes will be 
directed to the active working face for unloading.  After unloading, vehicles will be directed to 
the exit.  Vehicles without tare weights will be reweighed prior to leaving the landfill. 

Riverbend Landfill is open from 5 am to 5 pm Monday through Friday, from 6 am to 4 pm on 
Saturday and provides limited services on Sunday to support management of ash material 
generated by the SP mill operations in Newberg. 

Delivery of solid waste to the landfill will be by private vehicles, commercial vehicles, refuse 
collection trucks and transfer trailers.  It is anticipated that a Public Drop-off Facility will be 
constructed on site in the future.  The Public Drop-off Facility will accommodate private and 
small commercial vehicles and will enable access to the active working face to be limited. 



 

G. Friesen Associates Inc.                                                                                  Riverbend Landfill 
June 18, 2008                                            Page 5                                        Site Development Plan 

Equipment that is operating on-site currently includes but is not limited to the following: 

• 1 Cat D6 dozer for handling soils 

• 1 Cat D8 dozer for grading/pushing waste 

• 1 Cat 826 compactor for compaction and grading/pushing waste 

• 1 Cat 836 compactor for compaction and grading/pushing waste 

• 1 Cat 325 excavator and off-road truck for earthwork, moving soil cover, and handling 
special waste and recycled materials 

• 1 Volvo A-25 off road haul truck for moving soils and other materials 

• 1 Volvo A-35 off road haul truck for moving soils and other materials 

• 1 Cat front end loader for moving recycled material and soil 

• 1 fire/water truck for fire and dust control 

• 4 Utility Trucks 

2.7 Site Screening 

Screening landfill operations and facilities from public view is a high priority.  The Riverbend 
Landfill is generally surrounded by tall trees and dense vegetation.  Residences to the south and 
east are separated from the landfill by the South Yamhill River which is bordered by a vegetation 
corridor.  Residences to the north are also separated by a vegetation corridor. 

A new landscaped berm constructed along the landfill’s border with Hwy 18 will visually screen 
the landfill from Hwy 18 drivers and residences to the west.  The plantings will include a 
combination of deciduous and evergreen trees and shrubs.  Portions of the landfill that will 
remain visible will include additional contouring and vegetation to minimize the visual impacts 
of the completed slopes. 

2.8 Planned Future Use 

It is anticipated that after closure, the landfill will be become open space with recreational 
facilities that promote passive uses such as walking, hiking or jogging.  Final closure of the 
facility will be completed in stages.  Final vegetative cover will consist of a native grass mix 
designed to provide soil stability and control erosion of the cover and additional vegetation 
similar to surrounding vegetation to minimize the visual impacts of the completed slopes. 
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3. DEVELOPMENT PLAN 

Riverbend Landfill will be expanded in phases, as additional refuse disposal capacity is needed.  
It is the intent of this chapter to identify for future operators, designers, and regulators, the design 
criteria that were used in the development plan, and show how these criteria were used to 
determine the shape of the landfill in its final configuration.  

The following design criteria have been established for the landfill’s development based on 
regulatory agency requirements, standard design practices for a state-of-the-art landfill, typical 
operating procedures, and RLI policies. 

3.1 Landfill Footprint 

The final footprint of the landfill is dictated by the following site constraints and design criteria: 

• Landfilling is to occur only on those areas owned by RLI. 

• Along the south and east perimeter of the landfill footprint, all landfill disposal areas and 
perimeter berms shall be bounded by the Yamhill River floodway. 

• Along Hwy 18, a landscaped visual screening berm shall be constructed.  

• No landfilling shall occur in the areas set aside for the office, entrance and maintenance 
facilities. 

Based on these constraints, the final footprint of the landfill has been established and is shown on 
Drawing 1.  Of the total site area of 403-acres, 167 acres will be used for solid waste disposal 
(41.4 percent of the site).    

3.2 Perimeter Berm and Access Road 

Drawing 2 shows the perimeter berm and access road that will be constructed as landfilling 
progresses.  This road will provide access for future maintenance activities and a location for the 
perimeter ditch system.    

Design criteria that have been established for the perimeter road are as follows: 

• Minimum slope of 0.50 percent to enable the perimeter road ditch to drain. 

• Minimum perimeter bench width of 50 feet to accommodate liner and final cover system 
anchor trenches, perimeter ditch and access road. 

• Maximum exterior side slope of 2.5 horizontal to 1 vertical. 

• Maximum interior sideslope of 3 horizontal to 1 vertical. 
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3.3 Subgrade Plan 

Bottom elevations for the landfill are established by the need to provide proper drainage slopes 
to the leachate collection system and minimize the quantity of excavation below the top of 
groundwater.  Drawing 2 shows the subgrade plan for the expansion area.  Within the lateral 
expansion area that is proposed, leachate will drain by gravity to 4 leachate collection sumps. 

Design criteria used to develop the bottom plan are as follows: 

• Minimize quantity of excavation below the seasonal high groundwater elevation. 

• Minimum bottom slope toward the leachate transmission line of 2.5 percent to promote 
drainage. 

• Minimum leachate transmission line slope of 1.0 percent. 

• Maximum excavated sideslope of 3 horizontal to 1 vertical. 

• Leachate transmission lines should be able to be accessed and cleaned. 

Drawing 3 shows the groundwater contours that were measured in Spring, 2005 and the top of 
subgrade.  Drawing 4 shows the depth of excavation and fills that will be required to construct 
the subgrade for the future expansion area. 

It is planned to excavate future cells as they are required.  Refuse cells, or portions thereof, will 
be constructed every 1-2 years depending upon incoming refuse volumes and cell configurations.  
The following criteria will serve as the basis for selecting the next portion of a refuse cell to be 
constructed: 

3.4 Final Configuration 

The final grading plan for the landfill when fully developed is shown in Drawing 5.  Filling to 
these elevations will provide a total remaining air space disposal capacity of 24.9 million cubic 
yards (as of the date of the May 5, 2006 aerial). 

The grading that is shown is based on the following design criteria: 

• Minimum top of landfill slope of 5 percent. 

• Maximum final sideslope of 3.5 horizontal to 1 vertical. 

• Minimum interior roadway width of 40 feet and maximum slope of 5 percent. 

• Maximum top elevation of 410 feet msl. 
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The depth of refuse at completion will vary from zero at the landfill perimeter to 270 feet at the 
landfill center.  Drawing 6 shows the depth of MSW at completion. 

3.5 Fill Sequence 

Filling in each landfill cell will occur as follows: 

• An access road with a maximum grade of 5 percent will be constructed on the face of 
each refuse cell as filling progresses.  The access road will serve as a haul road for daily 
cover material during filling.  After the cell has been filled, it will serve as the access 
road to the active face during the filling of the next refuse cell. 

• The minimum width of the access road will be 24 feet.  A ditch will be provided for on 
the uphill side to control surface water run-on. 

• A 175 foot by 175 foot tipping pad that is 10 feet in depth will be constructed on the 
landfill floor within each refuse cell.  The tipping pad will be constructed of specially 
selected solid waste that may be compacted easily and does not threaten the integrity of 
the liner.   

• The tipping pad will be advanced by back dumping.  A minimum of 6 feet of refuse will 
be in-place before a compactor is allowed to operate on top of the liner system. 

• Each succeeding lift of refuse will have an average depth of 20 to 30-feet.  
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4. LEACHATE MANAGEMENT SYSTEM 

4.1 Purpose 

The purpose of this Chapter of the report is to describe the leachate management and control 
system that is proposed for the site.  Included in this chapter are descriptions of the following 
items: 

• Liner system 

• Primary leachate collection and removal system 

• Secondary leachate collection and removal system 

• Leachate treatment and disposal system 

4.2 Liner System Profile 

Components from top to bottom for the landfill floor area include: 

• A 12-inch protective operations layer. 

• A separating geotextile used to prevent clogging of the drainage layer and provide 
additional protection to the liner system. 

• A 12-inch drainage layer used to transmit leachate to the leachate collection system and 
maintain less than 12-inches of hydraulic head on the liner. 

• A cushioning geotextile used to provide protection to the underlying geomembrane. 

• The primary flexible membrane liner that is required by RCRA Subtitle D.  A 60-mil 
high-density polyethylene (HDPE) geomembrane will be utilized. 

• A geosynthetic clay liner (GCL) used as the lower component within the primary liner 
system. 

• A non-woven geotextile with drainage net strips used to transmit leachate to the secondary 
containment sumps. 

• A secondary flexible membrane liner (60-mil HDPE geomembrane) used to provide 
secondary containment and for leak detection. 

• A prepared subgrade that is used to provide a uniform surface for construction of the liner 
system. 

Geosynthetics are used in the liner system for a variety of reasons.  The flexible membrane liner 
(FML) has very low permeability and diffusivity, the geosynthetic clay liner has low permeability 
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and is self-healing, and the geotextiles separate different soil types or protect other geosynthetics 
by cushioning.  Specifications for each of the liner system components are discussed below. 

Flexible Membrane Liner:  The FML selected for the site is a 60-mil high-density polyethylene 
(HDPE) geomembrane.  HDPE was chosen because of its excellent chemical resistance, 
polymeric thermoplastic properties, and high-yield strength. 

Geosynthetic Clay Liner (GCL):  The GCL was selected as an alternative to the 2 feet of 
compacted soil due to its superior performance and the limited availability of low permeability 
soils on-site.  The GCL that is specified is a composite sandwich of geotextile and bentonite 
joined by needlepunching.  

Geotextiles:  The material specifications for geotextiles will be based on the function they serve. 
For cushioning and leachate conveyance, a heavy non-woven geotextile will provide the best 
protection and conveyance.  For separation, a lighter weight geotextile will suffice and the 
apparent opening size will be the important criterion.     

4.3 Primary Leachate Collection and Removal System 

Leachate produced in the landfill is collected by a primary leachate collection and removal system 
(LCRS) located above the liner system.  The LCRS has been designed to operate by gravity and 
maintain less than 1-foot depth of leachate over the liner as required by RCRA Subtitle D. 

The entire base of the landfill expansion area, slopes toward the south so that both the drainage 
layer and the six leachate collection lines slope toward the four collection sumps located along the 
base of the sidewall on the south side of the landfill.  The leachate collection lines will extend up 
both the north and south sidewalls as solid pipes to allow for clean-out access from both ends. 

4.3.1 Design Criteria 

The following design criteria were utilized to develop the design for the LCRS system: 

• Granular drainage layer in-place hydraulic conductivity greater than or equal to  
1 x 10-1 cm/sec 

• Less than 5 percent of the granular drainage layer fines passing No. 200 sieve 

• Collection pipe slopes will be greater than or equal to 1.0 percent. 

• Drainage layer slopes toward the leachate collection trench will be greater than or equal to 
2.5 percent 

• Cleanouts will be provided at the ends of all future interceptors and collection pipes 
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• Where pipe bends are required, pipe shall be bent with a minimum radius of 25-feet to 
facilitate access by cleanout/inspection equipment.  Pipe bend fittings shall not be utilized. 

4.3.2 Pipe Spacing 

RCRA Subtitle D stipulates that the maximum allowable head, hmax , on an MSW landfill liner 
system is 12-inches.  DEQ indicates in their 1996 guidance document for MSW landfill’s that the 
impingement rate that should be assumed is the wettest month’s average rainfall.  At the 
Riverbend Landfill, the maximum month average precipitation is 7.48 inches.  

In order to maintain less than 1-foot of leachate head on the liner system, leachate collection pipes 
will need to be spaced at regular intervals.  Pipe spacing is dependent upon drainage slope, 
drainage layer permeability and cell geometry and is typically computed on a cell-by-cell basis 
based on the Mound Model.  In the Mound Model, the maximum height of fluid (hmax ) between 
two parallel perforated drainage pipes is equal to the following: 

hmax  =  (L* (c)0.5)/2 * ((tan2a/c + 1) – (tan a/c) * (tan2 a + c ) 0.5) 

where: 

hmax = Height of leachate mound (maximum allowable = 1-foot) (ft) 

L =  Distance between drainage pipes (ft) 

a =  Bottom slope angle (degrees) 

c = q/k 

q =  Impingement rate (cm/sec) 

k =  Drainage layer permeability (cm/sec) 

The pipe spacing that is required at Riverbend Landfill, for a minimum drainage layer 
permeability of 0.1 cm per sec and varying drainage slopes, is shown in Table 2.   

 



Depth
Assumptions: Precipitation in
Drainage Layer Permeability (kdrain): 0.1 cm/sec Average Annual 41.66 3.36E-06 cm/sec
Operations Layer Permeability (kops): 0.0001 cm/sec Maximum Monthly 7.48 7.33E-06 cm/sec
Maximum Head: 1 ft Peak Daily 2.70 7.94E-05 cm/sec

Storm
Slope Type q kdrain kops c c^.5/2 tan a tan^2 a tan a/c tan^2a/c (tan^2a+c)^.5 [    ] L

% cm/sec cm/sec cm/sec ft

5 Avg Annual 3.36E-06 0.1 0.0001 0.00003 0.00290 0.0500 0.00250 1491.37 74.6308 0.05038 0.50166 688.2
5 Max. Monthly 7.33E-06 0.1 0.0001 0.00007 0.00428 0.0500 0.00250 682.70 34.1636 0.05077 0.50361 463.9

4 Avg Annual 3.36E-06 0.1 0.0001 0.00003 0.00290 0.0400 0.00160 1192.74 47.7350 0.04044 0.50259 687.0
4 Max. Monthly 7.33E-06 0.1 0.0001 0.00007 0.00428 0.0400 0.00160 546.00 21.8516 0.04093 0.50559 462.0

3 Avg Annual 3.36E-06 0.1 0.0001 0.00003 0.00290 0.0300 0.00090 894.35 26.8384 0.03056 0.50457 684.3
3 Max. Monthly 7.33E-06 0.1 0.0001 0.00007 0.00428 0.0300 0.00090 409.40 12.2858 0.03121 0.50978 458.2

2 Avg Annual 3.36E-06 0.1 0.0001 0.00003 0.00290 0.0200 0.00040 596.13 11.9242 0.02082 0.51007 676.9
2 Max. Monthly 7.33E-06 0.1 0.0001 0.00007 0.00428 0.0200 0.00040 272.89 5.4585 0.02176 0.52102 448.4

Rate

Infiltration

Table 2: Required Leachate Collection Pipe Spacing at Varying Drainage Slopes
Riverbend Landfill

Infiltration
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4.4 Leachate Treatment System 

The existing leachate treatment method consists of pumping leachate generated by the landfill to a 
20-million gallon aerated storage pond and then utilizing the leachate for irrigation of poplar 
trees.  In the future, as landfilling operations expand the existing poplar tree farm being used for 
leachate management will need to be removed and/or relocated. Prior to removal, an alternative 
method for leachate storage, disposal and/or treatment will need to be implemented.  

There are numerous methods currently being used for leachate treatment at MSW landfills.  Some 
of the leachate management options that are feasible at the Riverbend Landfill are: 

• Development of another leachate storage pond and poplar tree application area in an area 
that is outside of the expanded footprint; 

• Evaporating the leachate using landfill gas directly or jacket heat from engine-generator 
sets being utilized to generate electricity; 

• Treating the leachate using a sequencing batch reactor treatment process and utilizing 
wetlands for polishing; 

• Transporting leachate to a permitted waste water treatment plant for 
treatment/management. 

• Recirculating leachate into the waste mass to equalize flows and improve biodegradation 
rates. 

The following paragraphs provide a more detailed explanation of two of the leachate management 
options that are available. 

4.4.1 Leachate Evaporation 

The evaporation of water from the leachate to leave a small volume of sludge that can be recycled 
into the landfill is one alternative that is available for managing leachate at the Riverbend 
Landfill.  There are several different types of evaporation methods that are being successfully 
used to evaporate leachate including vacuum evaporation, thin film evaporation, multi-stage flash 
evaporation and direct injection of leachate into landfill gas flares. 

One method that is being successfully used to evaporate leachate is a patented system by Fen-
Tech Environmental.  In their system, a submerged burner tube fires below the solution level, 
which achieves 95%+ energy efficiency. The hot gas contact with the liquid creates almost 
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instantaneous vapor while the combustion gasses rapidly mix the liquid for even heat distribution. 
The burner tube orifices are positioned below 180 deg. allowing the tube to be continuously self 
purging. 

 

 

 

 

 

 
Figure 1:  Diagram of Leachate Evaporator 

Turbulence in the evaporation tank prevents simultaneous evaporation and solids removal. The 
evaporator must be turned off for a period of time to allow for settlement, prior to removal of 
solids from the evaporator tank. A screw conveyor is mounted in the dehydrator bottom. Upon 
actuation the screw conveyor transfers the solids laterally to an inclined conveyor. The inclined 
conveyor deposits the sludge material into a drop box and the sludge is recycled into the landfill. 

 

 

 

 

 

 

 

 

 
 

Figure 2:  Typical Example of Leachate Evaporator 
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4.4.2 Sequencing Batch Reactor 

In recent years, the Sequencing Batch Reactor (SBR) treatment process has been developed as a 
readily-automated, extended aeration system, which is particularly well-suited to the higher 
organic strength and concentrations of contaminants within landfill leachates.  The large volume 
of the tanks that are utilized makes for efficient aeration, high rates of dilution of incoming 
leachates and high resistance to shock loading.  There are currently over 70 SBR landfill leachate 
treatment facilities successfully operating in various parts of the world.     

The main benefit of the SBR treatment process is that contaminants are actually degraded and 
treated, rather than concentrated to another form (e.g. sludge or a concentrated “brine”).  Organic 
compounds are oxidized to carbon dioxide and water and contaminants are removed.  

As in any aerobic treatment process, the efficiency of removal is dependent on the community of 
bacteria which metabolize the contaminants.  For landfill leachates, which have high 
concentrations of contaminants and highly variable flow rates, the SBR treatment process provide 
the bacteria with optimal growth conditions.  Growing conditions within the tanks are continually 
monitored as bacteria are mixed intimately with the leachate to be treated, as the pH and 
temperature of the leachate is adjusted to optimum growing conditions.  Oxygen and other 
nutrients are added as needed to encourage growth.     

Leachates can be classed as acetogenic or methanogenic depending on the state of degradation of 
the waste materials in the landfill. Leachate from 'young' wastes (acetogenic leachate) is 
characterized by high chemical oxygen demand (COD) and biological oxygen demand (BOD) 
values, and by high ratios of BOD to COD. Methanogenic leachates are derived from older 
landfills where extensive degradation of organic materials in the wastes has occurred.  

Sequencing batch reactors (SBR) have been demonstrated to be able to provide effective 
treatment of leachates from landfills in early, acetogenic stages of decomposition and also 
leachates from older sites, in methanogenic stages.  Treatment can readily reduce high 
concentrations of COD and BOD in acetogenic leachates and effect nitrification of high 
concentrations of ammoniacal-N in both acetogenic and methanogenic leachates from a wide 
variety of landfills receiving household, commercial and industrial wastes.  In addition, a variety 
of trace organic compounds often present in leachates, are also readily treatable. 

The only conceptual difference between the SBR tank and a conventional activated sludge 
system, as is found at many of the sewage treatment plants in the area, is that each SBR tank 
carries out functions such as biological treatment, equalization, settlement of solids, effluent 
clarification and decanting, over a time sequence rather than in spatially separate tanks.  The 
ability to vary the time sequence enables a very robust and flexible treatment system to be 
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provided.  SBR systems that have been designed for particular loading rates of organic 
contaminants will have considerable flexibility to receive this as either small volumes of strong 
leachate or as larger volumes of weaker leachate.  This is important as the character of the 
leachate quantity and quality changes over time and it is necessary to ensure that optimum 
treatment performance is maintained over a wide range of conditions. 

The operating cycle of a typical SBR system consists of a 24-hour cycle during which the 
following four main phases occur: 

1. Fill and React Phase:  Over a period from 18-20 hours each day, leachate is gradually fed 
into the SBR, during which time the reactor is aerated and pH-value is controlled; 

2. Settle Phase:  Aeration is stopped for between one and two hours, during which period 
the sludge flocculates and settles while the supernatant liquor is clarified; 

3. Decant Phase:  Effluent is decanted from the surface of the SBR over a period of one or 
two hours depending on the volume involved.  After decanting stops, the treatment cycle 
recommences and the main tank again begins to receive leachate. 

4. Flow Equalization Phase:  Clarified effluent is fed into an effluent balance tank used to 
balance flows over the 24-hour period. 

The sizing for the SBR system is dependent upon the hydraulic retention time (HRT), strength of 
the incoming leachate and quality of effluent required.  A hydraulic retention time of 10 days is 
typically required when treating strong leachates. 

Treatment within SBR systems, is generally carried out in circular concrete tanks with depths of 
15 to 20 feet.  At the Riverbend Landfill, it is anticipated that the tanks would be located below 
ground and covered to ensure that treatment takes place within an optimal temperature range of 
70 to 90 deg-F.  A typical example of a buried tank SBR leachate treatment system is shown in 
Figure 3. 
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Figure 3:  Typical example of buried tank SBR leachate treatment system:  Arthurstown 
Landfill, Dublin (Design Flow = 66,000 gpd) 

Effluents from tank-based SBR systems typically contain between 50-200 mg/l of suspended 
solids in the effluent and are not suitable for direct discharge to surface waters.   Polishing of the 
effluent will be required.  At other landfill sites, polishing is either done by Dissolved Air 
Flotation (DAF) or wetland treatment.  Wetland treatment appears to be the most promising 
polishing method at the Riverbend Landfill. 

A drawing showing the configuration of a typical horizontal-flow wetland treatment system is 
shown in Figure 4.  The treatment technology relies on processes similar to those used extensively 
in graver filter beds and is enhanced by the wetland plants growing on the surface which transfer 
oxygen into the surrounding media and stimulate the growth of bacterial communities.   
Constituents within the effluent are immobilized either by adhering to the filter material or by 
being absorbed by the plants. 

 

 

 

 

 

 
Figure 4:  Typical Arrangement of Horizontal-Flow Polishing Wetland Treatment System 
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In the horizontal flow type of constructed wetland that is anticipated, the clarified effluent from 
the SBR will be introduced at the upper end of a 2 to 4-foot soil/gravel layer underlain by an 
impervious liner.  The liquid level within the bed will be controlled so that it is just below the top 
of the gravel surface.  The effluent will flow by gravity to the far side of the bed and the polished 
effluent will be withdrawn at the low point within the bed via a buried pipe network.   

More than 20 such combined leachate treatment systems have been constructed since 1990 and 
are successfully operating.  A picture of a typical leachate treatment facility utilizing SBR’s for 
aerobic biological treatment and a constructed wetland for polishing is shown in Figure 5. 

 

 

 

 

 

 

 
 

Figure 5:  Efford Leachate Treatment Plant, Hampshire, UK (Design Flow = 33,000 gpd) 
showing constructed wetland used to polish SBR effluent. 
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5. SURFACE WATER MANAGEMENT 

5.1 Introduction 

Surface water management control facilities for the landfill expansion area have been designed by 
ICF Jones & Stokes based on the site’s final grading plan.  In addition, measures for control of 
surface water in active landfill areas have also been considered.   

The surface water management system and facilities were designed to: 

• Collect, control, convey, and discharge surface water run-off from non-landfill 
areas, 

• Control surface water run-on and run-off in active landfill areas, and 

• Collect, control, convey, and discharge surface water from closed landfill areas. 

The surface water control facilities are shown as part of the site’s final facility grading plan. 

5.2 Design Criteria 
 

The surface water control system has been designed to meet the following criteria: 

• Prevent stormwater run-on onto active and inactive portions of the landfill for up to the 
25-year return interval storm event. 

• Provide conveyance and treatment for runoff of the water quality storm event from active 
and inactive portions of the landfill prior to discharge offsite. The water quality storm is 
equivalent to one-third of the 24-hour 2-year return interval storm event. Treatment will 
consist of settling to remove total suspended solids in the particle size range of silts and 
larger.  

• Provide collection, conveyance, and control of runoff for the 24-hour 25-year return 
interval storm event from active and inactive portions of the landfill. Convey stormwater 
runoff to treatment facilities prior to discharge offsite. 

• Model the collection and conveyance of the 24-hour 100-year return interval storm event 
from active and inactive portions of the landfill to evaluate system under stress. 

• Comply with the provisions of the storm water discharge (NPDES) permit and the Clean 
Water Act (CWA). 

• Control sediment transport and remove suspended solids as necessary to comply with the 
NPDES permit conditions. 
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• Collect and contain leachate contaminated stormwater that accumulates in active fill areas. 

• Temporarily store excess run-off from peak flows and discharge at a lower controlled rate. 

• Minimize site erosion. 

• Protect the integrity and effectiveness of the landfill cover system. 

• Minimize post-closure maintenance requirements. 

The hydrological design criteria for surface water facilities at the site is based on management of 
the 25-year, 24-hour design storm for conveyance and the water quality storm, which produces 
4.50 inches of precipitation at the Riverbend Landfill (NOAA Atlas 2, 1973). The water quality 
storm event has been defined as one third of the 2-year, 24-hour event or 1.00 inch of 
precipitation. 

5.3 Hydrologic and Hydraulic Modeling Methods 
 

Figure 5, “Final Grading Plan,” of the Site Development Plan1 developed by G. Friesen 
Associates, Inc. (GFA) was used as the basis for stormwater modeling and system design.  The 
landfill was divided into two main drainage basins, each draining to a separate stormwater pond. 
Each of the basins was further divided into sub-basins to maximize the conveyance and treatment 
opportunities inherent to the design. 

HydroCAD modeling software, which is based on the widely used and accepted NRCS 
methodologies2, was used to create a hydrologic model of the landfill. The model was used to 
determine the runoff hydrograph for the design storms and to design and evaluate the conveyance 
system and stormwater detention and treatment ponds for the fully expanded landfill design. We 
populated the model with precipitation data from Oregon Isopluvial mapping (NOAA Atlas 2, 
Volume X, 1973) for the water quality storm (one third of the 2-year, 24-hour storm), the 25-year, 
24-hour storm (DEQ Storm; per DEQ solid waste guidance), and the 100-year, 24-hour storm 
(100-year storm). When the landfill site fell between pluvial lines, we used the more conservative 
value, i.e., the higher rainfall value. 

A schematic model was developed for each basin, including sub-basins (“subcatchments”3), 
conveyance ditches or pipes (“reaches”), ponds, and final outlets. Each of these elements have 
particular design parameters. Each sub-basin was chosen so as to be relatively homogeneous in 

                                                 
1 Issued for review 1/30/2007. 

2 Utilizes TR-20, TR-55, and SBUH. (http://www.hydrocad.net/info.htm) 

3 HydroCAD terminology. 
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percent slope, slope condition (e.g., soil and cover type, results in a “curve number” (CN)), and 
slope length, and each drains into a single conveyance. Slope lengths for determining flows were 
measured and were weighted to the longest slope, resulting in higher volumes and, thus, more 
conservative estimates. 

When run, the software generates a hydrograph (runoff over time) that results in varying flow 
rates and resulting runoff volumes from each of the basins in the model. These volumes are then 
aggregated through time into subsequent conveyances and ponds. The software calculates 
volumes through time for each element, which facilitates proper sizing to successfully pass and/or 
detain flows. This can be recalculated for each storm type, as well as for multiple storms of a 
single type occurring back-to-back. 

It was assumed that run-on, i.e., stormwater originating outside the model area, was insignificant.  

5.3.1 Drainage Ditch Design 

Ditches will be designed to collect and transport the runoff generated from the various drainage 
areas within the landfill.  Ditches will generally be trapezoidal ditches with a bottom width of 1 
foot, side slopes of 2H:1V, and a total depth of 1 to 2 feet.  The ditches will be lined with 
temporary erosion control matting and rock. Topsoil will be added and hydroseeded to help 
establish vegetation.  A Manning’s roughness coefficient of 0.035 was used to account for the 
rock and grass-lining of the ditches once vegetation has been established.  The grass-lined ditches 
will be designed to have average flow velocities of less than 5 ft/sec.   

5.3.2 Pipe Design 

Runoff collected in the ditches will be routed through culverts and discharged to the forebay of 
the stormwater detention and water quality treatment ponds used for sediment removal and peak 
flow attenuation.  The culverts will consist of high density polyethylene (HDPE) pipe with a 
Manning’s roughness coefficient of 0.012 or a corrugated metal pipe (CMP) with a Manning’s 
roughness coefficient of 0.024.  In order to facilitate cleaning and minimize the potential for 
clogging, a minimum pipe size of 24-inch diameter will be utilized. 

Table 5 shows the hydraulic design flow rates and velocities at each of the culverts that are 
planned under the 25-year, 24-hour design storm event. 

5.3.3 Pond Design 

All stormwater runoff from the landfill will be routed through a series of two ponds for water 
quality enhancement and detention to attenuate the peak flows. Two sets of ponds in series will be 
required to detain and treat runoff from the entire landfill. The first pond in each of the series is a 
smaller forebay designed for sedimentation and removal of most of the readily settleable 




