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ABSTRACT
EFFECT OF LEACHATE RECIRCULATION
FOR METHANE GENERATION IN

BIOREACTOR LANDFILL

Shahed R. Manzur, M.S.

The University of Texas at Arlington, 2010

Supervising Professor: Md. Sahadat Hossain

Municipal solid waste (MSW) disposal is of curredncern due to the green-
house effect and rising temperature all aroundgtbbe. Landfill gas is generated from
aerobic & anaerobic biodegradation of organic malein municipal solid waste (MSW)
landfill. Along with leachate, generation of Metlahappens to be a by-product of the
entire biodegradation process in MSW landfills. n@entional landfilling or dry cell
concept minimizes the amount of moisture infilatiinto the waste. In contrast,
Enhanced Leachate Recirculation (ELR) or bioreadperation facilitates leachate
recirculation and distribution through the landfiflat leads both reduction of time for

waste stabilization and enhancement of gas geoarati



The influence of leachate recirculation was ingzgd from a US municipal
solid waste landfill (City of Denton, TX) where Il gas generation and gas
composition data were monitored for ten (10) indial lateral pipes H1 to H10. Three
(3) from those ten (10) pipes from current workiagea A were considered for this
research to determine the influence of moisturectipn for a period of 365 days. MSW
landfill gas composition and landfill gas flow weamreeasured from each individual pipe
(H2, H7 and H6). The average flow rate from the-figiaction beneath the recirculation
pipes (H2 and H7) was close to 13rftin whereas, for the non recirculating pipe (H6),
the average flow rate was around 10nfin. From the gas composition test results, the
recirculated gas pipes H2 and H7 provided methareeptage (%CH close to 60%
whereas the non-recirculating pipe provided arodsth. In addition, the distribution of
methane concentration was fairly even for the cedaing pipes compared to the non-
recirculating pipes. Gas flow rate and compositimre highly affected with additional
moisture intrusion into refuse mass in the fornregfirculated leachate. The field flow
rate was compared with the predicted flow ratevialueate the efficiency of the leachate

recirculation system and gas collection system.

Vi
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CHAPTER 1
INTRODUCTION

1.1 Background

Municipal solid waste (MSW), commonly known as tras garbage, is made up
of the household type of waste including such itempackage wrappings, food scraps,
and grass clippings, computers, refrigerators.0d52 245 million tons of municipal solid
waste was generated in the U.S., with approximd&ié®p of this waste buried in landfills
(U.S. EPA, 2005). While portions of this waste @reycled, composted, and converted to
energy, landfills will remain a significant aspeof MSW management for the

foreseeable future.

Conventional MSW landfills are designed and operateaccordance with RCRA
Subtitle D, which minimizes amount of moisture emg and retained in the landfill
waste. The absence of moisture in the waste preltimg decomposition, and complete
decomposition can as long as 50 to 100 years. Tbmplicates the post closure
monitoring period, which is currently set as 30rgeand future development. Also, due
to rapid growth and urbanization of cities beyortgt kmits, many of these landfills are
now within city limits. However, finding a suitabieew location for landfilling of MSW
within the city limit is becoming a predominant plem, as conventional MSW landfills
may occupy an area ranging from several acres molreds of acres. Therefore, waste
minimization or increasing the capacity of landfivithin the same area is becoming a

major consideration for the state agencies and&&degulatory bodies.



Accordingly, there have been substantial changglandesign and operation of
landfills over the past twenty years. Though fsaggested in the mid 1970s (Pohland,
1975), the concept of operating a landfill as ardactor or enhanced leachate
recirculation (ELR) landfill has recently receiveatreased attention (Pacey et al., 1999).
An ELR landfill is operated to enhance refuse dgoosition, gas production, and waste

stabilization.

An ELR landfill operates to rapidly transform andgdade the organic matter
within the MSW stream. A major aspect of ELR lalidfiperation is the addition of
liquid and recirculation of collected leachate balciough the refuse mass. The idea of
liquid addition differs from the conventional laiilbapproach, where the objective was
to minimize moisture intrusion into the landfill. céording to the Solid Waste
Association of North America (SWANA), a bioreactandfill can be classified as “a
controlled landfill or landfill cell where liquidral gas conditions are actively managed in
order to accelerate or enhance bio-stabilizatiorthef waste. The bioreactor landfill
significantly increases the extent of organic wakteomposition, conversion rates, and
process effectiveness over what would otherwiseioadth the landfill.” Moreover, the
USEPA Clean Air Act regulations (40 CFR 63.1990atibnal Emissions Standards for
Hazardous Air Pollutantgjefine a bioreactor landfill as: “a MSW landfill arportion of
a MSW landfill where any liquid, other than leaahat landfill gas condensate, is added
in a controlled fashion into the waste mass (oftercombination with recirculating
leachate) to reach a minimum average moisture obmkeat least 40% by weight to

accelerate or enhance the anaerobic biodegradzitibe waste.”



1.2 Performance Assessments for Leachate Reciimulat

The leachate recirculation systems can be desigmadcommodate both surface

and subsurface leachate distribution. Leacharercidation involves containment,

collection and return of leachate back through ldm&dfill media in a well designed

system. Leachate recirculation through sanitargfile has been shown to treat leachate

partially and enhance the stabilization rate ofaaig compounds within the landfill

(Pohland, 1980).

There are several benefits associated with theatiparof landfills as bioreactors,

including:

*» |Increased stabilization rates for organic compoumdghe landfills. More rapid

settlement results in increased effective refusesithe and air space as presented in

Figure 1.1.

120
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Figure 1.1: Increases air space in bioreactor dr BRdfill

* In-situ leachate treatment and the reduction afdate handling cost ,

» Increased gas production which can improve the@ors of energy recovery,

» The rapid stabilization of a landfill to a more @oenmentally benign state, and
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» Acceleration of refuse decomposition, which mayrshothe regulated post closure
monitoring period and reduce the overall cost efléndfill,
» Efficient and effective use of landfill space besawf refuse consolidation.

As a result of these benefits, there has beemdfisant increase in the number of
landfills that are being operated with leachateyekc A review of literature in 1993
identified less than 20 leachate recirculating fdisdocated in US, Germany, UK, and
Sweden. By 1998, over 200 landfills were practiclagchate recirculation with little
engineering input to design and operation (Reinéarl., 2002).

Leachate recirculation system design requiresceatittonsiderations for landfill
stability for the local and global conditions. Theear strength of the MSW with the
presence of the cover soil tends to decrease wiih due to the degradation. According
to a study by Miller & Emge (1997), several designsiderations for the design of
recirculation systems are adopted:

o Depositional blockages in the leachate collectigatesn (drainage layers and
piping) need to be anticipated and the consideratgiould be given to enlarging critical
components (over sizing), system cleaning, and com@pt replacement.

0 Aerated leachate may introduce oxygen concentmtioto the landfill that are
inhibitory to methanogens, thereby resulting inrdased gas quality. Introducing aerated
leachate may also hinder the anaerobic procesaeketthate recirculation is intended to
promote. Therefore, aeration should not be usexmbination with subsurface leachate

recirculation, but should be provided before swefapplication to reduce odors.



o0 Spraying leachate on the landfill surface over getated cap may be used to
reduce volume by evaporation and evapo-transpirattowever, winter freezing may
prohibit operation during certain months. Therefosarface application of leachate
should be limited to areas with intermediate coweensure complete containment of
leachate within the landfill and the collectionsborage systems.

1.3 Problems with Leachate Recirculation

The design and operation of a landfill as ELR miseme concerns for stability
analysis. Kavazanjian (1999) reported that the adeé ELR landfills, in which liquids
are re-circulated by injection into the waste mass,only raises questions about changes
in mechanical properties but also heightens coscabout the stability of saturated
waste. Therefore, waste stability is a critical poment of ELR landfill design and
operation. Injection of leachate and other liguint® an ELR landfill can endanger the
stability of slopes due to the following reasonsayKzanjian et al., 2001, Townsend et

al., 2008):

* |ncreased driving force due to the increase in tedf the waste mass following
liquid injections,

= Decreased strength due to decrease in the effestiess corresponding to the
increase in pore pressure that results from ligojdction (both leachate head
build-up and localized decrease in effective sjress

» Decreased strength due to the transformation ofearasass by the biological and
chemical process that enhances degradation, turtmegwaste mass into an

inherently weaker material.



Figure 1.2: Slope stability concerns at MSW landlibwnsend et al., 2008)

The daily cover soil may affect the stability obgés in ELR landfills. As
suggested by ITRC (2006), the use of relatively [msvmeability daily cover materials
may result in perched leachate conditions. This remult in a build-up of pore water
pressure within an isolated zone (Figure 1.3). Ewdly this may cause slope failure.
Therefore, extensive slope stability analyses egeired for successful operation of ELR

lansfills.

Waste

)
(. ( (] ﬁer@geneity

Seepag Ponding Water

Impermeable Cover

-

_ v Y T
Preferential
s Channels EEEL T

Processes Affecting Leachate
Movement through a Landfill

Figure 1.3: Affects of impermeable daily cover sah slope (ITRC, 2006)
From another research by Townsend et al. (2008, stbpe stability problem was
reported due to the low conductivity of cover sdilterception of leachate by low
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permeability cover layers and subsequent transomssi leachate to the side slope of the

landfill can result in seeps as shown in Figure 1.4

Leachate Seep
(Outbreak) —,

Low Permeability
Cover Soil

Figure 1.4: Affects of impermeable daily cover sah slope (Townsend et al., 2008)

Using low permeable soil (clay materials) as a ce®al has adverse effects on
the gas generation for MSW landfills. Due to the loermeability, leachate takes longer
to percolate into the solid waste, resulting ineached condition. Presence of additional
leachate slows down biodegradation of MSW or evan cease biodegradation.
Operating trenches concurrently for gas extracaod leachate recirculation can be a
problematic issue for bioreactor operations. Theelped leachate tends to blind the the
bottom of the trench and thus reduce the effecégsrof gas extraction. The presence of
stagnant leachate thus affects into gas generaa®nyell as creates progressive slope

failure into the MSW landfill as shown in Figurebl.



Figure 1.5: Progressive failure pattern in landfitipe

1.4 Objective

The primary goal of this study is to determine timluence of leachate

recirculation on gas production. The major objexdiare:

To determine influence area within the MSW of lestehrecirculation using
Resistivity Imaging (RI) for a period of six montkgarting from June 2009 to
December 2009.

To monitor landfill gas composition and gas flowteraduring the leachate
recirculation period.

To determine the influence of leachate recircufatty comparing gas flow rate
data from leachate recirculation pipes and nomeelztion gas pipes.

To predict the gas flow rate using US EPA% drder kinetic gas generation
model.

To compare modeled gas flow rate with actual figés flow rate to study the

effect of leachate recirculation on gas generation.



1.5 Organization

This thesis report is comprised of five (5) chagtdntroduction (Chapter 1),
Literature Review (Chapter 2), Methodology & Fiekdudies (Chapter 3), Results &
Discussion (Chapter 4) and Conclusions & Recommanddor Future Work (Chapter
5).

Chapter 2 covers literature review and the baakgdbehind this work. Several
literatures were reviewed regarding leachate reldton methodologies and current
practices along with different phases of decompmsior landfill gas generation and gas
composition. US EPA’s first order gas generatiordeland the parameters behind gas
generation have also been studied in detail.

Chapter 3 describes the history and geologicalrimétion of the study area and
step-by-step approach behind this study. The wsitions for the RI tests and the
procedure have been discussed to determine thendé area.

Chapter 4 focuses on the analysis and predicfidhedandfill gas flow rate from
the influence area obtained from RI test resultee field gas composition and flow rate
data were represented for different pipes. The ipiedl gas generation rate and the
composition were compared with the actual fieldadathe gas generation rate was
predicted using the UE EPA’S'brder gas generation equation with the aid offield
HRRI images of the redrawn landfill geometry.

Chapter 5 finally summarizes the results and eueofor the present work and

recommendations for future work.



CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

A MSW landfill can be described as a relativelpdaterm biochemical reactor
where solid waste and water are the inputs andilagds and leachate are the primary
outputs. Fresh solid waste along with partiallydgigraded organic material and other
inorganic waste materials are placed in landfllethane emissions and leachate disposal
are recognized as the two major concerns of mualisiplid waste landfills. Methane gas
is a by-product of landfilling municipal solid wast Most of the global MSW is dumped
into non-regulated landfills and the generated mr@this emitted to the atmosphere.
Some of the modern regulated landfills attemptaptare and utilize landfill biogas, a
renewable energy source, to generate electricibeat. As of 2001, there were about one
thousand landfills collecting landfill biogas wonlle. The landfills that capture biogas
in the US collect about 2.6 million tones of methamnually, 70% of which is used to
generate heat and/or electricity. The landfill gasation in the US was used to estimate
the potential for additional collection and utiliwan of landfill gas in the US and
worldwide.

Recently, leachate recirculation has been usedctelerate landfilled waste
biodegradation to enhance landfill gas generationaddition, leachate irrigation was

also conducted for volume reduction in an effectivanner. However, the impacts of
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leachate recirculation on landfill GHemissions have not been previously reported. So,
the main objectives of this chapter are to revigwtime effect of recirculation inside the
landfill that leads to the enhancement of gas gaiter. Landfill settlement is also
another issue that comes upfront once the leachateulation is conducted. So, several
landfills in different climate zone have been revael and the effects are described in this
chapter.

2.2 Methane, a Primary Constituent of Landfill Esnss

Methane (CH) is an important greenhouse gas, because its Iglsheming
potential is 21 times more effective than that @,©n a 100 year time horizon (IPCC,
2001). Atmospheric CHconcentration has more than doubled during thé gageral
100 years and continues to rise due to human actftCC, 2001). Of the global
anthropogenic Cl emissions, more than 10% originate from municipalid waste
(MSW) landfills (IPCC, 2001). Studies from Bognérak, 1995 and Kumar et al., 2004
suggested that landfill CHs produced from anaerobic biodegradation of agaratter
inside the land-filled waste. GHmissions vary significantly among the landfitesi and
are affected by gas recovery, microbial Lékidation, landfill age, the thickness of
landfill cover, and meteorological conditions. Aceat study by Lohila et al. (2007)
stated that, gas recovery has been reported tootddiH, emissions from the landfill
sites effectively. Microbial oxidation of CHn cover soils provides a complementary
strategy for minimizing landfill ClHemissions (Barlaz et al., 2004; Berger et al.,5200

Abichou et al., 2006).
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The United States Environmental Protection Agetid3$ EPA) estimated that the
total anthropogenic emissions of methane were 28@l®n tonnes in 2000, where 36.7

million tonnes (13%) were due to landfill emissiqRgyure. 2.1).
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Figure 2.1: Global anthropogenic methane (Thenéeliflloa, 2007).

From a research by US EPA (2003), the charactesizaf US MSW is shown in
Table 2.1. The typical MSW of Table 2cbntains 69.5% of biomass materials. This
includes the contained moisture and inorganicydirticles

Table 2.1: Characterization of MSW in USA (US ERAQ3)

Characterization of US MSW by USEPA

Biomass components (%a) Petrochemical components (%)
Paper/board 36.2 Plastics 11.3
Wood 5.8 Rubber, nylon, etc.” 3.7
Yard trimmings 12.1

Food scraps 11.7

Cotton, wool, leather® 3.7

Total biomass 69.5% Total man-made 15.0%

“Rubber, leather and textiles category ol USEPA was assumed to be divided equally between natural and man-
made products.
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From the simple balance equation,
CsH1004 + 1.5H0 - 3.25CH, + 2.75CQ

complete reaction of one tonne of MSW would geree@2Q8 standard cubic meters of
methane biogas or 0.149 tonnes of methane. Tleeofabiodegradation of MSW in
landfills was studied by Barlaz et ah small pilot plant columns that provided ideal
temperature and concentration conditions for baztien. As shown in Figure. 2.2, the
reaction peaked at less than one hundred days aachearly complete after about 320
days. Barla2006) estimated that the total amount of gas @geedrduring this period

was 213 Mm methane/dry tonne of biomass reacted.

Methane Rate
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Figure 2.2: Generation of methane in experimemipheatus simulating landfill bio-
reactions in two different tests M1 and M2 (Bardal., 2004)

2.3 Landfill Gas Composition

Landfill gas is primarily the by-product of anaelolbiodegradation of organic
materials in landfills. Municipal solid waste geaky generates tremendous quantities of
gas during its decomposition. Landfill gas generais a biological processes in which
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microorganisms decompose organic waste to prodardmi dioxide, methane, hydrogen
sulfide and other gases. The landfill gases aregoaized into two distinct groups as
principal gases and trace gases. Principal gasegrasent in landfill gas in higher
guantities (i.e. Ch C(O,), whereas the trace gases (i.esSHhave lower amount.
Although the trace gases are present in small giemtthese may be toxic and pose a
risk in public health. A research by Energy Infotima Administration, US Department
of Energy, 1996, have represented that the mainpoands and their composition of
landfill gas from anaerobic biodegradation as-

Table 2.2: Composition of landfill gas (US DOE, 699

Compound Average concentration (%o)
Methane (CH) 50
Carbon dioxide (KS) 45
Nitrogen (N) 5
Hydrogen sulfide (bS) <1
Non-methane organic compound (NMO[LC) 2700 ppmv

2.4 Different Phases of Bio-reaction

After the MSW is landfilled, the organic componerstsrt to decompose in
presence of microorganisms. Near the surface of lanefill, the natural organic
compounds are oxidized aerobically with the presasfcatmospheric oxygen. The main
end products with this biochemical reaction arehaeé carbon dioxide and water vapor.
However, the principal bioreaction in the landidl anaerobic digestion, which takes
place in three steps:

First, fermentative bacteria hydrolyze the compteganic matter into soluble

molecules.
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Second, these molecules are converted by acid-figrivacteria to simple organic
acids, carbon dioxide and hydrogen. The principatisa produced are acetic acid,
propionic acid, butric acid and ethanol.

Last, methane is formed by the methanogenic hacteither by breaking down
the acids to methane and carbon dioxide, or byadieducarbon dioxide with oxygen.

Representative forms of reactions can be shown as:

Acetogenesis
CeH1206 > 2 GHsOH + 2 CQO
Methanogenesis
CH;COOH-> CH, + CO
CO,+4H, > CHs +2HO
The maximum amount of methane or natural gas tlagtlme generated during anaerobic
decomposition of cellulose can be shown by the &oua
CeH1005 + H,O > 3CH, + 3CQ
CeH1004+ 1.5 HO > 3.25 CH + 2.75 CQ
This reaction produces a very small amount of lagalt the product gas contains about
54% methane and 46% carbon dioxide. The landfdl glgso contains water vapor near
the saturation point corresponding to the cell terapure, plus small amounts of
ammonia, hydrogen sulphide and other minor coresiisi So, in order to keep the
anaerobic reaction active, water needs to be addatie principal agent. From several

studies by He et al. (2007) and Benson et al. (Rd@&chate recirculation plays a vital
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role to accelerate the methanogenesis of the Redlfwaste in the lab scale landfill
column.

The landfill gas generation occurs in several pbageich are shown in Figure
2.3 from the researched conducted by United Kingdoepartment of Environment
(UKDOE). Initially, the distribution of the gases the landfill is representative of the
distribution of gases in the atmosphere - about T@¥gen and 21% oxygen, with a
small amount of carbon dioxide and other compour@sobic decomposition begins
soon after the waste is placed in a landfill anzbiitinues until all of entrained oxygen is
depleted from the voids in the waste and from withie organic material itself. Aerobic
bacteria produce a gaseous product characterizeeldtyvely high temperatures (130 to
160 F or 54 to 79C), high carbon dioxide and no methane contenteOitfrproducts
include water, residual organics and heat. Accgrdm several studies by EMCON
Associates (1980, 1981, 1998), aerobic decompasitiay continue from 6 to as long as
18 months in the upper lifts if methane-rich lafidfas from below flushes oxygen from

voids in the disposed waste.

16



Phase

I | I I v %
HIIJ e e ——— 100
4= ' Settlement
! i
NI ! COD t “

j

Landfill-gas
prodiichion

3

=
[=]

[
=

Percent by volume/maximum value

Time —»=
Figure 2.3: Changes in landfill gas compositioeravme (UK DOE, 1993)

Waste decomposition undergoes several distinct gdgamwith time. After all
entrained oxygen is depleted, decomposition coroes transitional phase where acid
forming bacteria begin to hydrolyze and ferment ¢beplex organic compounds in the
waste. Decomposition then enters into an anaerpb&se, during which methane
forming bacteria, which thrive in an oxygen defitieenvironment, become dominant.
Studies (EMCON, 1998) have shown that the anaergag production is typified by
lower temperatures (100 to 3% or 38 to 524 C), significantly higher methane
concentrations (45 to 57%) and lower carbon dioxedecentrations (40 to 48%).
Anaerobic gas production will continue until aletbarbonaceous material is depleted or
until oxygen is re-introduced into the waste, whvebuld then return the decomposition
process in aerobic conditions. A return to aeral@composition does not stop landfill
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gas production, but it will retard the process luahaerobic conditions prevail again
(EMCON, 1998). All the five phases with the indioa of end of phases are shown in
Table 2.3. The total time duration of gas genernatar a landfill can be as high as 10 to
80 years or even more. The time duration for bici@dand(fill is normally less than that
for the conventional landfill.

Table 2.3: Summary of MSW Landfill Gas Generatitrages
(According to EMCON, 1998)

Phase Name Primary activity signaling the end of phase
I Aerobic No oxygen in the landfill gas (severau®to 1 week)
Il Aerobic/Acid Formation of free fatty acids is at its peak andhaee
Generation generation begins (1 to 6 months)

1l Transition to Methane and carbon dioxide concentrations stabdlimbno

Anaerobic nitrogen in the landfill gas (3 months to 3 years)

\Y Anaerobic Methane and carbon dioxide concerdregibegins to reduc

[¢2)

and some nitrogen (air) returns to the system @tgears)

Vv Transition to Gas is primary air and all anaerobic decomposison

Stabilization complete (1 to 40 or more years)

2.5 Factors Affecting Gas generation

The amount of generated gas from a MSW landfilleshels on several factors
including the waste composition, moisture contgatticle size, age of waste, pH, and
temperature. From several researches (McBean,dEMICON 1998) it is evident that,
the decomposition and gas generation are expectedrtinue for 30-100 years but in

practice gas generation occurs at a high leved fmuch shorter period of time.
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2.5.1 Waste Composition

The residential and commercial waste placed ih® landfill can be
divided by two groups: decomposable and nondecoamp@$nert materials.
Decomposable materials include food waste, clothpapers, woods (slowly
decomposable materials) whereas glass, metalsticslasonstruction and demolition
waste fall in the category of inert materials. There easily the organic fraction of the
waste decomposes, the faster will be the landBié generation rate. Food wastes
typically fall into this category. Thus, a high pentage of food wastes in a landfill likely
will lead to a faster landfill gas generation r&deme decomposable wastes, such as large
pieces of wood, are not inert, but decompose selglthat for most practical purposes

they do not contribute significantly to landfill ggeneration.
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Figure 2.4: Simulated Landfill Reactor (Sanphotalet 2006)
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From a research by Sanphoti et al. (2006), the M3Wiple reactor setup as shown in
Figure 2.4 provided a methane generation of 9K2 dfy weight at a rate of 0.10 I/kg
dry weight/d, and reached the stabilization phasday 270.

Table 2.4: MSW Composition (Sanphoti et al., 2006)

The compositions of MSW from Nongkham transfer station

Degradable Constituents Wet weight (kg) % by wet weight
Rapidly degradable Food waste 6.50 50.46
Paper 2.10 16.28
Garden trimming  1.68 13.02
Slowly degradable Wood 0.46 3.55
Textiles 0.40 314
Metal 0.10 0.74
Glass 0.07 0.53
Stone & ceramics (.06 (.45
Miscellaneous 0.04 0.30
Leather & rubber 0.02 014
Non-degradable Plastic & foam 0.47 11.39
Total 12.88 100,00

2.5.2 Moisture Content of the Waste

For most landfills, after waste composition theishae content of the waste is
the most significant factor in prediction of laridias. The higher the moisture content,
the greater the gas generation rate up to a pafteérwards, with high moisture content
methane production rate actively decreases. Ma@stontent in a conventional landfill
changes over time whereas for the bioreactor |[intife moisture content is kept at an
optimum amount to maximize the gas generation. €ononal landfills are operated to
minimize the amount of moisture infiltrating intbet waste (dry cell concept). Landfill
bioreactors are designed and operated to enhareebittdegradation process by

increasing waste moisture levels within the lah@Reinhart and Townsend, 1997). The
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moisture content (MC) of solid waste is increasedtlre addition of water and/or
recirculation of the collected leachate. While tbkationship between increased MC and
rapid waste decomposition has been well establishexigh laboratory studies (Rees,
1980), increasing the moisture content of solidtevas a full scale operating landfill is a
challenge. Changes in landfill moisture content mesult from changes in surface water
infiltration and/or groundwater inflow, release afater as a result of waste
decomposition, seasonal variations in the moistamrgtent of the waste, and managed
additions of liquids. Theoretically, the optimumndition for gas generation is total
waste saturation.
Another research by Mehta & Barlaz et al. (2002)canjunction with Yolo

County, California Department of Public Works shdwthe performance of two full
scale test cells, one operated with and anothdrowitcontrolled moisture addition. The

methane production rate in the control and enhanebs are presented in Figure 2.5.

Methane Production Radc
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Figure 2.5: Methane production rate in enhancedcanttol cells (Mehta et al., 2002)
The measured methane yields through day 1,231 2iefeand 63.1 L CH4 /wet-

kg in the control and enhanced cells, respectivieby 1,231 is the day on which solid
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samples were collected. Between days 1,231 and j8&ls increased to 28.1 and 64.6
L-CH4 /wet-kg, respectively. Refuse excavated fritw@ control cell was drier than that
from the enhanced cell. The moisture contents fthen control cell were 14.6% and
19.2% where from the enhanced cell the values @@/& 31.7 and 34.8%.

Generally, the volumetric moisture content of argsh solid waste at placement
is less than the required moisture content for dpgmum gas generation. For fresh
MSW, typical moisture content can be 20-40%. Whendlie moisture content is less
than the field saturation condition, additional &rat added with the leachate to increase
the rate of degradation. Research by Morris et(2000), reports that a waste with
volumetric moisture content of 20% and degree tirasion of 40%, was recorded with
leachate and additional water to represent 90%efequired to saturate the waste to its
field capacity in order to overcome the waste nuoestdeficit. The field capacity is a
target moisture content at which significantly decsted degradation takes place.

Figure 2.6 illustrates mass of waste placed andmrelof leachate recycled into
the landfill. It also reflects the landfill settlemt respect to the total volume of landfill at
closure. It clearly indicates that the degradatibat takes place during the operating
period what cause the volumetric reduction. Segl@mncreases the capacity of the

landfill so that it can take more waste at the taneng the time of operation.
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Figure 2.6: Waste placement, leachate recirculaimhsettlement by Morris et al. (2003)

However, Figure 2.7 denotes that the volume of Hate generated did not
increase significantly during the period of leaehaecirculation. It also decreased
noticeably after the closure of the landfill. Tleathate generation varies seasonally and
one of the influencing factors is the rainwatere Tandfill top cover with loose soil cover
(102 cm/sec) allowed rainwater to percolate into theste:aBoth leachate recirculation
and the high amount of infiltration have certaipliayed a vital role in saturating the
waste beyond the field capacity which resulted anstderable flushing. Two test cells
were created to study the effects with differentoant of leachate recirculation. The

collected leachate was measured as shown in Fy8re
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2.5.3 Unit Weight of MSW

Unit weight of municipal solid waste is anotherywenportant parameter related
to gas generation. Unit weight of MSW depends orerse factors, such as compaction
efforts and layer thickness, overburden pressui raoisture content of the MSW
(Dixon & Jones, 2005). The unit weight of MSW varidue to the large variation in
MSW composition, density of MSW, level of compaatidevel of decomposition, types
and amount of daily cover soil used in differemesi A layer thickness of 0.5-1.0 m will
provide good compaction that leads to high unitghts; however, layer thickness up to
2-3 m can also be found in MSW landfills.

A detailed study by Fassett et al. (1994) repostatistical analyses data on bulk
unit weight of MSW collected from different intetr@nal locations. Differences in unit
weights for different condition are shown in TaBlé.

Table 2.5: Statistical summaries of bulk unit weidata for fresh MSW
(Fassett et al., 1994)

Poor compacton Moderate compaction Good compaction
Range (kN/m’) 3.0-9.0 5.0-7.8 BE-10.5
Averaze (KN/m') 53 7.0 0.6
Standard deviation (kN/m™) 25 03 .5
Coefficient of variation (%) 45 3 #

Other studies by Landva and Clark (1990) and Owei$ Khera (1986) also reported
similar range for bulk unit weights. The bulk unieight for fresh MSW has been

reported from different countries as presentedabld 2.6.
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Table 2.6: Bulk unit weights from internationakliature (Dixon and Jones, 2005)

Country Measured bulk anit Comments References
weights (KN/m”)

United b & Compacted in 2m lifts using steel Watts and Charles
Kingdom wheeled 21 tonne compactor (1940}
8 ® (.6m lifts msing same compactor as
above
Balgium 5-10 & Comimon compaction practice Manassero et al
(19%6)
France 7 » Upper layers of fresh (non- Croure et al. (2001)

degraded) MSW

LISA 6-7
14-20

Fresh MSW after initial placement Kavazanjian (2001)
Degraded waste with high % of soil
like material

If the waste is very highly compacted during plaeatmit will have higher unit
weight and subsequently the permeability becoma&sroWith time progression of time,
the particles will be break down into finer pamil It will take even longer time
percolate moisture after recirculation. Similatlye gas movement will also be affected if
the compaction level is is very high.

2.5.4 Particle Sze of the Waste

The smaller the size of disposed waste units dicpes, the larger its specific
surface area. A particle of waste with a largeccsmesurface area will decompose faster
than a particle with a smaller one because, mafaciarea is available for microbes to
access. For example, a disposed tree stump wilndpose more quickly if it is ground
into wood chips, than if disposed whole. Therefar&gndfill that accepts shredded waste
will have a faster overall decomposition rate (ifaster gas generation rate) than a

landfill that accepts only non-shredded waste.
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2.5.5 Age of the Waste

Landfill gas (methane) generation has two printane-dependent variables: lag
time and conversion time. Lag time is the periaahfrwaste placement to the start of
methane generation (see Figure 2.3, start of PHas&he conversion time is the period
from waste placement to the end of methane geper@igure 2.3, end of Phase V). For
example, yard waste has very short lag and cororetsines, while leather and plastic
have very long lag and conversion times.
2.5.6 pH

The optimum pH range for most anaerobic bacteréadgo 7.5,0r close to neutral
pH of 7.0 (Mcbean et al., 1995). Within the optimpid range, methanogens grow at a
high rate so that methane production is maximizzatside the optimum range pH<6.0
or pH>8.0 methane production is severely limitetisTeffect has been presented in a
research by Morris et al. (2003) as shown in FigRre@. The onsite methanogenic
condition can be represented by increasing pH valué decreasing leachate BOD
concentration (Figures 2.9 and 2.10). It is siguifit to note that this occurred while the
landfill was still operational. The beginning ofettinal maturation phase of waste
degradation generally seems to occur between y€aasnd 13, very soon after closure, as
illustrated by stable neutral pH, very low BOD centration (generally between 20 and
100 mg/l) and a BOD/COD ratio below 0.1. For congaar, the average monthly and
maximum daily values for BOD permitted under theBP&'’s point-source effluent
limitations for discharges from MSW landfills (USEP2000) are 37 and 140 mg/I,

respectively.
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2.5.7 Temperature

Temperature conditions within a landfill influentdee type of bacteria that are
predominant and the level of gas production. Thémapn temperature range for
mesophilic bacteria is 30 to 35°C (86 to 95°F), mehs the optimum for thermophilic
bacteria is 45 to 65°C (113 to 149°F). Thermophgeserally produce higher gas gener-
ation rates; however, most landfills exist in theswophilic range. Landfill temperatures
often reach a maximum within 45 days after placenoénvastes as a result of the aero-
bic microbial activity. Landfill temperature thereateases once anaerobic conditions
develop. Greater temperature fluctuations are &picthe upper zones of a landfill as a
result of changing ambient air temperature. Lahdfdste at a depth of 15 m (50 ft) or
more is relatively unaffected by ambient air tenaperes. Temperatures as high as 70°C
(158°F) have been observed (McBean et al., 1998y aked gas temperatures within a
landfill are a result of biological activity. Lantifgas temperatures typically are reported
to be in the range from 30 to 60°C (86 to 140°AYICEON, 1980 and 1981). Optimum
temperature ranges from 30 to 40°C (86 to 104°Hereas temperatures below 15°C
(59°F) severely limit methanogenic activity in thadfill (McBean et al., 1995).

2.6 Leachate Recirculation to Accelerate Biodediada

Leachate recirculation is an option for inexpendeachate disposal (Kinman et
al., 1987), in reducing the cost of post closuraecand long term liability
(Diamadopoulous, 1994; Westlake, 1995; ReinhartAndousif, 1996). It also reduces
waste stabilization time. Leachate recirculationaiso effective in enhancing gas

production and improving leachate quality, espécial terms of leachate COD. Results
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from Chan et al (2002) indicate that leachate cetition can maximize the efficiency
and waste volume reduction rate of landfill sitEee potential advantages of leachate
recirculation include:
a. Improvement in leachate quality;
b. Providing leachate treatment in situ, which wiltdeEase offsite treatment costs;
c. Reduction in volume of leachate to be treated bghemical methods;
d. Enhancement of gas production;
e. Accelerated subsidence, permitting recovery of ataller landfill air space
(Reinhart, 1996; Sulisti et al., 1996, Mostafalet®99, Warith et al., 1999);
f. Promotion of settlement before placement of thalfaover, which decreases the
risk of damage to the final cover,
g. Acceleration of refuse decomposition, which may r&ho the regulated
postclosure monitoring period and reduce the olveost of the landfill (Barlaz et

al. 1990; Reinhart and Townsend 1998; Pohland and1099).

The effect of leachate recirculation has been sstaly shown by Morris et al.
(2003) in the laboratory scale. The differenceh&f ¢as produced in the recirculated cell
(1) and the dry cell (2) shows the level of degtimaof MSW inside the cells. The
particles inside the cell 1 were more degraded #ral fine contents were higher
compared to the degraded waste at the cell 2. Tdsewinside cell 1 was less odorous

than the waste inside cell 2, according to Figutd 2
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Leachate recirculation enhances the degradatioM®¥W, as it provides an
agueous environment that facilitates the provisacdnnutrients and microbes within
landfill cells. It is also an effective way to mbbé nutrients and microorganisms in
waste, together with improved mass transfer to gmevthe development of stagnant
zones in landfill cells (Chugh et al., 1998). Treseults from Chan et al. (2002) provided
evidence that leachate recirculation can shortertrdmsitional period to active methane
production and boost the methanogenesis of a landfi containing MSW. In leachate
recirculated columns, maximal gas production waseoled 9 weeks after the

commencement of anaerobic digestion (Figure 2.12).
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collected from treatment with and without leacha&igrculation (Chan et al., 2002)
In columns without leachate recirculation, the ggeeration was slow and peak
generation rate could not be detected within thenvggk experimental period (Figure
2.12). Other studies by Pohland and Harper (198F0nted that it took a longer time to
go through the initial adjustment, transition awedldormation stages before entering the
methane production stages if the anaerobic degomdptocess were not maximized at
landfill site. From studies by Kinman et al. (198uhless better degradation conditions

were provided, it took a long period of over a yeaachieve maximum gas production in
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experimental cells. The organic content was high%{p comparing to the studies in
Brazil (60%, Kuajara et al., 1997) and in other penate cities, such as UK (30%;
Westlake, 1995). In order to maximize the anaera@gradation process, the pH of
waste must be neutral or slightly acidic; otherwtise gas production will cease if pH
drops below 5.5 (Ruskin, 1982). In this study & itidividual pH of the three kinds of
waste was slightly alkaline (pH = 8.3-8.9), the tune of them was highly susceptible to
biodegradation. Leachate recirculation had furé@nanced the degradation process as
indicated by the improved rates of gas productiod autrient removal from the test

column.
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== Mo leachate recirculation
6.5
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=
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Figure 2.13: Change in pH of leachate with respetime (Chan et al., 2002)
Research by Hossain and Haque (2009) successfidlyorted refuse
decomposition in laboratory scale. Paper constittite major portion of MSW in all of
the collected solid waste samples. Paper conglialteut 56% and food waste was about
13% by weight of the total MSW. The average valtieach of the constituents present
in MSW is presented in Table 2.7. These values Inosimpared well with the physical

composition of residential MSW reported by the UBAH2005).
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Table 2.7: Comparison between typical and obsephgdical composition of MSW
(Hossain & Haque, 2009)

MSW Typical MSW com position (% by MSW from Burlington, Texas
constituents weeight) reported by EPA(2006) transfer station (% by weight)
Wood 5.5 -

Paper/ 34 56

cardboard

Plastic/rubber 1430 13

Textile 4.7 5

Metal 716 3

Glass 3.3 G

Dirt, ash, etc. 3 -

Food 124 16

Yard wastes 129 1

Two sets of bioreactors were simulated with fourrgéctors to represent samples
at different stages of decomposition. The reacteese sampled destructively to obtain
refuse at different stages of degradation baseith@igenerated methane rate. The stages
of decomposition were also shown by the pH andtielsolids content. Results were

obtained as shown in Figures 2.14 and 2.15.
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The anaerobic digester sludge and leachate neaattialn along with leachate
recirculation enhanced the refuse decompositione Tlactors were destructively
sampled at days 25, 106, 225, and 253. Based and¢bieane and pH data in Figure 2.14,
at day 25 the sample was in the anaerobic acidepffdgase 1). At day 106, when the rate
of methane production was at its peak and pH wasitabeutral, the sample was in
accelerated methane production phase (Phase Hallfi at days 225 and 253, the
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samples were in decelerated methane productionrs€Phid and complete stabilization
phases (Phase V), respectively. Similarly, for seeond set (Setup 2) of reactors at 22,
92, 167, and 235 days, the samples were at Phaldéesfl decomposition, respectively;
the results are presented in Figure 2.15.

Research by Filipkowska and Agopsowicz (2004) deedrthe effect of the
presence of moisture on decomposition of MSW. Gaslyxtion (total gas volume,
production rates and methane concentration) wastamed for 311 days. The quality
and quantity of biogas were determined as for wdsfgosition without irrigation and
with irrigation with the addition of water and lésate. The lowest biogas production was
observed for waste deposition without water andHate irrigation (dry wastes) and for
totally flooded wastes.

Table 2.8: Average refuse composition used in lgsanby
Filipkowska and Agopsowicz (2004)

Composition Weight percentages
Cooking wastes 9.7
Paper 15
Plastics 3.9
Cloth 35
Glass 6.7
Metals 1.7
Organic wastes 39.7
Rest mineral fraction 3.3
Fine fraction 16.5
Total 100
Water (moisture) 381
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The highest amount of biogas production per gm wasre and highest methane
concentration were achieved for wastes irrigatetebghate in the amount corresponding
to atmospheric precipitation. There were 6 lysimetgsed with different moisture to
determine the quantity of methane present in tieigged gas. The composition used in
this research was as shown in Table 2.8.
The duration of this research was 311 days. Dutlegexperimental period the
wastes in lysimeters were supplied with water ackate as:
Lysimeter 1 — Without Water or leachate (control)
Lysimeter 2 — Water 2.15 mm/day
Lysimeter 3 — Water 4.30 mm/day
Lysimeter 4 — Flooded with water
Lysimeter 5 — Leahcate 2.15 mm/day
Lysimeter 6 — Leachate 4.30 mm/day
In control lysimeter (lysimeter 1) from the begingiof the experiment biogas
production increased systematically Fig 2.16. Thghést effectiveness of biogas
production in this lysimeter (0.01 éfg d.m. of organic fraction per day) was observed
between 100 and 180 days of the experimental peldethg water in lysimeters 2 and 3
inhibited biochemical changes and biogas productthning 40-60 days of the
experiment. After this time, biogas production #ased to 0.016-0.024 &y dry mass

of organic fraction per day.
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Using landfill leachate (in lysimeter 5 and 6) iaied biochemical changes during the
initial 60-80 days of the experiment. The highd$étaiveness of biogas production in
these lysimeters was obtained between days 18@&mhdf the experiment, about 80-100
days later than in the control lysimeter. Afterstiperiod biogas production increased to
the amount of 0.024-0.031 ¢y d.m. of organic fraction per day, a 3-fold highe
production compared with control lysimeter.
2.6.1 Leachate Recirculation Methods

Leachate recirculation can be conducted at differstages of Ilandfilling
depending upon the site specific requirements. tRerwarm and drier temperatures,
leachate can be added during the active landfilitage, whereas for the other areas,
leachate can be injected whenever required thraluglpreviously installed recirculation
systems. Leachate recirculation can be conducteddygategories as described by Qian,

Koerner & Gray (2002) and Townsend, Kumar & Ho @00

a. Surface systems bSubsurface systems
« Spray irrigation « Vertical injection wells
* Drip irrigation » Horizontal trenches
» Tanker truck application * Buried infiltration galleries
* Infiltration ponds » Combination of horizontal lines
* Leach field and vertical wells

« Surface trench
The method suitable for any specific site depemdseveral factors such as:

- Current condition of landfill (a new one or a coeteld one)
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- Sources of liquids

- Goals of the owner/operator

- Available equipment

- Cost

- Interference with landfill operations

- Regulatory concerns

» Surface Spraying (Spray Irrigation, Drip Irrigatioand Tanker Truck
Application): Generally, these methods are adophedng pre-cap stages as shown in
Figure 2.18. Surface spraying utilizes tank truekth an attached spray bar applying
leachate to the surface of the wet mass. Leaclaatde applied to each individual lift as
required at the working face. Although this methedery economical and convenient
from both operational and delivery perspectivesrsgdvectors and litter are the concerns

related to this method.

Tanker Truck Application

Figure 2.18: Surface irrigation methods using tamkeck, Townsend et al., (2008)
» Surface Ponding: A temporary pond may be createtyusaste berms with the
aid of a geomembrane as presented in Figure 2.4 method is well adapted to
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delivering large quantities of leachate with exeellcoverage at the pre-cap stages. Once
the ponding is undertaken after full height hasnbesached, this method becomes most
effective. Depending on site specific consideratjaydors, vectors and litter may pose a

limited concern.

b -
Surface Ponds 1
1

Figure 2.19: Surface ponding (Infiltration pondsthod, Townsend (2008)
» Leach Fields and Trenches: Leach fields are atiami@f surface ponding where

leachate is delivered through well defined draingaghs (Figure 2.20). This method is

Leach Field
=) -

Trenches

GM—s

Figure 2.20: Leach Fields and Trenches for leacteatieculation, Townsend (2008)
adopted during the post-cap period. Generally,aregilar or square patterned leach

fields are placed beneath temporary or final cosgstems. Although problems with
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odors, vectors and litter may be controlled by thiscess, the injection rate is limited
and the implementation cost is normally high farsh systems.

= Shallow Trenches and Wells: Shallow wells penetratste mass beneath
temporary or final covers as shown in Figure 2ese wells are perforated and placed
at a spacing of 10-30 meters. The injection rat@nged but the injection cost is fairly
high. If gas removal is practiced, short circuitvig leachate in gas wells can be easily
occurred. Careful planning and experienced handsnaeded to facilitate with this

process. Odors, vectors and litters are completyrolled by this method.

Vertical Injection Wells &&= Horizontal
BE———— Trench

———

Figure 2.21: Shallow Trenches and wells, Towns200g)

The step-by-step installation procedure of the Ishalhorizontal trenches has been
discussed in a detailed study by Townsend (2008).éntire procedure can be illustrated

as in Figure 2.22.
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a Liner and Leachate Collection System g

Figure 2.22: Installation and application of ledehasing Shallow
Horizontal Trenches (Townsend, 2008)

» Deep Wells: Deep wells are installed throughoutwiaste mass. These wells are
perforated along the length of the pipe to fadiiteeachate injection. Coverage depends
upon well spacing that generally ranges from 20¥6@Care must be exercised to avoid
penetration of the bottom liner system to preverschate from going outside to the

natural stream. Normally, the elevations of thepdeells are near the bottom of the



landfill cell what cover less amount of waste imsithe landfill. For gas collection
purpose, shallow wells are the most preferable .oRes the City of Denton MSW
landfills, the leachate recirculation system is poised of a combination of deep wells

and shallow wells as shown in Figure 2.23.

1. Install Horizontal Trenches 2. Continue Installing
on Lower Lifts
o (] o [} o
[+ o <] o
50 —200 ft 151
[2) () (] -]
a Liner and Leachate Collection System a MSW
a Liner and Leachate Collection System a
3. Continue Installing 4. Recirculate Leachate
o [-] [-] o

{rﬁ o ‘((T\\ [-)
-] [+] o [+] [-] 5 !rT\\ . '{(T\\ 5

[-] o (+] o P
0 m ° !(T\}
g Liner and Leachate Collection System g
a Liner and Leachate Collection System a

4. Recirculate Leachate

o f(ﬁ, o ;(r\\
mocm
m ° ((1\\ °

Ei Liner and Leachate Collection System ii

Figure 2.23: Installation and application of leaehasing Deep Horizontal Trenches
(Townsend, 2008)

» Permeable Blanket: This is another recently dewesofechnology to facilitate
leachate injection inside the solid mass. From dbtiled study by Haydar & Khire
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(2006), permeable blankets as shown in Figure &&4&onstructed by laying a relatively
thin layer of permeable material having relativéligh hydraulic conductivity on a

horizontal or inclined waste surface in a landfifleotextiles placed directly above and
below the blanket separate the permeable mateoia the surrounding porous materials
e.g., soil, waste to prevent clogging of the blankde thickness of such blankets can
vary depending upon the material used like shredded, pea gravel, crushed glass,

geocomposite, drainage layer, etc._ and site-spel@sign and operational variables. A

Figure 2.24: Permeable bed consists of shreddeanid crushed glass in Polk County
Bioreactor Landfill (Townsend et al., 2008)

perforated pipe is embedded in the blanket in thaswerse or longitudinal direction
parallel to the shorter or longer plan view dimensof the blanket where leachate is
injected under a positive pressure. The relativdiyh hydraulic conductivity of the

blanket allows preferential travel of injected leate or liquids within the blanket and
wetting of the underlying waste as the injectecttede infiltrates. The aerial dimensions
and the shape of the permeable blanket can varendépy upon the leachate
recirculation needs, shape of the landfill celljatige contrast in the hydraulic
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conductivities of the blanket and underlying wasted leachate injection pressure or
leachate injection rates. Several key advantageemheable blankets over conventional
leachate recirculation methods are: excavation ebtev is not needed during the
construction of blanket, resulting in no odors; exrpeable blanket can substitute for
multiple horizontal trenches or vertical wells, ultsg in lower installation cost for an
equivalent design performance; relatively uniforistribution of injected leachate below
the permeable blanket, resulting in potential réidacin differential settlement and
related post closure maintenance costs; and peftend&ddnkets made up of granular
materials like pea gravel, crushed glass, to pewaid ideal platform to embed sensors for
monitoring the pressure, temperature, and othersipaly chemical, or biological
parameters associated with the migration of ingbtitpiids.

2.7 Landfill Gas Generation Models

There are two life stages in a landfill, its opergtstage, where municipal solid waste
(MSW) is being disposed of, and its closed stageere storage capacity is reached.
Operating landfills emit more CHthan closed landfills due to the majority of
degradation occurring in the first few years follogdisposal, with decreasing emission
rates with time after closure (Fourie and Morri®02;, Humer and Lechner, 1999a).

Following closure, a landfill continues to emit GH@ossibly for several hundreds of

years (Borjesson et al., 2004). The general trér@HG emissions from landfills can be

seen in Figure 2.25. Various independent theolledicd experimental studies suggest a
large variation of GHG generation from 1 ton of teasanging from 40 thto 250 ni

(Humer and Lechner, 1999a; Ayalon et al., 2000; ri&oget al., 1997; Themelis and
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Ulloa, 2006). This is understandable as LFG germras highly dependent on a variety

of factors, which are reported by Komilis et aR99a) and described in section 2.5.

3500
_______ Approximated landfill

closure

/ First year of waste
deposition in landfill
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: : %
o { |
e /
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Figure 2.25: General trend of GlEmission from landfills in their operating postslire
years using IPCC 1st order decay model (Lou & I2809)

The landfill gas can be estimated by using firsteordecay (FOD) in two phases.
In the first phase, the rate of generation keepmomasing till the peak is reached; later
on it keeps declining till the material is stalaiiz From the guidelines adopted by IPCC

(1996), the National GHG Inventories Default metreoti FOD methods are used to

estimate methane emission from MSW disposal sites.

2.7.1 Default Method

The default method was developed by Bingemer amtiz€n (1987) and it is still
being used in the revised IPCC (1996) guidelinesthes default methodology for
estimating methane emissions from solid waste dapsites. It is based upon the mass

balance approach. The equation used in this methiodbe shown as:
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Methane Generation (Gg/yr) = MSW MSW *MCF *DOC * DOCk *F * (16/12 - R) *
(1 - OX)
where,

MSWy = Total MSW generated (Gg/yr)

MSWe= Fraction of MSW disposed of at the disposal sild®e percentage of
70% is based on field investigative studies. Timeaiaing 30% is assumed to be lost due
to recycling, waste burning at source as well adigosal site, waste thrown into the
drains and waste not reaching the landfills duen&dficient solid waste management
systems.

MCF= Methane correction factor (fraction) that de@s upon the method of
disposal and depth available at landfills. The IRd&Cument indicated the value of 0.4 m
for open dumps .5 m depth and hence used for catiput

DOC= Degradable organic carbon (fraction). DOC teph is essential in
computing methane generation. It depends on theosition of waste and varies from
city to city. Equation to determine DOC values 40+ 0.17B + 0.15C + 0.3D

where,

A = Paper + rags
B = leaves + hay + straw
C = fruits and vegetables
D = wood
DOCGCe= Fraction DOC dissimilated. It is a portion of D@gat is converted to

LFG. The estimates are based on a theoretical ntloaeVaries only with the
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temperature in the anaerobic zone of a landfdl. sihe model is described as
0.014T+0.28, where T=temperature’® (Tabasaran, IPCC document 1996).

F= Fraction of methane in LFG (default is 0.5).

R= Recovered methane (Gg/yr).
OX= Oxidation factor (default is 0). It accounts the methane that is oxidized in the
upper layer of waste mass where oxygen is preSemdation may reduce the quantity of
methane generated that is ultimately emitted. H&wnevhere is no internationally
accepted factor and can be assumed as zero.
2.7.2 FOD Method

Kumar et al. described FOD as a time dependerdstom profile that reflects the
true pattern of the degradation process over tinie FOD method requires data on
current, as well as historic waste quantities, oositppn and disposal practices for
several decades. A modified approach is proposestenhthe biogas release is based on
FOD in a triangular form as shown in Figure 2.26geve the area of the triangle would
be equivalent to the gas released over the permoch fevery tonne of solid waste
deposited. In the absence of detailed data, tl@a @rolume of gas) is assumed to be
equal to the volume computed using the default oulogy. It is also assumed that the
degradation takes place in two phases. The figs@lstarts after 1 year of deposition and
the rate increases for 6 years. Thereafter thenslegbase starts when the gas generation
rate decreases and becomes zero after 15 yearsarBlesby Kumar et al. (2004)

compared methane emissions from solid waste ldndfihg these two methodologies.
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The values estimated using default methodology Warger compared to the values

estimated using the triangular methodology fromQL&81999.
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Figure 2.26: Triangular form for gas production
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Figure 2.27: Comparison of methane emission vs. ysiag both the default method and
triangular method by Kumar et al. (2004)

The assumption made in the default methodologhas, imethane emitted is the
same years from 1980 to 1999, which may not bast&al The values estimated using
triangular form gives more realistic value as thef is based on the assumption that the
gas generation follows triangular form and the kgeps on generating the next 15 years.

Every year the methane is generated due to theewlasgiosal in the past 15 years.
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CHAPTER 3
METHODOLOGY & FIELD STUDIES

3.1 Background & Site Description

3.1.1 Background

The city of Denton is the county seat of Denton @guTX in the United States.
Geographically, it is situated 40 miles (64 km) thoof the Oklahoma-Texas Border and
40 miles (64 km) northwest of Dallas. From 2000stendata, the population for the city
of Denton was 80,537 and the total population fa¢ Denton County was 432,976.
According to the July 2008 census, current poputatif Denton is 636554, making it the
207" largest city in the U.S and 93argest city in TX. The landfill footprint and the
present area of interest were shown in figuresaBd.3.2.

Arec of Interes
A== //"w' |

} L \I:I/ —

Figure 3.1: Landfill layout and area of interesity®f Denton, MSW Landfill)
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Figure 3.2: Area of interest in MSW landfill, Cio§ Denton, TX (using google eaftf)

3.1.2 Ste Description

The City of Denton Type | landfill received approwtely 300 tons/day of waste
in the past. It occupies almost 36.08 acres and peasitted by Texas Department of
Health Services in March, 1984. Later, a revisaungearea of 239.87 acres with a waste

footprint of 152 acres was approved in 1996. The @i Denton MSW Landfill started
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receiving municipal solid waste in 1984. From tlegibning stage, this landfill adopted

the conventional landfilling process for MSW. In02) this landfill initiated leachate

recirculation for the present working cell. Thesfitandfill cell was on the east section of

the current working cell and it was closed on 19%Bese two cells are completely

separate from each other.

3.2 Description of Leachate Recirculation System

The study area Cell 2 covered thirty six (36) iotenected horizontal pipes from

H1 to H36 at different elevations to collect latidfjas. On top of gas collection, these

pipes are extensively used for recirculation. Tipe pocations and line elevations are

presented in Table 1.

Table 3.1: Lateral pipes at current area of interes

Pipe | Location Elev. ft| Pipe | Location Elev. ft| Pipe | Location Elev. ft
H1 D+00 620 H13 L+50 605 H25 Q+00 590
H2 E+00 620 H14 M+00 620 H26 Q+50 610
H3 F+00 620 H15 M+50 605 H27 R+00 590
H4 F+60 605 H16 N+00 620 H28 R+00 620
H5 G+00 620 H17 N+50 605 H29 R+50 610
H6 H+50 605 H18 0+00 620 H30 S+00 59(
H7 H+60 605 H19 0+00 590 H31 S+50 609
H8 1+50 605 H20 O+50 605 H32 T+50 603
H9 J+20 620 H21 P+00 620 H33 U+50 603
H10 J+50 605 H22 P+00 590 H34 V+00 620
H11 K+50 605 H23 P+60 605 H35 W+00 620
H12 L+00 620 H24 Q+00 620 H36 W+50 620
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The interconnected gas collection system and ndaition system are presented in Figure

3.3.

Gas collectio pipe

Figure 3.3: Interconnected leachate recirculatinth @as collection system
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For the City of Denton MSW Landfill, subsurface t&yss have been adopted to
inject leachate inside the landfill. The horizongds collection pipes at different
locations as presented in Figure 3.4 have beeressitdly used as leachate recirculation
systems. These pipes have been utilized for gakectiohs as well as leachate
recirculation purposes. The injected leachate pate® through these pipes to the bottom
of the landfill. Later, the leachate is collectednm the leachate sump located on the
southern side of the current cell and pumped iht® leachate storage tank. Then,
leachate is resent back to different locationsdimshe landfill using different pipes from

the leachate storage tank.
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Figure 3.4: Plan and longitudinal section of thedfdl cell
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Figure 3.5: Leachate storage tank and pumpingost&€ity of Denton, MSW landfill)
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3.3 Step-by-step approach

The work flow chart for the current study is preteel in the Figure 3.6.

Baseline Study Using RI Tests

A 4

Leachate Recirculation Study
Using RI Tess

A 4 A 4

Determination of Influence Area Monitoring Gas Flow Rate
and Composition

A\ 4
Modeling of Gas Production based on
Wetted Area due to Leachate Recirculatipn

A 4
Compare Monitored Flow Rate|
to modeled Flow Rate

Figure 3.6: Work flow chart for the study.

3.4 Area Selected for this Study

The area under Cell 2 was divided into three afdesa A, Area B & Area C) as
shown in Figure 3.7. Due to the ongoing active féinty process, this study area was

confined to the leachate recirculation systemsemrieander Area A. Active landfilling
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was clesed in April 2009 for Area A, eptember 2009 for Area B and December 200¢
Area C. This study was imgtted from the beginning of M. 2009 and Area A was rdily
available for the field studies; but, later ondiaitudies were also conductedhe other

areas B and C. However, for this thesis our < was confined into Area A.
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Figure 3.7: Area of interest in Cell 2 (City of Den, MSW landill)
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The locations of the lateral pipes are shown inufgd.8.

Figure 3.8: Location of the lateral pipes from anéaterest

Area A covers a total footprint of 850 x 558 The height of the waste is 73 ft (from the

top to the bottom of the landfill). For the purpss# this study, Pipe H2, H6 and H7 are
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monitored starting May 2009. The locations and aiewns of pipes are presented in

Table 3.2.
Table 3.2: Locations of horizontal pipes under Afea
Pipe Location Elevation, f Pipe Location Flevation, ft
From bottom From bottom
H1 D+00 43 H6 H+50 28
H2 E+00 43 H7 H+60 28
H3 F+00 43 H8 1+50 28
H4 F+60 28 H9 J+20 43
H5 G+00 43 H10 J+50 28

3.5 Determination of Influence Area

Determination of the influence area due to leazhatirculation was the most
crucial part of this study. The preliminary assesstor the baseline study of the current
moisture distribution in the City of Denton’s lafiivas conducted by using Resistivity
Imaging (RI). The objective of the baseline invgations was to study the current areas

of moisture accumulation before leachate recirauhain the landfill.

3.5.1 Test Equipment

Resistivity Imaging was conducted using the SUPHRNS R8 IP meter. There
were 56 electrodes spaced at 6 ft intervals foofalhe tests. The test sections covered a
2D section of 330 m. The electrodes were conneettidthe cables and late attached to

the eight channel switch box. The switch box waechied to the resistivity meter. A 12V
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marine battery was used as the power source dthisngests. The entire resistivity test

procedure and the resistivity equipment used avevshin the Figure 3.9.

Figure 3.9: a. Installation of the electrodes &tgpacing, b. connection of the electrodes
with the cable, c. connection of the cables witltdwbox and the Resistivity meter, d.
sample test section, e. Resistivity meter (Supeg®R8 IP meter)
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3.5.2 Common Test Methods

There are several methods which can be adopteidsistivity Imaging.

=  Pole-Pole Method

The simplest array is one in which one of the auredectrodes and one of the potential
electrodes are placed so far away that they can cbesidered at infinity.
This array can actually be achieved for surveysmall overall dimensions when it is
possible to put the distant electrodes some peddtiistance away. For a survey in an
area of a few square meters, “infinity” can be lo@ order of a hundred meters. The error
can be less than 5% using this method. This me#i®al has a very strong signal and
good resolution; however, handling two electrodesomes difficult. The array layout is

presented in Figure 3.10 a.

=  Pole-Dipole Method

This array is used frequently in resistivity sunvgyand the spacing is usually described,
and taken, in integer multiples of the voltage etmte spacing “a” as shown in Figure
3.10 b. The error can be less than 5% using thihade This method also has a very

strong signal but has difficulty handling infinigfectrodes in the field.

= Wenner Method

The Wenner array is now seen to be a simple vaoatihe pole-dipole in which the
distant pole at infinity is brought in and all tkectrodes are given the same spacing, “a”,

as presented in Figure 3.10 c. This method hasehigsignal to noise ratio, excellent
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vertical resolution but poor lateral resolution.eTmethod cannot take advantage of a

multi-channel system; only single channel is useadig the testing.

AV
P.=2mn+NHa—
1A MN

(a) (b)

Figure 3.10: Different Imaging Methods (a) Poled”dlethod, (b) Pole-Dipole Method,
(c) Wenner Method, (d) Schlumberger Method andfpple-Dipole Method
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= Schlumberger Method

One of the first arrays used in the 1920’s and ptbular today is the Schlumberger
array, as shown in Figure 3.10 d. This method ry @milar to the Wenner array and
cannot take advantage of a multi-channel systemmause only single channel is used
during the testing. However, inverse Schlumbergay mse up to four channels. In a
Schlumberger sounding, the voltage electrodes swally kept small and fixed while

only the “s” spacing is changed.

= Dipole-Dipole Method

The dipole-dipole array is logistically the mostngenient in the field, especially for
large spacings. All the other arrays require sigaift lengths of wire to connect the
power supply and voltmeter to their respective teteles and these wires must be moved
for every change in spacing, as the array is eilx@anded for a sounding or moved
along a line. The convention for the dipole-dipaleay is shown in Figure 3.10. The
current and voltage spacing are the same, “a” tla@dpacing between them is an integer
multiple of “a”. This method has the best resolatlmut poor signal to noise ratio. This

array is excellent for multi-channel equipment.

The Dipole-Dipole (DD) method is best for the multiannel system and to
investigate large areas. Also, DD array can ddieth vertical and horizontal structures
and gives better resolution compared to other arrayherefore, considering its

advantages, Dipole-Dipole array was used for thieeotistudy.
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3.5.3 Basdine Sudy of PipeSH2, H6 and H7

The tests to determine the baseline conditionspipes H2, H6 and H7 were
conducted on 05/23/2009 and 05/29/2009. Theseseestons had 56 electrodes at 6 ft

spacing with a total length of 330 ft. The testliban has been shown in Figure 3.11.

N ]
Figure 3.11: Baseline study location for Area A
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3.6 Leachate Recirculation

To accelerate the decomposition of MSW, leachat@aulation was carried out
using the interconnected horizontal pipes as desdrin Section 3.2. The horizontal
pipes are connected together as shown in Figur2 &t attached with the leachate
storage tank shown in Figure 3.5. The effect oflaehate recirculation was watchfully
observed using RI tests at those sections preyiaisdied during the baseline study.
The leachate injected through the pipe went insidelandfill and seeped through the
solid waste through the perforations. The wastestom content increased due to the

injection of leachate, which presumably resulteghkr degradation rates for the MSW.

Figure 3.12: Interconnected leachate recirculgtipes in landfill
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Among the pipes on Area A, H2 and H7 have beeffopaimg efficiently in
leachate injection. Pipe H6 is a representativéhefnon-recirculating pipes. The total
injected leachate volume was recorded by City oftbe, MSW landfill authority and

was shared for this research purpose.

3.6.1 Leachate Recirculation through Pipe H2

The first day of leachate injection through theepid2 was May 8, 2009. Later,
2500 gallons of leachate was injected through the pl1 on 05/26/2009. Since the first
day of recirculation, this pipe had excellent parfance in injecting leachate on a regular

basis. The test location for pipe H2 is shown iguiFe 3.13.

e |
' |

/ 22/2009

Figure 3.13: Leachate recirculation study locabarpipe H2

Later, six vertical wells were placed into the tboand of the Area A to collect

landfill gas. Leachate recirculation was not faated through these wells. Leachate
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recirculation studies were also conducted throuigbse wells using RI tests. The

locations of the vertical are presented in Figudet3
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Figure 3.14: Leachate recirculation study locatlmough vertical wells for pipe H2

3.6.2 Leachate Recirculation through Pipe H7

The first day of leachate injection through theepH7 was February 5, 20009.
Since the first day of recirculation, this pipe weficient in leachate recirculation.
Initially it injected a high amount of leachate bater on, since August 2009, line H7 did
not deliver large volume of leachate. In this relggripe H7 was kept under rest in
October and December, 2009 whereas, in Novembd9 20 took an insignificant

amount of leachate. The test locations are predenteigure 3.15.
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Figure 3.15: Leachate recirculation study locabarpipe H7

3.7 Landfill Gas

Landfill gas data is comprised of gas composititata and gas flow rate data
from the landfill. Several tests were conductedsite to measure the flow rate and the

guantity of methane present in the LFG from Citypeinton MSW landfill.

3.7.1 Landfill Gas Composition

Gas composition is very significant data for theteed landfill gas. Generally, it
contains the percentage of readily available methaarbon dioxide, oxygen and other
trace gasses. The percentage of methane indicaitbev the present gas can be readily
useful to generate electricity through the generdtdhe percentage of methane is very
low, that gas cannot be used for electricity get@mabut must rather be burned through

the gas flare station, as shown in Figure 3.16.
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Figure 3.16: Landfill gas flare station, MSW LanliCity of Denton

Landfill gas composition data was recorded by DTieedgy starting January
2009, twice in every month. DTE Energy has deteealithe composition using gas
analyzer LANDTEC GEM 2000. In addition to the gasmposition data provided by
DTE energy, several gas composition tests were umad on site using gas analyzer

LANDTEC GEM 2000 present in Geo-environmental Latory at UTA.

3.7.2 Landfill Gas Volume

Landfill gas volume is also another very importgatrameter for the current
study. The total volume of generated gas was datedrfrom the gas flow rate collected
from each individual well head at the landfill. Slian to gas composition data, landfill
gas flow rate data were recorded by DTE EnergytistarJanuary 2009 for each

individual gas well. The gas flow rate was alsoorded from the flare station once in
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every month in order to determine the average tudalflow rate. All the gas pipes are
connected together, as shown in Figure 3.20. Thimected pipe was attached to the
flare station. In addition to the gas flow rateargrovided by DTE Energy, several tests

were conducted to measure the gas flow rate foptingose of this study.

Figure 3.17: Gas well head and connection pipe tdsvevell head

In order to measure landfill gas composition aad golume, LANDTEC GEM
2000 was employed. The GEM™2000 was designed byARBITEC specifically for
use on landfills to monitor landfill gas (LFG) exttion systems, flares, and migration
control systems. The GEM™2000 samples and anatieesethane, carbon dioxide and
oxygen content of landfill gas. The easy-to-readDL&creen shows the results as

percentages of C{CQO,, O, and balance gas. The GEM™2000 calculates andagspl
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gas flow rate using the built in flow meter. It @lmeasures and displays Btu content,

temperature (with optional probe), relative and @dpheric pressures and Chit LEL

(Lower Explosive Limit).

r

Figure 3.18: LANDTEC GEM 2000 used for landfill gstsidies

Several features and benefits of using LANDTC GEMQare:

- It provides automatic sampling and analysis of gasposition % by volume of
CH,, CO,, O, and balance gas, % LEL GHemperature (with optional probe), static
pressure, differential pressure, and barometricssune. Calculates gas flow rates
(SCFM) as well as Btu content.

- It provides onsite calibration. Rapid field calibom checking or adjustment can

be carried out on site.
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- It consists of ‘Infrared Gas Analyr’ that provides accurate measurements
methane (Cl) and carbon dioxide (().

- Durable Oxygen Sensor iprovided by the galvanic cell principle; it is r
influenced by other gases (i.e. 4, CO,, CO, SQ or H,S).

- It can displaymethane analysis as either % CH4 by volume or LE, during
Landfill Gas Analyzer Mode

- It can be used durii different weather conditions. It @designed to operate
extremes from 32°F to 104

- ltis a lightweight instrument (less than 5 Ibs) that be carried very easily int
landfills.
LANDTEC GEM 2000 provides fair accurate results in gas analyzing and gas
rate determinatianThe level of accuracy provided into the user manual is showr
Table 3.3.

Table 3.3: Typical acracy level for LANDTEC GEM 2000

GEM™2000 Typical Accuracy

% CHy by % COg by % 02 by
CONCENTRATION VOLUME VOLUME VOLUME
5% (LEL CH4) +0.3% +0.3% +1.0%
FULL SCALE +3.0%(70%)  +3.0%40%)  +1.0%(25%)
GEM™2000 Specifications
SENSOR RANGE RESOLUTION

Methane- CH4 0-70% 0.1%
Carbon Dioxide - CO2 0-40% 0.1%
Oxygen - 09 0-25% 0.1%
Pressures (diff) 0-10"W.C. 0.001" W.C.

(static) 0-100" W.C. 0.1"W.C.

Pump Flow Rate — 500 cc/min at nominal flow, 250 cc/min at 80" W.C.
Vacuum - Up to 80" W.C.
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3.8 Modeling of Gas Flow Rate

Gas generation rate is a function of many siteifipa@riables, including waste
generation rate, waste composition, climate, notrgvailability, and moisture content of
the waste. Mathematical and computer gas-yieldigied models considering these
variables are widely available but vary signifidgnh sophistication. Four parameters
must be known if gas production is to be estimagges: yield per unit weight of waste,
the lag time prior to gas production, the shapéheflifetime gas production curve, and

the duration of gas production.

Estimation of gas generation rate is very signiftda terms of gas collection and
control systems for a new landfill. According to Weource Performance Standards
(NSPS) and the Emission Guidelines (EG), the glisatmn and control system need to
be sized for the maximum flow rate in accordancth VidPA’s landfill gas generation
modeling equation, LandGEM (USEPA, 1997).

According to USEPA (1997), the total gas generafrom the landfill for each
year during either active period or closure persbwuld be calculated based on each
year’s waste mass and waste age to determine tlemoma expected gas generation
flow rate from the landfill. Then, the maximum amahgas generation rate can be found

by comparing each year’s amount of gas generation.
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3.8.1 First Order Kinetic Gas Generation Model
For a landfill with a constant or unknown yearygar solid waste acceptance
rate, the annual gas generation rate can be cdulsing EPA’s gas modeling equation

(USEPA, 1997),

where, Q= expected gas generation rate in thedar, fi/yr or mé/yr
Lo = methane generation potentiaf/lfi or n¥/Mg
My = constant or average annual solid waste acceptane, [b/yr, Mg/yr
k = Methane generation rate constarit, yr
t = Age of the landfill, yr
c = time since closure, yr (For active landfil@; hence, ° = 1)
According to different period of landfill operatisnit can be stated that,
For active landfill period,
Q=2 . Lo Mo (L85 et (3.2)
For closed landfill period,
Q=2 . Lo M. (€= 1) & e (3.3)

where, Q= expected gas generation rate in thgdar, ff/yr or ntyr
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Lo = methane generation potentiaf/lfi or n¥/Mg

My = constant or average annual solid waste acceptane, [b/yr, Mg/yr
k = Methane generation rate constarit, yr

t = Age of the landfill, yr

ty = total years of active period of landfill, yr.

According to USEPA (1997), the expected gas geioeraate from any waste mass, Mi,

in the {" year can be calculated by,
Q=2 . K. lg. M. € e (3.4)

where, (Q: = expected gas generation rate for waste magsindhe 1" year, fé/yr or

me/yr
Lo = methane generation potentiaf/lfi or n¥/Mg
M; = mass of solid waste filled in th year, Ib or Mg
k = Methane generation rate constarit, yr
t = Age of the waste mass, Nh the " year, yr

For a landfill with a known and changed year-torysaid waste acceptance rate,
annual gas generation rate can be calculated &R#gs modeling equation, (USEPA,

1997):
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Qr= Y 2. K.Lo Mi.(€7KY) i, (3.5)
where, Q= expected gas generation rate in thgear, fi/yr or nf/yr

Lo = methane generation potentiaf/If or n/Mg

M; = mass of solid waste filled in th year, Ib or Mg

k = Methane generation rate constant, yr

t = Age of the landfill, yr

ty = total years of active period of landfill, yr.

3.8.2 Model Parameters

The Landfill Gas Emissions Model (LandGEM) is artaaiated estimation tool
with a Microsoft Excel interface that can be usedestimate emission rates for total
landfill gas, methane, carbon dioxide, nonmethagaric compounds, and individual air
pollutants from municipal solid waste landfills. AGGEM can use either site-specific
data to estimate emissions or default parameters #ite-specific data are available. The
model contains two sets of default parameters, @afaults and inventory defaults. The
CAA defaults are based on federal regulations f@Wilandfills laid out by the Clean
Air Act (CAA) and can be used for determining whestla landfill is subject to the
control requirements of these regulations. Thentwg defaults are based on emission
factors in EPA’'s Compilation of Air Pollutant Emise Factors (AP-42) and can be used
to generate emission estimates for use in emissieentories and air permits in the

absence of site-specific test data. LandGEM is lyideed to determine if a landfill is
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subject to the control requirements of the fedé&talw Source Performance Standards
(NSPS) for new MSW landfills, the federal Emissi@aidelines (EG) for existing MSW
landfills, or the National Emission Standards f@zidrdous Air Pollutants (NESHAP) for
MSW.

Clean Air Act (CAA) Defaults:

The CAA defaults are based on requirements for M8kdfills laid out by the
Clean Air Act (CAA), including the New Source Pearftance Standards (NSPS) or
federal Emissions Guideline (EG) and National EmissStandards for Hazardous Air
Pollutants (NESHAP). This set of default parametgields conservative emission
estimates and can be used for determining whetHandfill is subject to the control
requirements of the NSPS/EG or NESHAP.

Inventory Defaults:

With the exception of wet landfill defaults, thevemtory defaults are based on
emission factors in the U.S. Environmental Protecihgency’'s (USEPA) Compilation
of Air Pollutant Emission Factors (AP-42). This sétdefaults yields average emissions
and can be used to generate emission estimataséom emission inventories and air
permits in the absence of site-specific test data.

Determination of Model Parameters:
Several model parameters associated with LandGENsfollows:
* Methane generation rate (k),
» Potential methane generation capacity),(L

« NMOC concentration, and
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« Methane content.

Methane Generation Rate, (k)

It determines the rate of methane generation femtlass of waste in the landfill.

The higher the value of k, the faster the methagseerntion rate increases and then

decays over time. The value of k is primarily adtion of four factors:

a. Moisture content of the waste mass,

b. Availability of the nutrients for microorganismsathbreak down the waste to

form methane and carbon dioxide,

c. pH of the waste mass, and

d. Temperature of the waste mass.

The k value, as it is used in the first-orderaeposition rate equation, is in units

of year'. The five k values used by LandGEM are shown ibl&@a3.4. USEPA

considered ‘arid area landfills’ are those locatedreas that receive less than 25 inches

of rainfall per year. The default k value is the £R value for conventional landfills.

Table 3.4: Values of Methane Generation rate (YEBA (1997)

Default Type Landfill Type k value ()
CAA Conventional 0.05 (default)
CAA Arid Area 0.02

Inventory Conventional 0.04
Inventory Arid area 0.02
Inventory Wet (Bioreactor) 0.7
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The Potential Methane Generation Capacity, (Lo)

L, depends only on the type and composition of walsteep in the landfill. The
higher the cellulose content of the waste, the dnighe value of Lo. The default Lo
values used by LandGEM are representative of MSKeé. o value, as it is used in the
first-order decomposition rate equation, is measumemetric units of cubic meters per
megagram to be consistent with the CAA. The fiveMatues used by LandGEM are
shown in Table 3.5. The default Lo value is the ClAcAvalue for conventional landfills.

Table 3.5: Values for the potential Methane GemanaCapacity (), USEPA (1997)

Emission Type Landfill Type dvalue (M/Mg)
CAA Conventional 170 (default)
CAA Arid Area 170

Inventory Conventional 100
Inventory Arid area 100
Inventory Wet (Bioreactor) 96

Nonmethane Organic Compound Concentration (NMOC)

The NMOC in landfill gas is a function of the typeswaste in the landfill and
the extent of the reactions that produce varioumpmunds from the anaerobic
decomposition of waste. NMOC is measured in unitpasts per million by volume
(ppmv) and is used by LandGEM only when NMOC eroissiare being estimated. The
NMOC Concentration for the CAA default is 4,000 ppras hexane. The NMOC
Concentration for the inventory default is 600 ppmliere co-disposal of hazardous
waste either has not occurred or is unknown an@®@pgpbmv where co-disposal of
hazardous waste has occurred.
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CHAPTER 4
RESULTS & DISCUSSION

4.1 Leachate Recirculation Influence Area

Influence area due to leachate recirculation weerchined using RI tests for the
Area A of the current working cell 2. RI tests we@nducted generally after 1 day of
leachate recirculation to determine the influenasaalnitially Rl tests were performed
after every 24 hours of recirculation. From thossttresults, the extents of the
recirculation were found maximum after one dayedfinculation. After 24 hours, waste
absorbed moisture supplied by recirculation. Fat tteason, RI tests were performed
after 24 hours of recirculation. The leachate mdation influence area was compared
with the baseline test area, and thus the amoutieoivetted solid waste was determined.
In this section, Pipe H2 and H7 will be discussedthe leachate recirculation study

purpose.

4.1.1 Leachate Recirculation Study for Pipe H2

The leachate was injected through pipe H2 at exgatervals starting May 2009.
The pipe is located on the grid line E+00 and thptll of the pipe was approximately 30
ft from the top of the surface. Initially, to evate the performance of the pipe, RI tests
were conducted across the pipe. There were seReérasts conducted on the pipe H2

after the leachate recirculation.
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[3aph (m}

Depth (m)

Baseline test result: The baseline test was coedum May 22, 2009 and the test

result is presented in Figure 4.1. The lower the-oh value, the wetter the area.

Thus, blue indicates the wetter area of influence.
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Figure 4.1: Baseline test result for pipe H2 or2@52009
» Recirculation test result: Leachate recirculatiesttresults are shown in the
Figures 4.2, 4.3, 4.4 and 4.5 for pipe H2. Pipetdifiipe H4 were covered during
the baseline study. But, the section was shiftegitds the right of the initial lines
during recirculation studies to focus area undpe pi2 to pipe H5. The resistivity
numbers would be lower as an effect of the leachat®culation into the waste
mass. The influence zone increased from FigurggtHigure 4.2, slightly from
Figure 4.2 to Figure 4.3 and slightly again frorgu¥e 4.3 to Figure 4.4.
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Figure 4.2: Recirculation test result for pipe HR2%29/2009
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0.0 - - - a— . b i 2
oa o —
10.4 I'_'_!_',_;__.___i' 3 © ns
15.6 - Influence Zone C H4
= Iteration =8 RMS=215% L2=049 Electrode Spacing = 1.83m

Figure 4.3: Recirculation test result for pipe H2826/2009
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Figure 4.4: Recirculation test result for pipe H209/26/2009
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Figure 4.5: Recirculation test result for pipe HR21®/02/2009
» |Influence Area: The influence area due to the lasehrecirculation was

determined based on the RI test results conductethea pipe section. The

influence area has been drawn using RI test reasiltshown in Figure 4.6.
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Figure 4.6: Influence area from leachate reciremfatising RI for pipe H2
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The effects of moisture intrusion have been modé&ieah the RI test results conducted

for pipe H2 as presented to the Figure 4.7.

Influence after June 20

Area assumed to be wet * Area supposed to be wetted

Influence afte Decembe

-

Figure 4.7: Increase of the influence area frorcHage recirculation for Pipe H2
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4.1.2 Leachate Recirculation Study for Pipe H7

The leachate was injected through pipe H7 at ezguitervals from June 05,
2009. The pipe is located on the grid line H+60 dhd depth of the pipe was
approximately 45 ft from the top of the surfaceeTepth from the pipe to the bottom of

the landfill is approximately 28 ft. The horizonf@pe H6 was 10 ft away from pipe H7

with the same elevation.

» Baseline test result: The baseline test was corduoch May 29, 2009 at the

center section shown in Figure 3.11. The test tésghown in Figure 4.8.

88 93  Olmm
L . 155
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=
=
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Elovation {m)
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I g | 3,
{ Hg -49
¥ F 100

b =L
.
L :

4.0

L lteration=8 RMS=1233% L2=060 Electrode Spacing:J.SEm-.
Figure 4.8: Baseline test result for pipe H7 or2@52009

From the baseline test result, the resistivity neralobtained were fairly low at different
regions. During that period active landfilling wemegoing at that location. Pipes 7 and 8

were first pumped on February 2009. Due to theHhate recirculation, the resistivity

numbers were fairly low for those regions.

=  Recirculation test result: Leachate recirculati@sttresults are shown in the

Figures 4.9 to 4.11 for pipe H7. The locationsh# tests were shown in Figure

3.18.
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Electrode Spacing = 3.66 m

Iteration =8 RMS = 3.08% L2=0.98

Figure 4.9: Recirculation test result for pipe H¥08/26/2009
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Figure 4.10: Recirculation test result for pipe &{v09/26/2009
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Figure 4.11: Recirculation test result for pipe &{¥10/28/2009

The recirculation test results for pipe H7 are atswmilar to those of pipe H2. The
influence area is increasing for pipe H7 as anceféé recirculation and the resistivity

number is very low at those locations.

» Influence Area: The influence area due to the latchrecirculation was
determined based from the RI test results conduatethe pipe section. The

influence area has been redrawn using RI testteeasilshown in Figure 4.12.
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Figure 4.12: Influence area from leiate recirculation using RI forige H7

The effects of moisture intrusion have been modetsrding to thiFigure 4.13.
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Figure 4.13: Increase of the influence arom leachate rexculation for fipe H7
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4.2 Non Recirculation Influence Area

Pipe H6 was a representative for the non recirargbipes. The Influence area

under pipe H6 has been described in the followaadisn.

4.2.1 Influence Zone beneath Pipe H6

Pipe H6 covers a total width of 80 ft and it isdted 45 ft below the top of the
landfill. Pipe H7, which is in fact a leachate reaiation pipe at the same elevation of
pipe H6, is located just 10 ft away from pipe H®&wWS, the gas generation for pipe H6
may be influenced by the recirculation conductegipé H7. The longitudinal and cross

sections for the pipe H6 are shown in Figure 4.14.

164'-10" 200" 263-1"

k 780" )‘,‘7

800"
450"
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106"
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Il

800"

Figure: 4.14: Influence area under pipe H6
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4.3 Recirculated Leachate Volume

Leachate was frequently recirculated starting M@ The amount of leachate

pumped through the horizontal pipes was carefidlyorded and the effect of leachate

recirculation was carefully monitored over a peraddime. For this study, pipes H2 and

H7 were under consideration for leachate recirautastudies. Table 4.1 represents the

total volume of leachate recirculated through défe pipes through December 20009.

Table 4.1: Amount of leachate injected through zmmtal pipes (City of Denton landfill)

Month

Jan’09
Feb’09
Mar'09
Apr'09
May’'09
Jun’09
Jul'09
Aug’09
Sep’'09
Oct’'09
Nov'09
Dec’09
Total

Recirculated leachate volume in individual pipes|(m)

H1 H2

11847

**

7508
14061
10154
10082
36204
20034
18247
11847 | 116290

H3 H4 H5 H7

- 30 = 12065

- - - 7895

- 45 - -
2387 x - -
10145 16542 6882
10007 9903 1069
5518 5095/ 1094
34327 19114 =
37417 27886 1314
14936 5678 =
114737 75 8421¢ 30319

H8

8500

8365

9383
1090
1273

1512

30123

H10

4540
11422

10089
10177
10383
29558
10514
11100
97783

** H1 and H4 were reported out of service due td bap and pinched respectively.

4.4 Gas Composition

Landfill gas composition is a very significant indior that denotes the

percentage of methane, carbon dioxide, oxygen #mer ¢race gases present in landfill

gas. The amount of carbon dioxide (§@ greater at the beginning; it decreases with
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time due to the presence of oxygen)(ihside the landfill, whereas the amount of

methane (Ch) increases with respect to time.

4.4.1 Gas Composition for Recirculation Pipes H2 and H7

Leachate recirculation started at the beginningefruary, 2009 at pipe H7 and
May, 2009 at pipe H2. The gas composition testltgsstarting from January 2009, for

pipe H2 and pipe H7 have been presented in TaBlartd Table 4.3 respectively.

Table 4.2: Gas composition test results for pipe H2

Test Conducted Time %GH
1/6/2009 0 53.8
1/9/2009 3 52.8
2/9/2009 34 56.8

3/20/2009 73 55.2
3/26/2009 79 37.4
4/6/2009 90 56
5/12/2009 126 28.7
5/18/2009 132 39.8
5/22/2009 136 55.4
6/3/2009 148 55.4
6/16/2009 161 55.1
6/18/2009 163 55.2
7/29/2009 204 47.6
8/5/2009 214 47
8/6/2009 215 56.5
8/19/2009 228 53.7
9/4/2009 244 56.4
9/23/2009 263 39.7
10/16/2009 286 54
10/22/2009 292 449
11/12/2009 307 58.2
12/3/2009 328 56.9
12/18/2009 343 38.2

12/21/2009 346 57.4
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Table 4.3: Gas composition test result for pipe H7

Test Conducted Time %GH
1/6/2009 0 57.8
1/9/2009 3 56.1
2/9/2009 34 47.3

3/20/2009 73 39.9
3/26/2009 79 55.5
4/6/2009 90 42.8
5/22/2009 136 53.2
6/3/2009 148 43
6/5/2009 150 43
6/10/2009 155 51.4
6/16/2009 161 54.8
6/18/2009 163 54.8
8/5/2009 214 45.5
8/6/2009 215 56.9
8/19/2009 228 57.2
9/28/2009 268 57.1
10/22/2009 292 53.2
11/12/2009 307 54.4
12/18/2009 343 46.3

4.4.2 Gas Composition for Non-Recirculation Pipe H6

Pipe H6 was considered as a pipe without theenfte of leachate injection. The
gas composition tests started from January 200%hfsrpipe as well. The test result are

represented in Table 4.4.
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Table 4.4: Gas composition test result for pipe H6

Test Conducted Time %GH
1/6/2009 0 16.8
1/9/2009 3 45.7
2/9/2009 34 15

3/20/2009 73 53.2
3/26/2009 79 54.1
4/6/2009 90 46.6
5/22/2009 136 54.8
6/3/2009 148 44.6
6/10/2009 155 51.5
6/16/2009 161 55.6
6/18/2009 163 45.6
8/5/2009 214 48
8/6/2009 215 54.4
8/19/2009 228 51.7
9/28/2009 268 53.6
10/16/2009 286 56.2
10/22/2009 292 53.3
11/12/2009 307 54.8
12/18/2009 343 45.9

4.4.3 Change in Gas Composition with Time:

Methane is the prime consideration from the gaspmmition data. The higher the
concentration of methane, the better it is for poweneration. For both leachate
recirculation pipes and non-leachate recirculapgres, the changes in gas composition
with respect to time are quite comprehensible. nFitbe field test data for the gas
composition, there is an understandable relatigngihesent between gas composition
and leachate recirculation. The percentage of metlatong with the rate of degradation
increases with leachate recirculation. The inflgeatrecirculation is quite evident from

Figures 4.15 and 4.17.
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Figure 4.15: Methane concentration for pipe H2
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Figure 4.16: Methane concentration for pipe H7
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Figure 4.17: Methane concentration for pipe H6

4.5 Gas Flow Rate

The landfill gas flow rate is another importantgraeter. In general, the gas flow
data can be obtained from the individual gas wadisg the gas analyzer or from the
landfill power generation station where landfillsga converted into electricity. Gas flow
rate data is directly linked to the level of decasifion of the solid waste in the landfill.
In general, with the aid of leachate recirculatitre rate of solid waste decomposition

increases, resulting in a higher gas flow rate.
4.5.1 Gas Flow Rate for Pipeswith Leachate Recirculation

Pipe H2 and H7 were the two pipes considered Her leachate recirculation

studies. Pipes H2 and H7 were used for leachatstiop starting early 2009. The
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leachate injection data and the gas flow rate fitatpipe H2 and H7 are shown in Table

4.5 and Table 4.6, respectively.

Table 4.5: Gas flow rate and leachate recirculatiaa for pipe H2

Date Time Flowé SQFM Date Time | Leachate Injected
(days) (ft°/min) (days) (gallon)
1/6/2009 0 9 - - -
1/9/2009 3 13 - - -
2/9/2009 34 12 - - -
3/20/2009 73 24 i - -
4/6/2009 90 38 ) - -

- - - 5/8/2008 =~ 122 5008
5/12/2009 126 14 . - -

- - - 5/26/2009 140 2500
6/3/2009 148 16 - - -
6/5/2009 150 8 - - -
6/10/2009 155 8 - - -
6/16/2009 161 9 - - -
6/18/2009 163 8 - - -

- - - 7/9/2009 184 4010

- - - 7/20/2009 195 5045

- - - 7/28/2009 203 5006
8/6/2009 215 2 - - -

8/13/2009 219 5003
8/19/2009 228 8 - - -

- - - 8/25/2009 231 5151
9/4/2009 244 11 - - -
9/23/2009 263 11 9/15/2009 252 3633

- - - 9/17/2009 254 1439
9/23/2009 263 11 - - -

- - - 9/25/2009 262 5010

- - - 10/8/2009 275 10006

- - - 10/15/2009 282 10019
10/16/2009 286 17 - - -
10/22/2009 292 26 -

- - - 10/28/2009 295 10170
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Table 4.5 — continued

Date

11/12/2009

12/3/2009

12/18/2009
12/21/2009

Time Flow, SCFM

(days) (ft*/min)
307 15
328 9

343 15
346 8

Time
Date (days)
10/29/2009 296

11/18/2009| 316
11/19/2009 317
12/4/2009 332

12/23/2009, 351

Leachate Injected
(gallon)

6009

9681

10353

11603

6644

1. SCFM is ‘Standard Cubic Feet per Minute’, volumetfiow rate of a gas

corrected to standardized condition of temperafuessure & relative humidity.

2. 5/8/2009 is the first day of leachate recirculationpipe H2.

Table 4.6: Gas flow rate and leachate recirculatiata for Pipe H7

Date

1/6/2009
1/9/2009

2/9/2009

3/20/2009
5/22/2009
6/3/2009
6/5/2009
6/10/2009
6/16/2009
6/18/2009

8/6/2009

Time (days)

0
3

34

73

136
148

150
155
161
163

215

Flow,
SCFM
(ft3/min)

20
18

17

82
21
16
18
11
18
10

11
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Date Time (days)
2/5/2009 30
2/27/2009 52
3/18/2009 71
7/22/2009 197
7/30/2009 205
8/13/2009 219

Leachate
Injected
(gallon)

10000

2065
7895



Table 4.6 — continued

Flow, Leachate

Date Time (days) SCFM Date Time (days) Injected

(ft¥/min) (gallon)
8/19/2009 228 7 - - -

- = - 9/17/2009 254 1094

9/28/2009 268 33 - - -
10/22/2009 292 21 - - -
11/12/2009 307 13 - - -

- - - 11/19/2009 316 1314
12/18/2009 343 17 - - -

1. SCFM is ‘Standard Cubic Feet per Minute’, volunetfiow rate of a gas
corrected to standardized condition of temperafuessure & relative humidity.

2. 2/5/2009 is the first day of leachate recirculationpipe H7.

4.5.2 Gas Flow Rate for Pipes without Leachate Recirculation

Pipe H6 was the pipe considered for the non-ldgachecirculation studies. The

gas flow rate data for pipe H6 is shown in Tablé 4.

Table 4.7: Gas flow rate data for Pipe H6

. Flow, SCFM
Date Time (days) (ft%/min)

1/9/2009 3 13
2/9/2009 34 15
3/20/2009 73 6
3/26/2009 79 13
4/6/2009 90 22
5/22/2009 136 15
6/3/2009 148 16
6/10/2009 155 14
6/16/2009 161 17
6/18/2009 163 11
8/19/2009 228 11

9/28/2009 268 8
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Table 4.7 — continued

. Flow, SCFM
Date Time (days) (ft%/min)
10/16/2009 286 16
10/22/2009 292 10
11/12/2009 307 20
12/18/2009 343 12

1. SCFM is ‘Standard Cubic Feet per Minute’, volumetfiow rate of a gas

corrected to standardized condition of temperafuessure & relative humidity.

4.5.3 Change in Gas Flow Rate with Time

For both, leachate recirculation pipes and nonHate recirculation pipes, the
changes in gas flow rate with respect to time anéeqcomprehensible. From the field
test data for the gas flow rate, there is an undedsble relationship of gas flow rate
with leachate recirculation. The influence is quéedent from Figures 4.18 to4.20.
Initially, before the recirculation the gas flowtedas low for both the pipes. But, the flow
rate increases significantly due to the leachatea@ation. The gas flow rate increases
significantly with time flowing by a lag phase ob 20 30 days at the initial phase of
recirculation. But, the flow rate also drops dowith the additional leachate injection as
occurred for pipe H7. The flow rate behaves sirildor both pipes, H2 and H7 as

presented in Figures 4.18 and 4.19.
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Figure 4.19: Change in gas flow rate with timeggre H7

100

Leachate recirculated volume (gallon)

Recirculated leachate (gallon)



——Gas flow rate

z 20 A 1 N
0 I A VR
@ 15 A Y f
©
Yy A
O 5 .
0 T T T T 1
0 100 200 300 400 500
Time (days)

Figure 4.20: Change in gas flow rate with timeggre H6

4.6 Modeled (Predicted) Gas Flow Rate

The City of Denton MSW landfill started acceptingid waste in 1984. At the
beginning, solid waste was placed inside cell @l two was started in January 1999
once cell one was closed. Cell two reached to eeasieight in September 2009, and cell
two has been closed. Cell two was in an active @fasthe entire ten years from 1999 to
2009. Initially this cell used conventional lantifiy. Later on, bioreactor operation
started in May 2009. This study was carried ouhlie information provided by City of

Denton MSW authority.
The parameters assumed for the model to deterneinergted gas from pipe H2 are:

Methane generation potential, £ 2.5 ff/lb (recommended by CAA)
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The first order reaction rate constant for dry,del: 0.05 yr* (recommended by

CAA)

The first order reaction rate constant for wet,delt 0.23 yit (recommended by

CAA)

With the geometry specified earlier, the gas flaterwas modeled for pipe H2,

H7 and H6. The predicted gas flow rate has beandtdal as shown:

Table 4.8: Predicted gas flow rate for Pipe H2

Q (ft’/min)
- Partially wet
Time vear Dry up to pipe = Wet up to pipe| and rest of the
part dry
June, 2009 10.5 21.765 32.735 22.420
July, 2009 10.583 21.674 32.114 22.885
August, 2009 10.667 21.584 31.504 23.312
September, 200¢ 10.75 21.494 30.906 23.702
October, 2009 10.833 21.405 30.319 24.057
November, 2009 10.916 21.316 29.743 24.377
December, 2009 11 21.227 29.179 24.664

The modeled flow rate has been shown in Figurek d@n2l 4.22 for pipe H2, Figures 4.23
for pipe H7 and Figure 4.24 for pipe H6. Waste ughie pipes was considered for the
modeling of the gas flow rate. The movement of nethane is upward and the waste
located top of the pipe would not be collectedhmy pipe. So, foe modeling purpose three
conditions were considered as: waste is completiely up to the pipe, waste is
completely wet up to the pipe, partially wet ane ttemaining portion is dry. The

modeled flow rate for pipe H2 is presented in Fegu4.21 and 4.22.
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Figure 4.21: Modeled gas flow rate for pipe H2 riatg from 1999)
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Figure 4.22: Modeled gas flow rate for pipe H2 ifrdune 2009 to December 2009)
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Table: 4.9: Predicted gas flow rate for Pipe H7

Time Year
June, 2009 10.5
July, 2009 10.583

August, 2009 10.667
September, 200€ 10.75

October, 2009 10.833
November, 2009 10.916
December, 2009 11

——Dry upto pipe —=—\Wet upto pipe

Q (ft*/min)
Partially wet

Dry up to pipe ' Wet up to pipe and rest of the
part dry

12.376 23.346 14.032
12.285 22.725 14.496

12.195 22.115 14.923
12.105 21.930 15.313

12.015 21.517 15.668
11.927 21.355 15.988

11.838 20.790 16.275

Modeled flow rate

N
a1

[
a1

L 4
L 4
4

[
o

¢
X 3

Gas flow rate (cfm)

a1

o

10.4 10.5

10.6

10.7 10.8 10.9 11 11.1
Time (years)

Figure 4.23: Modeled gas flow rate for pipe H7
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Table 4.10: Predicted gas flow rate for Pipe H6

. Q (ft*/min)

Time vear Dry up to pipe = Wet up to pipe Actual gas flow
June, 2009 10.5 13.139 20.200 13.139
July, 2009 10.583 13.085 19.833 13.085

August, 2009 10.667 13.030 19.473 13.030
September, 200¢ 10.75 12.976 19.119 12.976

October, 2009 10.833 12.922 18.772 12.922
November, 2009 10.916 12.869 18.431 12.869
December, 200S 11 12.815 18.096 12.815

The gas flow rate data are plotted for the dry, avet model flow rate. The curves can be

shown in Figure 4.24.

Modeled flow rate =—#=Upto Pipe dry —#=Upto the Pipe Wet

25
) — ———
£ 15
’; ¢ —r—t— * < ———>
L2 10
0
@
O 5
O T T T T T T 1
104 10.5 10.6 10.7 10.8 10.9 11 11.1

Time (years)

Figure 4.24: Gas flow rate for fully dry, fully wahd modeled flow rate for pipe H6
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4.7 Comparison between Actual & Modeled (Predictéd$ Flow Rate

The modeled gas flow rates are compared with theabkdield flow rate to
determine the efficiency of the gas collection egstand the efficiency of the leachate
recirculation system. In general, the field flovterahould be less than the predicted gas

flow rate due to the collection efficiency beingdehan 100%.
4.7.1 Comparison of the Modeled (Predicted) Gas Flow Rate

The predicted gas flow rate data have been cordzare presented in Figure 4.25

for the study period starting from June 2010 toddelser 2010 for the pipes H2, H7 and

H6.
=—Pipe H2 =—Pipe H7 Pipe H6
30
o
@ 20
©
S 15 ——a—a—a—a—a—18
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Q o S o) N o Q Q o
Q N & N — N N N N
3 S 5 3 'g 2 e Qo T
s S > =) ) £ e >
2 ) 13} ) @ =
o
o O 3 ) =
()] pd 0o
Month

Figure 4.25: Comparison of modeled flow rates ipedi2, H7 and H6
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From the predicted gas flow rate data for pipesaH@ H7, it is evident that tt
flow rate increases with the addition of leachat® ithe waste mass. The gas flow |
from pipe H2 is higher comped to pipes H7 and H6. The quantity of solid we
covered by pipe H2 is more than the waste under gifYeand H6. Pipe H7 covered le
amount of waste comparing to the pipe H6. Due #® ititrusion of the additioni
moisture in pipe H7, the gas generation rate besomegher comparing to pipe
whereas pe H6 has always been a -recirculating pipe. The movement of the lines
H2 and H7 are upwargyoviding increased s generation potential whexethe line for

pipe H7 moves downward with the progression of 1

4.7.2 Comparison between Field and Predicted Gas Flow Rate

a. Pipe H2: The modeled (predicted) gas flow das lbeen compared with t
field flow rate data in Fige 4.26to check the efficiency of the recirculation ands

collection system for pipe H

E Dry Upto Pipt

® Wet Upto Pip

Flow rate (cfm)

Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Nov-09 Dec-09
Time (month)

Figure 4.5. Comparison of gas flow rates for pipe H2
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The field flow rate is presented in the tabulamfan Table 4.6. The field flow
rate has been considered with the average of gtedsults for every month during the
study period. The field flow rate varies with resp® time depending upon the amount
of leachate recirculated into the pipes. Initighe field flow rate was low (around 10
ft*/min). But, with the presence of the additional staie, the biodegradation became
rapid that resulted higher gas generation rate.inguOctober 2009, nearly 36,000
gallons of leachate was injected through the H2aAssult of the recirculation, the field
flow rate eventually went up to 26%fnin (average 22 ¥min for October 2009). The

modeled flow rate and the field flow rate are preed into Figure 4.27.

=o—Modeled flow rate ® Field flow rate
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Figure 4.27: Comparison of modeled and field gaw flates for pipe H2
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From the comparison between the actual flow ratethe modeled flow rate, tt
efficiency of the gas collection systems can beemeined for monthl basis. The

comparison is presented in Figure 4.28 for pipe

Collection Efficiency for H2
Collection FEtficiency for H2

2.50
2.00
—Q ( ) 1.50
o L 4
~ e e
U.50 = = - -
- - 2
 d
= > = = = =N =2 =3 =
= > = S =3 = = = =
] IS st -1 I = = = =
= ) = = = e o
= = = = & o o o [
= = - an = = = = <
= = = = = =
=~ = ~ o o =
72] = o

Time (months

Figure 4.28: Comparison of field flow rate and peeedd flow rate for pipe H

b. Pipe H7: The modeled (predicted) gas flow cis compared with the fiel
flow rate data to lteck the efficiency of the recirculation and galextion system fo

pipe H7 in Figure 4.29.
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Figure 4.®: Comparison of gas flow rates for pipe H7

The trend of the model flow rate for pipe H7 also resembles with the tréod
pipe H2. Leachate was first recirculated in pipe in February 2010. Gas generat
increased due to the presence of additional meishside the landfill. At the beginnir
the flow rate was lowbut with the addition of leachate the flow rate reasec
significantly. There was no additional leachateeatgd from April 2009 to June 20
into the pipe H7. As a result of that, the flowerand pecentage of methane dropj
during June. Initidy the flow rate was around 14%min but, with the injection c
additional leachate on July 2009 and August 20B6ret was a rise in gas flow ra
Later, this pipe was kept resting from leachate reciremtaand as a res, flow rate
again droppedgignificantly. This pipe took good amount of leatehrom the beginnin
of recirculation, but laterit refused to take high volume of leachate indiden August

2009. For this reason, this pipe has been kepingestr several months. T modeled
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flow rate and the field flow rate he been presented into Figu4e30 for pipe H and the

ratio has been presented in Figurel.

—=o—Modeled flow rate = Field flow rate

35 .
—~ 30
E
o 25
)
T 20 =
= - H—d——‘__"
B 15 A .
%]
s 10
(D | ]
5
0 T T T ml T T 1
=X o o o o)) o o
& & 8 8 & 8§ g8 g 8
N N Q I\ o ~ N N
g £ % % 2 & 5 8 §
S .—3, m o = @] e e -}
<:E ) ° o O %
o O 3 o -
wn Z 0O
Month

Figure 4.30 Comparison of modeled and field gas flow rategipe H’
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Figure 4.31 Comparisorof field flow rate and predicted flow rate for pip&
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c. Pipe H6The field flow rate and the modeled flow rate floe inor-recirculating

pipe are compareoresenten Figure 4.32.

40
35
30
£ Dry Upto Pipt
o5 yup p
&2 Wet Upto Pip
20 -

i Modeled Flow

15 - Rate

Gas flow rate (cfm)

10 -

Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Nov-09 Dec-09
Time (month)

Figure 4.2: Comparison of gas flow rates for pipe H6

The field flow ratewas considered with the average of the test resultedary
month during the study period. Leachate was neeeraulated through this pipe. T
elevation of pipe HG6s sameasthe elevation of pipe H7 and these two are jusfetd
apart from each other. During the initial stages, filkld flow rate for pipe H6 wearound
13 ff/min. As there was no additional moisture added this pipt, the gas flow ra
decreasecaeventually with respect ttime, which is expected to happéor traditional
landfilling operation. Howeer, leachate was fregntly recirculated througpipe H7,

which is very close to pipe H6. From April 2009 Jone 200, there was no leacha
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recirculation carried out for pipe H7. So, the ploidisy of the lateral movement of
leachate was almost zero. However, once leacheiteutation was started in July 2009,
the change in field flow rate for pipe H6 is alaatg clear. The field flow rate increased
significantly for pipe H7 whereas leachate wasroetated in pipe H6. Later, during
December 2009, once H6 was resting, the field flate again dropped down for pipe H7

as shown in Figure 4.33.
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Figure 4.33: Comparison of modeled and field gaw flates for pipe H6

The gas collection efficiency has been representéae Figure 4.34 for pipe H6.
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Figure 4.34: Comparison of field flow rate and pecestl flow rate for pipe H

The gas flow rate for the recilating pipes H2 and H7 wasery consisten
throughout the studgeriod. Initially the amount of the gas flow ratasMeser; however
once recirculation took place, the gas generation rééeted increasing significantl
With the progression of tin, the moist area increased and tles goroduction als
increased. The gaflow rate for pipe H7 was smaller than the pipe H2 becausthe
amount of solid waste present beneath the pip& Piwas placed i@ lower depth thai
pipe H2 and it covered almost half of the widthpgde H2. As a consequence, the fl
rate from the pe H2 was more than that of the pipe The flow rate from the pipe H
was less than the flow rate of pipe H7, althoughdmount of waste under the pipe
was more than the amount under pipe H7. The preseinthe additional moisture insi

pipe H7 results in higher gasoduction for this pipe.
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CHAPTER 5
SUMMARY & CONCLUSIONS

5.1 Summary & Conclusions

Bioreactor landfills are operated to increase wastgradation, gas generation and
waste stabilization. The main feature of bioreadtordfill operation processes is the
injection of collected leachate back into the refusass to facilitate biodegradation. Due
to the presence of moisture, the methane generadii@nincreases, with a higher gas
generation yield over the period of time. The cotrgtudy is a part of the performance
evaluation project from City of Denton MSW landfiPreviously the effect of leachate
recirculation has not been studied in a field stahelfill. RI tests have been effective in
determining presence of moisture inside the lahdifild the results were evident from the
test images. Using the geometry of the influenea drom each individual pipe, landfill
gas generation was modeled using the US EPA'srder gas generation equation with
context for bioreactor landfills. The current rasdawork compares the amount of gas
generated (modeled flow rate) from landfill witrethctual field gas generation rate (field
flow rate). The results from the field tests ande tmodeled gas generation are

summarized as follows:
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The quantity of gas generated from any individupepepends on the amount of
waste beneath that specific pipe. The elevatiopipés H2, H7 and H6 are at 30
ft, 45 ft and 45 ft from the top of the landfillespectively. The depth of MSW
beneath the pipes H2, H7 and H6 were 43 ft, 2&dt 28ft respectively. During
the predicted gas generation, the MSW placed atw/gipe was not considered
because of the upward movement of methane whicHdmoot be collected by
that individual pipe. The field gas flow rate das#so converge with this
consideration.

The quantity of the waste for the gas productico alepends on the total width
covered by the individual pipe section. From thergetry, it was certain that the
widths covered by pipe H2 and H6 were larger thewidth covered by pipe
H7. As a consequence, the average gas flow rate higiger for pipes H2
compared to H7.

The leachate recirculation also played a significale in the gas production rate
for pipes H2 and H7. The average gas flow rateaiodt from these pipes were
near to 13-15 cfm, whereas for the non-recircutapipe H6, the flow rate was
close to 10 cfm.

The leachate was pumped through the perforateds pAgeere the perforations
started from 100 ft away from the both ends of pipe to avoid leachate from
coming out of the landfill. For convenience, thdirenpipe was considered to be

perforated, which may provide slightly over desidjigas generation rate.
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The RI test section provided images of possibleHate flow path and moisture
accumulation for before and after leachate recatoh. The leachate flow path
and the accumulated moisture were considered tanierm over the entire
length of the pipe, which may not be the actuakc&o, the predicted gas flow
rate may not entirely reflect the actual field cibioth.

From the predicted gas generation rate, the moveofetne gas flow rate with
time plot is remarkable. The gas flow rate aftee tleachate recirculation
increases exponentially with time. With the intarsiof moisture, the amount of
wet MSW increases, which leads to higher gas gdnaraompared to the non-
recirculation condition.

The gas composition rate with respect to time £ alery interesting. The gas
composition line clearly denotes the effect of heste recirculation, with the
increase of percentage of methane content aftethdt@ recirculation. The
percentage of methane content decreased once ditenal leachate percolates
through the waste and the waste again become drytalthe endogenous bio-
reactions.

The results obtained from this study can be readslgd by the City of Denton
MSW landfill authority for the future (new) cellshsre the spacing, elevation and
location of the pipes can be modified to accompleshmore efficient gas
collection system.

The accuracy and reliability of this study are tili to the data collected from the

City of Denton MSW landfill authority and DTE Engrg
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5.2 Future Works Recommendations

Leachate recirculation into the landfill is an topedate approach for MSW
landfills to enhance biodegradation which leadshigher gas generation rates. The
effects of leachate recirculation have been preshostudied; however, the influence of
leachate recirculation and the distribution of theisture was missing. Following are the

key approaches recommended for the further studlidsoreactor landfills:

» Recirculation pipes are placed within the MSW. TkR#ect of placing
recirculation pipes on permeable beds like shredaedchips of crushed glass
need to be studied. The moisture distribution leydld of permeable bed should
be more uniform around the pipes, which can trah$saichate into solid waste
more uniformly and increase gas generation rate.

= The City of Denton is using horizontal recirculaticsystems for leachate
recirculation systems. However, the efficiency eftical recirculation system and

their influence on gas production needs to be stuh future.
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