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1. INTRODUCTION

1.1 PREFACE

1.1.1 Disclaimer

The naming of specific manufacturers or brand riames is not meant-to be -a specific
endorsement of that brand, or of one brand over another. Where, for a specific purpose, a
brand has established itself as such an industry standard so that its name may commonly be
used as a description of a generic type, that brand name is used here with the recognition that a
comparable, competing item may be available and equally suitable. No specific endorsement
of items or equipment is made or implied.

1.1.2 Purpose of Manual

This Manual of Practice (manual) is intended to be a source of information, practices and
procedures for the operation of landfill gas (LFG) collection and control systems for both
inexperienced and experienced operators..

1.1.3 Objectives of This Manual
This manual has the following objectives:

1) Compile and present key portions of the general body of knowledge about
operating and maintaining LFG control systems.

2) Present information in an easy to understand format useful for hands-on
practical use in the field.

3) Present accepted practices and procedures for LFG control practices.

4) Highlight key points, common mistakes and lessons learned from more than
20 years of industry experience. Point out areas of controversy and indicate
alternative practices where applicable.

5) Compile key reference information.

6) Provide theory and discussion needed to develop a deeper understanding of LFG
control and recovery.




1.2 INTRODUCTION

Included in the broad term “LFG system” is any method used to control or collect LFG. This
can include active and passive systems which may encompass perimeter migration control,
general gas collection, surface emissions control, or ground water protection.

This manual is not intended to be a manual on theory, modeling, testing, or design of LFG
systems. However, some aspects of these issues are discussed because they are related to or
support LFG operational practices. Reasoning, scientific thinking and mechanical aptitude are
important skills needed for LFG operational.

Since LFG field of practice is diverse, there is not yet complete standardization or agreement
on all terms or practices. This manual attempts to use generally accepted and simple
terminology. The manual contains a Glossary of terms that serves also as a compendium of
certain LFG fundamentals.

1.3

BI® NOTICE AND WARNINGS
1.3.1 General Warnings

Operating a LFG collection and control system can be inherently hazardous. Before operating
a LFG collection and control system and related process equipment, individuals should be
properly trained in the potential hazards and proper operating techniques and procedures for
such operation. This manual is a general guide and not intended to be a substitute for proper
training in general process operations, specialized regulatory requirements, or special safety
activities and training, which may be required by various local, state, or Federal regulations. It
is the responsibility of the landfill owner, operator or other party actively or passively
interactive with the LFG collection and control system to ensure that these requirements are
met.

The reader should become familiar with the following types of related hazards and the
appropriate and safe procedures to identify and avoid them:

Fire and explosion hazards

Confined space, toxic exposure, and asphyxiation hazards
Drilling and excavation hazards

Process (rotating, fired, and pressurized) equipment hazards




A brief summary of LFG health and safety issues is available in Chapter 19, Safety. For more
detailed information on LFG health and safety issues refer to the Health and Safety Section of
the SWANA “Landfill Gas Field and Laboratory Practices and Procedures” Manual.

1.4 PROJECT TEAM

The development of this manual was a collaboration of a project team which included Mr. Jim
Wheeler of James H. Wheeler Environmental Management (t) as principal author, Mr. Alan
Janechek of Gas Control Engineering (GCE) as project manager and contributing author,
Messers. Fredrick C. Rice of F.C. Rice and Co. Inc. and Mr. John Pacey of FHC as principal
reviewers, and Mr. Richard Prosser of GCE as a principal reviewer. Additional staff who

-were instrumental in preparing this manual were Ms. Cheryl Wood (GCE) for word

processing and layout, Ms. Denise Manchego (GCE) for Computer Aided Drafting, Ms.
Monica Zuberbuehler (GCE) for graphic arts and layout, Mr. Kirk Hein (GCE) and the
National Renewable Energy Laboratory (NREL) for technical editing/review.

1.5 MANUAL HELPS - INFORMATION IDENTIFYING ICONS

Throughout this manual key information is identified by icon symbols to aid the reader in
identifying certain classes of information and key points. The identification is as follows:

Engineering Calculations

Tables and Charts

Point of Controversy or
Controversial Topic

Key Point of Information




Checklist

Safety

Maintenance

Warning! or Caution!
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2. LFG FUNDAMENTALS

2.1 REVIEW OF SCIENTIFIC FUNDAMENTALS FOR LFG

SYSTEM OPERATION

There are a number of areas of science, engineering and management that apply to the multi-
disciplinary understanding that is necessary for LFG practice. These areas may include:

Biology

Chemistry

Physics

Mechanical engineering

Fluid mechanics

Process operations and production management
Maintenance management

Civil engineering

Geology and hydrogeology

Comprehensive knowledge in these areas is not essential to be a good LFG system operator.
Nevertheless, it is helpful for operating staff to be observant and to have good general
scientific and mechanical aptitude and problem solving skills.

2.2 . CoMPOSITION, CHARACTERISTICS, AND HAZARDS OF
LFG

The most significant characteristics of LFG are as follows:

Consists primarily of methane (about 55 %) and carbon dioxide (about 45%).

LFG is wet; cooling almost always results in condensate water formation.

LFG is flammable (i.e., potentially explosive).

LFG may migrate through surrounding soils, within open conduits, permeable
trench backfill.

LFG may accumulate in confined spaces.

The weight (specific density) of LFG is usually close to the weight of air.

Typical temperature range is 16 to 52° C. (60 to 125° F.) within the landfill.
Component gases (methane, carbon dioxide, water vapor and others) tend to stay
together but may separate through soil and liquid contact.
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e Secondary constituents (trace gases) may cause nuisance odors, environmental
pollution and may create a health risk.

Table 2.1 General Range of LFG Characteristics

Component Percent Volume
: (All are stated on a dry basis except
moisture.) ,
Methane (CHs) 45 to 58 % l
Carbon dioxide (CO,) 32t045 % ‘
Oxygen (O,) less than 1 % 4
Nitrogen (N2) 0 to 3 percent '
Hydrogen (Ha) trace to 5 % plus; generally less than 1 %
Carbon monoxide (CO) trace; CO is an indicator of the possible '
_presence of a subsurface fire -
Hydrogen sulfide (H,S) and other sulfur varies by landfill (nominally 10-200 PPM) :
compounds : '
Moisture up to 14% (increases with gas temperature) ’
Volatile organic compounds (VOCs) Less than 2 percent; typically Y to 2 %

Note: This table represents typical characteristics. A difference in characteristics does not necessarily
mean there is a problem. However a large disparity should be looked at closely.

LFG is produced by anaerobic bacteria which consume organic matter in the refuse. LFG is
chiefly composed of methane, and carbon dioxide. In addition to methane and CO, other
major gases that may be present include oxygen, nitrogen, and water vapor. LFG usually
contains traces of hydrogen, ethane, and many other trace gases including volatile organic
compounds (VOCs). Oxygen and nitrogen are usually present because of air in the landfill
(air is approximately 21% oxygen and 79% nitrogen), either during placement of refuse,
from atmospheric weather effects, because of LFG system operations, or by diffusion of air
into the landfill.

l
R




Characteristics of Landfill Gas

Methane is a colorless, odorless, flammable and potentially explosive gas that as landfill gas
together with other volatile trace gases may be emitted into the atmosphere; LFG that contains
other gases may migrate through the soil into surrounding areas or contact groundwater.
These other gases may adversely impact the environment. LFG may travel long distances
under ground. It may accumulate undemneath and in structures and confined or enclosed
spaces creating a potential explosion hazard. Methane and carbon dioxide are simple
asphyxiates. Carbon dioxide is colorless, odorless, and non-combustible. '

The flammable range of methane is approximately 5 to 15 percent (by volume) in air. The
lower limit of 5 percent is referred to as the Lower Explosive Limit (LEL); the upper limit of
15 percent is referred to as the Upper Explosive Limit (UEL). Walking across a carpet in
leather shoes creates a static charge sufficient to ignite methane. The auto-ignition
temperature of methane is 540° C (1004° F). The specific density of methane and carbon
dioxide are 0.55 and 1.52 respectively, however, the specific density of LFG is close to that of
air. For structure protection, it should not be assumed that methane gas will rise. The landfill
gas mixture may be lighter or heavier than air and its behavior will be dictated by its overall
composition.

LFG has its own characteristic odor due to trace compounds in the gas. Some of the most
significant examples of the classes of odor causing trace constituents include esters, phenols,
organic acids, solvents, and sulfur compounds (including mercaptans). However, LFG may
not always exhibit an identifiable odor since the odor carrying trace components may be
stripped off as a result of movement through cover or adjacent soil.

The methane in LFG is the same gas that is the main component found in commercial natural
gas. Since methane by itself is odorless, commercial natural gas is odorized, usually with
mercaptans (a class of sulfur compounds), to identify or “tag” the odorless methane for safety

purposes.
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2.3 N ¥  MOVEMENT OF LFG

The movement of LFG through and beyond refuse and into native soil is known as LFG
migration. There are several mechanisms that drive migration of LFG. The two primary
mechanisms are by convection or pressure gradient (i.e., movement from an area of higher
pressure to an area of lower pressure)-and molecular diffusion or concentration gradient, (i.e.,
movement from an area of higher concentration to an area of lower concentration). - Figure 2.1

depicts these principal modes of LFG transport. Typically convection causes most LFG

migration; however, in the absence of a pressure gradient, diffusion may dominate.

..« - CONCENTRATION-GRADIENT/MOLEGULAR

Figure 2.1
Principles of LFG Movement
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The movement of LFG can also be affected by atmospheric pressure changes. These changes
can occur as a result of:

1) Daily (or diurnal) cyclical fluctuation of atmospheric pressure and
2) Barometric changes brought on by weather changes (e.g., storm front movement).
The movement of LFG can also be affected by changes in soil pressure due to ground water

fluctuations from recharge (e.g., after a heavy storm) or pumping and tidal fluctuations at sites
near the ocean.

: LFG May Migrate Offsite Developing Potentially Dangerous
Accumulations

Under certain conditions, LFG can migrate laterally long distances from the landfill. An often
used rule-of-thumb is LFG can migrate up to 1000 feet. Structures within this distance may
require additional precautions to protect them from LFG accumulation. In some dramatic
instances landfill gas containing methane above the LEL has been known to migrate for one-
half mile or more into soils below surrounding communities. There are instances of lateral
subsurface gas migration from landfills which fueled explosions with recorded fatalities and
damage to structures. LFG will potentially migrate along all possible pathways, favoring
those that present the least resistance.

2.4 BENEFITS OF LFG

LFG can provide an energy benefit when its significant methane content is put to beneficial
use. For this reason it is considered a renewable resource. The viability of recovering LFG for
its energy benefit has been well demonstrated as there are approximately 150 and 450 LFG
energy recovery projects in the U. S. and Europe respectively. The general energy uses for
LFG are shown in Figure 2.2.

Landfill methane may be used to fuel boilers, furnaces, engines and vehicles. LFG can also be
used as a feedstock for chemical-processes. : -

- Recovering LFG for its energy benefit provides a side benefit of reducing liabilities

associated with LFG.
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Source: California Air Resources Board

2.5 GENERATION OF LFG

A general understanding of the processes of anaerobic decomposition of refuse and generation
of LFG is necessary as a foundation to understand the operation and adjustment of LFG
wellfields and collection systems. LFG is produced by the process of anaerobic
decomposition of organic waste. Basically, anaerobic bacteria cause the breakdown of
complex organic material (vegetable and plant matter, wood and paper products, etc.) into
simpler forms such as organic acids and ultimately to methane and carbon dioxide. The latter
part of this process is known as methanogenesis.

The complex process that results in LFG production may be simply represented by the
following reaction formula:

CyH,0—22%M_, oy, 4+ CO,

where C_H.O -represents- the- decomposable fraction in the refuse (normally -cellulose and
sugar).

It is believed that LFG generation rate and yield are affected by many factors, which include: |

e Refuse Composition,
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The placement history (refuse age and quantity),

Conditions of the waste mass (nutrient substrate) present in the landfill that is -

available for the anaerobic bacteria,

Moisture content of the refuse,

pH of the refuse,

Temperature of the refuse,

Maintenance of the anaerobic environment (i.e., little oxygen present in the
. refuse).

Most of the factors associated with LFG generation cannot be easily changed or improved. of
the above factors, other than‘composition, volume and age of refuse, moisture and temperature
are the most importanit factors in controlling the rate of LFG generation and the volume of
LFG generated. Usually, most of these factors are naturally limited and less than that required
for optimum LFG generation, but may often be sufficient for generation of significant
volumes of LFG.

2.5.1 Conditions for LFG Generation

When municipal solid waste (MSW) is placed in a landfill, the void volume (the volume not
occupied by solids or liquids) within the MSW is filled with air from the surrounding
atmosphere. Through natural aerobic processes, the oxygen from the air is quickly consumed
and an anaerobic environment is soon established within the landfill. This anaerobic
environment is one of several conditions necessary for the formation of methane.

Introducing Oxygen into the Landfill

4

If oxygen is reintroduced into the landfill, those portions into which the oxygen are introduced
are returned to an aerobic state and the methane producing bacteria are inhibited. If the
introduction of oxygen is stopped, some time must pass before the oxygen is depleted. The
affected refuse mass then gradually returns to an anaerobic condition and LFG is again
produced. This process impacts the rate of LFG generation. For an energy recovery project
this may have dire consequences. For a migration control project the introduction of small
quantities of air is typically not significant. However, introduction of large amounts of air can
result in erratic production of LFG and a site that is difficult to control.




LFG GENERATION AND YIELD MODELS AND TESTING

2.6.1 LFG Generation and Yield Models

Although a thorough.discussion of LFG generation and yield modeling is beyohd the scope of
this manual, it is desirable to have a basic understanding of why and how LFG generation
models are used and their limitations.

LFG generation models are mathematical models that are used to predict the potential of LFG
that may be generated from a landfill. Models may also include some prediction of the
amount of gas that can be captured from a landfill. This information is useful to designers for
the design of the LFG collection system components and equipment. Models may also be
used for regulatory purposes to estimate emissions from a landfill.

There are numerous theories, approaches and divergent opinions on LFG generation and yield
modeling. They are not discussed in detail since it is not the intent here to provide engineering
advice for modeling purposes. However, it should be recognized that LFG generation is
difficult to predict because many of the contributing factors are difficult to quantify. The LFG
generation models, therefore, tend to have a high degree of uncertainty. Hence the necessity
of subjectivity and application of experienced judgment in modeling LFG generation.

Once a gas system is designed and constructed the model plays only a small part in the
~continued system operation. Well adjustments need to be based on the quality of the LFG
collected from the wells regardless of what the model predicts.

2.6.2 LFG Testing

LFG testing includes those activities and assessments made in an attempt to determine or
validate key design parameters in a generation model and to attempt to evaluate and support
gas generation and yield model predictions. The behavior of landfill gas, site specific landfill
factors, atmospheric pressure effects, and extraction and control procedures are key elements
of this study area. Testing experience usually develops a deeper understanding of LFG issues.
To the observant operator, studying and practicing LFG testing theory and case studies may
help to develop such understanding.
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Effectiveness of Testing

The usefulness and validity of LFG testing is controversial and most experienced LFG
practitioners tend to discount its value. It has been 'used in the past primarily to support
development of energy recovery facilities. Regardless of the value of testing programs,
understanding testing theories, techniques, and procedures can provide a better understanding
of how to better operate a LFG collection and control system. A detailed discussion of LFG
testing is beyond the basic scope of this manual. Appendix A of the NSPS for MSW Landfills
(See Chapter 5, LFG Regulatory Requirements) includes a procedure for performing field
testing.

2.6.3 Basis of Design of the LFG Control System

A LFG collection system is sized based upon current and future municipal solid waste intake,
comresponding LFG generation and yield potential, rules-of-thumb, designer experience and
observations, and any field testing performed. LFG generation will normally peak shortly
after site closure and will continue for decades. For some sites, a formal basis-of-design
document is prepared as part of the design process. Operating staff should become familiar
with the Basis-of-Design which should be integrated into the operating documentation.

The basis-of-design document should state the assumptions and conclusions that provided
the basis for the design of the system including;:

Sizing of system components
Materials of construction
System layout

Method of operation




3. SOLID WASTE LANDFILLING PRACTICES

3.1. ABOUT LANDFILLS

A sanitary landfill is a land depository of waste. The primary purpose of a landfill is to
provide a safe, sanitary and environmentally secure depository for municipal solid waste '
(MSW). This is designed to eliminate the spread of disease, pollution, and fires that occur
with uncontrolled waste heaps and dumps. Landfills, when poorly designed or controlled, are
often referred to as “dumps” or “open dumps,” signifying a less than environmentally secure
status.

Many of the problems brought on by the practices of the past have been recognized and an

evolution of sanitary landfilling practices and standards has occurred. The current regulatory
practice for new landfills is to require an engineered waste containment unit which will
prevent surface water infiltration, leachate leakage and LFG containment management. It is
standard practice to provide for leachate and LFG control and treatment.

3.1.1. Landfilling Methods

A landfill may be filled as a pit, mound, canyon fill, or a combination. Filling methods
include the trench or cut and cover method, the area method, and the ramp method.
There are various methods for operating landfills and types of landfills that result. A
modern landfill is filled according to a plan that takes into consideration such factors as
filling rate, types of wastes taken in, seasonal climatic conditions, available space, cover
material availability and cost, among others.

3.1.2. Cover Material Practices

MSW placed in the landfill is commonly covered daily with soil or a suitable soil alternative.
The purpose of cover was originally to prevent fire, blowing debris, odors and disease
carrying vectors (birds, rodents, insects, etc.) from breeding on the landfill. The use of soil
cover has evolved to prevent infiltration of water and prevent windblown debris.

Cover material for daily cover may be obtained on site if a sufficient amount is available and
if it meets requirements specified by the landfill design and regulations. Otherwise, cover
material must be imported from off site or an altemnative cover used. The type and thickness
of cover material affects the permeability of the internal cells, landfill cover and the
performance of the LFG control system.
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3.1.3. Geomembrane Liner and Cover

Landfill engineering is being advanced to provide more secure repositories for MSW by
incorporating a geomembrane liner and cover into modern landfill designs. The operator
is faced with challenges to control the effects of LFG pressure build up beneath the
membrane which may damage it and to address the effect membrane placement may have
on control. Placement of the membrane will usually increase the extent of extraction

influence but may redirect emissions or air intrusion where the membrane terminates or at

unsealed penetrations. It is important to realize that landfills are rarely sealed completely
by this practice.

Several issues that must be addressed in this regard are:

1. Identifying, designing, installing and maintaining those portions of the
LFG control system above and below the membrane

2. Effectively sealing and maintaining penetrations through the membrane

3. The need to collect LFG beneath the membrane to reduce pressure that
may cause the membrane to balloon or have an impact on final slope cap

stability.

4. Considerations for control and wellfield balancing given that effects of air
intrusion or LFG venting may be more locally emphasized where a
- membrane terminates

5. Increased rates of venting at point sources, e.g., static vents

6. Potential increase in lateral subsurface migration of LFG where the cover
- permeability of the landfill is substantiality reduced by the use of a
membrane.

3.1.4. Landfill Geometry

A knowledge of the geometry of the landfill, surrounding terrain and elevations, ground water
~ levels and fluctuation, and geology and hydrogeology, etc., in relationship to the LFG control
system is helpful in understanding gas migration and emissions phenomena. The LFG control
system operator can assess these and other factors to determine what affect they have on
system performance and the ability to control LFG migration and emissions. As an example,
the operator should be able to relate well depths, age of the waste, and perched or standing
liquid zones, to the overall performance of the well. In the case of migration control, the
location and depth of the monitoring probes and intervening geologic conditions must be
considered as well. The filling of areas with thin lenses and narrow fingers of waste material
sometimes creates special problems for LFG control.
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3.1.5. Leachate Formation and Behavior

Despite efforts to prevent liquids from being introduced, some of these inevitably find their
way into modem landfills. In the past, practices for controlling receipt of liquids and
household hazardous wastes were not as strict as they are now. Precipitation may also
infiltrate through the landfill soil cover. In addition, many wastes, such as green waste (plant,
Jawn and garden waste), have a naturally high moisture content.

Liquid accumulating in and leaving a landfill is known as le'achzﬁe. This name refefs to the

' tendency of liquids to move through the waste and leach contaminants from the waste. The

character of leachate is determined by the waste it passes through and the amount of liquid
passing through the waste. Like LFG, the character of leachate will vary with time, climate
conditions, landfill design and operating status, landfill conditions and other conditions. In the
absence of testing, leachate should be assumed to be inappropriate for discharge into either
groundwater or surface water.

N

Water Balance

>I’he degrée to which a landfill tends to either give up or accumulate moisture is known as
water balance. A water balance is a means to estimate the amount of leachate exiting the
landfill. The water balance can be expressed as the sum of all inflows, outflows and changes
in storage as equal to zero. A simplified water balance can be written as follows:

Precipitation

+  Surface Water Inflow
- Evapotranspiration

- Surface Water Outflow
+  Changes in Storage

- Leachate | eaving the Landfill
0

Landfills in an area with a lot of concentrated rainfall such as the Northeast may experience a
net positive water balance. At such sites leachate may have to be regularly pumped from the
landfill. Landfills in arid parts of the country, such as the Southwest may have a net negative
balance and in fact may have little to no leachate. In such instances, LFG may play a much
more important role in ground water contamination than leachate.

Modem landfill operating standards require that the allowed infiltration of precipitation
be limited by design standards. Operating standards specified by Subtitle “D” may also
limit the standing head of leachate that may be allowed to accumulate above the landfill
bottom liner.
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4. THE LFG CONTROL FUNCTION - AN
OVERVIEW

4.1. PURPOSES OF COLLECTION AND CONTROL

LFG control is a term that encompasses all methods for controlling movement of LFG,
including active collection, barriers, passive control and monitoring. When there is more than
one purpose to collection and control of LFG, additional complexity may be added to the
control task. Some of these purposes include:

Control subsurface LFG migration

Control surface emissions and nuisance odors
Protect ground water from VOCs

Control an existing fire in the landfill waste mass
Collect LFG for its energy benefit.

Protect structures

Reduce vegetative stress

4.2. OVERVIEW OF THE LFG COLLECTION AND CONTROL ACTIVITIES

The LFG control process consists of a number of activities. The purpose of this chapter is to
provide an overview of these activities. They will be discussed in greater detail later in the
manual. Collection and control activities may include the following:

Monitoring perimeter probes

Monitoring LFG extraction wells

Monitoring ground water wells

Measuring liquid levels in LFG extraction wells

Monitoring for gas emissions from the landfill surface
Checking the gas collection piping network

Adjusting the LFG wellfield

Checking condensate water systems

Keeping records of system performance and data

Monitoring the operation and performance of LFG disposal or treatment/energy
recovery equipment

Maintenance, repair, and logistical activities

e Compliance reporting (e.g., to regulatory agencies as required).
¢ Non-routine and emergency activities




4.3. MODES AND METHODS OF CONTROLLING LFG

4.3.1. Passive Control Mode CONTROL VALVE
Passive collection is defined as allowing the VENT WELL RISER PIPE
LFG to move without mechanical assistance, 4

primarily by the pressure developed within the
landfill, to a system of individual vents, which
may or may not include connecting piping. The
gas is allowed to simply escape into the
atmosphere with little or no treatment.
Additional treatment could consist of granular
activated carbon to remove VOCs or flaring at
each vent.

In the past it was common to passively vent
LFG. This practice still occurs at older landfills
or landfills with liners and geomembrane covers.
Passive venting is becoming less common and in
some locations is no longer allowed. However,
passive features such as cut off walls still have a
place in LFG control. Figure 4.1 shows a typical Figure 4.1

LFG vent well. - Typical Passive Vent Well

PERFORATED COLLECTOR PIPE

GRAVEL TRENCH

Sometimes, passive venting is sufficient to control LFG adequately to prevent migration.
However, it has been demonstrated that passive systems are not the most effective way to
control LFG.

4.3.2. Active Control Mode

The other control mode option is active control. This mode is widely accepted as the most
effective way of controlling LFG because it provides a greater degree of control and
flexibility. Active control is defined as using mechanical means (i.e., blower) to actively
remove LFG from the landfill under vacuum. Procedures for operating active control systems
are discussed in Chapter 9.

Sometimes, through operation of a passive LFG control system, it is recognized that the
existing passive system is inadequate to meet control requirements (i.c., gas migration may
still occur beyond the property boundary). In such cases, it may be decided to convert a
passive system to an active collection system. It may be desirable to salvage as much of the
existing passive system as possible. However it should be realized that the two types of
systems are very different. Design criteria, objectives and approaches for passive systems are
different from those of active systems. As a result, passive systems converted to active
systems may not perform as well as a system designed as an active system from the outset.
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4.4. THE LFG MONITORING AND PERIMETER CONTROL SYSTEM

It is common to install a LFG collection system to. control off site migration because LFG
tends to migrate off site through soil surrounding landfills. Such a system typically consists of
LFG extraction wells located near the landfill’s perimeter. Wells may be in the MSW or
outside the MSW depending on the designer’s objectives. A system of monitoring probes is
commonly placed around the landfill perimeter at the property boundary or near the refuse
boundary (point of regulatory compliance). Figure 4.2 shows a typical cross section of a
perimeter monitoring and control layout. Probes may also be placed at other locations for
specific monitoring purposes, i.e., structure monitoring, specific migration monitoring, etc.

-Monitoring probes are discussed in greater detail in Section 6.

LANDFILL COVER

LANDFILL MSW

PERIMETER EXTRACTION WELL
(IN LANDFILL MSW)
PERIMETER EXTRACTION WELL

(OUTSIDE LANDFILL IN NATIVE SOIL)

PERIMETER MONITORING PROBE

N
7

NN
N

7
2
2

: - - ~Figure 4.2
Typical Relationship of Extraction Wells and Migration Monitoring Probes
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It is common practice and a regulatory requirement to routinely monitor perimeter probes in
accordance with the Federal RCRA landfill operating standard. This operating standard
prohibits gas migration at the landfill property boundary in excess of 5 percent methane by
volume.

There are many types of conﬁgurations, both passive and activo for controlling off site LFG
migration. Types' of perimeter migration control devices are: ‘

Passive vertical wells
Passive barrier and vent trenches
Active vertical extraction wells
" Active horizontal collector trenches
Air injection systems
Clay, geomembrane and hydrau.hc barriers
Soil well extraction systems.

The most common form of a perimeter control system is a perimeter vertical well system
combined with perimeter monitoring probes: " It is also widely held that for migration control
to be effective, perimeter gas collection should be supported with-interior gas collection in
order to relieve the pressure of interior LFG.

An increasingly common engineering practice and regulatory requirement is to install- probes
to the maximum depth of the waste in the vicinity of the probe, and that some probes extend to
a depth equal to the deepest part of the waste mass. For deeper landfills, installation of multi-
depth probes is becoming more common and a regulatory requirement. The preferred method
is to design monitoring probes which can be used to detect the earliest occurrence of
migration, taking into account site specific geologic conditions and migration pathways.
Whether or not multi-depth probes are used or even necessary depends upon site specific
conditions.

4.5. THE LFG WELLFIELD AND COLLECTION SYSTEM

The LFG wellfield and collection system consists of a network of LFG extraction wells and
collection piping to transport the LFG to a treatment or disposal facility.

The major components of the LFG wellfield and collection system include:

Vertical and/or horizontal extraction wells

Well monitoring and control assembly to monitor and control the gas extraction
Coliection piping

Condensate water traps, sumps and knockouts




e Surface collectors (use in conjunction with geomembrane cover systems)
¢ Landfill cover cap (if installed).

Figure 4.3 is a representation of a typical LFG collection system layout. A typical layout will
show the location of the above mentioned components.

In later chapters the individual components, their features and application will be discussed in
detail followed by a discussion of their operation, maintenance, and troubleshooting.




— + ) b -
. e iy s

LEGEND:

MONITORING PROBE
LFG EXTRACTION WELL
CONDENSATE SUMP
MONITORING PORT
VALVE

= = BELOW GRADE LFG PIPE
= ABOVE GRADE LFG PIPE

Figure 4.3

Sample LFG Collection System Wellfield Layout
Source: University of California-Davis, Davis, CA and GCE
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4.5.1. The LFG Wellfield

LFG is collected by means of wells or collectors installed in the landfill. The system of wells
and collectors is referred to as the wellfield. Generally, in referring to a LFG wellfield, we
mean an active extraction wellfield. -

The term “balance” or “balancing the wellfield” is frequently used to indicate the process of
adjusting the wells to achieve smooth, steady state system operation and effective LFG
recovery and control.

4.5.2. The LFG Collection System

The active LFG collection system consists of piping for collection and transport of the
extracted LFG to a blower-flare facility or other treatment and disposal, or energy recovery
equipment. The collection piping system may be either placed above grade or buried. High
density polyethylene (HDPE) and polyvinyl chloride (PVC) are the most common types of
materials used for collection piping.

Condensate is removed from the LFG collection piping system by the LFG condensate
handling system. The condensate handling system consists of one or more of the following
components: traps, drains, sump and pump units, knockouts, storage tanks, and treatment
equipment. If allowed by regulation, condensate may be returned to the landfill, otherwise it
must be removed and disposed of. ' '

4.5.3. The LFG Treatment and Disposal Facility

The most common type of treatment or disposal facility is the blower-flare facility. However,
there are a number of other options available that are commonly employed. The commonly
available treatment and disposal options include:

Free venting to atmosphere (generally not recommended)
Venting through granular activated carbon

Destruction by combustion in a flare

Treatment or destruction in an energy recovery facility

4.5.3.1.Free Venting to the Atmosphere |

This is the simplest process. All LFG is directly vented to the air without treatment. This
process is most commonly used on a passive gas well system. Disadvantages of free venting
include nuisance odors emission of untreated VOCs and release of methane.




4.5.3.2.Venting Through Activated Carbon

Carbon is commonly used to treat dilute LFG/air streams. Carbon is effective in removing
most VOC and non-methane organic compounds (NMOCs). Carbon has a limited absorption
capacity and periodically must be replaced or regenerated to maintain removal efficiency.

4.5.3.3.Description of the Blower-Flare Facility

The major mechanical components of the blower-flare facility are the blower(s) and flare(s).
Figure 4.4 shows a typical blower/flare facility using an enclosed flare. The LFG blower (or
compressor) provides vacuum by which the LFG is extracted and pulled to the blower and
also provides the pressure to push the LFG to a flare or other treatment equipment. The LFG
flare burns the landfill gas by means of an open flame (enclosed ground flares are considered
an open flame in this case).

AS/WATER SEPARATOR

Figure 4.4
Typical Blower/Flare Station (Enclosed Flare)

Source: Riverside County Waste Resources Management District, Riverside CA




The other components of the blower-flare facility include process piping and valves, an inlet
scrubber vessel, and associated electrical controls and instrumentation. Nommally a flame
arrester and an automated block valve are located between the blowers and the flare.

LFG commonly enters the blower-flare facility through a liquid knockout or inlet scrubber
vessel. The scrubber vessel removes excessive moisture and particulate matter in the gas. The
scrubber vessel may also be designed to remove other components of the gas stream (i.€.,
hydrogen sulfide), however moisture removal for protection of the blower is usually its

primary purpose.

One of two types of LFG flares, enclosed ground flares, are controlled to burn at a
predetermined temperature range. The other type, candlestick flares, are not temperature

controlled. Control of the flare facility process is discussed in detail in Chapter 10.

4 5.3.4.Treatment or Destruction in an Energy Recovery Facility

Most energy recovery facilities use combustion as the primary method of energy use. These
processes are typically able to destroy a large part of the VOCs and NMOCs in the LFG.




5 LFG REGULATORY REQUIREMENTS
(SUMMARY)

5.1. REGULATORY PRACTICE AND INTERPRETATION

In understanding regulations and how to comply with them, it is helpful to understand the
framework of regulatory application and development. Agencies such as EPA develop
regulations to support laws. An example is the Clean Air Act. States usually develop and
administer their own programs with approval from EPA. The preamble to a rule
promulgation will contain important information as to the reasoning behind the development
of a regulation, its intent, and interpretation. -

Key terms are usually defined in the first section of a law. Words have specific meanings in
the law. A regulation is usually understood in the context of its own definitions defined
within. In regulations, definitions are often explicitly spelled out and usually strictly limited
to the application of the regulation for which they are specific. Therefore, refer to and read
definitions carefully when applying a particular regulation.

5.2. RESOURCE CONVERSATION AND RECOVERY ACT (RCRA)
SuBTITLED

The Resource Conservation and Recovery Act (RCRA) was originally passed in 1974. The
Act and its regulatory guidelines (rules) have been updated and modified several times. In the
most recent rule update, October 1991, additions were made to the portion of the regulation
which addresses LFG control. RCRA Part 257 originally provided for what are known as
Minimum Operating Standards for sanitary landfills. There are a number of these Standards
which address daily cover, vector control, proximity to airports, geologic and hydrogeologic
conditions, leachate, ground water protection, and explosive gas (LFG) control. People in the
LFG practice often refer to the explosive gas portion of the regulation Part 257.3-8 as the
RCRA standard because it is the portion of RCRA we are concerned with. In fact it is only
one of several minimum operating requirements for landfills under Subtitle D. Subtitle D,
Parts 257 and 258, is the principal regulatory standard that drives LFG collection and control.

As part of the updating of RCRA, USEPA has added a new section to RCRA, Part 258 which
applies only to recently closed (since October 1993) and currently operating landfills. This
Standard adds additional gas control requirements to some landfills. =




5.3. THERCRA LFG SAFETY STANDARD

40 Code of Federal Regulations (CFR) Part 257.3-8 Safety, (Resource Conservation and
Recovery Act (RCRA) LFG Safety Standard), specifies that:

1) Landfill gases may not exceed an accumulation of 25 percent of the lower
explosive limit (LEL) for methane within structures in or near the facility.
Structures, as originally defined and explained in the original rule promulgation,
includes items such as drain culverts and vaults, etc., as well as buildings.
Structures associated with LFG recovery equipment are exempt.

2) Migrating LFG may not exceed the LEL (5 percent methane gas by volume) at
the property boundary. For this reason the property boundary becomes the point
of regulatory compliance for most landfills.

3) For landfills receiving waste on or after October 9, 1993, additional gas control
requirements apply. These requirements are spelled out verbatim in Appendix
F.l

RCRA also specifies liquid restrictions and mandates compliance with the Clean Air Act
(CAA).

The requirements and clarification on LFG condensate disposal is in Chapter 12, LFG
Condensate Handling System. Generally, liquids can only be returned to MSW landfills that
have a Subtitle D approved liner and leachate collection system.

The requirements of the CAA as they apply to landfills are spelled out in the “New Source
Performance Standard (NSPS) for Municipal Solid Waste (MSW) Landfills” described in the
following Section. ‘

54. EPA MSW NSPS NEW SOURCE PERFORMANCE STANDARDS
(NSPS)

54.1. Géheral - Application of the NSPS/Emission Guidelines

A new LFG .control regulation was promulgated by USEPA, effective on March '12, 1996.
The regulation..is. known. .as. the ."“New .Source . Performance. Standard (NSPS)/Emission
Guidelines for Municipal Solid Waste (MSW) Landfills.” This rule is directed at controlling
emissions from landfills of non-methane organic compounds (NMOCs) found in LFG at
MSW landfills. The rule was published in the Federal Register (Federal Register Vol. 61, No.
49, on March 12, 1996) as “40 CFR Parts 51, 52 and 60; Performance Standards for New
Stationary Sources and Guidelines for Control -of Existing Sources: Municipal Solid Waste
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Section 111(b) and (d) of the CAA Amendments. The Rule, subdivided into NSPS and
Fmission Guidelines, is summarized as follows:

New Source Performance Standard (NSPS)

1) Applies to all “new” landfills. A new landfill is defined as each MSW landfill that
started construction (including reconstruction) or modification, or began initial
waste acceptance on or after May 30, 1991.

2) Within 30 months after a MSW landfill with a calculated a non-methane organic

compound emission rate >50 megagrams (Mg) per year, the provisions of this rule
require installation and start-up of a LFG control system (LFGCS) at the landfill.

Table 5.1 Summary of NSPS Requirements
Item Requirement
Affected MSW Landfills with a maximum design capacity >2.5 million Mg (approx.
Landfills 2.75 million tons) or 2.5 million cubic meters (approx. 3.27 million
cubic yds.)
Exemptions MSW landfills with design capacity less than 2.5 million Mg or annual
emissions less than 50 Mg (approx. 55 tons) NMOCs '
Disposal Areas Active areas where the first waste deposited in the area has reached an
Requiring Control | age of 5 years or more Or areas closed or at final grade where the first
waste in the area has reached an age of 2 years or more
Surface Quarterly monitoring for surface emissions, concentrations which are
Monitoring not to exceed 500 ppm methane
Emission Control | Installing a gas collection system and utilization or disposal system that
Requirements has a 98 percent destruction efficiency.
Implementation e Capacity and Emission Reports due within 90 days of the NSPS
Schedule effective date by 6/12/96.

e Design Plan within one year of the NMOC Emission Report, by
6/12/97.
o Start-up within 18 months of Design Plan.




Emission Guidelines (EG)

Emission Guidelines apply to all “existing” MSW landfills that satisfy two conditions:

1) The construction, modification, or reconstruction of the landfill began before the
proposal date of May 30, 1991; and

2) The landfill received waste on or after November 8, 1987 or has additional
. capacity which may be filled in the future.

The requirements of the EG are almost identical to those of the NSPS. The main ways the EG
differ from the NSPS are as follows:-

1) Applicability criteria are for “existing” landfills;
2) There is flexibility for a state-implemented emission standard;
3) States need to develop a plan to implement the requirements of an EG; and

4) There are different landfill compliance schedules for state-implemented emission
standard. A state has up to 9 months to address EG requirements within its state
plan. The EPA has 6 months to review the plan changes. The EG becomes
effective upon the EPA’s final action on the plan.

5) The EG implementation schedule is similar to that of the NSPS:

e Capacity and Emission Reports due within 90 days of the EG effective
date

¢ Design Plan within one year of the NMOC Emission Report

e Start-up within 18 months of Design Plan.

5.5. STATE AND LOCAL REQUIREMENTS - GENERAL PRINCIPALS

LFG control regulations can vary depending upon the state. As a minimum, states must
comply with the requirements of RCRA Subtitle D and the MSW NSPS. They may however
have equivalent approved plans. Approximately two-thirds of the states have specific
regulations pertaining to-LFG controk. - Many duplicate the: RCRA-Minimum Standard of not
exceeding the LEL (5 percent methane by volume) at the property boundary and 0.25 percent
of the LEL (1.25 percent methane by volume) in facility structures. The LFG operator should
be thoroughly familiar with the state and any applicable local regulations for LFG control for
the site in question.
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5.6. FAcCILITY PERMITS

Many states require facility permits to construct and operate a LFG facility. Facility permits
may include specific operating requirements and restrictions. The facility permit may also
require a source test for enclosed flares. This requirement may need to be repeated annually
and additional permits may be required for LFG-to-electricity systems..  Operating
requirements may include minimum flare operating temperature, maximum flow rate,
emission controls and limits, etc. Often documentation of operation, e.g., recording of flare
temperature and flow, is required. A copy of all facility permits should be made available to
operating staff and posted at the facility.

 The NSPS and other regulations include destruction and removal efficiency (DRE)

requirements for the control device. The NSPS requires a DRE of 98%. Performance is
verified by testing the inlet and exhaust stream from the control device. The total mass of
VOCs or NMOCs should be reduced by 98% at the exhaust. Rules are also written to control
criteria pollutants (i.e., NOx and CO, SOx) and particulates,. NOx and CO emissions are a
function of the design and the operating conditions (flow rate, gas composition, temperature).

5.7. LFG CODES AND STANDARDS

As yet, there is no established national engineering or building code for LFG control systems
in the United States. Whatever national standards have been developed, have been developed
through industry and by trade organization consensus documentation. SWANA has produced
specifications for LFG system materials and components. In some areas, local building codes
may address LFG and natural methane migration and structure protection. These are most
likely to be present in areas of naturally occurring gas emissions from petroleum reserves.
The American Society of Mechanical Engineers (ASME) has considered the development of
a code for LFG installations. '

Codes and Standards for classifying hazardous electrical locations and areas where hazardous
atmospheres exist are discussed in the Subsection on Hazardous Locations. See Chapter 19,

Safety.

In Canada, standards are developed in the form of “National Standards of Canada (NSC)
Code for Digester Gas and Landfill Gas Installations,” (CAN/CGA-B105-M93), dated
January 1993. This code was developed by the Canadian Gas Association and approved by
the Standards Council of. Canada. The practices presented in these codes differs substantially
from the common practices in the United States. The NSC Code apparently borrows heavily
from technology taken from the wastewater treatment industry.




6. THE LFG MONITORING SYSTEM

6.1. MONITORING LFG MIGRATION

Most landfills are required by regulation and safety practices to monitor for lateral
(subsurface) LFG migration. In areas with stringent air quality regulations, surface

emissions monitoring is also required. The reasons

are to:

1) Determine if a pattern of LFG migration
exists

2) Determine the extent of any LFG
migration

3) Determine if an explosive gas hazard is
present

4) Provide feedback for LFG system
operation

5) Fulfill and document regulatory
compliance.

As LFG is generated within the landfill, it migrates
(or moves) from the landfill in all directions,
escaping through the bottom, sides and top surfaces.
The presence of methane in the ground near
structures presents a threat of gas accumulation and
explosion in that structure. Structures such as vaults,
manholes, buildings (particularly basements of
buildings), sumps, etc., provide the opportunity for
methane accumulation and explosive conditions. If
the right conditions are present, (i.e., the correct fuel
(methane) to air mixture accumulating in a confined
space and the introduction of a source of ignition) an
explosion will occur.

Figure 6.1

Source: LANDTEC®

... -Monitoring LFG Probe

for monitoring for LFG and methane




6.2. LFG MONITORING PROBES

LFG monitoring probes (sometimes called monitoring wells) are used to indicate whether
LFG has migrated beyond the landfill property or some other established boundary.

STEEL VAULT

LABCOCK VALVE
PROBE ID TAG

PROBE PIPE

3/8" AGGREGATE

—— WELL SCREEN

Figure. 6.2
Typical Multi-Depth Monitoring Probe

Monitoring probes are normally located
according to regulations.

Monitoring probes must be placed outside the
waste mass, unless they are used as a means to
collect samples of LFG. They are normally
located at the property boundary because that is
usually the point of regulatory compliance.
Regulations often require a minimum spacing of
the probes, however actual spacing should be
based on site specific conditions, including the
following:

Adjacent land use

Soil properties
Migration potential
Distance from structures.

Probe depths are generally based on the depth of
the landfill in the vicinity of the probe. Probes
may be single-depth or multi-depth. Multi-depth
probes consist of several probe pipes installed at
varying depths within a single borehole. The
perforated length at the bottom of the probe
varies, but is generally as long as practical so that
gaps in the monitored zone are kept to a
minimum. Figure 6.2 shows a typical detail of a
multi-depth probe. If the required depth of the
probe is less than 15 feet, the probe can be driven
into the soil instead of installation in a borehole.
Figure 6.3 shows a typical driven gas probe.

Probes should be accurately and permanently tagged. Identification of pipes within a multi-
depth probe should be clear and understandable. Records of the identification, depths, and
construction details should be maintained. Color coded pipe is sometimes used in multi-depth

probes to prevent mislabeling of pipes.
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Figure 6.3
Typical Driven Gas Probe

6.3. PROBE MONITORING PROCEDURES

Prior to collection of probe monitoring data, the technician should obtain the following:

A map showing probe locations and gas well locations

Information on landfill depth

As-built monitoring probe details

As-built control well details

Hydrologic/geologic reports

A sample pump and knowledge of sample pump flow rate. Note sample pump
may be integral to the monitoring instrument.




e Monitoring instruments:
e Methane gas monitoring

instrument (necessary) —

e Oxygen gas monitoring ,,,;; waite -
instrument (recommended) - b
Cco2 monitorin; = 20 .30 ‘

* gas g 0 2mmllmhml, 40
instrument (optional) \\\\\\\‘_‘ . ’”///,,/ 50

\ S /////

e Low range pressure gages. W
~ (e.g., 0-25, 0-.50, 0-1.0, 0-5,
0-10 in. w.c. scale ranges)
" (recommended) See Figure
64
Connecting tubing and fittings, etc.
Data logger (optional)

e Barometric data (obtainable from
nearby airport) or barograph
(optional)

o Reading sheets, clipboard, pen, etc.

. . Figure 6.4
The steps in performing subsurface gas

mjgration probe monjtoring are as follows: Typical Magnehelic"‘ Pressure Gage
Source: Dwyer Instruments
1) Measure and record the
undisturbed probe pressure/vacuum. This requires connecting the pressure
gauge to a labcock valve, quick connect, or other valve device and then
opening the valve to measure the pressure.

2) Leak check the entire sample train. This is done by sealing the end of the
monitoring hose and verifying that air does not leak into the sample train either
through stoppage of the pump or maintaining a complete seal. Air infiltration
must not be allowed while probe purging and monitoring.

3) Purge the probe casing (piping). It is desirable for evaluative purposes to note
both maximum and stabilized readings. Normally the stabilized reading is used.
(Note:  the high value may reflect some gas separation by preferential
solubalization of CO, in liquid.) During the purging process observe and record
the maximum methane concentration. This may be different than the steady state
value. Based on probe casing volume and sample pump flow rate, determine the
_pumping time to pump just over two probe volumes. from the casing using the
sample pump. The probe casing should be sealed during purging. The objective
is to monitor soil gas from void spaces surrounding the probe screened interval.

4) Read and record concentration of measured gases (methane, oxygen, and if
necessary, carbon dioxide).
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5) If the methane reading is slowly increasing as the probe is pumped, the value at
two probe volumes is recorded. The objective is to record the conditions of the
gas around the probe and not gases that can be pulled to the probe via the purging
process.

N

Limit Monitoring to the
Vapor Around the Probe Screened Interval

It is desirable to pump continually while monitoring to insure that steady state conditions
are being monitored. To do this properly, the LFG technician should calculate the
internal probe volume (see Appendix B.5 ). Apply the pump flow rate to determine the
time required to evacuate two probe volumes.

High Methane Conditions May Give a False Negative
8 /

The technician should be particularly alert for temporary upscale meter needle deflection
and return to zero or negative reading of the combustible gas indicator indicating an over
scale or over range condition. Sufficient oxygen must be present to operate most
combustible gas meters. Check the instrument operation manual for the required oxygen
concentration and verify if the minimum concentration exists.

The following data should be recorded for each probe monitored:

Name of person taking readings

Date and time

Ambient temperature

Weather conditions

Atmospheric pressure

Probe identification and location

Slot interval depth

Probe pressure/vacuum

Gas composition (methane, oxygen and CO,),

Be careful to always note whether probe pressures are positive or negative, (i.e., pressure
or vacuum). See Appendix C.2 for Sample Probe Monitoring Log. Pressures may be
positive or negative due in part to factors such as barometric pressure swings and range
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in equilibration. It takes careful evaluation to determine if the readings are significant
indicators of a problem.

Reseal the probe when finished monitoring. The probe should always remain sealed
when not being monitored.

Some additional comments on probe sampling:

b

2)

3)

4)

5)

6)

If gas samples are to be collected for trace constituent gas analysis, sample
pump and all connecting tubing should be non-contaminating, (e.g., Teflon™
and stainless steel, etc.) Sampling flow rate should range from-about 1/3 to 2-
3 liters per minute (lpm), at or very near atmospheric pressure and ambient
temperature.

Samples may also be collected into a sample container (e.g., a Tedlar™ bag or
Summa™ canister), and then analyzed using portable direct reading
instruments or by an analytical laboratory by gas chromatography or mass
spectrometer.

Certain direct reading methane instruments require that a minimum oxygen
concentration be present to operate properly. Knowledge of a given
instrument’s requirements and limitations is necessary. Instruments typically
used are combustible gas analyzers (CGAs), organic vapor analyzers using a
flame-ionization detector (OVA/FID), and infrared analyzers. These units are
discussed in detail in Chapter 16, Instrumentation.

Almost all oxygen cells, which operate on a partial pressure principle, must be
calibrated at the elevation at which they are to be used, prior to actual use.
Otherwise readings will be inaccurate. These cells are also subject to pressure
changes in the instrument samples stream, e.g., sample pump pressure.

Newly installed probes should be allowed to stand free for at least 24 hours to
allow soil gases to equilibrate prior to sampling.

Many practitioners only monitor methane and pressure. By monitoring
carbon dioxide and oxygen, and estimating nitrogen, rather than monitoring
for just methane, a better idea of soil gas conditions can be obtained. This
helps identify probes that are borderline, i.e., where methane is not present but
its appearance is likely or occurs in a transient manner. This could be
indicated by high carbon dioxide, low oxygen and sometimes low nitrogen
appearing before the actual presence of methane. A more complete picture of
soil gas also tends to confirm the accuracy of the monitoring data.
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Trace Methane May Indicate a Larger Problem
4

As explained in previous sections, LFG tends to migrate away from the landfill and
accumulate in confined spaces. The occurrence and accumulation of methane is
sometimes transient. The presence of slight amounts of methane less than the LEL (5%
UEL) is an indication that more may accumulate under other conditions if corrective |
action is not taken. If methane is detected in concentrations greater than 15 percent (the
UEL) by volume, there is always the potential for an explosive methane-air “front” that
could be formed nearby by dilution.

el LFG Mfgration Can Deplete Oxygen

A second serious hazard is oxygen deficiency which may cause death by asphyxiation.
As LFG builds up it displaces air, hence oxygen in the gas inhaled. The legal limit for
oxygen deficiency may vary by state but 19.5 percent is a safe number to use (and is the
most stringent). It is imperative that confined space regulations and procedures be
followed before personnel enter any confined spaces or any location where oxygen
deficiency could occur. Under certain circumstances special “permitted entry”
requirements apply. Information on confined space entry regulations and procedures is in
Chapter 19, Safety.

Methane and carbon dioxide are gases which may be present from sources other than the
landfill. Field instruments cannot differentiate between the sources of these compounds.

6.4. LFG MONITORING INSTRUMENTATION

Pressure, methane, carbon dioxide,, and balance gas (indicating nitrogen) indicators are
used to monitor EFG-probes. ~A-portable organic-vapor analyzer/flame-ionization detector
(OVA/FID) is sometimes used to measure very low levels of combustible gas or volatile
organic compounds. (The OVA/FID is also useful for monitoring surface emissions,
identifying piping and equipment fugitive leaks or monitoring human exposure in
specialized applications.) Table 6.1, “Typical Instrumentation Measurement Ranges”,
shows the measurement range for some monitoring instrumentation. Monitoring for
methane in the parts per million range is not normally necessary for monitoring gas




migration. It is necessary to have a thorough understanding of the principles of operation,
operating procedures and maintenance of these instruments in order to perform accurate

monitoring. The operator must also understand the operating limitations of the

instruments.  There is more discussion of LFG instrumentation in Chapter 16,
Instrumentation.

r TABLE 6.1 - Typical Instrumentation Measurement Ranges
INSTRUMENT MEASUREMENT RANGE
Pressure (inches of water column) 0-0.25, 0-0.5, 0-1, 0-5, 0-10, 0-25, 0-60,
. 0-100, 0-150
Combustible Gas Indicator (Methane) 0-100% volume

(Note: In the LEL range, sufficient oxygen must be | 0-100% LEL (0-5% volume)
present in the sample stream to completely combust

| the methane to get an accurate reading.).

Oxygen Meter 0-5% volume
0-25% volume

Carbon Dioxide Meter 0-60% volume
0-100% volume

OVA/FID (Methane or VOCs) 0-10 ppm

(Note: Most OVAs require sufficient oxygen in the | 0-100 ppm

sample stream to operate properly) 0-1000 ppm

0-10,000 ppm

6.5. MONITORING STRUCTURES AND CONFINED SPACES

Federal and state regulations and good safety practices require that explosive
concentrations of methane in structures on and off the landfill shall not exceed 25 percent
of the lower explosive limit (LEL), or 1.25 percent by volume in air. It may be necessary
to monitor on site structures to meet this requirement. Occupied on-site buildings
especially should be monitored as frequently as good safety precautions dictate for a
particular site. Monitoring daily is reasonable in some cases. In addition to buildings
(both occupied and unoccupied) other types of structures including vaults, manholes and
drainage culverts could contain an explosive concentration of landfill methane.

Note that structures that.actually are a part of the LEG control-system-(e.g.-piping, vaults)

are excluded from this requirement. However, any structures that are part of the LFG

system which also contain an electrical sparking device (motor starter, relay contact, etc.)

should be monitored routinely. This is applicable regardless of electrical classification of
“the equipment or enclosures.
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If LFG is detected around off site or on site structures, a thorough monitoring
investigation should be conducted within the structure. Such work is usually performed
by a regulatory agency or an independent evaluator. Such special monitoring must
include detailed recording of monitoring results. Results should include locations, peak
and stable readings, and time and date. Weather and atmospheric pressure conditions
should be noted. Monitoring activities should include checking the following areas:

e Basements and substructures . '

Wall space hollows and behind switch plates

Locations of all fired equipment and pilot lights including:
— Space and water heaters

— Dryers '

— Ranges

— Commercial fired equipment

Foundation expansion joints and seams

Below structure vents

Elevator shafts, pits and seals

Water wells

Drains and plumbing penetrations

Floor and wall penetrations

Electrical conduit

Vaults and other like structures and substructures

Small rooms or non-vented areas

Cracks, breaks or other imperfections in flooring

Above and below building membrane protection systems if present
Drilled monitoring probes (see “Warning” below)

Bar punch probe holes (should be freshly punched or repunched)
Driven probes (see “Warning” below).

For Safety - Always Monitor During Worst Case Conditions

Monitoring should be conducted under worst case atmospheric conditions, typically mid-
to late-afternoon when the barometric pressure is decreasing and LFG is most likely to
migrate and vent from the landfill. However, monitoring time of day may be varied to
identify periods of highest migration. '

Where the possibility of a natural gas leak exists, the likelihood of a source of methane
other than the landfill should be evaluated. This can often be done by a utility company
or through laboratory analysis. Laboratory analytical techniques can be used to
differentiate sources of natural petroleum and other types of biogenic gases. These other




sources should have a distinctly different analytical signature. However, natural gas can
be oxidized, forming CO,, which would cause it to have a composition similar to LFG.

Monitoring Probe Location Precautions
v .

If permanent monitoring probes are to be installed around occupied buildings or
residences, they should be installed so that people, especially children, cannot be injured
by them. Options include a locking monitoring well cover or a locking vault box.

6.6. SURFACE EMissION MONITORING PROCEDURES

Surface emissions monitoring has become more common in areas of the country with
stringent air quality regulations.

There are several methods that are commonly used in conducting surface emissions
monitoring. These are:

Random instantaneous surface sweeps over the landfill surface
Direct reading instantaneous surface sweeps over a defined area (grid)

o Integrated surface sampling (collection of a sample over time) over a defined
area (grid)

e Ambient air sampling.

Random instantaneous surface sweeps over the landfill surface normally use an
OVA/FID and a map of the site. Following a prescribed or random pattern over the
landfill surface, instrument readings are observed and recorded. The technician pays
~ particular attention to note and record peak readings and high readings due to thin or poor
landfill cover or damage to the cap due to drying, cracking and settlement. Information

obtained can be used to advise the landfill operator of areas where cover maintenance is.

needed and to assist in tuning the wellfield. This information can be quite valuable to the
operation of the LFG control system.

A direct reading.instantaneous.surface monitoring (ISM).ower. a.defined area (a grid
segment) is similar to the random walk technique, however in this case the LFG
technician walks a predefined pattern within a grid segment at a defined speed and
records the readings at a set time interval. A strip chart recorder or data logger may also
be used with the OVA. 1t is helpful to have two persons for this technique. The OVA
monitoring probe inlet is usually fitted with a funnel and held within 2 to 3 inches above
the landfill surface. The typical grid consists of lanes 25 ft apart. Sampling is conducted
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at a slow pace, generally 1-2 mph. Figure 6.5 shows a typical grid patter across a landfill.
High readings from cracks and fissures are also recorded as part of the monitoring. Steep
Jandfill slopes are typically not monitored because of the risk to monitoring personnel.

Integrated surface sampling (ISS) consists of collecting a continuous sample over a
defined grid pattern (usually over 50,000 square foot grids) at a set speed and sampling
rate. The method is similar to the ISM method, however in this case, a sample is
collected using a bag sampler. A combination non-contaminating sample pump bag
sampler is used to collect the surface sample in a Tedlar™ or other non-contaminating
sample bag. The methane concentration in the integrated sample can then be measured
using an OVA to obtain an average reading over the grid pattern. The sample can also be
analyzed for trace constituents using portable or laboratory instruments.

Before sampling is conducted, a topographic plan view map of the landfill should be used
to lay out all the grids to be monitored or sampled. For some landfills, not all areas may
be accessible. Those areas should be skipped or partially monitored by adjusting the
monitoring or sample flow rate. In the field, the topography map is oriented using a
compass and markers or grids are laid out prior to monitoring. On closed landfills, grids
may be surveyed and marked.

Meteorological monitoring is usually conducted for wind speed (acceptable between 0 to
10 mph, with ideal speed between 2-5 mph) and direction (0 to 540 degrees) while
instantaneous direct monitoring and integrated bag sampling is being conducted. (Note:
the 0 to 540 degree range is necessary to accurately determine wind shifts through the
360 degree heading). Low threshold wind speed monitoring equipment mounted between
2 and 4 meters above the ground surface should be used. A data logger or recorder
should be used to record the data.

Another type of emissions monitoring that is sometimes conducted is ambient air
sampling. This type of monitoring is not needed for most landfills and requires special
expertise. Ambient air sampling is usually focused on measuring total non-methane
hydrocarbons (TNMHC) and individual species of trace priority pollutants which may be
emitted from the landfill or another source in the ambient air at the landfill’s property
line. This sampling is usually conducted employing up-wind and down-wind integrated
ambient air samplers. Samplers may employ Tedlar™ bag samplers or EPA Method TO-
14 samplers which use Summa™ type electro-polished canisters. Ambient air sampling
of various types has been conducted extensively at landfills in California and is required
at some landfills in Illinois.
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Limits to ISM and ISS Monitoring

Direct reading and integrated surface sampling results are subject to considerable
variability due to wind and distance of the sample inlet from the surface of the landfill.
The practice has many aspects that are problematic and debatable. It has been argued for
example, that there are many mechanisms that mitigate trace constituents as they pass
through cover soil. However, the practice is accepted as convenient and a practical
approach. On a relative basis, the surface sampling results give at least a qualitative
assessment of surface emissions.




ONITORING POINT (TYP)

Figure 6.5

Sample Instantaneous Surface Monitoring Path
Source: City of Redlands, Redlands, CA and GCE
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7. THE LFG WELLFIELD AND COLLECTION SYSTEM

7.1. EXTRACTION WELL AND COLLECTION SYSTEM CONFIGURATIONS

The LFG wellfield typically consists of the following components:

e LFG extraction wells, including:
— flow control valves
— monitoring ports

e LFG collection piping, including
— condensate water collection points
— isolation valves
— monitoring ports

The most common practice is to install vertical extraction wells into the landfill waste
mass. Vertical wells are installed along the perimeter of the landfill inside or outside the
waste boundary for migration control and sometimes throughout the interior of the waste
mass for control of LFG emissions. Vertical wells are installed within the landfill for

emission control and energy recovery projects.

Common practice, particularly in landfills still actively filling, is the installation of
horizontal wells, also referred to as trench collectors. These are typically very efficient
collectors when installed sufficiently deep in the landfill or otherwise properly isolated
from air intrusion. They are best suited for installation while a landfill is still being
actively filled in areas where additional lifts of MSW will be placed over the well.

LFG is transported under vacuum to treatment and disposal equipment through a network
of collection piping. The main pipe from the blower facility to the wellfield is called a
header. The secondary pipes that connect the wells to the header(s) are called laterals.
Sometimes sub-headers connect between the main header and smaller extraction unit
lateral piping. The collection system may be placed on the surface of the landfill, buried
beneath the surface cover, routed around the perimeter of the landfill on native soil, or
some combination of these configurations. Header piping may be arranged in a branch,
looped or matrix configuration.

71
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Header Routing Options

The routing of collection header piping is based on such factors as well placement,
terrain, slope and drainage, and economically efficient routing. Effective drainage is the
key to efficiently operating a LFG collection system.

Surface horizontal trench collectors placed in a lattice network are often used under a
membrane cover. If a surface membrane is incorporated into final surface cover by
design, surface collection is commonly used to prevent build up of pressure under the
membrane.

A well variation commonly used in the United Kingdom is the rock trench and column
approach. In this configuration, horizontal trenches and vertical columns of aggregate are
placed in the landfill with collection piping inserted into the ends of the rock columns to
apply a vacuum to the rock network.

Another approach is the installation of perimeter control “soil vapor” extraction wells
outside the waste mass. This approach may be found at sites that are too wet for effective
LFG recovery using the more common design approaches or areas of acute migration.
The success of this approach is dependent on the surrounding geologic and hydrogeologic
.conditions. Extraction influence is usually much less in soil than in refuse, hence more
wells are usually required, spaced closer together. These wells usually do not have the
same performance restrictions as wells in refuse; air can be collected from soil wells with
a limited risk of causing fires in the nearby refuse. The amount of air that can be
collected is limited by the gas quality requirements of the system and potential for
explosive mixtures in the collection pipe.




Air Injection

Another control variation is the reverse process from vacuum extraction, known as air
injection. Air injection can be an effective vapor barrier by creating an air pressure
curtain. Air injection can be effectively used if a sufficient buffer zone between the
injection wells and the waste mass boundary is allowed. Air injection in the vicinity of

the waste mass boundary should be avoided. Air injection-as an approach has many

negative connotations and is considered controversial by some because of the problems
that have been caused by misapplication. Air injection wells have been known to
contribute to landfill fires by introducing oxygen to the landfill and creating an aerobic
environment.

Understanding LFG Extraction

3 4

An important concept in understanding active extraction of LFG is recognizing the nature

© of the landfill as an imperfect (i.e., unsealed) container. The landfill may be compared to

a anaerobic sewage digester. However, instead of a controlled closed system (i.e., sealed)
container as in the case of the digester, the landfill is a porous (constantly leaking)
container. Ideally, we would like to collect all of the LFG (as it is generated) with little
or no air intrusion. However, this is difficult because the landfill is porous, LFG
continuously escapes, and air is continually pulled in. Even a completely membrane
lined and covered landfill is likely to have venting or leaking. In fact, when a geo-
membrane is used, air intrusion and LFG leakage may be magnified locations where this
occurs. A completely gas tight sealed landfill presents considerable engineering design
and economic challenges. For this reason we closely manage withdrawal of LFG by
routinely balancing the wellfield, thus minimizing the introduction of air into the landfill
through landfill cover and other pathways.

7.2. COLLECTION SYSTEM DRAWINGS

A set of design drawings of the LFG control system (LFGCS) should be readily available
to the operating staff. Of particular importance are the following drawings:

e Extraction system site plan




e Header and lateral piping plan and profiles

e Detail drawings of components such as wells, wellheads, condensate traps and
sumps

e Monitoring probe locations and boring logs

e Well construction logs.

A handy drawing representative of the LFGCS should always be available. Engineering

design plans do not always fill that need. It may be necessary to prepare a field map of

the wellfield, LFG and condensate collection piping, traps, and sumps, access ports, and
monitoring probes in an 8-1/2 x11 or 11x 17 inch plan view drawing format for use in
inspecting, monitoring and operating the LFGCS. It is helpful to have copies on which to
make notes and calculations and to record spatial and geologic relationships.

7.3. COLLECTION SYSTEM COMPONENTS
7.3.1. Wells
7.3.1.1. Vertical Extraction Wells

The vertical extraction well is probably the most standard and commonly used type of
extraction well. The vertical well is best suited for installation in finished landfill areas.

The well is usually constructed of PVC, HDPE, occasionally steel or other materials, with
special considerations in each case. The bottom portion, approximately one-third to two-
thirds of the casing, is slotted or perforated. ‘The upper portion of the well is constructed
of solid pipe casing. The slotted interval is typically surrounded in the boring with non-
calcareous (i.e., non-chemically reactive) aggregate: The rock around the -slotted interval
of the well i$ sometimes referred to as a filter pack. A'seal is often placed just above the
filter pack. Native soil is placed and.compacted above this seal.’ Another seal is normally
placed near the surface of the boring. :

The . most -common ‘seal materials are bentonite, a bentonite and soil mixture, or a
membrane .well boot. Sometimes a slip joint (expansion joint) is installed in the well
piping to allow the well to contract as the landfill settles. A wellhead is used to connect
the extraction well to the collection system. The wellhead assembly may be located on
the well'casing or at the header. Well casing sizes of 3 to 8 mches are the most common.
Figure 7.2 shows two typical LFG well configurations.
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Figure 7.2
Typical LFG Extraction Wells with
Above & Below Grade Wellhead Configurations

Slip joints placed above the intermediate seal have a tendency to fail and leak, thus ‘short
circuiting’ the well and allowing air leakage.

Experience has shown that some wells, particularly in wet conditions, will silt up or clog
over time. Some believe that well performance is impacted adversely by returning (i.e.,
draining) LFG condensate_back to the well. T his.practice is.sometimes used in situations
where condensate collection options are difficult or limited.
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Figure 7.3
Typical Horizontal Well Detail, Front & Side Profiles

7.3.1.2. Trench Wells

Trench collector wells (or horizontal wells) are most often installed during the active
landfilling phase. The horizontal trench collector is commonly constructed of
continuously perforated pipe or interlaced pipe segments of two different diameters of
pipe, (e.g., up to 15 inches nominal diameter). The horizontal well piping is surrounded
with coarse aggregate. Figure 7.3 is an example of a horizontal well that uses interlaced
pipe. The interlaced pipe provides openings for gas extraction similar to perforations.
The aggregate is sometimes surrounded with a geofilter fabric. -In very wet sites or where
leachate will accumulate, an underdrain beneath the trench system has been used to drain
accumulated water.

The effectiveness of a trench well is greatly limited when used in a shallow emplacement
due to the potential for air intrusion especially if the landfill is not capped. Such wells
usually must be operated at a very low vacuum. It is sometimes necessary to cover the
trench well with geomembrane material to limit air intrusion. This is particularly true
when the collector is within 20 to 30 ft of the surface of the landfill.

When intermediate or final landfill elevations are achieved, vertical wells may be added
to enhance gas recovery and improve system performance.

7.3.1.3. Surface Collectors

A surface collector is a horizontal well near a landfill surface which is covered with an
impermeable geo-membrane. This type of well is often used to relieve pressure build-up
due to LFG and to prevent damage of the geomembrane. Surface collectors are usually
placed just below the geo-membrane. - ’
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7.3.2. The LFG Wellhead

A wellhead is an assembly of pipe and fittings that usually provides for
several functions including flow adjustment, gas monitoring, flow
measurement, and sometimes water depth sounding and leachate extraction.
The wellhead is usually mounted either at the extraction well or at a
collection pipe to which the extraction well is connected by lateral header

piping. When the wellhead is not mounted at the top of the well, it is -

commonly referred to as a monitoring and control assembly. The
monitoring and control assembly is common on looped and buried systems
and inactive sites where it is desirable to locate the header on native

material. This places the controls at a location that may be more accessible. .

For purposes of this manual the term “wellhead” will be used as a generic
term to refer to both wellheads and various monitoring and control

assembly designs.

Wellheads may also be clustered together for ease of access. The primary
purpose of the wellhead is to provide access to monitor well condition data
parameters and to meter and control the rate of withdrawal of LFG from the
landfill. Figure 7.4 shows a picture of a typical vertical wellhead. Figures
75, 7.6, and 7.7 show typical drawings of standardized wellhead

configurations.
7.3.3. Components of the Wellhead
A wellhead should include:

A flow control valve

Flex hose connecting wellhead to collection piping
Flow element for flow measurement

removal, etc.

?
b4
£

Figure 7.4

Typical Wellhead
Source: LFG&E*

Access ports for measuring pressure, temperature, and LFG composition

A removable cap for access, well sounding, internal inspection, liquid
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Source: LFG&E®
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7.3.3.1. Wellhead flow element

A wellhead may be fitted with or without a flow element. Since wells should be adjusted
based on a targeted flow rate (see well adjustment procedures), it is highly desirable to
incorporate a flow element in the well head for both convenience and consistency of
readings. Portable flow measuring instruments such as portable pitot tubes and
anemometers may also be used. However, the setup takes time and a single instrument
may not be applicable to the entire range of flows encountered.

Two types of flow elements are typically used for LFG wellheads;’ pitot tube and briﬁce
plate. The pitot tube and typical orifice plates are shown below as Figures 7.8 and 7.9.

STATIC TAPS

————— FLOW \
DYNAMIC (VELOCITY HEAD) TAP N '

R=R +R

——— STATIC PRESSURE, R

TOTAL PRESSURE, R

Figure 7.8
Typical Pitot Tube Configuration

From Bernoulli’s Equation:

_ 2(PT _ Ps)
\/ Y2,

where: V = Fluid Velocity
P, = Total Pressure
P, = Static Pressure
P, = Dynamic Pressure, (velocity component) P, =P, - P,
p = Fluid Density

Assumption: (1) Fluid is treated as incompressible
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Figure 7.9

Standard Orifice Plates
Source: LFG&E®

7.3.3.2. Wellhead Valve

The wellhead valve is used for controlling well flow. Although many types of valves are
available, gate valves are most commonly used in LFG well service. The different types
of valves that may be used include:

- Gate valves
Slide valves
Butterfly valves
Ball valves (both full and reduced port)

Globe valves

A frequent error made in selecting a well control valve is using a valve that is too large.
Generally the smallest valve that will satisfy the flow requirements should be selected.
When using a valve that is oversized for the flow rate, small adjustments in flow are
difficult. The advantages and disadvantages of various valves are discussed below.
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Occasionally the valve must be replaced by operating staff. The wellhead valve should
be selected or replaced with a thorough understanding of the control characteristics of the
valve in mind. Plastic, cast iron, or ductile iron are suitable valve body materials for LFG
service. Selection and replacement criteria include:

Control requirements

Material (body, packing, and seal)
Acceptable pressure drop

Ease of use and adjustment, ergonomics, etc.
Valve position indicator or other options
Cost.

Gate and Slide Valves

Slide valves are a form of gate valve which uses a slide mechanism instead of a turning
mechanism. A gate valve is often used because of the large number of turns from full
open to closed, which provides a higher degree of precision. An advantage of the gate
valve is that in a fully open position it results in very little restriction in flow. For most
fluid applications, it is commonly used for open or shut applications.

Globe Valves

Globe valves have more linear flow control characteristics for fluids applications. Globe
valves are generally more expensive than gate valves. They also cause more restriction in
flow.

Butterfly Valves

Butterfly valves are another common choice for wellhead control valves. The control
characteristics of butterfly valves are that most of the flow control is in the first 30% open
position. If the butterfly valve is oversized for the flow, control characteristics at low
flow will be very poor. This may require reducing the size of the butterfly valve with
respect to the pipe sxze The butterfly valve provides poor control near the almost closed

position.

Ball Valves

Ball valves are usually a poor choice for flow control. Thermoplastic ball valves are not
designed for flow control, have poor flow characteristics, and are virtually
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impossible to obtain repeatability. A frequent complaint is that they are too difficult to
operate and set, becoming too tight and freezing up, resulting in the handles being
broken. Ball valves are a good choice for bleeder and drain valves and some instrument
applications where an on and off service application is indicated. Valve handles should
be properly oriented for fail open or fail closed operation depending upon the service.

The size range for valves used on vertical wells is typically 1-1/2 and 2 inches nominal.
Valves used in conjunction with horizontal trench wells are often larger, commonly 3
inches, due to greater flow rates. :

A common issue is how to determine valve position or the percent are the valve is open
as a means of relating to flow. Many valves do not provide an accurate means to identify
the percent of valve opening or to accurately relate the setting to flow rate. Nevertheless,
it is desirable to record valve position as a means of recording valve position changes as
part of monitoring data and its evaluation. It is also necessary to know if a valve is set
fully open (maximum flow) or is closed (flow shut off) when evaluating well data. Some
valves have position indicators that provide a means to estimate percent open. Some
operating technicians record the number of notches open on a butterfly, others use the
number of turns on a gate valve. While this may provide a rough indication, the valve
setting frequently will not be repeatable due to valve hysteresis and changing conditions

in general.

Some valves use an operating stem and yoke (OS&Y), also known as “rising stem,” and
non-rising stem configurations. The advantage of the rising stem type valve is that the
condition of the valve (open or closed) can be ascertained by the height of valve operating
stem. This is particularly helpful in a main pipeline valve. '

In operating the valve, no more pressure should be applied than is necessary to open or
close the valve. Many inexperienced operators tend to seat valves with excessive force.
This is not necessary and may damage the valve. ~When evaluating well data, it is
important to know the valve position before and after well adjustment. Without it, one
cannot accurately interpret the well data.

7.3.3.3. Wellhead Flex Hoses

A flex hose is often incorporated in the wellhead assembly to connect the wellhead to the
collection piping. The flex hose acts as an expansion joint to relieve the stress between
the wellhead and the piping. This helps to protect the wellhead from stress due to
movement of the piping. The flex hose should be stretched or supported so as not to allow
a low spot where condensate will accumulate and block flow.
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The most common flex hoses types are 1) reinforced semi-rigid PVC and 2) a high
temperature and high vacuum service silicone and wire composite hose. Silicone hoses
are resistant to high vacuum service, chemical and ultraviolet (UV) attack and high LFG
temperature. Abrasion due to hose movement is a key performance issue.

PVC is also suitable for high vacuum service and is reasonably resistant to abrasion and
chemical degradation. It is not as good at elevated temperatures and is not resistant to
UV exposure.

7.3.3.4. Wellhead Access Ports

Wellhead and header piping access ports should be part of the design. In many cases they
must be added by operating staff. This may not be practical on a buried system, in which
case it may become a severe operating handicap. If access ports are to be installed for
flow meter measurement, the port should be placed in as long and straight a pipe run; the
general rule is 15 to 30 pipe diameters of straight pipe run length upstream and 5 to 15
pipe diameters of straight pipe run length downstream. Another way to state it as a rule is
a two-thirds upstream and one-third down stream relationship of straight pipe before and
after the flow element should be applied. Special circumstances may require even more
pipe or other special consideration, (e.g., installation of flow straighteners).

A wellhead usually incorporates a 90 degree turn which can be accomplished using a 90
degree elbow or a tee. A tee in a vertical well affords the opportunity to use a removable
cap so that the well may be measured for liquids. The cap may be slip or threaded and
may be sealed with vacuum grease or Teflon® joint sealant.

7.3.3.5. Access Ports and Wellhead Instrumentation

Access ports provide a means for entry to the inside of the pipe for monitoring LFG
parameters such as gas composition, pressure, differential pressure or flow, temperature,
etc. Access ports should be planned as part of the system design and installed during
initial construction of the collection system. The access port should be designed to
accommodate the well monitoring equipment. Common sizes for access ports are 3/4, 1
and 2 inches. Normally a 3/4 or 1 inch port is adequate, a 2 inch port may be required
when a standard pitot tube is used for flow monitoring. It is also a common practice to fit
the header pipe or wellhead with a small sample valve sometimes known as a labcock or
petcock valve. If the port is not properly sized to accommodate the monitoring
equipment, an adapter should be fabricated or a new port installed.

There are many types of fittings used for access and measurement ports or taps. In
~ selecting access or measurements ports, consideration should be given to instruments to
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be used. There a number of thermoplastic valves and fittings available. If using PVC
plugs, it is preferable to use a tee or saddle fitting rather than directly threading into PVC
pipe as PVC threads are easily stripped. Bronze or brass fittings should be avoided.
Thermoplastic labcock fittings with a male hose barb end are commonly used as well as
quick connect fittings. Stainless steel Schrader tire valve fittings with the internal valve
removed have also been used. :

7.3.4. LFG Collection Header Piping

7.3.4.1. Piping Configurations

“Collection piping may be placed either on the surface or buried. Above ground systems

are often used for piping within the refuse limits where adequate pipe slope is not
available to accommodate landfill settlement. Above ground piping may need supports to
create adequate slope. '

Cold weather climatic

conditions and bene-
ficial use of the landfill

surface often dictate
that a buried collection
system be employed.
Pipe is also frequently
buried in areas outside
the refuse limit where
settlement is not a
concern. Little main-
tenance is required for

;:h.is type7olf(})un§d pipe. Figure 7.10

tgure /. Shows a Typical Below Grade Header Trench
typical below grade

header trench.

A new challenge in LFG collection system design is integration of the collection system
with the final cap required by revisions to Subtitle D for newer landfills undergoing
closure. Of specific importance here is the requirements for the repair of the cap in the
event of a penetration such as construction or repair of the LFG system.

7.3.4.2. Types of Piping Layouts

One of the most common piping configurations is the branched piping layout which flows
from individual wells composing branches that tie into larger lateral or subordinate
header piping and then into one or several even larger main header pipes. Branches can
be inter-tied or cross connected if there is some reason to do so for reasons of flexibility
or maintenance.
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Another common approach is to ring the site with a looped header, which may be located

on or off the waste limit, and tie in individual or groups of wells with header lines that

may be run laterally or radially across the landfill. In either case, the systems may be
above or below grade. The looped system has the advantage of allowing operating
personnel to pull from either direction, thus providing flexibility in situations of
blockages or header repair. The looped system also provides for self-equalizing or
balancing of the vacuum and flow.

7.3.4.3. Types of Piping

Two types of piping are commonly employed in LFG collection systems, PVC and
HDPE. HDPE is not commonly used for above grade collection system applications
because of the high rate of thermal expansion of HDPE. HDPE requires more specialized
techniques for joining than PVC, however, it is very tough and resistant to stress. HDPE
is also a good choice for condensate disposal lines and buried compressed air supply lines
for pneumatic systems. Because of its high ductility, HDPE conforms to the shape of the
ground surface which can cause condensate blockage at low points, if poorly constructed.

The other piping material in common use is PVC. PVC is easy to install, maintain and
repair, but is subject to UV attack and should be protected with UV inhibitive paint.
With age, unpainted PVC pipe will take a set (become oblately flattened or egg shaped)
and brittle. PVC does not tolerate cold weather well and may shatter upon impact below
4 degrees C. (40 degrees F.). Because PVC is brittle , it is vulnerable to stress caused by
differential settlement. PVC is easily joined or repaired with solvent cement and primer.
Special cement and primer is also available for wet service application.

PVC is the most commonly used material for monitoring probes. Because solvent glue
can sometimes register on gas analyzers, PVC probe casing and valves and fittings should
be joined using threaded fittings. All joints must be air tight which is accomplished using
Teflon™ tape or pipe compound at the joint or special piping which utilizes O-ring seals.

Other types of piping that have been used in LFG collection piping include fiberglass
reinforced piping (FRP) and ABS pipe. FRP is not in common use because other
materials have more desirable design characteristics, are more cost effective and are
easier to work with.
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Standard ABS used in drain piping is unsuitable due to its brittleness. However, there is
a specialized formulation of ABS that can be useful in special circumstances. This .
material is ductile and will not shatter in cold weather. It is the only thermoplastic that is
manufactured and specified specifically for compressed air service.  (Standard
thermoplastic materials are generally not code rated for compressed air service, and
should never ' be used above grade. A manufacturer’s applications engineer should be
consulted if there is any question as to the suitability of plastic pipe.)

Carbon steel piping is typically not used in LFG piping that is buried in the landfill due to
susceptibility to corrosion. The landfill is commonly an acidic environment that will
rapidly attack and corrode buried carbon steel piping. This is especially dangerous in the
case of pressurized service piping such as that used for natural gas or propane service.
There has been at least one recorded fatality due to corrosion failure of steel natural gas
piping buried in a landfill.

For buried pipeline transport of LFG off site, for example to a utility, the choices are
HDPE, carbon steel (coated or wrapped), and FRP. The type and specification of pipe
allowed will be dictated by local engineering, building, and U.S. Department of
Transportation (USDOT) (pipeline) codes.

7.3.4.4. Collection System Piping Maintenance

Refer to the Collection System Inspection Checklist (See Appendix C) for information
about identifying collection system deficiencies. The two principal types of problems
that occur in operation of the collection system are LFG condensate blockages and air
leaks.

Condensate blockages are most frequently caused by differential settlement. Likely
locations for condensate blockage are in horizontal collectors themselves, at low points

- along the main gas collection headers and at buried road crossings. Often the operator

can detect surging or “gurgling” noises in the piping, absence of flow, or fluctuations in
pressure readings. With above ground system, it helps to place one’s ear to the pipe to
listen to the sound of gas flowing. Below grade systems can be listened to at access
ports, condensate traps and road crossings. Blockages may be isolated by taking a
pressure profile across the system by measuring and recording system vacuum at access
ports throughout the system and bracketing to isolate the problem. An excessive pressure
drop between any two access ports may indicate a potential problem.

Air leaks are usually detected by sound caused by the vacuum leak. Air leaks may also
sometimes be detected when the system is down and residual pressure builds up in the
pipe creating a “hissing” sound as the gas escapes at the location of the piping leak. Air
leaks may be isolated by checking oxygen at access ports throughout the system and
bracketing to isolate the problem. Sometimes there will be an excessive pressure drop as
a result of the vacuum loss due to the air leak.

7-17



7.3.4.5. Piping Settlement

LFG collection piping is affected by landfill differential settlement. The LFG technician
must check the system periodically for settlement that affects the integrity of the piping

system, causes excess stress on piping, or creates condensate blockage. Long term..

monitoring has documented overall settlement exceeding 25% of initial fill depth.
Settlement may occur at a rate of 1% per year.

The LFG technician should also check the collection system for strain and movement
caused by thermal expansion and contraction. PVC expands and contracts at a rate
approximately 5 to 6 times greater than steel. HDPE expands and contracts at a rate
approximately 20 times greater than steel, or 3 to 4 times greater than that of PVC.

7.3.4.6. Piping Subpon‘s Maintenance

Piping supports are installed to structurally support the piping, anchor the pipe at key
points to control the direction of thermal expansion,-and in the case of thrust blocks,
absorb and control piping thrust forces caused by expansion and contraction. Piping
supports are sometimes required to support piping at minimum intervals to prevent
sagging. Piping laid on the landfill cover surface or on berms may also require anchoring
to minimize and control movement.

==1 Pipe Support Adjustment

The LFG techniciaﬁ should periodically check piping supports to adjust piping alignment
and correct sagging pipe and loose supports. Tires, although aesthetically unsightly, are
sometimes.used as a field expedient or temporary piping support.

7.3.5. Cbndénsate Collection; Traps, Sumps, Pumps, & Tanks

See the LFG Condensate Handling System, Chapter 12.
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8. OPERATING THELFG CONTROL SYSTEM

The LFG control system consists of four basic components. Successful operation
requires that each component function properly. Routine monitoring is necessary to
verify performance of the complete system and to aid in identifying problems, should
they exist. The four basic components of the control system are as follows:

Migration monitoring system i.e., perimeter LFG monitoring probes

e LFG extraction system e.g., a combination of perimeter and interior LFG
extraction wells and collection piping
Condensate collection, pumping, storage, and treatment equipment
LFG treatment, disposal or energy recovery equipment e.g., a blower-flare
facility.

8.1. THE OPERATIONAL ROUTINE

Presented here is a general representation of the operational routine in operating a LFG
control system. The specific tasks, frequency, routine and procedures can only be
presented as general and generic. Many landfills will have site specific differences and

needs.
8.1.1. Perimeter Probe Monitoring

For migration control systems the primary monitoring points are the perimeter migration
probes. Monitoring the perimeter probes and landfill surface provides information on the
performance of the LFG collection system. Procedures for this are discussed in Chapter
6, The LFG Monitoring System.

8.1.2. Condensate Water System
The condensate water system supports the operation of the LFG collection system by
removing the water that condenses in the system. Monitoring consists of verifying the

proper operation of the sumps and traps. LFG piping vacuum is also monitored to
identify restrictions caused by condensate buildup.

8.1.3. Wellfield and Piping

Activities that would be part of the wellfield & collection piping operational routine

would include:
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e Monitoring and adjusting perimeter extraction control wells based upon
perimeter probe, landfill surface, monitoring and extraction well monitoring

data

Monitoring and adjusting interior extraction wells
Inspecting the wellfield components and header piping for performance,
physical condition and needed maintenance

o Inspecting the surface of the landfill for cracks, openings, settlement, or
damaged vegetation that may indicate areas where air intrusion or gas venting
through the landfill surface may be occurring

e Calibrating and maintaining monitoring instrumentation.

The following miscellaneous tasks are equally important for a well operated and
maintained system: .

Assessment and entering of field monitoring data

» Keeping such records and logs necessary to document the system performance
and meet regulatory requirements .

e Arranging services and supply deliveries with outside vendors that support the
LFG control system operation. '

Special conditions such as regulatory rules and compliance orders, the presence of off site
LFG migration, or special waste site status or conditions (e.g., enforcement action or
“Superfund” site status under CERCLA, etc.) may add additional requirements to the

above routine.

8.1.4. LFG Disposal Facility

The frequency and type of monitoring at the LFG disposal facility will depend greatly on
the type of design and components of the facility. An example of the daily routine and
types of activities at a LFG blower-flare facility is as follows:

* Initial check for system status (running normally?) and general observation
» Perform blower-flare facility daily readings. Record readings on daily reading
sheets. The following points should be addressed:

Check annunciator or alarm panel

Visual and audible inspection

Flare temperature (strip chart recorder, temperature indicator, or
thermocouple voltage)

Facility flow

Flare inlet valve position

Flare firing condition - flame and secondary air dampers (visual
observation)
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— Blower suction and discharge pressures & temperatures and unusual
vibration

— Gas quality: CHq & O
—~ Valve positions
— Instrument air operation

— Lubricant levels
— Tankage inventories/levels (condensate/lube oil/LPG/propane)

_ = Check for any unusual conditions '

Note that this routine may be performed daily, on several days of the week, weekly or
monthly, etc. depending on need.

If problems or a shutdown are observed:

As part of troubleshooting, make “quick check” and evaluate ail conditions.
Note annunciator status (prior to resetting).

Make notes in logbook.

Make appropriate notations on recorder strip charts.

Take corrective actions.

8.1.5. Administrative Procedures:

Make appropriate entries in facility log book and on flare strip chart recorder.
Based on scheduled items and results of “quick check” decide on course of
action for day or shift.

Conduct instrument maintenance activities. Record calibration results.

Perform blower-flare facility readings. Record on daily blower-flare facility
reading sheet. Readings should also be taken after any startup following a
shutdown.

Conduct a walking inspection of the landfill wellfield and landfill. Areas
along buried header piping and the perimeter of the waste mass are
particularly important. Log your observations. Sometimes at large sites a
driving inspection is more practical on a frequent basis, however, a driving
inspection should not be wholly substituted for regular performance of a
detailed walking inspection conducted on foot over the system and landfill. It
is not possible to see and hear all that is important from inside a vehicle.
Conduct facility and well field routine or scheduled maintenance activities.
Log maintenance activities. Non-routine maintenance is scheduled as required
consistent with other priorities. '




Perform and record any final field instrument calibration. Record results.

At end of shift/day make final checks and record logbook entries.

A weekly/monthly maintenance reading sheet is used to monitor routine
maintenance checks and service.

Check status of supplies and parts orders. Order any supplies or repair parts
needed.
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9. MONITORING AND ADJUSTING THE LFG
COLLECTION WELLFIELD AND COLLECTION

SYSTEM

The LFG system is dynamic (i.e., continually changing) and its operation must account
for this, Successful operation requires viewing the system as an integrated whole with
many interrelated parts and influencing factors. The effects of continued withdrawal of
LFG, air intrusion, state of the anaerobic environment and the factors that affect LFG
generation, the influence of fluctuating atmospheric pressure, and the adjustment of the
wellfield itself can impact the operation of the LFG control system. As a result,
operating the LFG wellfield can be visualized as a balancing act to enhance certain
objectives, perhaps at the expense of others. These objectives carry different weights,
depending on the site and the operational goals, and are discussed in this chapter.

R Fina

Figure 9.1
Well Monitoring
Source: LANDTEC®




9.1 SOME WELL PERFORMANCE THEORY

Thinking through the various effects of the many objectives of operating the wellfield is
part of the subjective part of the routine thought process of a skilled LFG practitioner.
This process is necessary because no easily manageable algorithm or “by the book”
procedure can address all factors or situations adequately.

One example of this is in determining how much air is. introduced into the landfill by
active extraction. As has already been mentioned, air contains approximately 79 percent
nitrogen and 21 percent oxygen. The ratio of nitrogen to oxygen is 3.8:1. The ratio of
total air to oxygen is 4.8:1. This knowledge can be used (with some assumption) to
estimate the amount of air attributed to surface or piping leakage with the remaining
amount caused by air intrusion into the landfill. Because oxygen pulled into the landfill
with air is often consumed by bacteria, the nitrogen in the air is used instead of oxygen to
estimate the amount of air intrusion. Nitrogen and oxygen introduced by air leaks is
subtracted leaving the remainder as an estimate of air intrusion.

Ideally, given a “perfectly sealed container” such as a sewage digester, we would like to
extract LFG at the rate it is generated. What rate should that be? It is difficult to
determine without some experimentation. The landfill more than likely has an irregular
geometric configuration and virtually all factors associated with it vary to some degree.
As has been said, the landfill is heterogeneous in many ways. Besides MSW
characteristics and composition, factors that impact extracted LFG composition include:

Rate of air intrusion*
Atmospheric pressure *
- MSW moisture content*
- LFG containment efficiency of cover (permeéability/porosity/cap)
Site geometry
- Ground water levels*
. Landfill chemistry, pH, etc.*
Bacteria population size and activity*
Bacteria nutrient availability*
Well field design
Well adjustment* i.e., Extent.of applied well vacuum
Precipitation (rain, snow cover, etc.) '
Extraction system leaks.

*Note that many of the factors in the above list are dynanﬁc and s.ubjte'ét't(;-‘change. The
most dynamic ones in the above list that vary, depending on other factors, are marked
with an asterisk (*). Here we are only talking about those that affect the landfill. There is




another list (see the Well Adjustment Section) that includes some of the above factors and
others that define extraction well performance.

9.2 WELLFIELD MONITORING

Periodically, the wellfield must be monitored to evaluate conditions within the landfill
and adjust the collection system wells. This data must be collected with sufficient care,
accuracy and frequency to provide for informed decisions about operating the collection
and control system.

Monitoring Frequency

4

The frequency of LFG wellfield monitoring will vary depending upon field requirements
and conditions. Monitoring frequency will typically vary from once a month to once a
week. Wellfield monitoring should not be extended beyond one month. The importance
of regular, timely monitoring cannot be overemphasized. Monitoring frequency should
be based on the level of risk and the needs for collection efficiency at the site. For
example, sites which are collecting gas for energy recovery, groundwater protection, or
protection of residences adjacent to the landfill would typically require more frequent

monitoring.

A complete set of wellfield readings consists of most of the following:
e Name of person taking readings

Date/time of each reading

Methane (CH,) concentration

Oxygen (O,) concentration

Carbon dioxide (CO,) concentration

Balance Gas (primarily nitrogen, N,) concentration (normally a calculated

number)

Wellhead gas temperature (flowing)

e Ambient temperature

e Wellhead vacuum (P,) before and after adjustment (from integrated
instrument, digital manometer or Magnehelic™)

e Velocity.head {(AP.or P,).(from flow instrument ok pitot-tube.and manometer)

e Wellhead gas flow before and after adjustment (from field or integrated
instrument)
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e Wellhead adjustment valve position (initial and adjusted)
e Observations/comments (e.g., maintenance issues).

The list of items to be monitored and frequency of monitoring will vary with the type of
application and system requirements. Regulations may also sometimes dictate
monitoring requirements. Not all readings are always needed.

Carbon monoxide (CO) or hydrogen sulfide (H.S) readings may be collected if problems
are suspected. :

H,S Can Be Lethal

Potentially lethal concentrations of H,S may be present at landfills. Personnel must
always be alert for the hazards presented by H,S. High concentration levels may require
the use of self-contained breathing apparatus (SCBA) or supplied air. If H,S is detected
or suspected, consult the site Health and Safety Officer, an industrial hygienist or other
qualified person.

Supplementary monitoring once to several times a week may be performed using an
abbreviated form of field readings.

An abbreviated form of field readings consist of a combination of some or all of the
following:
e Name of person taking readings
Date/time of each reading
Methane (CH,) concentration
Oxygen (O3) concentration
Wellhead gas temperature (flowing) (Optional)
Ambient temperature (Optional)
Static pressure (Ps) (from integrated instrument, digital manometer or
Magnehelic™)

Velocity head (AP or Py) (from flow instrument or pitot tube and manometer)
¢ Wellhead gas flow (from flow or integrated instrument, or pitot tube and
manometer, or anemometer/velometer) '

¢ Wellhead adjustment valve position (initial and adjusted)
e New wellhead vacuum and flow information after adjustment.
e Observations/comments.

The determination of which readings to include in an abbreviated set of wellfield
readings is based on field monitoring needs but should be standardized for each site
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program and include as a minimum: methane, oxygen, static pressure at the well head,
valve position and any adjustment made.

Line vacuums, gas flow and quality may be taken at key points along the main gas
collection header and subordinate branches. This helps to identify sections of poor
performance, excessive pressure drop, or leakage.

During monitoring, examine landfill and gas collection systems for needed maintenance
or unusual conditions. Examples of unusual conditions are: severe settlement or
subsidence, signs of subsurface fires, smoke, cracks and fissures, liquid ponding,
condensate/leachate weeping from side slopes, surface emissions and liquid surging in the
gas collection system.

9.3 WELLFIELD ADJUSTMENT - PURPOSE AND OBJECTIVES

The objective of wellfield adjustment is to achieve steady state operation of the gas
collection system by stabilizing the rate and quality of extracted LFG in order to achieve
one or several goals. Typical reasons for recovery of LFG and close control of the
wellfield are:

Subsurface gas migration control.

Surface gas emissions control.

Protect groundwater. _

Assist with proper operation of control and recovery equipment.

Avoidance of well overpull and maintenance of an anaerobic state within the
landfill.

Optimize LFG recovery for energy recovery purposes oOr equipment
performance.

Control nuisance LFG odors.

Prevent or control subsurface LFG fires.

Protect structures on and near the landfill.

Meet environmental regulatory compliance requirements.

9.3.1 Approaches to Wellhead Adjustment

There are many approaches to adjusting extraction wells and controlling LFG extraction.
These techniques can also be viewed as a set of complimentary tools that should be used
together or selected as needed to adjust the LFG wellfield. In some situations, reliance on
a single, or just a few, parameters such as methane and vacuum may work satisfactorily

" for some control projects, while in other cases collection of a more complete set of data

parameters and a structured approach to data assessment and well adjustment is called
for. Below is a discussion of the individual data parameters, the adjustment techniques
that apply to them, how to use them and their limitations. The LFG operator should rely
on all or at least most of the techniques and parameters available to him. Reliance on
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only a few of the techniques or parameters discussed can lead to misinterpretation of field
data and improper operation of the wellfield.

There are two options in monitoring wells and making adjustments. One is to collect all
monitoring data, analyze the data to establish the adjustments that should be made, then
promptly return to the field to make the adjustments. This method is usually preferred,
however it may not always be practical. The other method is to adjust the wellfield while
~ the reading set is being taken. The method used will depend on monitoring objectives.

Effects of Well Adjustment

When one well is adjusted, all of the other wells are affected. This is even more true
when a LFG disposal facility uses a constant rate of gas extraction (i.e., a positive

displacement compressor or perhaps a gas engine. Adjustment on the fly will affect the -

entire well field including wells which have not yet been monitored. Normally,xreadings
should commence at the furthest well from the blower-flare facility, then working
towards the facility. For this case, recording all data prior to making adjustments may be
more appropriate. Adjustment on the fly is more appropriate for systems that use
centrifugal gas blowers on flare systems. For this case, well adjustments usually don’t
have a significant impact on the overall system.

Many systems are adjusted primarily based on methane quality rather than flow. This
approach relies on small valve adjustments based upon observed methane levels. A
multi-turn gate valve is ideally suited for this type of adjustment.

Sometimes wells are adjusted based on vacuums in lieu of flow data, however, this is not
as good. Flow is generally not proportional to vacuum due to the non-homogenous
nature of the landfill.

9.3.2 Extraction Well Adjustment Parameters

Before discussing the detail of well adjustment procedures and rationale, it is desirable to
explain each well monitoring data parameter.




Importance of Collecting All Parameters

It should be understood that all of the foregoing parameters can, at times, provide useful
information for well adjustment. It is recommended that the operator consider the effect
of all parameters and use them as data “tools” to provide the fullest possible picture of
what may be taking place within the landfill with respect to methane generation and

collection.

Wellhead Valve Position—Some valves have a position indicator. The position of the
valve position indicator does not provide sufficient information about the well flow or
performance. It is, however, useful to note the relative position of the valve, to know
which valves are fully open or closed. This information should be recorded on the
‘wellfield monitoring data sheet.

LFG Temperature — LFG Temperature is an indicator of the state ‘of anaerobic
conditions at the well. Bacteria may be classified according to temperature as
psychrophilic, mesophilic, and thermophilic. These ranges may be thought of on a
simplistic and relative basis as cool, warm and hot environments, respectively in terms of
the landfill environment and LFG temperatures. '

These temperature environments are summarized in Table 9.1, Typical Temperature
Ranges for Bacteria. The anaerobic methane producing bacteria are slightly exothermic
(i.e., they produce heat). The anaerobic bacteria thrive in all three ranges. Temperatures
of LFG at the wellhead typically range from 16 to 60 deg. C. (60 to 140 degrees F.).
Because of the short residence time, the temperature of the flowing gas measured at the

_ wellhead will usually be very close to that of the waste mass temperature.

2 TABLE 9.1 - Typical Temperature Ranges for Bacteria
2
Range Optimum
Type Deg C. Deg. F. Deg C. Deg F.
Psychrophilic -10t0 30 14 to 86 12t0 18 54 to 64
Mesophilic 20 to 50 68 to 122 - 251040 77 to 104
Thermophilic 351075 95 t0 167 55to 65 131 to 149

Data Source: Waste Water Engineering - Metcalf and Eddy: 3T Ed.

Excessive localized overpull (drawing in air) encourages aerobic activity in the well’s
vicinity and will tend to increase the operating temperature of the well. When LFG
temperature is elevated above about 60 Deg. C. (140 Deg F.), it could be an indication
that aerobic conditions may be present and that the LFG flow should be reduced. This

9-7




can be confirmed by evaluating the composition of the LFG. This is discussed later in
this chapter. :

Pipe Material Temperature Limits

N y

Operating eXtract‘ion wells at excessively high temperaturés (greater than 63 Deg C. or
145 Deg F.) may weaken and ultimately cause collapse of thermoplastic well casings.
The temperature limit for PVC is 74 deg. C (165 deg. F).

Wellhead Vacuum— Wellhead vacuum is a parameter that is often necessary to
accurately calculate and determine flow. This technique relies on the relationship of well
pressure/vacuum to flow for a given well. This relationship will be different for each
well and will change with time. The technician may adjust the well judgmentally based
directly upon the vacuum reading or may extrapolate flow from the vacuum. There is a
square root relationship between pressure and flow. However, it is awkward to apply in
practice. This technique of adjusting by pressure/vacuum can be used when flow
measurement options are not available or for hasty balancing, but should not be relied
upon for regular wellfield operation. The approach is imprecise, misleading and
confusing. This is because the square root relationship between flow and pressure can be
difficult to relate to while performing day-to-day wellfield adjustment. As conditions at
the wellhead change, this method shows itself to be inadequate except for a hasty and
cursory balancing effort. However, some have relied on this technique and found it
satisfactory for their purposes.

Gas Composition—This technique uses gas composition as a basis for judgment about
well adjustment. LFG composition parameters (methane, nitrogen (balance gas), oxygen
and carbon dioxide) are measured at well heads using portable field instruments and
sometimes-analytical laboratory equipment. Methane, oxygen and nitrogen are the key
parameters. It is usually necessary to measure carbon dioxide in order to determine
nitrogen (balance gas). It is recommended that all gas composition parameters be
checked whenever possible as this provides a check on the validity of all. It is also
desirable to check carbon monoxide periodically, and when wellhead LFG temperature
exceed 57°C (135°F) as an indicator of the possible presence of subsurface landfill fire.

Flow Rate—Methane flow rate is considered a key parameter for well adjustment. Wells
are adjusted to a target flow rate determined empirically (i.e., by field trial and
experience). Methane flow is calculated by multiplying the fraction of methane times the
LFG flow in scfm. Flow is adjusted and determined based upon the other parameters.
The target flow rate is validated when all other key parameters are within appropriate
guide ranges. The well is often adjusted until the amount of methane or heat energy
(BTUs ) recovered is optimized for the long term to achieve smooth, steady state
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operation. How aggressively methane is recovered will depend upon the system
objectives. Not all systems need to be optimized, however this generally is a good
management practice. Adjusting the well to a target methane flow rate is a more
meaningful and precise technique for determining and adjusting gas flow at individual

wells.

Flow (of LFG and methane) in the wellfield is normally measured and recorded in
volumetric terms actual or standard cubic feet per minute (ACFM or SCFM) as opposed
to mass flow or heat rate (BTUs). Flow through the blower is also expressed in
volumetric terms (SCFM). Flow at the flare is expressed as flow or heat energy
(MMBTUs) to the flare. It is important to distinguish between the flow of LFG and the
flow of methane. For purposes of well adjustment, it is the volume of methané collected

that matters.

_ EXAMPLE 9.1 - Calculate Flow Rate from Velocity Measurement

Calculate the volumetric flow rate in cubic feet per minute (ft.3/min.) from a well with a

measured linear gas velocity of 1,000 ft/min. The velocity was measured in a 2”
Schedule 80 PVC pipe.

Q=VA
where: Q Volumetric Flow Rate (ft3/min)
V = Velocity (ft/min)
A = Cross-Sectional Area of Pipe (ftz)
AT d> It
=— X5
4 144in°
where: d = Inner Pipe Diameter (in.)
n = 3.4
0.162ft)°
Q = 1,000 ft / min x n(—4-ﬁ—)~— = 20.6 ft’ / min

Flow at the wellhead is typically measured using a flow element and a pressure gauge or
separate or integrated portable instrument. Examples of flow elements include orifice
plates, and pitot tubes. Portable instruments used for flow measurement include the
portable velometer or anemometer.




Mass flow rate is calculated by multiplying the unit mass of the substance (e.g. CH,) by
the flow rate. Mass flow may be cited in pounds of gas per hour (gas flow mass is not the

normal unit used). It is important to realize that it is possible for the total volume of LFG .

extracted to increase while the total quantity of methane extracted decreases and vice-
versa.

Heating Value—The heat value of the gas is another parameter of interest when
considering the performance of fired combustion equipment such as a LFG flare, boiler or
engines. While working in the wellfield or with the blower we think in terms of cfm of
LFG and methane, with respect to the flare or and energy recovery device we tend to
think in terms of heat flow rate in MMBTU’s (millions of British Thermal Units, a
standard measurement unit of heat energy). The following formula is used to calculate
the heat flow rate. Since most all of the heat value in LFG is derived from methane,
volumetric flow of methane and heating value are really two ways of saying the same
thing.

EXAMPLE .2 - Calculating Heat Flow Rate

Heat Flow Rate (in MMBTUs per hour) = (cfm LFG) x (higher heat value per cu ft)
‘ ((percent methane)
* 100
(60 min/ hour)
10E+6

) x 1012 BTUs/ cf

Heat rate is expressed two ways, in terms of higher heat value (HHV) and in terms of
lower heat value (LHV). Heat energy in a laboratory analyses and the heat rate of LFG
delivered to a flare is typically expressed in HHV. However, for engines that may
operate on LFG heat rate is expressed in terms of LHV because this is the only portion of
the heat energy that the engines can use. There are approximately 1012 BTUs per
standard cubic foot (scf) of methane at the HHV and approximately 916 BTUs per scf of
methane at the LHV. Hence, the usable energy available from the methane in LFG is
about 90 percent of the HHV.

9.3.3 Wellfield Adjustment - Criteria

There are many criteria used in wellfield adjustment. The emphaéis placed on various
criteria will vary at each landfill site and individual extraction well along with varying
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control or recovery objectives. The primary criteria is methane quality. Methane quality

at the wellhead is an indicator of the general anaerobic state of the landfill and the air -
intrusion impact on this condition, and thus operation of the LFG collection system.

However, a decline in the as generated high quality state of the landfill is usually not

immediately apparent from methane quality. This may depend on how well isolated the

affected zone is from the external atmosphere. For this reason the wellfield is best

controlled based on the flow rate of methane extracted from the landfill. Because of this

we must consider numerous criteria. '

The following criteria for wellfield adjustment should be considered:

Objectives of the LFG control and collection system

Methane concentration (ranging from 40 percent upwards)

The degree to which conditions within the landfill favor methane production.
Typical conditions include: pH, temperature, general cover/cap quality and
condition, moisture conditions, waste stream characteristics, placement
chronology, insulation characteristics, etc.

Oxygen concentration (ranging below 1 percent, preferably less then Y2
percent). Note: O, concentration may be higher if for emission control.
Landfill cover porosity and depth in the proximity of the well

Gas well construction factors including slotting depth and configuration, seal
placement, and backfill material and compaction.

Landfill construction factors including type of fill, size and shape of waste
mass, depth of fill, compaction, leachate control methods

Seasonal, climatic, geographical, or other considerations, including seasonally
arid or wet conditions, precipitation, drainage, ground water elevations, etc.
Surrounding topologic and geologic conditions

Proximity of the well to side slopes (within 150 to 200 ft and less may require
conservative operation of the well)

Nitrogen concentration (typically 8 to 12 percent and less)

Temperature (between ambient and about 135 degrees F). Note: Same as
NSPS.

LFG and methane flow from the wellhead

The design criteria for the gas collection system

Landfill perimeter gas migration and surface emission control, or energy
recovery objectives

Fluctuation in atmospheric (barometric) pressure.
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9.3.4 Radius of Influence

The concept of radius of influence has been developed to aid in extraction well design
and operation. This concept was originally derived from groundwater well drawdown
theory. One definition of the radius of influence of a LFG extraction well can be defined
as the distance from the well at which the pressure has been reduced by extraction
without pulling excessive quantities of air into the landfill. In other words, the distance

from which the well is collecting gas. The actual areal zone (3-dimensional) of influence .

of a well will be irregular in shape. The actual zone or prism influenced is not a cylinder
at all. The areal area affected will be determined by LFG flow, refuse and ¢over soil
permeabilities, locations of perched liquids, landfill cover and many other factors (for a
list of factors, see 9.3.3 Well Adjustment Criteria). The radius of influence concept
should only be used as a rough estimate of the area of collection of an extraction well.

9.4 WELL ADJUSTMENT PROCEDURES

There are numerous methods used to determine how to adjust the flow of a LFG
extraction well. All of the methods assume that the objective is to manage the flow of
LFG within safe operating parameters. While this may not always be true, most landfills
require setting and controlling either LFG or methane flow either for energy recovery or
migration or emission control. The control parameters (e.g., methane, oxygen,
temperature, etc.) ,most emphasize during well adjustment , will depend on the site
specific control or energy recovery and use requirements. An example is shown in Table
9.2 below.

r ] TABLE 9.2 - Control Parameters Based on Control Objectives
2
Control Objective Control Parameters
Energy use ‘ Control by delivered Btus and well
. head temperature
Migration and emissions Control by methane, and O, and well
head temperature

The most common methods used for determining flow adjustments are based on methane
flow. Alternative methods include using oxygen concentration (usually approximated by
the concept of residual nitrogen), methane to carbon dioxide ratio, or “compost” indices
to determine adjustment. The method to use will be based on landfill or well specific
management criteria.

LFG is generated at about 55% to 60% CH, and as extracted its composition is generally
50% to 60% methane, and 35% to 40% CO,. As the well flow is increased, eventually
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the extraction rate equals the landfill’s generation rate within the area of influence of the
well. This is the maximum rate at which LFG can be collected without pulling excessive
amounts of air into the landfill. (Note: Since the landfill is not perfectly sealed, some air
intrusion will almost always occur even while extracting at less than the generation rate.)
Further increases cause excessive air to be drawn into the landfill to make up the
difference between extraction and generation. This is represented by Figure 9.2 below. It
should be noted that by introducing air into the landfill, anaerobic bacteria are inhibited
and future methane generation will be reduced.

Generation Rate

| I
| | |
/_ Extraction Equals
: Extraction Rate ’ Generation
| > > R R | Air 'l
I — Increasing Extraction 1 X—_
Extraction Exceeds

Generation

FIGURE 9.2 - Methane Generation vs. Extraction

Because of the non-uniform nature of extraction influence and the need to pull some air
into the refuse to control surface emission, it is necessary to allow an amount of air to
enter the landfill in order to collect as much LFG as needed to meet management
objectives.

9.4.1 Methane Targeting - Flow Correlation

Because methane is the single most important environmental and energy relevant
parameters, methane targeting is usually the preferred method of making well
adjustments. The objective of this procedure is to adjust the LFG extraction rate so that
the methane content of the extracted gas is equal to a predetermined target value. The
procedure uses the actual well flow, methane concentration and the target methane
concentration as the basis for the well adjustments.

Methane target values are generally as shown in Table 9.3 - Methane Target Values.
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= TABLE 9.3 - Example Methane Target Values

Target Application
50-55% Interior gas wells used for energy recovery
45-50% Interior gas wells where env1ronmental control is
_ ’ important.
40-45% Aggressively trying to control LFG migration
30-40% Interior gas wells where acute LFG emission

problems are occurring (There may be an
| increased risk of landfill fires at some snes when
operating in this range.)

>30% and less | Perimeter gas wells outside of refuse

From Figure 9.3 you can see that as air is pulled into the landfill, the methane
concentration is reduced. The methane target method assumes that a constant flow of
methane is available (worst case scenario) and that any increase in flow will be attributed
to increased flow of air. The first step in the calculation is to calculate the measured
methane flow. A calculation is then made for the new LFG flow assuming that the
methane flow remains constant.

First, the methane flow is calculated

Measured CH4 Flow = Measured LFG Flow x Measured CHy4 (1)

Next, the new flow is calculated based on the target methane concentration.

New LFG Flow = Measured CH4 Flow | @)

CH4 % Target

Therefore, the new LFG flow is simply the measured flow times the ratio of the measured
methane concentration to the target methane concentration.
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S EXAMPLE 9.3 - Methane/Flow Targeting

The measured LFG flow and methane concentration are 12 ACFM and 53%. If the target
methane concentration is 45%, what is the new LFG flow? _ :

Procedure

' o
New LFG Flow = 12 ACFM x (53 %
' 45%

(1]

) = 14 ACFM

It should be noted that this method is conservative and probably not able to reach the
target methane flow in a single adjustment step. As the flow is increased, the well radius
of influence will increase, hence, additional LFG and some air will be pulled into the
well, whereas, the calculation assumes all increase is air. This procedure will need to be
repeated several times before the target concentration is reached.

Depending on the rate of air infiltration, it may take weeks before the air reaches the well.
If the above procedure were repeated every day during this period, by the time the air
reached the well, the final steady state methane concentration might be well below the
target value. Therefore, it is recommended that the flow adjustment be made in small
increments and the well field be given time to respond to the adjustment. A good rule of
thumb is to limit flow increases to 20% and flow decreases to 30% and to make
adjustments a minimum one week apart. :

A simplified approach to the above procedure is to use a 10% guideline for well flow
changes. For example, if the target methane range is between 40 and 45% and actual
methane is 48%, increase the well flow 10%. (The calculated flow increase would only
be about 7%, but this approach would eliminate doing calculations in the field.)

9.4.2 Methane Target - Pressure Correlation

Methane targeting can also be used while measuring well vacuum. This procedure is
more hit and miss than using flow as the adjustment criteria, but it can be successful if
adjustment steps are kept small. This procedure should only be used if flow measuring
devices are not available.  The procedure is similar to methane target with flow
correlation except that pressure is substituted for flow as the control variable. The
equation for this is:

CH,% Measured)

New LFG Vacuum = -Measured Well Vacuum x (
CH,% Target
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This correlation would be valid if flow was proportional to the vacuum. Unfortunately,
in landfills this is not usually true.

=z EXAMPLE 9.4 - Methane/Pressure Targeting

The measured well vacuum and methane concentration are 3 inches w.c. and 56%
methane. The target methane concentration is 45%. What is the new vacuum?

Procedure

1)
New Vacuum = Measured Vacuum (CH‘ % Measured)

CH,% Target

56%
45%

3 inches w.c. x

Jinches w.c. x 1.22 Limiting the increase to 20%

Therefore:

New Vacuum = 3inches w.c. x 1.2 = 3.6 inches w.c.

The limits for increasing and decreasing flow for using flow correlation hold true for
pressure correlation also. That is, increases should be limited to 20% and decreases to
30%.

9.4.3 Residual Nitrogen Target - Flow Correlation

Residual nitrogen targeting is usually used to balance perimeter gas wells where gas
migration control is essential. As air is drawn into a landfill the oxygen is consumed
along with methane by aerobic bacteria to form water and carbon dioxide. The nitrogen
portion of air (~ 80% of air) that remains following removal of the oxygen by bacteria is
called residual nitrogen. Residual nitrogen, therefore, is a measure of aerobic
decomposition in the landfill and is typically the best indicator of air infiltration.
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High Residual Nitrogen Levels May Indicate A Landfill Fire

High levels of residual nitrogen should be viewed with caution as an early indicator of
conditions that can lead to landfill fires. (See Chapter 14, Landfill Fires.)

Air entering a landfill gas collection system that is not subject to aerobic consumption by
bacteria is not of concern for refuse fires. If oxygen is not being consumed, it is likely
that this air, commonly called leakage, is a result of short circuiting into the upper well
casing or collection pipe. This air is unlikely to cause landfill problems, although it can

‘cause other problems elsewhere in the system. For instance, if oxygen is sufficiently high

(around 10% or greater), the LFG can be in the combustible range within the collection
piping. Further, high air leakage can cause flare or combustion performance problems.
The residual nitrogen concept differentiates between the nitrogen associated with air
leakage (in a ratio of 3.76:1) and the nitrogen associated with aerobic activity (or residual
nitrogen).

The procedure for calculating residual nitrogen requires knowledge of the methane,
carbon dioxide, oxygen and water concentrations. Residual nitrogen (RN;) may be
estimated by assuming that residual nitrogen is the balance of gas remaining after
subtracting the concentrations of air, methane, carbon dioxide and water. RN, is
calculated by subtracting the concentration of all measured gases from 100 as follows:

RN2 = 100 - CH4% - COz% - Hzo% - 476 X 02%

The 4.76 constant is used to remove the amount of nitrogen associated with the oxygen
which can be assumed to be leakage and not infiltration.

Once the residual nitrogen in the gas is known, the procedure for well adjustments is
similar to methane targeting. '

(100 - RNz%Actual))

New Flow = Old Flow x (
(100 - RN, % Target)
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EXAMPLE 9.5 - Residual Nitrogen/Flow Targeting

Calculate the residual nitrogen and the recommended new gas flow for a well with the
following operating conditions. Target RN, is 20%.

Ambient Temperature 75°F

CH, 28%
CO, 20%
0, 3%
H,0 3% (by calculation, see Appendix A.5)
Flow 90 ACFM
Procedure

RN2 =100 - CH4% - COz% - Hzo% -4.76 02%

RN,=100-28-20-3 -3 x 4.76 =35%

( (100 - -35))
New Flow = Old Flow x {~— <
(100 - 20)

New Flow = 90x 0.81 = 73 ACFM

9.4.4 Residual Nitrogen

Methane is an obvious indicator of anaerobic activity, but it is not the only indicator that
should be examined. Nitrogen is also a key indicator of the anaerobic state of the landfill.
The lower the nitrogen level in the LFG, the greater the indication of a fully anaerobic
condition within the waste mass. As air is introduced into the landfill, the oxygen is
converted to carbon dioxide and a nitrogen residual remains in the landfill.

While nitrogen cannot always be directly measured with the usual field portable
instruments, it can usually be assumed as the balance after subtracting CH,, CO,, O, and
H,0. H,0 is also generally not measured directly, but looked up in tables based on
assumed saturated conditions and temperature of the gas and ambient air. Other trace
gases are usually ignored.

Interpretation of nitrogen residual is shown in Table 9.4 - Interpretation of Residual
Nitrogen. Operating at levels which indicate overstressing of the landfill may lead to
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introducing or aggravating subsurface fires. In these instances, the well flow should
usually be drastically reduced or shut off. Note that opinions vary as to how much
nitrogen or residual nitrogen is “OK” or “too much.”

L

TABLE 9.4 - Interpretation of Nitrogen Residual in LFG

‘Residual Nitrogen % Interpretation
0to 6 Normal to understressed; typical for high
BTU facility where low nitrogen is
. desirable
6to12 Normal desirable operating range without
compromises for problem landfills
16 to 20 Excessive nitrogen, may be necessary for

aggressive perimeter migration control, side
slope emission control, or where other
compromise is required.

Greater than 20 percent. Over-stressed, this level of nitrogen to be
avoided if at all possible except for
aggressive emission control.

Note that the residual nitrogen concentration shown in Table 9.3 does not allow for the
nitrogen that may be contributed from piping air leaks.

A similar technique, though less direct and less useful is to use “carbon dioxide to
methane ratios.” The landfill operator will find that the direct observation of nitrogen is
usually more appropriate and meaningful.

Carbon Dioxide Concentrations Are Used As A Check On Other Gas
. \\} Constituents And To Determine Residual Nitrogen

Carbon dioxide is usually considered the floating variable in the LFG mixture and does
not directly reflect the condition of the landfill. There is some evidence that the ratio of
carbon dioxide to other gases may reflect the condition of the landfill, however, for
operations purposes this should be neglected.

Residual nitrogen (discounting any sample or piping air leakage which may occur)
provides a direct indication of air intrusion and the anaerobic state of the waste mass.
Oxygen is not as direct and reliable an indicator, because, initially oxygen is converted
aerobically to carbon dioxide in the surface layers of the landfill. Beyond the capacity of
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the surface soil for this conversion, oxygen will breakthrough and appear in LFG. When
this occurs, it is an obvious indication of overpull and excessive air intrusion.

In evaluating residual nitrogen, allowances must be made if there has been any air

leakage into the gas collection system or if there has been serious air intrusion. If enough
air is drawn into the landfill, not all oxygen is converted into carbon dioxide and thus the
oxygen is apparent in the sample. With careful analysis, one can usually deduce the
approximate amount of oxygen contributed through air intrusion and what amount is due
to air leakage in the piping. It is ideal to perform routine analysis of individual wells, as
well as an overall wellfield composite sample by gas chromatography (GC). This can
verify portable instrument calibration and help to prevent problems resulting from
misconceptions caused by inaccurate data. A recommended frequency is monthly for
most sites with active LFG control systems. A minimum frequency for GC analysis is
quarterly.

9.5 ATMOSPHERIC PRESSURE EFFECTS

One of the most important topics in understanding the behavior of LFG and LFG system
operation is atmospheric pressure. An understanding of how fluctuation of atmospheric
pressure affects LFG migration, collection and control is essential to perform these tasks.
The fluctuation of atmospheric or barometric pressure is often diurnal. This means that
the pressure of the atmosphere rises and falls generally on a daily cycle. The pattern of
atmospheric pressure fluctuation typically shows a gradual rising in the early morning
followed by a reversal and decline around noon to early afternoon followed by a
continued gradual decline to a flattening out in the evening to early morning hours where
the pressure again begins to rise. Figure 9.3 shows this typical pattern. Different regions
may experience different atmospheric pressure patterns. Local weather effects (the
movement of high and low pressure fronts) also play a role in atmospheric pressure.
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Barometric Pressure, psi
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Figure' 9.3
Time vs. Barometric Pressure

The diurnal pattern of rising and falling atmospheric pressure affects the venting of LFG
from landfills and the natural intrusion of air into landfills. Most landfills under anaerobic
conditions, without extraction of LFG, will build up a positive pressure. This pressure is
one of the primary mechanisms causing LFG to vent and migrate from the landfill.

Atmospheric Pressure Effects and LFG Migration

During periods when atmospheric pressure exceeds landfill pressure, air is driven into the
landfill. The most common time for this activity is early to late morning hours while
barometric pressure is increased. This condition is indicated by negative landfill probe
gage pressures.

Conversely, during periods when landfill pressure exceeds atmospheric pressure, LFG is
driven out of the landfill. Therefore, for migration monitoring to be most meaningful, it
should normally be performed in the early to mid-afternoon in correlation with falling
atmospheric pressure. Atmospheric pressure should be monitored with other perimeter
monitoring probe and wellfield data for a complete picture of LFG behavior. The
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pressure may differ from site to site and from day to day. As a result, migration
monitoring should be done at various times so as not to systematically miss a possible
migration event.

If atmospheric pressure is charted at hourly intervals the conditions described above can
be seen as illustrated in Figure 9.2. ’

Although opefation of a LFG control system effects landfill pressure, the principal of
differential pressure between landfill and atmosphere, and the resulting direction of gas
flow still holds true.

T

P EXAMPLE 9.6 - Effects of Atmospheric Pressure

To illustrate the effects of barometric pressure, consider the following actual situation:

Landfill monitoring probes had been monitored first thing in the morning on a monthly
basis for almost one year with non-detect methane readings. Monitoring was performed
one afternoon and the result showed that the methane concentration in the probes was
>30% (vol.). Monitoring was repeated the following morning and again monitoring
pressure in the probes every thirty minutes. The recorded data showed that the methane
concentration in the probes jumped rapidly as the barometric pressure started to decrease
forcing gas to the probes.

9.5.1 Gas Concentration and Performing System Pressure Profiling

An important operational and troubleshooting technique that can be performed is gas
concentration and pressure profiling of the header pipe. A pipe profile consists of
collecting gas concentration pressure and flow at regular intervals along the pipe.
Profiles can be compared with baseline profiles to identify problems due to air leaks and
condensate blockages along the header piping.
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—-=1 EXAMPLE 9.7 - Determine Location of Air Leak in Collection Piping

Pt.D
20 ft.*/min.
50% CH,
0.0% 0,
4‘
Pt. A \ Pt.C
100 ft.>/min. 190 ft.3/min.
40% CH, 35% CH,
0.5% 0, 1.5% 0,
Pt. B
50 ft.*/min.
45% CH,
0.2% 0,

Check using flow rate

fter noting an increase in the oxygen concentration at the inlet to the flare station, the
LFG technician collects the following data from sample ports along the collection header

| Flare

Inlet

Flow at Pt. C should equal the sum of the flows from all the pipes entering that

Qc

Qa+Qp+Qp
100+ 50+ 20
170 ft.3/min. < 190 ft.>/min. measured

Indicates a leak upstream of Pt. C, however velocity measurements are subject to

error. Double check using O,.

Flow of oxygen at Pt. C should equal the sum of the oxygen flows from all the

pipes entering that point.

CcQc
Ce

= CoQx +CgQp +CpQp
_ CaQa+CpQp +CpQp

9-23



B (100 ft.3/min. x 0.05)+(5o ft.3/min. x 0.002)+(20 f.3/min. x o.o)

190ft.
= 0.3% O, << 1.5% O, measured

Suspected leak is upstream of Pt. C and downstream of remaining points. If the
collection pipe has isolation valves, the location of the leak can be further isolated by
closing off valves. '

Profiling using pressure in the system is sometimes easier than gas concentration
profiling. If a significant pressure drop is noted between two points, that piping segment
should be investigated for a problem. Potential problems could include liquid condensate
blockage and piping air leakage causing vacuum loss.

9.5.2 Detecting and Repairing Air Leaks

Air leaks occur as a result of aging of the system, and damage or breakage due to
settlement, piping expansion and<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>