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Appendix L — Landfill Gas




APTIM

LANDFILL GAS

This appendix contains multiple sources of information regarding landfill gas.

1.

Revised Surface Emissions Monitoring (SEM) Plan for the Site 2 North Expansion.
APTIM revised the facility’s existing SEM Plan to include the Site 2 North Expansion
area and to meet the requirements of the Siting Ordinance. This Plan may be modified
as necessary in future revisions to the facility’s Landfill Gas Collection and Control
System Design Plan, as long as modifications are compliant with the Siting
Ordinance.

Landfill Gas Energy Basics, LFG Energy Project Development Handbook, US
Environmental Protection Agency Landfill Methane Outreach Program, June 2017.

LMOP and Landfill Gas Energy in the United States, US Environmental Protection
Agency Landfill Methane Outreach Program, June 2017.

CEC Landtec GEM 2000 Portable Gas Analyzer Flysheet. This is a commonly used
gas analyzer used at landfill facility gas extraction and detection wells.

Safe T Net 100 Single Point Gas Monitor Flysheet. This is commonly used for
continuous monitoring of combustible gases, toxic gases or oxygen at one location
for the protection of workers and property.
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SURFACE EMISSIONS MONITORING PLAN
INTRODUCTION

40 CFR 60.755(c) requires the landfill gas collection system be opedcatieat the methane concentration
is less than 500 ppm above background at the surface of the landfill. In addition, thedkadreaicate
elevated concentrations of LFG by vikwdservation (i.e., cracks or seeps in the landfill's cover and
distressed vegetation) must also be monitored. This Surfam@tdving Design Plan specifies the
monitoring procedures that will be used to meet the NSPS requirement. larhiegludes topgraphical
maps with the monitoring routes and specifies the monitoring proceduresilihae followed. Any
deviations from the surface monitoring requirements as stated irsfA& Bre contained in this plan.

Areas Monitored

The NSPS requires monitag along the entire perimeter of the collection area and along a seepenti
pattern spaced 30 meters apart (or aspeezific established spacing) for each collection area on a quarterly
basis. The attached map shows the surface monitoring route prdpogbd facility at final grade
conditions. The actual route taken while the facility is still active bdllincluded with each quarterly
surface scan report, or in other site files.

Areas which will be excluded include:

X Active areas of the site. Active areas are those areas which only have daily cover, ar#mgar
filled with waste. Active areas of the landfill have a larger volume ofpagemnt and/or refuse
trucks which pose an unacceptable health and safety risk to an individuabireth

x Areas of the site with snow or ice cover. Snow has the pdtemi@aver uneven surfaces in the
landfill cover (such as ruts) which could cause the technician to twist ordtegk Icy slopes are
difficult and dangerous to traverse.

x Areas of the site that are undergoing construction or final cover agivitihese areatsa have a
large volume of equipment traffic, which poses a health ant/sédk to the technician performing
the scan.

X Areas that have membrane liner only in pladinit foot traffic on FML due to slip/fall hazard.

Areas of the landfill with slopes equal to or greater thdrl¥ present a safety hazard to the monitoring
techntian. The landfill owner/operator shall monitor through remote means any areamutetd to be
inaccessible (e.g., steep slopes), as rediliyethe conditions of the Siting Ordinance for the Site 2 North
Expansion.

Monitoring Frequency

Surface monitoring will be performed on a calendar quarter basis. Monitoringewiéscheduled if it
cannot be conducted because temperature conditions are outside the opemngengf the instrument
and/or other conditions (snow cover, rain storms, etc.) preweritoring. The monitoring event will be
rescheduled as soon as practical after the original scheduled date.

Surface Monitoring Instrument

The monitoring will be conducted with an organic vapor analyzer, flame i@mnizdetector, or other
portable monitor meeting the specifications in 40 CFR 60.755(d):

Revisal for Site 2 North Expansion 1 May 2022



“The portable analyzer shall meet the instrument specificatiavidad in section 3 of Method 21
of Appendix A of 40 CFR Part 60 (Method 21), except that "methane" shall redlaetences
to VOC.”

To meet the performance evaluation requirements in section 3.1.3 of Method 21, theeinsgvatuation
procedures of Section 4.4 of Method 21 shall be used. The performance ewataatilts will be
documented in an instrument logbook or on a form sirtdléne one shown in Table-A

Surface Monitoring Survey

Immediately before commencing a surface monitoring survey, tmanmsnt shall be calibrated per section
4.2 of Method 21. The calibration gas shall be methane, diluted to a nominal catmmermt 500 parts
per million in air. Calibrations will be documented in an instrumegbdok or on a form similar to the
one shown in Table A-2.

The background concentration at the facility will be determined imnedgiatior to conducting the survey.
The background concentration shall be determined by moving the probe inlet upwide the boundary
of the landfill at least 30 meters from the perimeter wells. Bawkground concentration, measurement
location, and basic meteorological conditions bdlrecorded on Table A{or similar form). Other factors
that can affect “background” should be noted and accounted for (such as a nearby haglilhy,
refinery, chemical plant, etc.).

Surface emission monitoring shall be performed in accordance with section 4.3 thoflid&, except that
the probe inlet shall be placed within 5 to 10 centimeters of the ground and the probe mal/dod
continuously along the ground. Monitoring will not be performed duringemd meteorological
conditions.

Suiface monitoring will be conducted around the perimeter of tHeatmn area and the route shown on
the topographic map. Areas where visual observations indieatged concentrations of landfill gas, such
as distressed vegetation and cracks or seepe icover, will be monitored.

Any reading of 500 parts per million or more above background at any locatiorbehaitorded as a
monitored exceedance and the following actions shall be taken:

i. The location of each monitored exceedance shall b&edand the locationecorded. A
typical form for documenting monitoring exceedances is includeddptan. Other forms for
tracking exceedances may be utilized.

il ii. Cover maintenance or adjustments to the vacuum of the adjacent wells to itleee@se
collection in the vicinity of each exceedance shall be made and the locatibmeshel
monitored within 10 calendar days of detecting the exceedance.

iii. If the remonitoring of the location shows a second exceedance, additional cortive
shdl be taken and the location shall be monitored again within 10 days of the second
exceedance. If the q/monitoring shows a third exceedance for the same location, the action
specified in paragraph (v) below shall be taken, and no further monitorthgt dbcation is
required until the action specified in paragréphhas been taken.

iv. Any location that initially showed an exceedance but has a methane concengésgitimah
500 ppm methane above background at the 10-day re-monitoring specifiedgirapharg)(4)
(ii) or (iii) of this section shall be rmonitored 1 month from the initial exceedance. If the 1-
month remonitoring shows a concentration less than 500 parts per million abovedawikg
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no further monitoring of that location is required until the next quarterlytoramy period. If
the 1-month renonitoring shows an exceedance, the actions specified in paragraph Vi) or (
shall be taken.

V. For any location where monitored methane concentration equals or ex@&eparts per
million above background three consecutive times within a quarterly period, aveléwr
other collection device shall be installed within 120 calendar days of thed @itteedance.
An alternative remedy to the exceedance, such as upgrading the blower,gipe or control
device, and a corresponding timeline for installation may be submittiee Axiministrator for
approval.

Reduced Monitoring Frequency for Closed Landfills

Any closed landfill that has no monitored exceedances of the 500 ppm limit abdgeobad in three
consecutive quarterly monitoring periods may skip to annual monitoringméthane reading of 500 ppm

or more above background detected during the annual monitoring returfregbency to quarterly
monitoring. The facility will go to an awal schedule for areas of the site that are at final grade, and
certified as closed, once three consecutive quarters with no surface moratareeglances have been
performed. This alternative monitoring schedule was approved by RegioBRAUS July 12, 2004 for

an NSPS landfill in Georgia (Applicability Determination Indeon@ol No. 0500087). Currently, the final
closed areas are located in Phase la, Phase b, “old” Site 2 and sections of tBe&itesidn area.

Revisal for Site 2 North Expansion 3 May 2022
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ADS - Zion Landfill
Revised NSPS Landfill Gas Collection and
Control System Design Plan

Table A-1
Monitoring Instrument Performance Evaluation
Surface Monitoring Design Plan

40 CFR 60.755(d)(3) requires performance evaluation of response factor, response time and calibration
precision according to the section 4.4 of 40 CFR 60 Appendix A, Method 21. The requirements are
presented below along with locations to record the evaluations.

Response Factor:

Response factor is the ratio of the known cotregion of a VOC compound to the observed meter
reading when measured using an instrument cédibravith the reference compound specified in the
applicable regulation. Since the monitoring instrunieeing used to detect methane and the calibration
reference compound is methane, the response fagtatefinition is one. No further evaluation is
required.

Response Time:

Response time is the time interval from a step chamy®©C concentration at the input of the sampling
system to the time at which 9 percent of theresponding final value is reached as displayed on the
instrument readout meter.

Performance Requirement: Section 3.1.2(b) of Method 21 requires the instrument response time to be
equal to or less than 30 seconds.

Evaluation Frequency: Prior to placing instrument into service (for the first time or after it was out of
service for maintenance or repair). If modificatiorthte sample pumping system or flow configuration is
made that would change the response time, a new test is required prior to further use.

Evaluation Procedure: (Section 4.4.3 of Method ZBlibrate instrument with the methane calibration
gas. Introduce zero gas into thetimment sample probe. When the meter reading has stabilized, switch
quickly to the specified calibration gas. Measuretime from switching to when 90 percent of the final
stable reading is attained. Perform this test gegp¢hree time and record the results. Calculate the
average response time. Use the form beloa similar format to document this procedure.

Date:

Operator Nane:

Facility:

Instrument ID:
Calibration Ga<onc.:
90% of Calib.Gas Conc.:

Trial No. Time to reach 90% gas value
1 seconds
2 seconds
3 seconds
Average seconds

IV-43 December 2014



ADS - Zion Landfill
Revised NSPS Landfill Gas Collection and
Control System Design Plan

Table A-1
Monitoring Instrument Performance Evaluation
Surface Monitoring Design Plan
(cont.)

Calibration Precision:

Calibration precision is the degree of agreement between measurements of the same known value,
expressed as the relative percentage of the avdiffigieence between the meter readings and the known
concentration to the known concentration.

Performance Requirement: The calibration precision must be equal to or less than 10 percent of the
calibration gas value.

Evaluation Frequency: Must be completed prior to placing instrument into service, and at subsequent 3-
month intervals or at the next use whichever is later.

Evaluation Procedure: (Section 4.4.2 of Method ZHJibrate instrument with the methane calibration

gas. Make a total of three measurements by aldynasing zero gas and the specified calibration gas.

Record the meter readings. Calculate the average algebraic difference between the meter readings and the
known value. Divide this average differencetbg known calibration value and multiply by 100 to

express the resulting calibration precision as a percentage.

Date:

OperatoName:
Facility:

Instrument ID:
Calibration Gs Conc.:

Difference Between

Trial No. Meter Reading After Zero Ga<alibration Gas and Meter Reading

1 ppm ppm

2 ppm ppm

3 ppm ppm

Average Diference: ppm
Calibration Precision = Average Difference/Calibration Gas Conc. X 100%

= / X 100%
= %
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Table A-2
Instrument Calibration and Monitoring Procedures
Surface Monitoring Design Plan

The calibration procedures in section 4.2 of @R 60 Appendix A, Method 21 must be conducted
immediately before commencing a surface monitoring survey. [40 CFR 60.755(d)(4)] Calibration,
background readings and monitoring detads be recorded using this form.

Calibration Procedure:
The calibration gas should be methane in air at a nominal concentration of 500 ppm. [See section 3.2 of
Method 21 for further calibration gas requirements.]

Assemble and start up the analyzer according to theufaeturer's instructions. After the appropriate
warm-up period and zero internal calibration procedimtepduce the calibration gas into the instrument
sample probe. Adjust the instrument meter readocbtespond to the calibration gas value. Record the
calibration information in the table below.

Background Concentration:

Determine the background concentration by moving the probe inlet upwind outside the boundary of the
landfill at a distance of at least 30 meters frompgéemeter wells. Record the background concentration
and location in the table below.

General Information:

Date:

OperatoName:

Facility:

Instrument ID:

Wind Direction: N NE E SE S SW W NW (circle one)

Approximate Wind Speed mph

General Weather: °F,
clear, partly cloudy, overcast (circle ooe write in)
no precip., drizzle, rain,new, (circle one or write in)

Calibration Information:

Calibration Gas Conc.: ppm

Conduct internal zero calibration? Yes No (circle one)

Instrument reading after caliliian: ppm (should be same as above)
Time of Calibration: ___:_am pm (fill in and pick one)

Background Concentration Information:
Background concentratiampwind of site: ppm
Background concentratiom®wnwind of site: ppm

Location of bakground readings:

Average of background readings: ppm
New Leak Definition (500 ppm above average): ppm
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APPENDIX A
40 CFR 60 Appendix A, Method 21

1.0 Scope and Application

1.1 Analytes.
Analyte CAS No.
Volatile Organic Compounds (VOC).......... No CAS number assigned.

1.2 Scope. This method is applicable for the determination of VOC leaks from process
equipment. These sources include, but are not limited to, valves, flanges and other
connections, pumps and compressors, pressure relief devices, process drains, open-ended
valves, pump and compressor seal system degassing vents, accumulator vessel vents,
agitator seals, and access door seals.

1.3 Data Quality Objectives. Adherencehe requirements of this method will enhance
the quality of the data obtained from air pollutant sampling methods.

2.0 Summary of Method

2.1 A portable instrument is used to detect VOC leaks from individual sources. The
instrument detector type is not specified, but it must meet the specifications and
performance criteria contained in Section &Qeak definition concentration based on a
reference compound is specified in each applicable regulation. This method is intended to
locate and classify leaks only, and is not to be used as a direct measure of mass emission
rate from individual sources.

3.0 Definitions

3.1 Calibration gasmeans the VOC compound used to adjust the instrument meter
reading to a known value. The calibration gas is usually the reference compound at a
known concentration approximately equal to the leak definition concentration.

3.2 Calibration precisionrmeans the degree of agreement between measurements of the
same known value, expressed as the relative percentage of the average difference between
the meter readings and the known concentration to the known concentration.

3.3 Leak definition concentratiomeans the local VOC concentration at the surface of a
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leak source that indicates that a VOC emisgieak) is present. The leak definition is an
instrument meter reading based on a reference compound.

3.4 No detectable emissioneans a local VOC concentration at the surface of a leak
source, adjusted for local VOC ambient conaidn, that is less than 2.5 percent of the
specified leak definition concentration. thadicates that a VOC emission (leak) is not
present.

3.5 Reference compoundeans the VOC species selected as the instrument calibration
basis for specification of the leak definitioancentration. (For example, if a leak

definition concentration is 10,000 ppm as methane, then any source emission that results
in a local concentration that yields a meter reading of 10,000 on an instrument meter
calibrated with methane would be classifiechdsak. In this example, the leak definition
concentration is 10,000 ppm and the reference compound is methane.)

3.6 Response factaneans the ratio of the known concentration of a VOC compound to
the observed meter reading when measured using an instrument calibrated with the
reference compound specified in the applicable regulation.

3.7 Response timmeans the time interval from a step change in VOC concentration at
the input of the sampling system to the time at which 90 percent of the corresponding
final value is reached as displayed on the instrument readout meter.

4.0 Interferences [Reserved]
5.0 Safety

5.1 Disclaimer. This method may involve hazardous materials, operations, and
equipment. This test method may not address all of the safety problems associated with its
use. It is the responsibility of the user of this test method to establish appropriate safety
and health practices and determine the applicability of regulatory limitations prior to
performing this test method.

5.2 Hazardous Pollutants. Several of the compounds, leaks of which may be determined
by this method, may be irritating or corrosive to tisseeg. (heptane) or may be toxic
(e.g.,benzene, methyl alcohol). Nearly all are fire hazards. Compounds in emissions
should be determined through familiarity with the source. Appropriate precautions can be
found in reference documents, such as reference No. 4 in Section 16.0.

6.0 Equipment and Supplies
A VOC monitoring instrument meeting thalowing specifications is required:

6.1 The VOC instrument detector shall respond to the compounds being processed.
Detector types that may meet this requiratneclude, but are not limited to, catalytic
oxidation, flame ionization, infrareabsorption, and photoionization.
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6.2 The instrument shall be capable of measuring the leak definition concentration
specified in the regulation.

6.3 The scale of the instrument meter shalidaglable to +2.5 percent of the specified
leak definition concentration.

6.4 The instrument shall be equipped with an electrically driven pump to ensure that a
sample is provided to the detector at a caridtaw rate. The nominal sample flow rate,

as measured at the sample probe tip, shall be 0.10 to 3.0 I/min (0.004 to/tih¥t

when the probe is fitted with a glass wool plug or filter that may be used to prevent
plugging of the instrument.

6.5 The instrument shall be equipped with a probe or probe extension or sampling not to
exceed 6.4 mm ( 1/4 in) in outside diamgeveith a single end opening for admission of
sample.

6.6 The instrument shall be intrinsically safe for operation in explosive atmospheres as
defined by the National Electrical Code by tRational Fire Prevention Association or

other applicable regulatory code for operation in any explosive atmospheres that may be
encountered in its use. The instrument shall, at a minimum, be intrinsically safe for Class
1, Division 1 conditions, and/or Class 2, Bman 1 conditions, as appropriate, as defined

by the example code. The instrument shall not be operated with any safety device, such as
an exhaust flame arrestor, removed.

7.0 Reagents and Standards
7.1 Two gas mixtures are required for instant calibration and performance evaluation:
7.1.1 Zero Gas. Air, less than 10 parts per million by volume (ppmv) VOC.

7.1.2 Calibration Gas. For each organic spetiasis to be measured during individual
source surveys, obtain or prepare a known standard in air at a concentration
approximately equal to the applicable leak definition specified in the regulation.

7.2 Cylinder Gases. If cylinder calibration gas mixtures are used, they must be analyzed
and certified by the manufacturer to be within 2 percent accuracy, and a shelf life must be
specified. Cylinder standards must be eitle@nalyzed or replaced at the end of the
specified shelf life.

7.3 Prepared Gases. Calibration gases may be prepared by the user according to any
accepted gaseous preparation procedure that will yield a mixture accurate to within 2
percent. Prepared standards must be replaced each day of use unless it is demonstrated
that degradation does not occur during storage.

7.4 Mixtures with non-Reference Compounds€&a Calibrations may be performed using
a compound other than the reference compound. In this case, a conversion factor must be
determined for the alternative compound such that the resulting meter readings during
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source surveys can be converted to reference compound results.
8.0 Sample Collection, Preservation, Storage, and Transport

8.1 Instrument Performance Evaluation. Assemble and start up the instrument according
to the manufacturer's instructions for recommended warmup period and preliminary
adjustments.

8.1.1 Response Factor. A response factor must be determined for each compound that is
to be measured, either by testing or from reference sources. The response factor tests are
required before placing the analyzer into ss¥vbut do not have to be repeated at
subsequent intervals.

8.1.1.1 Calibrate the instrument with the reference compound as specified in the
applicable regulation. Introduce the calibration gas mixture to the analyzer and record the
observed meter reading. Introduce zero gas until a stable reading is obtained. Make a total
of three measurements by alternating between the calibration gas and zero gas. Calculate
the response factor for each repetition and the average response factor.

8.1.1.2 The instrument response factors for each of the individual VOC to be measured
shall be less than 10 unless otherwise specified in the applicable regulation. When no
instrument is available that meets this specification when calibrated with the reference
VOC specified in the applicable regulation, the available instrument may be calibrated
with one of the VOC to be measured, ny @ther VOC, so long as the instrument then

has a response factor of less than 10 for each of the individual VOC to be measured.

8.1.1.3 Alternatively, if response factors have been published for the compounds of
interest for the instrument or detector type, the response factor determination is not
required, and existing results may be referenced. Examples of published response factors
for flame ionization and catalytic oxidationtdetors are included in References 1-3 of
Section 17.0.

8.1.2 Calibration Precision. The calibration precision test must be completed prior to
placing the analyzer into service and at subsequent 3-month intervals or at the next use,
whichever is later.

8.1.2.1 Make a total of three measurements by alternately using zero gas and the
specified calibration gas. Record the meter readings. Calculate the average algebraic
difference between the meter readings and the known value. Divide this average
difference by the known calibration value and multiply by 100 to express the resulting
calibration precision as a percentage.

8.1.2.2 The calibration precision shall be equal to or less than 10 percent of the
calibration gas value.

8.1.3 Response Time. The response time test is required before placing the instrument
into service. If a modification to the salapumping system or flow configuration is
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made that would change the response time, a new test is required before further use.

8.1.3.1 Introduce zero gas into the instrument sample probe. When the meter reading has
stabilized, switch quickly to the specified calibration gas. After switching, measure the
time required to attain 90 percent of the final stable reading. Perform this test sequence
three times and record the results. Calculate the average response time.

8.1.3.2 The instrument response time shall be equal to or less than 30 seconds. The
instrument pump, dilution probe (if any), sample probe, and probe filter that will be used
during testing shall all be in place during the response time determination.

8.2 Instrument Calibration. Calibrate the VOC monitoring instrument according to
Section 10.0.

8.3 Individual Source Surveys.

8.3.1 Type I—Leak Definition Based on Concentration. Place the probe inlet at the
surface of the component interface where leakage could occur. Move the probe along the
interface periphery while observing the instrument readout. If an increased meter reading
is observed, slowly sample the interface where leakage is indicated until the maximum
meter reading is obtained. Leave the probe inlet at this maximum reading location for
approximately two times the instrument response time. If the maximum observed meter
reading is greater than the leak definition in the applicable regulation, record and report
the results as specified in the regulation reporting requirements. Examples of the
application of this general technique to specific equipment types are:

8.3.1.1 Valves. The most common source of leaks from valves is the seal between the
stem and housing. Place the probe at the interface where the stem exits the packing gland
and sample the stem circumference. Also, place the probe at the interface of the packing
gland take-up flange seat and sample the periphery. In addition, survey valve housings of
multipart assembly at the surface ofiaterfaces where a leak could occur.

8.3.1.2 Flanges and Other Connections. Fddegeflanges, place the probe at the outer
edge of the flange-gasket interface and sample the circumference of the flange. Sample
other types of nonpermanent joints (such asdtied connections) with a similar traverse.

8.3.1.3 Pumps and Compressors. Conduct a circumferential traverse at the outer surface
of the pump or compressor shaft and seekface. If the source is a rotating shatft,

position the probe inlet within 1 cm of the shaft-seal interface for the survey. If the
housing configuration prevents a complete traverse of the shaft periphery, sample all
accessible portions. Sample all other joints on the pump or compressor housing where
leakage could occur.

8.3.1.4 Pressure Relief Devices. The aqunfation of most pressure relief devices
prevents sampling at the sealing seat interface. For those devices equipped with an
enclosed extension, or horn, place the probe inlet at approximately the center of the
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exhaust area to the atmosphere.

8.3.1.5 Process Drains. For open drains, place the probe inlet at approximately the center
of the area open to the atmosphere. For covered drains, place the probe at the surface of
the cover interface and conduct a peripheral traverse.

8.3.1.6 Open-ended Lines or Valves. Place the probe inlet at approximately the center of
the opening to the atmosphere.

8.3.1.7 Seal System Degassing Vents and Accumulator Vents. Place the probe inlet at
approximately the center of the opening to the atmosphere.

8.3.1.8 Access door seals. Place the prdle¢ an the surface of the door seal interface
and conduct a peripheral traverse.

8.3.2 Type II—“No Detectable Emission”. Determine the local ambient VOC
concentration around the source by movirgpghobe randomly upwind and downwind at

a distance of one to two meters from tbarse. If an interference exists with this
determination due to a nearby emission or leak, the local ambient concentration may be
determined at distances closer to the source, but in no case shall the distance be less than
25 centimeters. Then move the probe inlet to the surface of the source and determine the
concentration as outlined in Section 8.3.1. The difference between these concentrations
determines whether there are no detectable emissions. Record and report the results as
specified by the regulation. For those cashksre the regulation requires a specific device
installation, or that specified vents be ducted or piped to a control device, the existence of
these conditions shall be visually confirmed. When the regulation also requires that no
detectable emissions exist, visual observations and sampling surveys are required.
Examples of this technique are:

8.3.2.1 Pump or Compressor Seals. Ifliapple, determine the type of shaft seal.
Perform a survey of the local area ambient V&@centration and determine if detectable
emissions exist as described in Section 8.3.2.

8.3.2.2 Seal System Degassing Vents, Accumulator Vessel Vents, Pressure Relief
Devices. If applicable, observe whethenot the applicable ducting or piping exists.

Also, determine if any sources exist in the ducting or piping where emissions could occur
upstream of the control device. If the required ducting or piping exists and there are no
sources where the emissions could be vented to the atmosphere upstream of the control
device, then it is presumed that no detectable emissions are present. If there are sources in
the ducting or piping where emissions colédvented or sources where leaks could

occur, the sampling surveys described in Section 8.3.2 shall be used to determine if
detectable emissions exist.

8.3.3 Alternative Screening Procedure.

8.3.3.1 A screening procedure based on the formation of bubbles in a soap solution that is
sprayed on a potential leak source may be used for those sources that do not have
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continuously moving parts, that do not haweface temperatures greater than the boiling

point or less than the freezing point of the soap solution, that do not have open areas to the
atmosphere that the soap solution cannalgeri or that do not exhibit evidence of liquid
leakage. Sources that have these conditions present must be surveyed using the instrument
technique of Section 8.3.1 or 8.3.2.

8.3.3.2 Spray a soap solution over all potential leak sources. The soap solution may be a
commercially available leak detection solution or may be prepared using concentrated
detergent and water. A pressure sprayer or squeeze bottle may be used to dispense the
solution. Observe the potential leak sites to determine if any bubbles are formed. If no
bubbles are observed, the source is presumieauvi® no detectable emissions or leaks as
applicable. If any bubbles are observed,itis¢rument techniques of Section 8.3.1 or

8.3.2 shall be used to determine if a leak exists, or if the source has detectable emissions,
as applicable.

9.0 Quality Control

Quality control

Section measure Effect
8. 1.2 i, Instrument Ensure precision and
calibration accuracy,

precision check. respectively, of
instrument response
to standard.
10.0 s Instrument
calibration.

10.0 Calibration and Standardization

10.1 Calibrate the VOC monitoring instrument as follows. After the appropriate warmup
period and zero internal calibration procedure, introduce the calibration gas into the
instrument sample probe. Adjust the instrument meter readout to correspond to the
calibration gas value.

Note: If the meter readout cannot be adjusted to the proper value, a malfunction of the analyzer is indicated
and corrective actions are necessary before use.

11.0 Analytical Procedures [Reserved]
12.0 Data Analyses and Calculations [Reserved]
13.0 Method Performance [Reserved]

14.0 Pollution Prevention [Reserved]
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15.0 Waste Management [Reserved]
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Harnessing the power FG energy provideenvironmental and economic benefits to landfills, energy
users and the communityorking together, landfill owners, energy service providers, businesats, st
agencies, local governments, communities and other stakehcéahetsvelop successflFG energy
projectsthat

LMOP encourages and
facilitates development of
environmentally and

x Reduce emissions of greenhouse géGSetGs) that
contribute to global climate change

x Offset the use of nerenewable resources economically sound LFG
x Helo improve | | air qualit energy projects 0)Y partnering
© p. provefoca qu_ y with stakeholders and providing
x Provide revenue for landfills a variety of information, tools
x Reduceenergy costs for users bFG energy and services.
X

Create jobs andromote investment in localsinesses

This chaptedescribeghe source and characteristics of LFG presentdasicinformationabout the
collection, treatment and uséLFG in energy recovery systenisis chapter alsmcludes adiscussn
of the status oEFG energyin the United States reviewof the benefits of LFG energyrojectsanda
summay of the current federal regulatory framewoBinally, generastepsto LFG energyproject
development are introduced

MSW landfills are the third
1.1 What Is LFG? largest human caused source of

: . , methane in the United States,
LFG is a natural byproduct of the decomposition of organic accounting for approximately

material in anaerobifwithout oxygen)conditions.LFG 15.4 percent of U.S. methane
contains roughly 5@ 55 percent methane add to 50 percent emissions in 2015.2

carbon dioxidewith less tharl percent normethane organic
compoundg§NMOCs) and trace amounts of inorganic compoumdsthane is a potei@HG 28 to 36
timesmore effectivahan carbon dioxidat trapping heat in the atmosphere over a 100-year period.
LMOP uses a methane global warming poterf@WP)of 25 in program calculati@to be consistent
with and comparable to key Agency emission quantification progsais as the U.S. GHG Inventdty.

Whenmunicipal solid waste (MSW first deposited in a landfilit undegoes an aerobic (with oxygen)
decomposition stagehenlittle methane is generatetihen,typically within less thad year, anaerobic
conditions are established and methane-producing babtggia todecompose the wast@dgenerate
methaneFigurel-1illustrates the changes in typical LFG composition over.time

In the latestntergovernmental Panel on Climate Change (IPCC) assessapert (AR5), the methane GWP range is 28 to
36, compared to a GWP of 25 in ARuttps://www.ipcc.ch/report/ar5/

Inventory of U.S. Greenhea Gas Emissions and Sinks: 12915 U.S. Environmental Protection Agency. EPA 43Q7-
001 April 2017.https://www.epa.gov/ghgemissions/inventaisrgreenhousgasemissionsandsinks1990-2015
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More information about national GHG emissions from landfills and other sources is available from EPA’s
national Greenhouse Gas Emissions website. Additionally, facility-specific emissions data can be viewed

using EPA’s Facility Level Information on GreenHouse gases Tool (FLIGHT).

Figure 1-1. Changes inTypical L FG Composition after Waste Placement

Phase I: Aerobic bacteria—bacteria that live

Bacteria decompose landfill waste in four phases. Gas composition changes
with each phase and waste in a landfill may be undergoing several phases of
decomposition at once. The time after placement scale (total time and phase

only in the presence of oxygen—consume
oxygen while breaking down the long molecular

duration) varies with landfill conditions.

chains of complex carbohydrates, proteins, and
lipids that comprise organic waste. The primary

Aerobic Anaerobic . . ..
T byproduct of this process is carbon dioxide.
100 Moraset | Phase Phase Il Phase IV Phase | continues until available oxygen is
Me thanoge nic, Me thanoge nic, depleted.
- Un steady Steady

Phase Il: Using an anaerobic process—does
not require oxygen—bacteria convert
compounds created by aerobic bacteria into
. acetic, lactic and formic acids and alcohols such
70 as methanol and ethanol. As the acids mix with
E the moisture present in the landfill and nitrogen
is consumed, carbon dioxide and hydrogen are
produced.

80 |

60 i1

50-55%

LT esssesey Phase Ill: Anaerobic bacteria consume the

- organic acids produced in Phase Il and form
acetate, an organic acid. This process causes
the landfill to become a more neutral
environment in which methane-producing
bacteria are established by consuming the

carbon dioxide and acetate.

Gas Composition (Percentage by Volume)

Phase IV: The composition and production

. rates of LFG remain relatively constant. LFG

10 ..-' 5 l' usually contains approximately 50-55% methane
k by volume, 45-50% carbon dioxide, and 2-5%

other gases, such as sulfides. LFG is produced

at a stable rate in Phase IV, typically for about

20 years.

2-5%

Time After Placement

Approximately258 million tons of MSW wergenerated in thenited States 2014 with less tharb3
percentof that deposited in landfill5One million tonsof MSW produces roughl$00 cubic feet per
minute(cfm) of LFG and continues to produce LFG for as many as 20 to 30 years after it has been
landfilled. With a heating value of about 5@0itish thermal units§tu) per standard cubic foot, LFG is a
good source of useful energyormally through the operah of engines or turbineMany landfills
collectand usd_FG voluntarily to take advantage of this renewable enesgyurce while also reducing
GHG emissioss.

(i)

For more information on LFG modeling to estimate methane generation and recovery potential, see
Chapter 2.

3 Figure adapted from ATSDR 2008. Chapter 2: Landfill Gas Basitsardfill Gas Primer -An Overview for Environmental
Health Professionalgzigure 21, pp. 56. http://www.atsdr.cdc.gov/HAC/landfill/PDFs/Landfill_2001_ch2mod.pdf

4 Of the MSW generated 2014 more than 34 percent was recovered through recycling or composting vehitd apercent
was combusted with energy recovery. Source: U.S. EPA. 2@iAncing Sustainable Materials Management: 2014 Fact
Sheet Figure 4, p5. https://www.epa.gov/sites/production/files/2018 documents/2014_smmfactsheet 508.pdf
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1.2 LFG Collection and Flaring

LFG collection typically begins after a portion of the landfidh¢wn asa“cell’) is closed tadditional
wasteplacementCollection systers can beonfigured aseithervertical wellsor horizontal trenches.

Most landfills with energy recovery systemsludea flare for the combustion of excess gas and for use
during equipment dowimhes Each of these components is described below, followed by a brief
discussion of collection system and flare costs.

Gas Collection Wells and Horizontal Trenche3he most common method of LFG collection involves
drilling vertical wells in the wastenal connecting those wellheads to lateral piping that transports the gas
to a collection header using a blower or vacuum induction system. Argpieeof LFG collection system
uses horizontal piping laid in trenches in the waste. Horizontalhi®rstemsre useful in deeper

landfills and in areas of active filling. Some collection systems invalgembination of vertical wells

and horizontal collectors. Wellesigned systems of either type are effective in collecting LFG. The
design chosen depends on sipecific conditions and the timing of LFG collection system installation.
Figurel-2illustrates the design of a typicadrtical LFGextraction well, and Figurg-3 shows aypical
horizontal extraction well.

SOIL BACKFILL

Figure 1-2. Vertical Extraction Well Figure 1-3. Horizontal Extraction Well
WELLHEAD WELLHEAD
WASTE - /_
COVER SOLID WASTE COVER solL
_\ PIPE / Y GEOTEXTILE BACKFILL
S LA
AR N EIR Il
A i 7
@ = N soup

PIPE

BENTONITE PLUG

v GRAVEL PACK BENTONITE PLUG

PERFORATED PIPE = B2l

GRAVEL PACK —;
BORE HOLE

Condensate CollectiorCondensate forms when warm gas from the landfill cools as it trdwelsgh the
collection systemlf condensatéwater)is not removed, it can block the collection system and disrupt the
energy recovery procesbechniques for condensate collection and treatment are descriGedpter 3

Blower. A blower is necessary to pulie¢ gas from the collection wells into the collecti@ader and
conveythe gago downstream treatment aadergyrecovery systes) The size, type and number of
blowers needed depend the gas flow ratand distance to downstream processes

Flare. A flareis a device for igniting and burning th€G. Flares are a component of each energy
recovery option because they may be ne¢d@dntrol LFG emissionduringstartupand downtimeof
theenergyrecovery systemand to control gas that exceeds the capacity of the energy conversion
equipmentln addition,a flare is a coséffective way tayraduallyincrease the size of the energy
generatiorsystematan active landfill. As more waste is placed in the landfill gnedgas collection
system is expanded, the flare is used to coritoéss gas betweenergy conversiogystemupgrades
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Figure 1-4. Open (let)

(for examplepefore theaddition of another enginé) and Enclosed (right)Flares

prevent methane from being released into the
atmosphere

As shown in Figure-4, flare designs include open (or
candlestick) flares and enclosed flardsnclosed flares
are more expensive but may be preferabledquired

by state regulationd)ecause thegrovide greater control
of combustion conditiongllow for stack testing and
might achieve slightly higher combusti@fficiencies
(higher methane destruction ratdsn open flares. They |
canalsoreduce noise and light nuisances "

A Closer Look at Coll ection System Costs

Total collection system costs vary widely, based on a number of site-specific factors. For example, if
the landfill is deep, collection costs tend to be higher because well depths will need to be increased.
Collection costs also increase with the number of wells installed.

The estimated capital required for a 40-acre collection system designed for 600 cubic feet per minute
(cfm) of LFG (including a flare) is approximately $1,143,000, or $28,600 per acre (2013 dollars),
assuming one well is installed per acre. Typical annual operation and maintenance (O&M) costs for
collection systems are estimated to be $191,000, or $4,800 per acre.® If an LFG energy project
generates electricity, often a landfill will use a portion of the electricity generated to operate the system
and sell the rest to the grid to offset these operational costs. Flaring costs have been incorporated into
these estimated capital and operating costs of LFG collection systems, because excess gas may need
to be flared at any time, even if an energy generation system is installed.

0 For more information about the types of LFG collection systems, see Chapter 3.

1.3 LFG Treatment

Using LFG in an energy recovery system usually requires some treatmieat 6 to remove excess
moisture, partiglates and other impurities. The type and extent of treatment depesitegpecific LFG
characteristics and the type of energy recovery system employedsBuoitemost internal combustion
engines generally require minimal treatmersiu@llydehumidifiation, particulate filtration and
compression). Some internal combustion engines and many gas turbine andrbie @tpplications
also require siloxanand hydrogen sulfideemoval using adsorption bedsological scrubbers and other
available technoldgs after the dehumidification step.

Figure 15 presents a diagram of an LFG energy project, including LFG collectiamm)yadxtensive
treatment system and an energy recovery system generating botkigtentd heat. Most LFG energy
projects produe either electricity or heat, although a growing number of combinedhdgower (CHP)
systems produce both.

5 U.S. EPA LMOPLFGcostWeh Version3.2.

6 Organesilicon compounds, known as siloxanes, are found in household and commercialspiteatuare discarded in
landfills. Siloxanes find their way into LFG, although the amounts vaugnilting on the waste composition and age. When
LFG is combusted, siloxanes are converted to silicon dioxide (thergramaponent of sand). Silicon dioxide is a white
substance that collects on the inside of the internal combustion enginengrehents of thgas turbine, reducing the
performance of the equipment and resulting in significantly highanter@nce costs. S&hapter Jor further information.
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Figure 1-5. LFG Collection, Treatment and Energy Recovery

\DRESSER)

Graphic courtesy dbresseiWaukesha

The cost of gas treatment depends on thegety requirements of the end use application. The cost of a
system to filter the gas and remove condensate for direct use of raBtliugas or for electric power
production is considerably less than the cost of a system that must ads@ i@ntaminas such as

siloxane and sulfur that are present at elevated levels in some LFG.

o For more information about the types of LFG treatment systems, see Chapter 3.

1.4 Uses of LFG

LFG energyprojects first came on the scene in ihie- to Every million tons of MSW in a landfill
late 1970sandincrease notablyduring the 1990s amstrack is estimated to be able to produce
record for efficiency, dependability and ceavingswas approximaiely 300 Cubic feet per
demonstrated. fe enactment ofederaltax credits and minute of LFG. Through various
regulatory requirements for LFG collection and control for

technologies, this amount of LFG could

. generate approximately 0.78
larger landfillsalso helpedo spur tle growthof LFG energy megawatts of power, or provide 9

projects as didother factorsuch asncreasedoncers about million Btu per hour of thermal energy.
how methane emissions contribubeglobalclimate change
andmarketdemandgor renewable energyptions

LMOP’s Landfill and LFG Energy ProjeBtatabase, which tracks the development of U.S. LFG energy
projects and landfills with project development potential, indichigsih June 2017, 634FG energy
projects are operatinig 48 statesand 1 U.S. territoryRoughlythreequartersof these projects generate
electricity, whilethe remaindeareeitherdirectuse projectsvherethe LFG is used for its thermal capacity
or upgraded LF@rojects where the LFG is cleaned to a level similar to naturaEgasnples of direet
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use projects include piping LFG to a nearby business or industry for admoiler, furnace or kilmAs
illustrated in Figure B, the634 projects are estimated temgratel 7 billion kilowatt-hours (kWh) of
electricity anddeliver 96billion cubic feet of LFG to direct end users and natural gas pipelinesianh
More information about these projects as well as landfills with poteéatsupport LFG energy projects
available on théandfill Gas Energy Project Data and Landfill Technical Data pag®&OP's website.

Figure 1-6. Estimated LFG Energy ProjectOutput in the United States June 2017)

.fl‘ _//
billion
634 ¢ qually supp/y kWh
(e r an produced
49 |

\-\ r DA —
\Aﬁ “ Y CfLFG delivered s
\ " billion -

0 There are numerous examples of LFG energy success stories. Some of these involve LMOP Partners
coming together to overcome great odds to bring a project to fruition; others involve the use of innovative
technologies and approaches, while still others were completed in record time. To read about some of
these projects, see LMOP’s LEG Energy Project Profiles and Project Award Winners.
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Electricity Generation

The three most commonly used technologies for LFG energy projects thadtgexiectricity— internal
combustion engines, gas turbines and microturbiresmn accommodate a wide range of project sizes.
Most (more tharv5 percen} of theLFG enegy projects that generate electricitgeinternal combustion
engines which are welsuited for 80kW to 3megawatt (W) projects. Multiple internal combustion
engines can be used together for projects larger than 3®&#/turbines are more likely te lnsed for
large projects, usually 5 MW or larg@ficroturbines, as their name suggests, are much smallegéisan

7 U.S. EPA. LMOPLandfill and LFG Energy Proje@atabaseJune2017.
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turbines, with a single unit having between 30 andk®¥0n capacity and are generally used for projects
smaller than 1 MWSmallinternalcombustiorengines are also available for projects in this size range

CHP applications, also known as cogeneration projects, provide greetall energy efficiencand are
growing in numberin addition to producing electricity, these projects recevel beneficially use the
heat from the unit combusting the LFIG-G energyCHP projects can use internal combusgogines
gas turbine or microturbine technologies.

OtherLFG electricity generation technologies incluzi®ler/steam
turbines ad combined cycle applications. Ioiker/steam turbine

An LFG energy project may

use multiple units to

applications.FG is combusteth a large boiler to generaseeam accommodate a landfill's
that powers aurbine to create electricityCombined cycle specific gas flow over time.
applicationscombine a gas turbine with a steam turbswethatthe For example, a project might
gasturbine @mbusts the LF@nd thesteam turbine usehesteam have three internal
generated from the gas turbine’s exhaust to create electricity combustion engines, two gas
Boiler/steam turbine and combined cycle applications tend to be  [RSUUESKEEU RN
larger in scale than the majority of LFG electrigitpjects thatise microturbines, depending on

internal combustioengines. S oy €l IS HEEes:

0 For more information about electricity generation technologies, see Chapter 3.

Direct Use

Direct use oLFG can offer a costffective alternative for fueling combustion or heating equipment at
facilities located within approximately 5 milesa landfill. In some situationsphger pipelinesnay be
economicdly feasiblebased on the amount of LFG collected, the fuel demand of the end user and the
price of the fuel the LFG will replac8omemanufacturing plants have chosen to locate near a landfill for
the express purpose of using LFG aersewablduel that is costeffectiveascomparedo natural gas

The number and diversity of direase LFG applications is continuing to grow. Project types include:

x Boilers, whichare the most common type of direct use and can often be easvgrtedo use LFG
alone or in combination with fossil fuels.

x Direct thermd applications which include kilns (cement, potteoy brick), sludge dryers, infrared
heaters, paint shop oven burners, tunnel furnaces, process heatdasleadithing forges, to name a
few. LFG has also found a home in a few greenhouse operations.

X Leachate evaporationin which a combustion device that uses LFG is used to evaporate é&ébkat
liquid that percolates through a landfill). Leachate evaporation cane¢lde cost of treating and
disposing of leachate.

The creation of pipelinguality, or highBtu, gas from LFG is becoming more prevalent. In this process,
LFG is cleaned and purified (carbon dioxide and impurities remawdl)it is at the quality that can be
directly injected into a natural gas pipeline. Also growing in popwlare projects in which LFG

provides heat for processes that create alternative gl @diodiesel or ethanol). In some cases, LFG
is directly used as feedstock for an alternative fioeléxample compressed natural gas [CNG], liquefied
natural gas [NG], or methanol). Only a handful of these projects are currently agraxhtbut several
more are in the construction or planning stages.

0 For more information about direct-use and high-Btu technologies, see Chapter 3.
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Figure 17 graphically depicts some of thetentialend use options for LFG energy projestsh as
generating electricity, providgnmediumBtu gas for heating or other purposes or upgrading the LFG to
near pipelineguality for transportation fuel or other uses

Figure 1-7. Example LFG End Use Options

S ———
LANDFILL METHANE
OUTREACH PROGRAM

1.5 Environmental and Economic Benefits of LFG Energy Recovery

DevelopingLFG energyprojects is an effective way to reduGelG emissionsimprove local air quality
and control odorsThis section highlightthe numerous environmental and economic benefits that LFG
energyprojects provide to the community, the landfill and the energl user

Environmental Benefits

MSW landfills are thethird-largest humaitausedsource of methanemissions in the United States.
Methane is a potemfreenhousgas(more tharR5times stronger than carbon dioxiokeer a 100year
period) anchas a short atmospheric lfel2years).Because methane is both potent and sihartl,
reducing methane emissions from MSW landfills is one of the best wégstm the human impact on

8 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990t2@1Environmental Protection Agency. EPA 483Q47-
001 April 2017.https://www.epa.gov/ghgemissigl/inventoryus-greenhousgasemissionsandsinks1990-2015
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global climate change. In additioal) landfills generate methansotherearemanyopportunitesto
reduce methane emissions by flaringollecing LFG for energy generation

Direct GHG Reductions During its operational lifetimeanLFG energyproject will capture an estimated
60 to 90 percentof the methanereated by dandfill, depending on system design and effectiverndss
methanecaptureds converted to water ar@arbon dioxidevhen the gas is burned to produce electricity
or heat’

Indirect GHG Reductions Producing energy from LFG displaces the osronrenewable resources
(such as coal, oil or natural gasatwould be needetb produce the same amountewiergy.This
displacemenavoidsGHG emissions from fossil fuel combustion by an end user facility or powet.lan

GHG Equivalents *

The 6342 LFG energy projects operational in June 2017 reduce approximately 133 million metric tons
of carbon dioxide equivalents (MMTCO:e)/year of GHG emissions, which is equivalent to any one of
the following:

Carbon L Carbon
sequestered by grizgs(,)igr?slof)r(:)dni dioxide Q(@ \/
more than 12 5 or  more than 309 or emissions }\
million acres of - from more
. million barrels -
U.S. forests in of oil consumed than 14.9 billion gallons
one year of gasoline consumed

Direct and Indirect Reduction of Other Air Pollutantd he capture and use of LFG at a landfill
improveslocal air qualityin many waysFor example:

X NMOCsthat are present at low concentrations in LFG are destmyeahverted during combustion,
which reduespossible health risks

X For electricity projects, the avoidance of fossil fuel combustion layytower plants mearihat
fewer pollutantsare released into the aincluding sulfur dioxide (which is a major contributor to
acid rain), particulate mattéa respiratory healtboncern), nitrogen oxides (which can contribute to
local ozone and smog formation) and trace hazardous air pollutants

X LFG energy use helps to avoid the use of limited, reorewable resources such as coal and oil.
x Although the guipment that burns LF® tgenerate electricity generat®me emissionsncluding
nitrogen oxidesthe overall environmeat benefits achieveftom LFG energyprojectsaresignificant

because of the direct methane reductitmsindirect carbon dioxide reductions, athe dire¢ and
indirect reduction in other air pollutant emissions

9 Carbon dioxide emissions from MSW landfills are not considered to cottib global climate change because the carbon
was contained in recently living biomass (is biogenic) Aedsame adon dioxide would be emitted as a result of the natural
decomposition of the organic waste materials if they wer@rtbe landfill. Thisogic is consistent with internation@HG
protocols such ahe 2008ntergovernmental Panel on Climate Chagedelines for National Greenhouse Gas Inventories,
Volume 5: Wastehttp://www.ipcenggip.iges.or.jp/public/2006gl/

The carbon in fossil fuels was not contained in recently living biomaier, the carbon was stored when ancient biomass
was converted to coal, oil or natural gas and would therefore not have beed bkadtthe fossil fuel not been extracted an
burned. Carbon dioxide emissions from fossil fuel combustion are a majobuator to climate change.

U.S. EPA.Greenhouse Gas Equivalencies Calculdttips://www.epa.gov/energy/greenhousssequivalenciesalculator
2 U.S. EPA. LMOPLandill and LFG Energy ProjedDatabaseJune2017.

10

11
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Other Environmental Benefs. Collecting and combusting LFG improves the quality of the surrounding
community by reducing landfill odotkatare usually caused by sulfates in the gadlecting LFG also
improvessafety by reducingasmigration to structuresvheretrapped or accumulateghscancreate
explosion hazards

0 LMOP’s LFG Energy Benefits Calculator estimates direct methane reductions, indirect carbon dioxide
reductions and equivalent environmental benefits for an LFG electricity or direct-use project.

Economic Benefits

For the Landfill Owner. Landfill owners can receive revenue from the sale of LFG to a dirdais=ror
pipeling or from the sale of electricity generated from LFG to the local povieer@epending on who
owns the rights to the LFG and other factors, a landfill owner mayalgtigiblefor revenue from
renewable energy certificatdRECSs) tax credits and incentivesnewable energy bonds aGtHG
emissions tradingAll these potentiatevenuesourcesan help offset gas collection system and energy
project costdor the landfill owner For example, if the landfill ownes requiredo install a gas collection
and control systenusingthe LFG as an energy resouam help pay down the capital cost required for
the control system installation

Electricity Generation and Combined Heat and Power at Catawba County Blackburn

Landfill, North Carolina . A public/private partnership to develop an LFG electricity project at
Catawba County's Blackburn Landfill in Newton, North Carolina, will generate revenues of $7.1
million for the county over the project’s lifetime. The LFG electricity provides Duke Energy (the
electricity purchaser) with a renewable energy resource, and the annual GHG emission reductions
are equivalent to the carbon dioxide emissions from nearly 342,000 barrels of oil consumed.

Example s

Combined Heat and Power at La Crosse County Landfill, Wisconsin . This project, recognized
as an LMOP 2012 award winner, involves a public/private partnership between La Crosse County
and Gundersen Health System. LFG from the county landfill is transported underground via a 2-
mile pipeline constructed underneath Interstate 90 to generate green power for the local grid and
to heat buildings and water at Gundersen’s Onalaska campus. The sale of LFG provides La
Crosse County with new revenue, and Gundersen’s Onalaska Campus is 100 percent energy
independent. Additionally, the landfill was the first in the state to achieve “Green Tier” status from
the Wisconsin Department of Natural Resources.

For the End User Businesseand other organizations, suchuasversities and government facilities,
may savesignificanty on energy costs by choosing LFG as a direct fuel solmceddition, sme
companieseportachievingindirecteconomic benefit through media exposure that portrdyamas
leadesin the use ofenewable energy
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Direct Use of LFG at General Motors Plant in Indiana . General Motors converted one of three
powerhouse boilers at an Indiana plant to use LFG in addition to natural gas. The boiler produces
steam to heat assembly plant and process equipment and to drive turbines to produce chilled
water and pump water. The facility saves about $500,000 annually in energy costs.

Direct Use of LFG to Reduce Fuel Costs in Springfield, Ohio . Springfield Gas and
International Truck and Engine Corporation reached out to the community through public
meetings, fact sheets and individual visits to gain support for permitting and developing a direct-
use project in Springfield, Ohio. Five years later, International began using LFG in place of natural
gas in paint ovens, boilers and other equipment, saving $100,000 per year in fuel costs.

Using LFG to Save Energy Costs at BMW Manufacturing in South Carolina . BMW uses gas
from Waste Management’s Palmetto Landfill to fuel two gas turbine cogeneration units at BMW's
manufacturing plant in Greer, South Carolina. The project saves BMW approximately $5 million
annually in energy costs.

LFG Electricity and Heat at Morgan County Regional Landfillin Alabama . Winner of the
LMOP 2011 Community Partner of the Year Award, Morgan County Regional Landfill took
advantage of premium green power pricing through the Tennessee Valley Authority’s Generation
Partners program. Project developer Granger brought one Caterpillar 3516 engine online in 2010,
and the city brought a second engine online in 2011 for a combined capacity of 1.6 MW. Waste
heat from the second engine provides heating to the city’s recycling center during the winter.

Example s

For the Community LFG energyproject development can greatlynedit the local economylemporary
jobs are created for the construction phadele design and operation of the collection and energy
generatiorsystems create lorigrm jobs LFG energyprojects involve engineers, construction firms,
equipment vendorgnd utilities or endusers of the power producesbme materials for the overall

project may be purchased locally, and often local firms are used foruwdiwty well drilling, pipeline
installation and other servicda addition,lodgingand meals for the workers provide a boost to the local
economySome of the money paid to workers and local businesses by the LFG pragegyis spent

within the local economy on goods and servicesulting in indirect economic benefita some case

LFG energyprojects havéed new businessesijch adrick and ceramics plants, greenhouses or craft
studiog to locate near the landfill to use LFGQ hesenew businesses add depth to the local economy

Stimulating Local Economies . Construction of a direct-use project using LFG from the
Lanchester Landfill in Narvon, Pennsylvania, created more than 100 temporary construction jobs
and infused millions of dollars into the local economy. A direct-use project in Virginia requiring a
23-mile long pipeline to transport LFG to Honeywell provided jobs and revenue to the local town
(for example, building the pipeline resulted in 22,000 local hotel stays).

Raising Awareness and Saving Money . The EnergyXchange Renewable Energy Center,
located at the foot of the Black Mountains in western North Carolina, has brought national
attention to the region and its artisans through a small-scale but far-reaching LFG energy project.
Glass blowers, potters and greenhouse students have benefitted from the local supply of LFG,
through saved energy costs, education and hands-on experience, and recognition of their crafts.

Investing in Schools . The ecology club at Pattonville High School in Maryland Heights, Missouri,
suggested that the school board consider using excess LFG from a nearby privately owned landfill
in the school’s boilers. Feasibility analyses determined that the savings were worthwhile, and a
partnership was born. With a loan, a grant and capital from then landfill owner Fred Weber, the
direct-use project was brought to fruition and the school began saving about $27,000 per year.

Example s
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Table 1-1. Estimated Regional Economic Impacts and Job Creation from LFG Energy Project

Construction®®

Estimated Regional (State- wide)
Economic Benefits

(Economic and job creation benefits are
estimates only and are not guaranteed )

Typical 3 -MW
Engine
Project

Typical 1,000 scfm
Direct -use Project
5-mile pipeline

Direct Effects

Project expenditures for the purchase of $1.85 million $1.32 million
generators, piping, and gas compression,
treatment skid and auxiliary equipment
Jobs created 6.3 9.5
Indirect Effects

Economic output, resulting from ripple $4.36 to $4.83 $2.8t0 $3.11
effects million million
Jobs created, including economic ripple 22.3-24.3 20.9-22.0
effects

MW: megawatt scfm: standard cubic feet per minute

For more information about project economics, financing or funding resources, see Chapter 4.
For more information about options when setting up a contract, see Chapter 5.

1.6 Regulatory Framework

Landfills and LFGenergy projects can be subjecfederal, state and locair quality,solid wasteand
water quality regulations and permitting requireme8tate andocal governmentgypically develop
their own regulations for carrying out the éeal mandatestherdore, gecific requirements differ among

statesln addition,projectdevelopershouldcontact relevant federal agencies and state agencies for more

detailed currentinformation ando obtainapplicationgor various types of construction and operating
permits An overview of the federal regulatory framewdslkpresentedn Chapter 51t is important for

project developers to review applicable requirements and regule®iajsct developers are responsible
for ensuring compliance with applicable regulations.

0 Links to state agencies are available on LMOP’s State Agencies page.

MSW landfills are required to report GHG emissions and other data if their annual CH, generation is
greater than or equal to 25,000 metric tons of COze. Learn more about reporting requirements at EPA’s
Greenhouse Gas Reporting Program website including specific requirements applicable to MSW landfills

(subpart HH).

See Chapter 5 for more information about federal regulations.

13U.S. EPA LMOPLFGcostWeh Version 3.2.
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1.7 Stepsto Developing LFG Energy Projects

The followingsectionprovidesa basic overview afine generastepsinvolved indeveloping aiFG
energyproject More specific details about each of these steps are providedrgnthéing chaptersf
this handbookas noted below.

Step 1 Estimate LFG Recovery Potential and Perf  orm Initial Assessment

Thefirst stepis todetermine whetheahe landfillis likely to produceenoughmethaneo supporian
energy recovery projedhnitial screening criteria include

Doesthe landfillcontain at least million tons of MSWP

Does thdandfill havea depth of 50 feet or md?e

Is the landfillopen or recently clos&d

Doesthe site receive at least 25 inches of precipitation anrfually

Does the landfill contain enough organic content to generate saffickG?

X

X X X

Landfills that meet thesaiteria are likely to generate enough gas to suppdE& energyproject It is
important to note that these are only ideal conditior@y successfllFG energyprojects have been
developed at smaller, older more arid landfillsIf it is determinedhat the energy recovery option is
viable, the it is important testimatehe amount of recoverabimsthat will be available over time
EPA’s LandGEMcan provide a more detailed analysid Bf generatiorpotential

An important factor for LFG generation is the organic content of the MS¥gt&\tomposed of high
organic content will produceore LFGthan waste with lower organic content

Construction andemolition(C&D) landfills, for example, are not expected to generate large quantities of
LFG and are often not viable for an energy generation system.

0 Details about modeling and estimating LFG flow are presented in Chapter 2.

Step 2 Evaluate Project Economics

The next step is to perform a detailed economic assessment of conEd&mgo a marketable energy
product such as electricity,estm, boiler fuel, vehicle fuel or pipelirrality gasA variety of

technologies can be used to maximize the valug-&. The best configuration for a particular landfill

will depend on a number of factoiscluding the existence of an available energy market, project costs
potential revenue sources and other technical considerdild@P’'s LEGcostWebtool can help with
preliminary economic evaluation

0 Details about project technology options are presented in Chapter 3.
Chapter 4 outlines the process for assessing project economics and financing options.

Step 3 Establish Project Structure

Implementation of a sicessful LFG energy project begins with identifying the appropriate maeage
structure. For exampleptions for manaipg anLFG energy project include:
x The kndfill owner develop andmanagsethe project internally.

x The Bndfill owner tearmwith an externalproject developeso thatthe developer finances, constructs,
owns and operates the project.

x  The landfill owner ¢ans with partnergsuch as aequipment supplieor energy end user).
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LMOP canassistwith project partnering by identifying patgal matches and distributingFPs

An overview of the types of contracts used for LFG energy projects is provided in Chapter 5.
See Chapter 6 for more information on project structures and evaluating project partners.

Step 4 Draft Development Contract

The terms oL FG energyproject partnershipshould be formalized in a development contrabe
contract identifiesvhich partner owsthe gas rights and the rights to potential emission reduciitves
contract als@stablishes each partizeresponsibilitiesincluding designinstallationandoperation and
maintenanceContracting with a developer is a complex issu@ each contract will be different
depending on the specific nature of the project and the objeatidelimitations of the participants

See Chapter 5 to learn about LFG contracts and permitting requirements.
See Chapter 6 for details about selecting project partners.

Step 5 Negotiate Energy Sales Contrac t (Off-Take Agreement)

TheLFG energy project owner and the end ussgotiatean energy sales contract tispecifies the amount
of gasor powerto be delivered by the project owner to the end asdthe price to be paid by the end user
for the gas or poweil he terms of the energy salemtracttypically dictatethe success or failure of the
LFG energyprojectbecauseheysecure the project’s source of revenlieerefore successfully obtaining
this contract isa crucial milestone in the project development procisgotiating an energsales contract
involves the followingactions evaluatinghe end uses need for gas goower, preparing a draft offer
contract developinghe project design and pricingreparing and presenting a bid packageiewing
contract terms and conditigrand signing the contradBecause contract negotiation is often a complex
process, owners and developers should consult an expert for furtheraitiéorand guidance

0 See Chapter 5 and Chapter 6 for more information about contracts.

Step 6 Secure Permits and Approvals

Obtainingtherequiredpermits €nvironmental, siting and otfsis an essential step in the development
processPermit conditions often affect project designd neither construction nor operatimaybegin

until theappropriatgermits are in placd he process of permittinqd.FG energyprojectcantake
anywhere fron6 to 18 months (or longer) to complete, depending on the location and recovery
technologyLFG energyprojects must comply witrefleral regulations related to both the contrdlfeG
emissions and the control of air emissions from the energy conversigmeguiThe landfill owner

should contact and meet with regulatory authoritiedeatify requiremerd and educate the local

officials, landfill neighborsandnonprofit and other public interest and community groups about the
benefits of the project MOP’s State Agencies padists websites for state organizations that can provide
useful information regarding staspecificregulations and permits

0 See Chapter 5 for more information about permits.

Step 7 Assess Financing Options

Financing a LFG energyproject is one of the most important and challenging tasks facing a landfill
owner or project developef number of potential financing sows are available, including equity
investorsJoans from investment companies or baakd municipal bonds=ivegeneral categories of
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financing methods may be availabld#6G energyprojects: private equity financing, project financing,
municipal bond fundingdirect municipal financingndlease financingin addition to financing options,
there are a variety ofrfancialincentives available at the federal and state $e@#neral information
about federal, state and local financing programs and imesig availableon LMOP’s Resources for
Funding LFG Energy Projects page

See Chapter 4 for more details about financing mechanisms.
Chapter 5 and Chapter 6 review additional considerations related to contracts and partnerships.

Step 8 Contrac t for Engineering, Procurement, and Construction (EPC)
and O&M Services

The onstructio andoperaton of LFG energyprojectsis complex, so imay bein the interest of the
landfill owner to hirea firm with proven experience gained over the course of implementingusimil
projects Landfill ownerswho choose to contract with EPC and O&M firms should solicit bids from
severaEPCor O&M contractorsbeforea contractis negotiatedin most caseshe selected EPGr O&M
contractor conducts the engineering design, site preparation and planic@nstand startup testingor
the LFG energy project

0 Chapter 6 provides more information about coordinating with project partners.
Step 9 Install Project and Start Up

The final phase of implementation is the start of commercial opesalibis phase is often
commemorated with ribbeoutting ceremonies, public tours and press releases
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flocal enewable,consistentsource ofenemgy
0 LFG isproduced 24/7 and projectshave onlne rela biity of >90%

atm

TEc onomic benefitsinthe community and be'eyond

0 Reducesdemand onconventonalpowerplants

0 He lps utiltie s me et RPS re q uire me nts

0 Job creationdunng construction pluscontnued ope ration
0 Seling LFG (and renewable aspects)issource ofre venue
0 Renewable NG forvehicle fuelcostslessthan gasol ine ordiesel

0 Govemmentand businessescan realze costsavings

flocalenvionme ntalb e nefits
0 Pojectscanbe patofsoluton formiigating lan dfllodors

0 lLowerexhaustemissionsfrom LFG-sourc ed NG vehicles
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, — Collection ‘ -Processing | Methane Uses

Electricity
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fBoilerapplcatons—replace naturalgas, coal fue ol

tGlassblowing, pottery, blac ksmithing,
hydroponics, aguac ulture

TDire c tthe mal (dyers, kins)

fleachate evaporation

TGreenhouse *ODVVEORZLQJ -DFNVRQ

finfared heaters

tBhanolpmoducton
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INaturalgaspipeline injection

fVe hicle fuel (CNG, ING)
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13-MW, engine, 15-yearprojec t*

oTotalcapitalcost=~$5.25 miion ($2013)

fGascompression &treatment,engine &generator=
~$5 milio n

finterconnectequipment=~%$250,000
(interconnectcostscan vary widely)

oOAnnualoperton & maintenance
cost(ntalyearofoperaton) =
~$626,500/ye ar

SHFLSURFDWLQJ (QJLl
OD\WYLOOH .<

16 6 RXUHBHcost-Web, Version 3.2. US. EPA LMOP. epa.gov/lmop/ifgcostweb-landfitgas-enemy-costmodel .$QDO\VHV%
SHUIRUPHGFR0tOWED DUH FRQVLGHUHG HVWLGPO®WHVXMRG MKRIXLGDQFH RQO\ _—
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$1.85 milion

expendiures $4.3 milio n+

economic
O utp ut

6+ jobs
22+ jobs

6 RXUHBHEcost-Web, Version 3.2. US. EPA IMOP. epa.gov/imop/ligcostweb-landfilgas-enemy-costm odel $QDO\VHV@
SHUIRUPHGIRXabktOWeb DUH FRQVLGHUHG HVWLEPGWHVXVRG MKIRIXLGDQFH RQO\ =\
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1800-sc fm, 5-mile pipelne, 15-yearpmoject*

oTotalcapitalcost=~%$3.4 miion ($2013)
fGascompression &treatment=~$1,118,000
fPipelne = ~$600,000/ mie

fPlusend-of-pipe combustion e quipme nt re tro fits, if
needed

oOAnnualopertion & maintenance
cost(ntalyearofoperaton) =
~$124,600/ye ar

%RLOHU 25DOHLJK 1

6 RXUHBHcost-Web, Version 3.2. US. BPA IMOP. epa.gov/imop/lfigcostweb-landfirgas-enemy-costmodel .$QDO\VHV@
SHUIRUPHGEF0MstQWbh DUH FRQVLGHUHG HVWLPOGWHVERG MKRIXLGDQFH RQO\ .
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$1.32 millio n

expendiures $2.8 milio n+

economic
O utp ut

9.5+ jobs
20+ jobs

6 RXUHBHcost-Web, Version 3.2. US. EPA LMOP. epa.gov/imop/lfigcostweb-landfilgas-enemy-costmodel .$QDO\VHVC@
SHUIRUPHGIFMMstOWeb DUH FRQVLGHUHG HVWLPGWHVXURG MKXRIXLGDQFH RQO\ ——
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6RXUFHV RI 5HYHQXH )XQGLQJ DQG ,QFHQV

fDiectsale of LFG tRenewable Hectrc ity

Poduction Tax Credit (PTC)
tSale of powergenerated

from LFG fFederalorstate grants
TRenewable Enemgy flow-costbond programs
Certiic ate s (RECs) 0 Clean Renewable Energy Bonds
TtRINsunderRenewable (CRES)
FuelStandard (RFS) 0 Qualfied Energy Consetvation
Bonds (QECBs)

tCalfomia Low Cambon tloans
FuelStandard credits

o0 US DOEloan Guarantee
tGreenhouse gasreduction program

credts
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IIFG enemgy projectsmaybe affected by a varety of
federal state orlocalairqualty regulations

TApplicable federalClean ArActregulatons may
Nnclude:

0 New Source Performance Standards (NSPS) /
Emission Guidelnes (EG)

o Tile V
0 Maximum Ac hievable ContolTechnology (MACT)
0 New Source Review (NSR)

0 Prevention of Signific ant Dete o ration (PSD)

fFormore informaton, see LM OP'squickreference sheet:
epa.gov/imop/quickreference-sheetregulatons-affecting-la ndfis-and-projects

LANDFILL METHANE
QUTREACH PROCRAM
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TIMOP Llandfiland LFG Enemgy Poject Database

TTools: LIFGcost-We b, benefiscalculator, conversiontool

fTechnicaland outeach publcatons

fWebinars and other events

INetwoik of 1,000+ Parners

flistserv — sgn up to receive and view message arc hive

—
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/IDQGILOO DQG /)* (QHUJ\ 3URMHFW 'DW

Download details aboutproje cts and landfis

Include s data formore
than 2,400 U.S. landfis

tExc elfie s c utthe LMOP
data in varnouswaysto
help you find whatyou
are lookng for

tCrossreferences BPA’s
greenhouse gasrepoitng
program (GHGRP)

@
LMOP and LFG Enemy in the United Statese June 201 7




/Y* (QHUJ\ &RVW ORGHO

IFGcost-Web

Evaluate the iniale conomic fe asibiity
ofan LFG enemgy project

A userfiendly Microsoft ©
Exc elplatfom

tLFGcost-We b can analyze
l2enemgyrecoveryproject
typeswith orwithouta gas
contolcollection system

IFGcostWeb LV DYDLODEOH RQOLQH WR DOO
LV WUDQVSDUHQWU\DW(RRE[GQW)R\SHNLF\;é[
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SURMHFW "HYHORSPHQW

Improve unde istanding to develop

LFG Energy successfulpmojects
: T Providespmojectspec ffic
considerations

Development
P tHelpsstakeholderswho are new to LFG
Handbook enemgy projects

T Hig hlig hts use ful o nline re sourc e sand
successfulLFG energy projects

September 2016
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fFaciitating information shafng — LIMOP Database,
webinars, listse v messages

fProviding tec hnicalinfomation about LFG enemgy
pojectdevelopmentand otheropportuniiesto redu ce
e missio ns fom MSW landfils

TAnalyze resourc e avaiabiity though LFG modeling
TPe ifo ming initia |l fe asbility a nalysis using LFGcost-Web

/1023 ZHOFRPHV \RXU IHHGEDFN RQ
UHVRXUFHV WRROV HWF

epa.gov/imop/foms/contact-us-about-landflkmethan e-outreach-
program

LANDFILL METHANE
QUTREACH PROCRAM
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Landfill Gas Monitor

geotech

Landtec GEM™ 2000

The GEM™ 2000 is designed for analyzing LFG composition and calculating flow. The GEM™ 2000 combines the capabili-
ties of the now discontinued GA-90 for monitoring gas migration probes and the GEM™ 500 for monitoring gas extraction
systems. The GEM™ 2000 is certified intrinsically safe and offers improved speed and accuracy.

FEATURES

s $IVERSE &IELD !PMomi@s migaidh control systems, gas extraction systems,
flares, migration probes, and more.

s 'AS XTRACTION -G RrioVideR auiOrbeic sampling and analysis of gas composi-
tion % by volume CH,, CO,, O, and balance gas, % LEL CH,, temperature (with optional
probe), static pressure, differential pressure, and barometric pressure. Calculates gas flow
rates (SCFM) as well as BTU content.

s ,ANDFILL 'AS !NA L-YIdvifes &uDrRatic sampling and analysis of gas composi-
tion % by volume CH,4, CO,, O, and % balance gas, % LEL CH,, temperature (with optional
probe), barometric pressure and relative pressure. Can be used for data logging, with user
programmed intervals.

s %ASY TO 2EABERtr&IRrgeAbacklit LCD shows up to five gases, atmospheric and
gas vacuum pressure, temperature, ID code — all at the same time.

s 1UICK !NALC6BplIetes sampling and displays gas analysis and flow results in
less than one minute.

s JNFRARED 'A S-Motites 2éeate measurements of methane (CHy), and
carbon dioxide (CO,).

s 'AS 4EMP E R R&ad RHten using optional temperature probe or can be entered
manually.

s $URABLE /XY G ENPraidNdDY tRe galvanic cell principle, not influenced by
other gases (i.e. CHy, CO,, CO, SO, or H,S).

s 5SER &RIENDLY /N 3-QrReadhkhodE théJuser performs most operations in
just two screens.

s 0# $ATA $0OW NLROIAiIBENbERS232 interface with DataField CS software
(Release 3.0 or later).

s $ATA 3TORAG E- Sterdsplibr\measurements taken for each monitoring point,
900 monitoring points total.

s $ATE 41ME -3Readvtled for all stored data.

s ORIOR $ATAAH®SE dskilio view prior data for each monitoring point.

s -ETHANE !N-ADisplayed as either % CH, by volume or LEL CH,
(Landfill Gas Analyzer Mode only).

s $URABLE #ON SBWRtWGE® Nlurable plastic material suitable for harsh
landfill environments.

s ILL 7EATHEPesiy8dd to operate in extremes from 32°F to 104°F. Sealed,
weather-tight case.

s "UILT IN !DJUSTA-BAl&évd useRd/A8t alarm limits for CH, and O,.

s 2ECHARGEABLE- Intefhal Eé&h&r§eable nickel metal hydride batteries are standard.

s [/PERATINGAppiddnately 8 hours with normal pump usage
(approximately 10 hours without pump running).

s &AST 2ECH AR &pprekinvately 3 hours from complete discharge.
s "ATTERY —Batied/Kfe is continuously displayed.

s -ONITORING 00O I NAPrpgidésialpaSumeric identification of monitoring points
for data storage and recall.

s )$ #0MMEANI®S user to answer up to 3 questions with a list of 9 potential
answers each.

s )MPERIAL VS-CGan digplay S easurements in Imperial (USA) or SI (metric) units.

s )NTERFACES TO $ATA&IELD - ANVhEHEbEdeT staiBtiedl MhAIRE and
reporting of LFG data.

Hl,, "%/4%#( 4/$19

30%#)&)#!4)/.3

SENSOR
Range
-ETHANE n #-70%
#ARBON $10XID E 0:4G#
IXYGEN; n /0-25%
ORESSURES

(difft)  0-10"W.C.
(static)  0-100"W.C. 0.1"W.C.

Resolution

0.1%
0.1%
0.1%

Pump Flow Rate — 500 cc/min at nominal flow,

250 cc/min at 80" W.C.
Vacuum — up to 80" W.C.

UL Certified to Class 1, Zone 1, AEx ib d iila T4

TYPICAL ACCURACY
#(

#ONCENTRATION BY 60LUME

JEL #( £0.3%
Full Scale +3.0% (70%)

Geotech Environmental Equipment, Inc.
$ENVER #OLORADO

%AST TH IVENUE
S S

&!8

email: sales@geotechenv.com  website: www.geotechenv.com

Landtec GEM 2000.indd 01/16/09

#1,

+0.3%
+3.0% (40%)

0.001" W.C.

I2
BY 60LUME

+1.0%
+1.0% (25%)

BY


http://www.geotechenv.com/

= LANITEL

GEM2000
GEM2000 Plus

GAS ANALYZER & EXTRACTION MONITOR

OPERATION MANUAL
For
Serial Numbers 10000 and up



GEM2000 & GEM2000 Plus Operation Manual

y N
A
= 1 A AIMYTET"
A\ 7 AR

©Copyright 2007 by LANDTEC

All rights reserved. No part of this book may be used or reproduced in any form or by any means, or stored
in a database or retrieval system, without consent of the publisher. Making copies of any part of this book
for any purpose other than your own personal use is a violation of United States copyright laws.

LANDTEC and GEM are registered with the U.S. Patent and Trademark Office.
For further information contact:

LANDTEC North America

850 S. Via Lata, Suite 112

Colton, CA 92324

USA

Tel: 800-821-0496 or +1-909-783-3636
Web: www.ces-landtec.com

LANDTEC Europe

Formerly Geotechnical Instruments
Sovereign House Queensway

Leamington Spa, Warwickshire CV31 3JR,
England

Tel: +44(0)1926 338111

Web: www.geotech.co.uk

LANDTEC South America

LANDTEC Produtos e Servicos Ambientais Ltda.
Rua Pedroso de Carmargo, 237 - Chacara
Santo Antonio - SP/SP CEP 0417-010

Brazil

Phone: +55(11) 5181-6591

Web: www.landtecbrazil.com.br

LANDTEC Release Date: March 5, 2008

Page ii



GEM2000 & GEM2000 Plus Operation Manual

1
2

3

Contents
INTRODUGCTION ...ttt ettt et e et e e e e e e e e et e e e et e e e et e e e e e e e een e e enen s 1
GENERAL OPERATIONAL FEATURES. ... .o aeee et e e e e et e e 2
2.1  PHYSICAL CHARACTERISTICS OF THE GEM2000 / GEM2000 PLUS......uuuttiiiiiiiiiiiiiieaee e 2
S 8 (0] =P PUPPRPPPP 2
2.3 BATTERY/CHARGING ..cceetiieeie e e et e et ee ettt ettt eeeeeeeeaeeaaeaaeaaaeaa s e s s neeseesbeeaeeeeeaaeaaaeaaeaeaneesaasaanannnnnes 3
2.4 INSTRUMENT CERTIFICATION.....ittttttuuututttttesteeeeeteteeaaaaasaasaasaasaaaanaaesabesbesbeeseeeeeeeaaaaaaeeesassasaasaanannnnes 3
2.5 SAFETY INFORMATION ..ciittitietei it ittt ettt ettt et e e ea e e e e e e s e s e e aa e e bbb s bee b et e et e eeeeaeaaeaeeaeaesasaanaanannare 3
2.6 TURNING THE INSTRUMENT ON/OFF ....uuuituttiitiiieettetetaeaae e e e e e e e e e e e sttt eeeeeeeaaaaaaaaaeaasasaanannnnnees 3
2.7 WARM-UP SELF TEST ciitiiiiieieieeie e it ettt ettt et e eeeeeaaeaaeaaaaaaaaaaa s e neentesbeeaeeeeeeeaaaaaaaaaeaaeesaasaanannnnnes 4
2.8 WARNING AND ERROR DISPLAY ...iiiiitiitiiiiitieit ettt et ee e e e e e e e e e s e e e s bbbt a ettt e e aaeaeaaeaeeeasasaananannnnnes 4
2.8.1  WARNING DISPIAYEM .....eeeiiiiiiiiiie ettt e e e e e e e e et et bebe bbb s e e e e e aaeaeeaeeenes 4
2.8.2 ERROR DISPIAYEA ......ceeeeeiiitieee ettt ettt ettt et e e e e e e e e e e e et e abb b e aeaeaaaas 4
2.9 SERVICE INFORMATION SCREEN .....iuutittttttntteeeetteteaaaataeaasaasaasaaaaaaassatssbeesaeseeeeeeaaaaaeaeaesassasaanannnnnnnnes 5
2.10 TECHNICIAN ID SCREEN ....ctttitiiitieee ettt ettt et e e e e e e e e e e e e e e e e aa b bbbt bttt et et et e e e eeaeeaaeaaeaenns 5
2.11 GAS READING SCREEN .. .iiiiiiiiitttittteeeee ettt eeteeaeaaaaaaaaaaaaaasaaensanneseeeeeeaeeseeeeeaaaaaaaaaaesaseasaasaanannnnnes 5
2200 O (=3 Y/ o = o 1o o] USRS 5
2.12 OPTIONAL GAS PODS. ...ttt ittt ettt et e e e e e e e a4 oo 4 et bbb bbbt bt e ettt e e e e aaaaeaaaeeaaaanaasaannennes 6
2.13 Y Y T OSSR 6
P2 B T R O [0 1S - ¢ PSP UUPPPPPPPPPPIN 6
P I B =Tt 0 ) V=T g =T To T 1 SRR 7
2.13.3  PriNtREAAINGS ...ttt e ettt e e e e e e et e e e et tebe bbb e e e e e e e e aaaeaaeaae 7
2.14 R INTERFERENCE .......iiitiitttieeeeeee et eeaeeeeeaaaeaaaeaasaasaasantaneeeeesae s e e eeeeeeeeaaaaaaaaeesseaaaannnnsnnsnnenseesneeeens 7
THE LANDTEC SYSTEM GAS ANALYZER MANAGER SOFTWARE ......cccoovivv i, 8
3.1 CONFIGURATION OPTIONS ...ciiiiiiiiiieiutittteteeeeeeeeeeeeeeeaaeaaaaaaaasasaaaasnnesnnenseeseeaeeeeeaaaaaaaaeaaeaasasaasaanannnnnes 8
3.2 ONLINE USERS.....cctittiiiiiie ettt ettt ettt et e e e e e e e e e e oo oo e b bbb bbb ettt ettt ettt aeaeeaeaeeaaessaan s nbnaees 8
3.3 OFFLINE USERS ..cttttititiiete et ettt oottt ettt ettt e 44 e e e a4 oo 4o 4o a e e b bbbttt e bttt et e e e et aeaeeaeeaeaaeesaan s nnnaees 8
3.31 Installation WIth the CD ..........e e e 8
3.3.2 ) = T B U o PR TRTPRPPI 9
3.3.3 AN P2 1Y/ T =i ) o U 10
The LANDTEC System Gas Analyzer Manager User Interface allows for easy access and navigation to
various utilities to use the LANDTEC portable instrument on a day to day basis. The following is a
general description of the USEr INTEIfACE. ........uuueiiii i 10
3.4 CONNECTING TO THE INSTRUMENT ....uuitiititttttitteeiteteteetaaeaaeeeaassasaa s s aaassnbbebesseebeeeeeeeaaaaaaaeaaasessaanannnns 10
1. Connect the GEM2000 with the RS-232 Download Cable to your Computer ...............cuvvvvueneennnn. 11
2. Instrument must be powered ON and in the Gas Reading SCreen .............ccoeviiiiiiiiiiiin e 11
3. Launch the LSGAM software by clicking on the icon on your desktop ...........cceeeeviiiiieeiiiiviieiiiinnnns 11
3.5 CREATEAPROJECT/ SELECT A PROJECT ...uuttitiiiiiiiiiitieaeaaa e et e eaeeae e ae e ettt eeteeeeaeeeaaaaaaaaaaeaeaaasaaanns 12
G S = = |5 1 PSP PEPURRUURR 12
3.6.1  CreatiNg COMIMENTS. .. .iii ittt e e eie e ettt e e e e e e e e e et ee ettt ar e e eaaeeeeeeeesesbasann s aaaeeeeaeeeeesensnnnns 13
2L T O =Y L1 T T 5 SRR 13
3.6.3  IDS FROM DATAFIELD CS 3.2X: . iiiiiiiiiiieieie ettt et e e e e e e e e 16
3.6.1 IDS ALREADY IN THE INSTRUMENT : ..ottt 17
3.7  CREATING YOUR SITE QUESTIONS. ... utuuttttttttteetttetetaetaeeaaeaasassasaaaaaasnsanesteesbeebeeeeeeeaaeaaaaesaasessannananns 19
3.8 SENDING IDS TO THE INSTRUMENT ....uutuutitttttiteeeeeeeeeeeeaaeaaeaaaaasasaasaaaannssnesssnsssnseeseeeenaaaaaaasaasaesaanannns 23
3.8.1 Clearing ID s from your instrument or Deleting @ Project ..., 25
3.9 INSTRUMENT SETTINGS ..iitiiieeeeiiiis i iitittbttbeb bttt ettt et e e teeaeaaaaeaaasaa s aa s e e abbb bbb st et et e e e e eeeeaeeaaaaasaesansaanans 26
IR Tt R N F- U1 o IR T= 1] [0 L TSR UPURPPUPUUPPRTPRPIN 26
3.9.2 (D= 1= W e To o1 o To TP 27
3.9.1  SetDate/Time in the INSUMENT ........ooiiii i 28
3.10 IMISC OPTIONS ...ttt ittt ettt ettt et e e e e e e e e e e e e e oo n s e ek abbb bt b e bt e ettt e e e e e e aeeeeeaeeeeaasaaaaenabbnbbesbeeees 28

Page iii



GEM2000 & GEM2000 Plus Operation Manual

3.11 UNITS OF IMEASUREMENT ..cttttttttttttttetetaaeaeseaaaeasaaaaaaaesebbbsbes et ettt eaeeaeaaaaeeaaasassaaaaassnsanbsbbesbeebeeeeees 29
3.12 DOWNLOADING READINGS ...c.cttiietieaaeae et e aeaee ettt eeeeeeeaaaeaaaaaaaeaaeaasaasnnsnseeebeseeaeeeeaaaaaeaeaaaaeens 29

4 GENERAL OPERATIONS MENU ...ttt ae e et e e e e e e ee e e eaa e e e eenns 32
4.1 ZERO TRANSDUCERS ...cctttttttettt it ittttbbt bbbt ettt et eeteaaeaaeaaaaaaa s e e e aabebbe b bttt et e eeteaaeaeeeeaeaesaeaanaanannanres 32
4.2 UPDATE SITE DAT A . ciiiiiiiii ittt ettt et e e e e e e e e e e e e e e e e e et eatetbeteeeeeeeeeeaaaaaeaeaeeaeaasaanannnnees 32
4.3 DATALOGGING (GA MODE ONLY) ttttuuutiteteteeeiettttieuettenssasesesaaetaseeessssssenssnnaaaeeeaseeeseresrnnssnnnnnnaaaaaees 32
4.4 OPERATING LANGUAGE .....ciii ettt it ittt ettt ee e e e e e e e e e e e e e e e s aan s aaaneeaaeebeteeeeeeeeeaaeaaaaaaaeeaeaasaanannnnnes 32
Y 1 TV 7 USRS 32
A6 ADIUST CONTRAST .. ottttttt et e et ettt e ee e eateaeeeeee et eeeeeeeeeaeaaaaaaaaaaaaasaaaneneeneesbeeseeaeaeaeeaaaaaaaeaeaaeaasaanansnnnes 32
A7 FIELD CALIBRATION. c.tttttttee e et e et e e it ettt bttt bttt et e e e e e eaaeaeeaaaaa e e s aaaaa bbb bbb bt e e et e eeteeaaaeaaeaeaessesanaanannnre 33
A.7. 1 ZEr0 ChANNEIS ...ttt e et e e e e e e e e e e e e e e bbb e eee s 33
o A { o= 1 I O o =T o1 =] SRR 33
o T e T (o VRS Y= 1] o SRS 33
A.7.4  LASEFIEIA Cal ...t 33

4.8 MODE OF OPERATION ..eiiiieieteititiaaaaauteaettteetaeeeeeeeeeaaaaaaaaaaaaaaaaaaaasaansnseneesbeaseeeeeaeeaaaaaaaaeaessesasaanannnees 33
4.9 INFORMATION SCREEN ...iieiieieitiitieieiiieitettee ettt eteeeaeaaaaaaaaaaaaaaaaaan aansnseneeebeaseeeeeeeeaaaaaaaaaaeaaesasaanannnnees 34
4.10 D\ 1= PR 34

5 TAKING PROBE READINGS (GA MODE) .....ciiiiiiiiiiiie e et eevveinsaeeseeananeeeeeennnnnns 35
5.1 PRELIMINARY CHECKS ...iiiiiitiitttietieeeeettttettaeaaeeeaaaassaa s s et bbb bbebe e bttt et et e et aeeeeeeaaaessaaannnnnnbbnbesbeeneeeeees 35
5.2 UPDATE SITE DAT A ittt oo oottt ettt e et e e e e e e e e e e e e e e e e e e nbbnb e s baeseeeee s 35
5.3  TAKING READINGS FWITH ID ....iiiiiiiiiiiiiiiiiei i ettt e et e e e e e e e e e e e s e s ae e eneeneeesneseeeeees 35
5.4  TAKING READINGS FWITHOUT ID ...eiiiiiiiiiiiiiiiiieee ettt et e e e e e e e e e e e e e ee e e 36
5.5  TEMPERATURE PROBE READING.....cutttitiitiiiiiatie e e et e eie e ee ettt et et e e e aeeaaaaeaaesassaaannneeneeeeeeeeeeeees 37
B5.6  CROSS-GAS EFFECT S . ittt ettt ettt e et e et eae e e e e e aeeea s e ate ettt ees et e et e eeeeaaaaaaeeseessaanannnnnnsnnenbneseeeeees 37
5.6.1 Methane, Carbon DIioXide and OXYGEN........uuuuuuuuiieiaieae ettt e e e ee e 37
5.6.2 H,S, CO and other Optional Gas POUS...........uuuiiiiiiiieee s e 38
5.6.3 GEMZ2000 Plus Internal Electrochemical Cells for Measuring H,S and CO............cc.ocevevvnennnn. 38

6 TAKING EXTRACTION WELL READINGS (GEM MODE).........cuutuiiiiiiies eriiiiiineneneeeeeeeeen 39
6.1 PRELIMINARY CHECKS ...iiiiitittitietteeeeeeeeeeeeaeaaeaaaaeaaaaaaaaanneeseeeeeesbeeeaeeeeaeeaaaaaeaaeessaaaannnnnnsnnessnnsneenees 39
8.2  UPDATE SITE DT A ittt ettt et e e e e e e e e et oo e e ettt e e e et e eeeeeaeaeaeeaeesaaaaaaaannnnsnnennneseeeeees 39
6.3  TAKING GAS AND FLOW READINGS (GEM MODE) ....ccctiiiiiititaaie ettt aeeeeeeeeneeaan s 39

T FIELD OPERATIONS . ..ottt ettt e e eees sreeeeaa e e e et e e e e e e e een e e eeeaneeeeanns 41
7.1 LANDFILL GAS GENERATION ...utuutttttttttteetttteetaeaaaaaasaaaaaaaaaasatesssesbeebeeeeeeetaeaaeaaaaaaassasaaaannsanesnrsssaeseeeeees 41
7.2 SUBSURFACE FIRES ... ittt ittt ettt ettt e e e e e oottt ettt et e e e e e e e e e e e e e e e s e e e abbnbe s beeseeeee s 41
7.3  TECHNIQUES FOR CONTROLLING LANDFILL GAS ...ciiiiiiiiiiiiiiitiieiee ettt et e e e e e e e e e e e e e e e e eee e 41
7.3.1 Controlling by Wellnead Valve POSITION ........cooii et ee e 42
7.3.2  Controlling by Wellnead VACUUM ...........uuuiiiiiiiie et ss s e e e e e e e e e esaee s sn e s e aeeaaaaaeeaenes 42
7.3.3 Controlling by Gas COMPOSITION .....ceeeiuiiiitiaae ettt e e e e et ettt e e e e e e e aaeaeeanee 42
7.3.4  Controlling DY FIOW RALE ... .o e ettt e ettt bt e e e e e e e e e eeeannes 42

7.4 WELL FIELD MONITORING ....uuuutittttietteteeetteteeaaetaeaessaas s s s s asatbbbbeebee et e teeeeeeaaaeaaeaaaesaasaannbbnbbabebbaebeeeeees 43
7.5  TYPICAL FIELD READINGS. ... .uitiitttittietieett ettt et e oottt ettt et e e e e e e e e e e e e e e s sttt ebebbeebeeeee s 43
7.6 ABBREVIATED FIELD READINGS .....uttttttitttitittaetaeaaasaae e aa sttt e et e e e e e aaaeaaaeaeesaasaaasbnbbbbesbeeseeeeees 43
7.7  WELL FIELD ADJUSTMENT CRITERIA ....eeetittittietae e et e i ettt ettt et e e e e e e e eaeeaeesasaa s nanbbnbe s beeseeeees 44
7.8  ESTABLISHING TARGET FLOWS.....utttttiiieiiitittae e et e e e ettt ettt e e e et e e e e e e e e e e e s e e s aa bbbttt s beebeeeee e 45
7.9 WELL FIELD OPTIMIZATION ....uutiittttetteteeeeeeaeaaaeaaeaaaaaassaaaaaansssssesseeeeeeeeeeeaeaaeaaaeaaaesssaaaannsnnssnnsssnnsneeeees 45
7.10 MIGRATION CONTROL 2 DEALING WITH POOR METHANE QUALITY .eeiiiiiiiieiiitiiiiieieee e e e ae e e 45
7.11 WELL FIELD ADJUSTMENT 2 PURPOSE AND OBJECTIVES ..cciitiiiieieiieiieie ittt eea e e e e e e e 45

8 TROUBLESHOOTING ..ottt e et e e e e e e e et eeaa e e e et e e e ean e e ees e eeasneeeeanns 46

Page iv



GEM2000 & GEM2000 Plus Operation Manual

9  SERVICE & MAINTENANCE .......oiiiii i e 47
9.1 FACTORY SERVICE .....uiiiiiiitii ittt s eb e et a e s h s s e s s e sb e s b an et 47
9.2 FACTORY SERVICE FACILITIES .....uiiiiiiiiiiii ittt 48
9.3 USER MAINTENANCE ....coiiuiiiittii ittt st b e b s b e st e s s e s b b e s b e s ne s 48

10 TECHNICAL SPECIFICATIONS ... s 49
10.1 PHYSICAL ..t e 49
10.2 O] = PP 49
10.3 POWER SUPPLY ...ttt s s st h bbb 49
10.4 GAS RANGES ...ttt bbb 49
10.5 PUMP . 50
10.6 OPERATING CONDITIONS......uiiiitiie ittt sttt b e bbb e s s e b e b s n e 50
10.7 OPTIONAL GAS PODS.... .ttt bbb 50

Page v






GEM2000 & GEM2000 Plus Operation Manual

1 Introduction

LANDTEC is the premier manufacturer of products, instruments and software for landfill gas extraction and
for regulatory monitoring compliance. LANDTEC has provided the landfill industry with a technologically
innovative family of products for more than a decade. These products are the result of field-proven
experience in design, operation and maintenance of landfills for environmental compliance.

The GEM2000 and GEM2000 Plus, designed by LANDTEC, are specifically for use on landfills to monitor
landfill gas (LFG) extraction systems, flares and migration control systems. Both instruments sample and
analyze the Methane, Carbon Dioxide and Oxygen content of LFG. The GEM2000 Plus also samples and
analyzes Carbon Monoxide and Hydrogen Sulfide. The readings are displayed and can be stored in the
instrument and downloaded to a personal computer for reporting, analyzing and archiving.

The GEM2000 / GEM2000 Plus instrument is shipped in a protective hard case with a foam interior that
offers additional protection, transportation convenience and component hardware storage. When properly
sealed, the hard case is watertight. The hard case is equipped with a pressure relief valve (located under
the handle on the case) that is normally kept closed. If there is a change in elevation, the hard case may
not open until the pressure relief valve is opened to equalize internal pressure. When shipping a GEM2000
/ GEM2000 Plus back to LANDTEC for calibration or service, always ship it in the hard case to protect unit
from damage.

Carefully unpack the contents of the GEM2000 / GEM2000 Plus, inspect and inventory them. The following
items should be contained in your package:

¥ The GEM2000 / GEM2000 Plus instrument

% GEMZ2000 / GEM2000 Plus Operation Manual

% Reqgistration/Warranty Card

¥ Soft carrying case with replaceable protective window and carrying strap

¥% &OHDU 6" YLQ\O VDPSOLQJ KRWH VDNV @BtBpAlIRNVEsSEMblY L W K
¥% %OXH 6" YLQ\O SUHVVXUH VDPSOLQJ KRVH W
¥, Spare internal particulate filter element

% Polypropylene male connector (hose barb) connects to blue vinyl tubing

¥ Spare external water trap filter element

% 100-240 volt battery charger

¥ Software on CD-ROM

¥ RS-232 serial cable for computer/instrument communications

¥% Temperature probe (optional)

% Hard carrying case

Complete the Registration/Warranty Card and return it to LANDTEC. The model and serial numbers are
located on the back of the GEM2000 / GEM2000 Plus instrument.

Immediately notify shipping company if the GEM2000 / GEM200 0 Plus unit or accessories are
damaged due to shipping. Contact LANDTEC immediately if any items are missing.

For questions regarding instrument operation and procedures, please contact LANDTEC at:

Customer Service or Technical Support (800) 821-0496 Extension 6131
Factory Service (800) 821-0496 Extension 6141

Page 1



GEM2000 & GEM2000 Plus Operation Manual

2 General Operational Features

2.1 Physical Characteristics of the GEM2000 / GEM2000 Plus

2.2 Storage

Do not keep the instrument in the trunk of a car or shed because it may be exposed to temperature
extremes.

When not in use, instruments should be kept in a clean, dry and warm environment such as an office.

The instrument batteries should be discharged and fully charged at least once every four weeks regardless
of indicated charge state. The discharge function may be carried out with the use of the Data Logging
Function in GA mode of operation.
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2.3 Battery/Charging

The Battery Charger IS NOT covered by the unit UL certificati on. Therefore, when connected to the
Battery Charger, the instrument IS NOT intrinsically safe a nd should not be used in confined
spaces.

The battery used in the GEM2000 / GEM2000 Plus is a Nickel Metal Hydride manufactured as an
HQFDSVXODWHG SDFN IURP VL[SHQRIL K D®/X\DHOJ FH® Q\R W /IR WXKWIFW 8 WD K
Nickel Cadmium batteries, although it is not recommended that the unit be given short-term charges. When

WKH IODVKLQJ /(' LQGLFDWHY 0ULGNOY BRPYOHWW&HDRIGDWKH XQLW |
from the charger.

The battery charger indicates when the unit is charging, charged or if there is a fault. A full charge should
take approximately 2 hours.

2.4 Instrument Certification

The GEM2000 / GEM2000 Plus is UL/Sira certified for use in hazardous locations. Specifically certified as
to intrinsic safety for use in hazardous locations Class |, Zone 1, AEx ib d IIA T1 (Ta=32°F to +104°F).

For the certification to remain intact it is vital the instructions in this manual are followed closely and repairs
of this equipment be carried out in accordance with the applicable code of practice by an approved repair
facility. See section 9.2 for a list of authorized repair locations.

It is the responsibility of the operator to determine the protection concept and classification required for a
particular application.

2.5 Safety Information

The GEM2000 / GEM2000 Plus is normally used for measuring gases from landfill sites. Inhaling these
gases, or gases from other sites may be harmful to health and in some cases may be fatal. Itis the
responsibility of the user to ensure that he/she is adequately trained in the safety aspects of the gases
being used and that appropriate procedures be followed. In particular, where hazardous gases are being
used the gas exhausted from the analyzer must be piped to an area where it is safe to discharge the gas.
Hazardous gas can also be expelled from the instrument when purging with clean air.

2.6 Turning the Instrument On/Off

When switching the instrument on, a long beep will sound, followed by the LANDTEC logo being displayed

and the self-test will commence. :KHQHYHU D NH\ LV SUHVVHGRVUKH p»EHIHE 7 IDQOD I}
acknowledgement. This function cannot be turned off.

When switching the instrument off, the On/Off button must be held down for approximately 2-3 seconds, at
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ZKLFK SRLQW D FOHDQ DLU SXURUZLQ@\OUHEHD VB Q W KXWV QUX ZHQ® QAR
switch off, press and hold the On/Off button for 15 seconds. This will force the instrument to switch off.

2.7 Warm-up Self Test

When switched on, the instrument will perform a predetermined self-test sequence taking approximately 30
VHFRQGV GXULQJ WKLV WLPH POD@AWLURQR/HDIUGHY WHXWHGWIQFOXGLQJ
X General operation

Pump function

Gas flow measurement

Calibration

Backlight function

Solenoid function

X X X X X

During the self-test, the following information is also displayed:
X Software version

x Serial Number. Calibration due date.
x Date format.

X Operating language.

x Communication Baud rate.

2.8 Warning and Error Display

During the self-test, if any operational parameters are out of specification or the pre-programmed
recommended calibration/service date has passed errors or warnings may be displayed. Only three
errors/warninJV FDQ EH GLVSOD\HG DW DQ\ WHPHU JRUDVR ABXEPLBOG IR WR H
VFUROO XS GRZQ WKH OLVW WHR \H W KWH | B(FRORN Wl LAWV\RFJHH HNH S |

2.8.1 WARNING Displayed

$00 ZDUQLQJV GLVSOD\HG ZL O MARNINGYibllblwét iy abrélenakt idestRotio®. Two
types of warnings may be displayed.

1. *HQHUDO ZDUQLQJV WKDW PD\ QRYVKMONAH BQWHIVHIFKWY RDPLWEBHD QG W
test has detected a function that is outside the usual programmed operating criteria (e.g. Battery
charge low, memory nearly full, etc.).

2. Specific warnings of operational parameters that can affect the performance of the instrument (e.g.
O, Cell out of calibration, CH, out of calibration, CO, out of calibration, etc.).

The most likely reason for the errors is either an incorrect user calibration, or sensor failure. If an incorrect
user calibration has caused the warning, it should be correctable by way of returning the instrument to
factory settings, zeroing or carrying out a user calibration as necessary for the relevant function.

2.8.2 ERROR Displayed
$00 HUURUV GLVSOD\HG ZLOBREGR S UROQRGHE W\Kbld&iptBiOheDe@ors
detected by the self-test are usually caused by a user calibration being out of specification or possibly
memory corruption. This will have an effect on the functionality of the instrument and should be corrected
before use (e.g. 01 - User cal data, CH, reading or channel out of specification, 02 - User cal data, CO,
reading out of specification).

If any other Warnings or Errors are displayed, contact a LANDTEC Authorized Service Facility for further
information.
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2.9 Service Information Screen

Upon self-test completion, the GEM2000 / GEM2000 Plus will display service information including when
the next manufacturers service is due, what type of service agreement the instrument is under (if
applicable), and when the last factory gas check was performed. To exit from this screen press the
S(QWHU 6WRWH"™ NH\ p

2.10 Technician ID Screen

The Technician ID screen is displayed after the Service Information screen. While it is not necessary to

input a Technician ID it is possible to select a technician from a predetermined list (created in LSGAMS) or

input up to four characters to identify the technician performing the readings. This ID will be appended to all
readings that are taken until the instrument is turned off. To change the Technician ID simply turn the
instrument off and back on again. The Technician ID can be input through a virtual key board shown on the
LQVWUXPHQWY GLVSOD\ /HWWHRW H3J BQ XPEHHIDPEKEH VBHRVHIOU RO O X S
WKH PbQG WR VFUROO OHIW DQG ULJRWH  3dHHANMLQ@Q NV MEH FW QWKHHI K61\ K (
Once the Technician ID is selected, or to bypass selecting any characters pressthe € T EXWWRQ

2.11 Gas Reading Screen

After inputting or bypassing the Technician ID, the instrument will go into the Gas Reading screen, also
considered the normal operation screen. All operations are carried out from this starting point. The
following information is displayed in various boxed sections at this time:

X Current programmed time and date

Current selected ID code

Pump status

Pump run time

Three main constituent gases +CH,, CO,, O, (in %)

Two minor gases +CO & H,S and indication of H2 (GEM2000 Plus only)

Balance gas

Last read time/date (if previous data is in memory)

Technician ID

External devices (displays pod type or temperature probe readings when attached)

% LEL CHy, (if selected through LSGAM)

Barometric pressure reading.

Current relative pressure reading (GA mode only)

Gas Pod or Temperature Probe reading (if connected)

Battery Charge graph (5 segment, flashes at 20% remaining)

Memory Usage graph (5 segment, flashes at 5% remaining)

X X X X X X X X X X X X X X X

Other options:

¢ Menu Allows access to all instrument user functions.

e Next ID Allows the next ID to be selected (if IDs are available).

gMeasure Flow For GEM mode only.

i Previous Reading  Allows the previous reading of the selected ID to be viewed (if data is available).
€ Store Reading Stores the current displayed reading. (GA mode only)

2.11.1 Keypad Lock

After the instrument enters into the Gas Reading Screen, and from this point forward, the keypad can be
locked by pressing and holding the backlight key for approximately 2 seconds. A message will display at
the bottom of the display instructing you that to release the lock you will need to press and hold the
backlight button.
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2.12 Optional Gas Pods

Optional Gas Pods are available for use with the GEM2000 / GEM2000 Plus. These pods are available in
seven different gases with eight different PPM ranges. Connection to the instrument is made via the data
port and exhaust port. The detected PPM level is displayed in the upper right area of the gas read screen
and is saved in the same manner as the other gas readings. The Gas Pods are not classified as
intrinsically safe they should not be attached or detached from the instrument in hazardous areas.

Gas Type Range (PPM) Resolution (PPM)
H,S 0-50 0.1
0-200 1.0
0-5000 35
co 0-1000 1.0
SO, 0-20 0.1
0-100 1.0
H, 0-1000 1.0
HCN 0-100 1.0

Gas Pods are intended for use as an inexpensive detection means and not for regulatory reporting
purposes. If the GEM2000, fitted with a Gas Pod, indicates the presence of the selected gas, further testing
should be performed with regulatory approved instrumentation. LANDTEC recommends that field
calibration be performed using the relevant gas and concentration, prior to sampling with a Gas Pod. If
calibrated properly the accuracy of these Gas Pods are typically 5-10% Full Scale.

2.13 Memory

The instrument's memory is volatile. It is maintained by a battery back-up system, which will maintain the
memory while the battery is being changed.

The memory is not to be used as a permanent storage medium and any data should be transferred to a
more permanent storage medium as soon as possible. An Instrument should never be stored for prolonged
periods with valuable data in its memory.

Although unlikely, sudden shocks, high levels of electromagnetic interference or static discharge may cause
memory corruption or loss. If this occurs, the instrument should be Cold Started and the calibration reset to
factory settings before further use. Cold starting will erase all data in the instrument includin g
resetting the time and date to the default value

2.13.1 Cold Start

THIS FUNCTION SHOULD BE USED ONLY AS A LAST RESORT.
(For Gas Calibration Error Messages, confirm that Factory Settings and User Calibration are done).

A Cold Start should only be carried out to correct an instrument if no other course of action has proved
successful. This function WILL ERASE the instrument memory entirely. After a cold start is performed the
user will need to reset the instrument to factory settings, perform a field calibration and reset the internal
time/date to the default settings. Please note that the time/date may only be updated through the
communication software. It cannot be updated manually.

To carry out a cold start, turn the instrument on, before the instrument enters into the self-test screen press
DQG FRQWLQXHEWRHKROBWWER&HOuUSDVYV FRGH HQWW\ WRUW MR LINHAGR\EKSHE B \ H
released. Enter the passcode 12345 DQG SEHWMRUFRQILUP

After the pass-code entry has been accepted, the instrument serial number will be displayed along with the
hours in use, pump run time and service dates. There are four options from this screen;
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1- Cold Start

2 - Recover readings
3 - Print readings

0- Exit

21/< VHOHFW RISWOLRA QG 6WDUW LV WR EH 1MDW B LHREQ RDUNP WAKLHYV R SNHH
NHOfJu WR FRQWLQXH ZLWK QRUPDO IRISWRDMRRIQ UP, IWIRRK WMRI@G®G FWW D U
displayed confirming the cold start operation and all memory will be cleared. The instrument will continue to

the technician ID screen.

2.13.2 Recover Readings

THIS FUNCTION SHOULD BE USED ONLY AS A LAST RESORT.
Recover readings is a low level memory function that should only be used as a last resort if all your
readings were inadvertently deleted and you know how many readings you had. This function moves the
memory buffer and can cause instrument corruption. Contact LANDTEC before attempting to recover
readings.

2.13.3 Print Readings

This function is best performed using an appropriate RS232 cable (included with new instruments, also
available from LANDTEC) and the LSGAM software. See section 3.12 Downloading Readings for more
detail.

2.14 RF Interference
The gas sensors, especially the Methane sensor, are sensitive to RF interference.

Any device that transmits radio waves can cause your gas readings to fluctuate. Cell phones are the most
common cause of the problem. You should never use your cell phone while you are taking gas readings.
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3 The LANDTEC System Gas Analyzer Manager Software

3.1 Configuration Options

The GEM2000 and LANDTEC System Gas Analyzer Manager (LSGAM) software can be utilized in a
number of ways:

x Configured for operation with the LANDTEC System online service;

x Used offline as a local application storing information on the desktop/laptop computer;

x Used out of the box without software; (this does not allow the user to generate flow rate values or
select comments with the instrument and also prevents downloading of readings to the computer. It
also does not allow the user to correct the time and date or to clear the memory, unless cold
started.)

3.2 Online Users

The procedures included in the section are intended for those connected to the LANDTEC System online
service. The LANDTEC System is an online collaboration tool to Collect, Validate, Analyze, and
Communicate information based on field data obtained using LANDTEC instrumentation.

If you currently are a registered user on the LANDTEC System, please log in at
https://www.landtecsystem.com/. If you are not currently using the LANDTEC System, you may register by
contacting LANDTEC in the US: 800-821-0496 or International: +1-909-783-3636.

Online reference for using LANDTEC System Gas Analyzer Manager (LSGAM) with the LANDTEC System
can be found under the About AHelp & Support menu within the LANDTEC System.

LANITELSYSTEM LANJTELSYSTEM
LFG Pr

Home | Adminn | About | Setup
About
Help & Support

If you do not have login information please contact Technical Support at +1-909-783-3636 extension 6131.

3.3 Offline Users

The procedures included in the section describe use of the LANDTEC System Gas Analyzer Manager
(LSGAM) Software while NOT connected to the LANDTEC System online service.

3.3.1 Installation with the CD

System Requirements:
Windows 98/NT/2000XP/Vista
Pentium I 500 MH or equal .k_
64 (MB) RAM

120 (MB) Hard Drive Space
Awailable

CDROM Drive

NOTE: The computer may need some administrative privileges to install the program.
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Insert the CD into your CD ROM drive and wait for the setup to auto start. Click on the Launch Setup button
and follow the onscreen instructions. Once the software is installed you will have a shortcut icon on your
desktop which you will use to start the LSGAM instrument program.

TE TRRDTIC St G iy Wi S0 = <)
|

LANDTEC System

The Java programming is an import part of this software and will be loaded with the CD install. The java

icon, shown below, will be in the task tray at the bottom of your computer screen where your time is shown.

There will also be a GAM log icon, shown below, that will be created on your desk top during installation.
S,

—_—

Java

S Micrmytars

3.3.2 Start Up
Starting LSGAM can be easily done by doing one of the following:

Double-Click on the Desktop icon.
OR - go to;

Start A£AIll Programs ALANDTEC ZALANDTEC System Gas Analyzer Manager

Inttializating Application

3 o e i
4 fen e Wik
o« I"‘Jﬁ‘—‘ Louiding Locel Projects.. -
G » i

At

ﬂ m J_a_m_ __ﬁ_-__- - ____ § Buonker of Peadnga:
O rmn ome , T i

0 W 50K e 28

) P vt B 43 P S | Readece | Initumect Corf oy | Dok |

Frift | I

= L . :) T = =] et

| iz |
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3.3.3 Navigation

The LANDTEC System Gas Analyzer Manager User Interface allows for easy access and navigation to
various utilities to use the LANDTEC portable instrument on a day to day basis. The following is a general
description of the user interface.

LANDTEC System Login

When LSGAM is used with the LANDTEC System online service, the username and password will be
entered in the screen below, if you are using LSGSM as a desktop application the User Id and Password
fields do not need to be filled in.

— LANDTEC Syskem Login

User Id:
I

Password:

The Progress section indicates the status of the current process. For example, when starting up LSGAM,
this will show you the activity of the software.

The Instrument section displays whether or not an instrument is connected. This also downloads the IDs,
readings, and comments. If an instrument is found the following is shown:

: -{oix

nsiument Type: | EESEEEr -
Serial Number: TS Irstrument
Version: i No Instrument Detectad - serial Nimber:
Operating Mode: J B e
Instrument Date: e sull D
Service Due Date: ol
Number of IDs: e
Number of Readings: ' '

Project Setup | Readtis | nstroment Confiauyation | Links |

Available Memory: gy i
Battery Level: Pt B |

3.4 Connecting to the Instrument

!
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1. Connect the GEM2000 with the RS-232 Download Cable to your ~ Computer

2. Instrument must be powered ON and in the Gas Reading screen

3. Launch the LSGAM software by clicking on the icon on your de sktop

This is the first screen you will see when starting the program.

p Java" starting...

4

Once the software is installed on your computer with an internet connection this instrument communications
program has Auto application updates. This enables you to always have the most current version of the
instrument communications LSGAM.

If an update to LSGAM is available, you will this notice wh n connected to the internet .

Java Web Start x|
L [

A mandatory update is available.
Do you want to continue?

Name: (LANDITES Systern Gas Analvzer Manager v, 0 (Bulld D032)
‘Publisher:  Landtes Morth Amerca

From: kg ects=ga

Click on OK this will return you to the desktop and you will then need to click on the E LSGAM shortcut
again.

The GEM must be connected to computer and turned ON. It must also be in the Gas Reading screen. The
LSGAM software will automatically download any information in the instrument including readings,

comments and IDs.

A new instrument containing no information will display only the instrument information: Serial Number,
Version, Operating Mode, Instrument Date, Service Due Date, Number of IDs, Number of Readings,

Available Memory, and Battery Level.
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3.5 Create a Project / Select a Project

Projects are a collection of Device IDs and their associated reading history. A project can be created using
LSGAM to contain a group of sequenced IDs and chronological history of instrument readings.

To create a Project, click on the Project menu and select New Project.

<+ LANDTEC System Gas Analyzer Manager

[E'm}ect Readings View Archive Route

New Project... Ctr+N
Save Current Project CtH+S
Delete Current Project

Reading Downloa
14 0f 14

Add Id... Ctr+hNumPad +
Import Ids...

Comments... CtrHC

Site Questions... Ctr+Q

Project Setup | Readings | Instrument Configuration | Links |

Project

Upon selecting 1HZ 3 UR Myl Wilkbe prompted to enter a Project Name and select from one of three
options.

Create a New Empty Project
This option creates an blank project where you configure all IDs and Comments.

Create a New Project with comments and site questions from a C urrent Project
Selecting this option allows the user to create a new project that will have the same Comments and Site
Questions as an existing project.

Create a New Project from the data in a GEM2000
This option will create a New Project and automatically associate the IDs, Comments, and Site Questions
that exist in the connected portable instrument.

3.6 Setup IDs

An ID represents a physical sampling point in the field. An ID can be allocated to field components such as
extraction wellheads, gas transmission lines, or passive monitoring probes. LSGAM allows users to
configure an ID for each sampling point in order to obtain accurate readings with LANDTEC portable
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instrumentation
IDs are created, modified, and removed from the Project Setup tab in the software.

3.6.1 Creating Comments

Comments should be setup prior to creating new IDs. The user can define Comments that can be
associated with a reading in the portable instrument.

If you selected Create a New Project when creating your project, you will need to click on the Create
Comments button. Comments can be entered in this setup screen or loaded from a file and will be displayed
in the user interface.

3.6.2 Creating IDs
There are several ways to input IDs to the Project. The following describes each process:

Creating new IDs with LSGAM

To create a new ID using the LANDTEC System Gas Analyzer Manager, Right Click on the left ID pane
beneath your active project and select the Add New ID option.

The Add New ID form will be displayed. From the ID Information tab of this form, entry of the following is
available:
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Device ID: Must be eight (8) alphanumeric character spaces. (For example, LSGWO0001)

Device Type:
X Well: An active gas extraction well which may require a flow rate reading.
X Sample Port: A sample point along a gas transmission line that may require a flow rate.
x Probe: A passive gas migration monitoring probe that does not require a flow rate.

The GEM2000 calculates flow rate values specific to each device type (listed above). The available flow
devices programmed in GEM mode are listed below.

Flow Device:
Accu-Flo 1.5V
Accu-Flo 1.5H
Accu-Flo 2V
Accu-Flo 2H
Accu-Flo 3V
Accu-Flo 3H
Orifice Plate

X Pitot Tube

X User Input
Orifice Plate WellSide
Accuflo-1.5V-Include System Pressure
Accuflo-1.5H-Include System Pressure
Accuflo-2V-Include System Pressure
Accuflo-2H-Include System Pressure
Accuflo-3V-Include System Pressure
Accuflo-3H-Include System Pressure
Orifice Plate-System Side-Include System Pressure
Pitot Tube-Include System Pressure
User Input-Include System Pressure
Orifice Plate WellSide-Include System Pressure

Pipe Diameter: The pipe inside diameter (ID) is required.
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Orifice Diameter: The field for orifice bore diameter is available for all Orifice Plate flow devices.

Pump Run Time: Indicates the duration the GEM2000 pump will run while sampling for the selected ID.
Allows the user to enter general information for the device. This can also displayed the GEM2000
instrument.

Device Information:  Allows the user to enter general information for the device. This will display on the
screen of the GEM 2000 instrument.

There are _ Question Types that can be selected:

None

Alphanumeric

Numeric

Multiple comment selection
Single comment selection
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Users may select up to 8 comments that will be
available to the technician to select from when
storing a reading with the GEM2000.

Alphanumeric questions prompt the user to
enter a comment on the instrument consisting of
letters and numbers.

Numeric questions will prompt the user to enter
a numeric answer on the instrument with a
specified format.

3.6.3 |IDS FROM DATAFIELD CS 3.2X:
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If you have existing ID files from DataField CS v3.2.x, these files can be imported by LSGAM. To begin this
operation selectthe ,P SR UW option from the Project menu.

Select an ID file generated by DataField CS v3.2.x.

3.6.1 IDS ALREADY IN THE INSTRUMENT:

To create a Project based on the information in the
GEM2000, select Create a new project from the
data in my instrument
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Creating a Device ID that does not measure flow Example- Probe or Sample Port

If there is no flow device you will choose User Input. When choosing the User Input option you will need to
enter the appropriate pipe inside diameter and pump run time.

This ID is then generally sent to the GA mode [Landfill Gas Analyzer] of the instrument. Because this mode
of the instrument does not read flow will not show the pressure readings screens that are in the GEM mode
for vacuum and impact pressures.
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3.7 Creating your site questions

After sending site questions to your instrument they must be updated each time you use the GEM. This is
done by going to the menu selection in the GEM and choosing [Update Site Data]
The options for questions are Alphanumeric Numeric +Multiple or Single comment selection.

Alphanumeric Example
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Example of Numeric Question

You may use Multiple or Single Comment selections

Using the Comments that were created for this project
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These Site Questions may be used again with another project by selecting the Create New Project and
create new project with comments and site questions from current project.

The project will be created and the IDs, Comments, and Site Questions that exist in the instrument will be
applied to the new project.
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Placing the mouse cursor over a specific device ID will show detailed information about that ID.

To edit a Device ID, right click on the desired device and select Edit Device ID .

To delete an existing ID, right click on the desired device and select Delete Selected Device ID(s) .
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Deleted IDs are displayed with a line through the information on the screen. To restore a deleted ID, right
click on the ID and click Restore Selected Device 1D(s).

3.8 Sending IDs to the instrument

Once IDs have been created in the project, they must be uploaded to the instrument. To perform this
operation, select the desired IDs from the left table under the Project name, left click and drag the IDs to the
right table.

Place the mouse arrow at the edge of the first cell and hold down the left key. The arrow will change
to ®

To highlight all, select control, then A on your key board. You can now drag the list to the Instrument side of
the screen.
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Once you have dragged the list or any selection of IDs to the instrument side, the line will change where you
have the arrow and the circle will become a box.

Upon releasing the mouse key your IDs will be in the instrument list. Now select Send to Instrument
button.

Page 24



GEM2000 & GEM2000 Plus Operation Manual

3.8.1 Clearing ID s from your instrument or Deleting a Projec t

In current instrument contents when selecting the Clear ID List option it will draw lines through the IDS. You
then need to select Send to Instrument . This will clear all IDs from the GEM in both the GEM and GA
mode.

You may also delete one ID from a list by highlighting the ID RIGHT CLICK with your mouse and select the
Delete Selected Device option. If you have selected the wrong ID and deleted then you may select the
Restore option to return the ID to the list.
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3.9 Instrument Settings

The LANDTEC System Gas Analyzer Manager software allows users to change many of the operational
settings of the instrument. To view and change the available settings click on the Instrument
Configuration tab.

In the Instrument Configuration user interface, there is an Instrument Settings option tree. The Instrument
Settings tree allows for easy navigation to the following categories:

Alarm Settings

Data Logging
Date/Time Settings
Misc Options

Units of Measurement

The following sections describe each option category.

3.9.1 Alarm Settings
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The Alarm Settings options control the activation and deactivation of the audible alarms in the GEM2000
instrument. Audible alarms can be configured for CH4, CO,, or O, parameters. Each parameter can be
configured with a Low Trigger and/or High Trigger for the alarm. To activate any specific alarm, click and
place a checkmark in the desired box. This will activate the entry field to place the value. The values must
be 0 £100.

3.9.2 Data Logging

Data Log ID
The Data Logging option allows the user to specify an ID to be associated to readings taken with the Auto-

logging feature of the instrument.

Time Between Readings
This value indicates the time from when the pump stops running until the pump begins sampling.

Pump Running Time
This value indicates the duration the pump will be run for sampling.

Date/Time Settings

The Date/Time Settings screen allows the user to set the date and time of the instrument.

BHWWLQJ WKH &RPSXWmhkUYYV 'DWH DQG

To set the L QV W U Xi&x¢lapdife to that of the computer, click on the Set to System Date/Time button.
This will set the calendar and time fields to the current date and time of the computer. Then click the Set
Date/Time button to apply to the instrument
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Date
Use the calendar options to select the desired date.

Time
Use the up and down controls to select the desired hour and minutes.

3.9.1 Set Date/Time in the instrument
Click the Set Date/Time button to apply the settings to the instrument

3.10 Misc Options

Under the miscellaneous options interface the user can change the following instrument settings:

Automatically purge instrument
Activates and deactivates the automatic purge feature in the instrument

Automatically zero instrument
Activates and deactivates the automatic zero feature in the instrument

Show LEL on Instrument readings screen

Specifies whether or not Lower Explosive Limit (LEL) is displayed on screen, power instrument off and on
for change to take effect.

Low Flow Warning
Specifies the point at which the instrument will indicate it is not able to extract the appropriate gas flow for
analysis.

Purge Time
Specifies the duration the pump will run when activated by the purge feature of the instrument.
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3.11 Units of Measurement

The Units of Measurement interface allows users to select whether to operate the instrument in metric or
imperial units. The units for each parameter are displayed on the screen.

WARNING: Units of Measure are as critical as the values of the readings stored. Be certain to verify the
appropriate Units of Measure for your project prior to making a change to this option. Changing the Units of
Measure will NOT convert any existing values stored in the instrument. To avoid confusion, download any
stored readings prior the changing the Units of Measurement.

3.12 Downloading Readings

After successfully creating projects, IDs, and setting appropriate instrument settings, the instrument is ready

for field use. When used in the field, readings DUH FROOHFWHG DQG VWRUHGHPRPIRWK L C
The readings consist of the measured, input, and calculated parameters such as CH4, CO2, 02, Gas
Temperature, Flow Rate, etc. These readings must be downloaded from the instrument to be reviewed on

the computer and stored for review at a later time. This section of the Operation Manual reviews the
process of downloading and storing readings from the instrument.

To view your downloaded readings from the instrument, select the Readings tab of the LANDTEC System
Gas Analyzer Manager software.
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When the instrument is initially detected by the LSGAM software, the readings are automatically

downloaded from the instrument, placed in the Readings tab table, and stored in your project previously set
up on your computer.

Placing your mouse over a reading will display additional parameters of the reading.

To clear the readings from your instrument, after the readings are downloaded successfully, click the Clear

Instrument Readings button. A prompt will verify the permanent deletion of the readings from the
instrument. This will clear information within the GEM and GA Mode simultaneously .
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To export readings to a file, click the Export Readings button. This will open the Export Readings to CSV
screen. This interface provides several options described below.

To add or remove a single reading from export, click on a checkbox in the leftmost column.

To add or remove a specific parameter from export, click on the corresponding checkbox across the top.

To clear all rows click the Clear All Rows button at the bottom of the screen.

To clear all column selections, click on the Clear All Columns button at the bottom of the screen.

To exit the operation without saving, click the Cancel button.

To specify a filename and save the selection to a file, click the Save File button. Clicking this button will
open a Save window.

Specify a filename and location then click the Save button. The selected readings will be saved in comma
separated value (.CSV) format. The .CSV file may now be opened in another application.
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4 General Operations Menu

The following features and functions are selectable from the main menu via key ¢ Menu from the read gas
OHYHOV VFUHHQ 1DYLJDWLRROHWHURXSGK RXKH PUWWHIW YLHDOWFWLRQ RI
SUHVVLES WHKH p

4.1 Zero Transducers

This function allows the user to zero the pressure transducer(s). Upon selection, the current pressure
UHDGLQJ LV GLVSOD\HG 7KH RRB KWDAKIHEY3 prsiddy \EHen Zédding trathsslucers it
is important to allow them to stabilize first so an accurate zero is achieved. If ¢ is pressed the instrument
will return to the gas reading screen without zeroing.

NOTE: Zeroing Transducers may take a few extra minutes in the field, but is a recommended step to
ensure the best possible accuracy.

4.2 Update Site Data

Allows the user to answer questions (pre-defined in LSGAM software) relating to the site (e.g. name of
operator, weather conditions, etc.). Site Questions are different from Site Comments.

This is covered in detail in section 3.7 of this manual.

4.3 Data Logging (GA mode only)

Enables the user to leave the Instrument unattended to take samples at pre-determined intervals. The
reading interval and pump run time may be edited prior to commencing the logging cycle. The ID code may
ONLY be set in LSGAM communication software.

2QFH WKH ORJJLQJ IXQFWLRQ LHWQWFWILGYO WH® UW R MW @MX S UHEORQW G IR Z
(displayed bottom right) and begin the first sample. After each sample, the unit will automatically sleep to
conserve power if the time between the pump ending and the next sample is greater than 30 seconds.

The instrument is reactivated (awakened) during a logging cycle, the LANDTEC logo will be displayed for a
few seconds and the Gas Reading screen will be displayed. This will initiate a 30 second countdown to the
next sample being taken unless the operator stops the logging function.

4.4 Operating Language

The operating language of the instrument can be set to English, German, Spanish, French, Italian or
Brazilian Portuguese through this option.

45 View Data

The view data allows the user to see the readings that are in the GEM2000 / GEM2000 Plus memory.

Often the amount of data stored is more than can be displayed adequately on one screen so pressing the g

key will allow the user to see additional screens with stored data. 7KHST IDQGYT RXUVRU NH\V ZLO(
forward or backwards through the instruments memory. Pressing the c key will exit to the Gas Reading

screen.

4.6 Adjust Contrast

The GEM2000 automatically adjusts the screen contrast according to the ambient temperature to maintain
normal viewing.

7KH FRQWUDVW FDQ EH PDQXD O ONDEEQMBIV RXHG/ BU XWH\QJ KKHPDQXDO FF
LV VWRUHG @KNB\WKHSPHVVHG
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4.7 Field Calibration

Whenever carrying out a user calibration function it is important to ensure the correct value is entered.
Additionally, in the case of a zeroing function, ensure only certified gas or ambient air is used and no
connection is made to a probe or wellhead fitting. The calibration cylinders sold by LANDTEC have a
volume of 17 liters. The regulator, sold by same, is set to 0.5 liters per minute and 15 psig maximum. A
normal field calibration usually requires the gas to be running for about two minutes.

Upon selecting this option, the Field Calibration screen is displayed. A brief description of the user span

calibration procedure and the current UHDGLQRJfURBD @ XVHU VSDQ FDOLEUBWLRWQHIDYV
displayed.

7KH VSDQ JDV YDOXHV PD\ EélEHKRQet Badcohtr@diold KM RSWLRQ 2QFH WKLV
been selected, al WKH JDV YDOXHV ZLOO UHTXWRHEHQAMRO\ILUPHKE HEMWNNW VIV
is important to confirm the concentration of the calibration gas(es) used and enter the value(s) properly.

4.7.1 Zero Channels

6HOHFWHG HER FCahgridtiean pf- gCalibration Menu fallows the relevant reading to be zeroed.
When selected, a list of the available options will be displayed, this usually includes CH,4, and O,, also the
Gas Pod (if fitted).

Supply a zero gas mixture to the instrument for the gas to be zeroed. Ensure the reading for the selected

gas has settled to its lowest value before selecting the zero function. When the required option is selected,

WKH XVHU JHUR IXQFWLRQ ZLOK-D GE\FD KH LRSH B B W LIRQW RIFDDOVEHN HD WV
pressed.

4.7.2 Span Channels

Spanning Channels should be carried out prior to use or when the ambient operating temperature changes
greater than +/- 20 degrees FDKUHQKHLW 6 H O HAreld IiE &ibriatidR PY- WEKCHllibpation Menu
allows the relevant reading to be span calibrated (in accordance with the calibration value entered). When
selected, a list of the available options will be displayed, which includes CH,4, CO,, O, (CO & H,S for the
Plus) and Gas Pod (if fitted).

When the required option is selected from the list, the span calibration function will be carried out
automatically. When carrying out this procedure, ensure the span calibration procedure (as outlined below)
is followed:

1. Apply the relevant known certified gas concentration through the inlet port of the Instrument.
2. Wait until the current gas reading has stabilized.
3. 6HOHFW WKH UHTXLUHG FD @Cdibtr&liod MBQ RSWLRQ YLD WKH p

4.7.3 Factory Settings

This will clear any user zero and span calibration data. It will also restore the pre-programmed factory
settings for ALL channels +£CH,;, CO,, O, (CO & H,S for the Plus) or Gas Pod (if fitted) and pressure
transducers.

4.7.4 Last Field Cal
Displays the date the last field calibration was carried out (zero or span).

4.8 Mode of Operation
Allows changing instrument between GA mode and GEM mode of operation.
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4.9 Information Screen
The information screen will automatically display the following information:

Software Version- Date
Serial Number-GM00000
Date Format- USA
Language- American
Communication- 1920014

4.10 Exit Menu
The Exit Menu simply exits the main menu screen and returns to the gas reading screen.
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5 Taking Probe Readings (GA Mode)

LANDTEC classifies non-extraction wells as Probes when NOT connected to an active vacuum
extraction system. Probes, (commonly known as migration probes), are typically placed on the
perimeter of the landfill to test for gas migration or may be placed next to a building or road to test for

the presence of Methane. The GEM2000 / GEM2000 Plus instrument may be configured as a Gas
$QDO\V]HU *$ PRGH IRU VDPSOLQWIKSIMRBEHYFWTIR®FBRVFWKH JOWV Ut
for menu and scroll down to Mode of Operation SUHVVEWKHH\uD QG KUaddfilD GaskK W
Analyzer SUHVVLEMW NHKRHOADLQ ZLOO VHOHFW *$ PRGH RI RSHUDWLRQ

5.1 Preliminary Checks

Prior to going to the test site, it is good practice to ensure:

All necessary ID codes and readings have been uploaded via LSGAM software.

The time and date are correct.

The water trap has a clean and dry filter fitted.

The inlet-port particulate filter is clean and dry.

A supply of spare filters is available in case of accidental water blockage or contamination.

The battery has a good charge (minimum 25% charge, even if only a few readings are required).
The memory has sufficient space available.

The CH,4, CO,, and O, (CO & H,S for the Plus or Gas Pod if fitted) readings have been zeroed, without
gas concentration present.

x Check the span calibration with a known concentration calibration gas.

X X X X X X X X

Travel to the site with the analyzer in the vehicle's interior - not in the trunk or truck bed, where it may be
subjected to extremes of temperature and possible shock damage. Do not place the analyzer against
anything hot (e.g. gas extraction pipe, car body or in an unattended car during the summer). This may
cause erroneous readings.

When moving around a site, protect the instrument from strong direct sunlight, heavy rain or wind-chill.
Strong direct sunlight can raise the temperature of the instrument beyond its operating range. If this occurs,
the LCD display will appear almost black and the contrast setting cannot alter the contrast. Typically no
permanent damage is done and after the instrument cools the screen will become readable again.

Always use the water trap! If the water trap becomes flooded, change the filter inmediately and ensure all
tubes are clear before re-use.

5.2 Update Site Data

Prior to taking the readings at a particular site, the Site Data and Technician Login should be updated (if
SURJUDPPHG 7KLV LV DFFHVVHGEYthéh PpKdte Site@Btd) HThisOthQixn removes
the need for the site conditions to be recorded manually.

A series of up to five questions can be pre-programmed using LSGAM, see Section 3.7. If Site Questions
were uploaded to the instrument, they should be answered at this time. The answers are stored and
appended to each reading stored thereafter, until the Site Data is updated for another site.

5.3 Taking Readings £With ID

For this function to be used it is essential that the relevant ID be previously uploaded to the Instrument
using LSGAM, see Chapter 3. An ID cannot be created by the Instrument alone.

1. When the Read Gas Levels screen is displayed, option ¢ 1H][W shdlild be selected. A list of
VWRUHG ,'V LV GLVSOD\HG 3SR D QB EDHUFWWRLIR @ PVD WIKH wQH[WY ,' RC
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DXWRPDWLFDOO\ KLIKOLJKWHGHVVREFRIBIMN UK N IBOAMEWDR®DSEH WR
display any relevant ID information available; such as a description of the probe location, work to be
carried out, etc.

2. Areminder is displayed to disconnect sample tubes, as a clean air purge will automatically remove
the previous sample from the instrument. Purge time may be set via LSGAM (default is 30 seconds).
20FH WKWK\ LV SUHVVHG SXUJH ZLOO BHH QVDWRAJ WHKGI 5HDG EBVG L
XSRQ FRPSOHWLRQ 7KH SXUJH POQJ BMERITR WIWHG E\ SUHVVL

3. The ID number selected and the pump runtime is displayed in the upper left corner of the read gas
levels display.

4. At this point, connect the sample tube (with water trap) from the sample point to the inlet port of the
LOQVWUXPHQW HQVXULQJ WKH FR Q ZHKHWQ RFAR @FOH M WKIHQWIRP SOH W |
sample port. Do not connect the sample tube to the probe port before connec ting to the
instrument as this will cause any pressure in the probe to dis sipate and a proper pressure
reading will not be taken.

5. As soon as the connection is made, the relative/static pressure reading will be displayed. No
sample is taken from the probe at this time. Once the reading stabilizes and the pump starts, the
relative/static pressure reading is stored. The relative/static reading will remain displayed as the
pressure last taken.

6. The pump will run for the pre-programmed time and a countdown timer will be displayed. The pump
PD\ EH VWRSSHG RU VWDUWHG pW BIPELMNHE\N7Z4DA BHDMXIHQ)J PD\ EH
DQ\WLPH ZLWK WEHNHH RKMXMWKH SXPS DXWHshdildierife@a3a VWRSV \
prompt to store the reading.

7. Upon storing the reading, any pre-programmed questions will be displayed for response. This may
require a numeric, alphanumeric selectable comment, or exclusive comment answer. A maximum of
eight selectable and exclusive comments may be entered.

8. Disconnect the sample tubing from the probe and start again at Step 1 for the next probe.

For each reading, the following information will be stored:

X X X X X X X X X X

ID code.

Current time/date.

Site data (if entered).

All gas readings and balance (CH,4, CO,, O, (, CO and H,S for the Plus)).
LEL CH,,

Barometric Pressure.

Relative Pressure.

Questions/comments.

Temperature (if temperature probe is connected).

Gas Pod (if connected).

When the instrument is switched off, a clean air purge is automatically started for a pre-determined period.
7KLV PD\ EH DERUWHG ZLEW K MAKID XWHK RAIJWKMWPLY QRW UHFRPPHQGHG

A tone will sound and a flashing bell will be displayed next to the appropriate gas reading value if a preset
alarm condition has been exceeded.

5.4 Taking Readings *Without ID

Gas Readings can be taken without an ID in the instrument by following the instructions below. To create
and uploaded IDs to the instrument using LSGAM, see Chapter 3. An ID cannot be created by the
Instrument alone.

1. From the Gas Reading Screen first select e 1 H[ W theffpress |g SelectNoID § RU LI '
information has not been uploaded to the instrument, an ID list will not be available. In either
FDVH WKH ," ZLOO EH GLVSODBAHGUDQG VWRUHG DV
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2. A reminder is displayed to disconnect sample tubes, as a clean air purge will automatically

remove the previous sample from the instrument. Purge time may be set via LSGAM (default is
VHFRQGYV €R2QNHSWHVVHG SXUJH ZLOO EHIHQVDOFRUWHK® BHOG
GLVSOD\HG XSRQ FRPSOHWLRQ 7kKN SXHN\WINERNVEKNHDIE RUWHG

3. At this point, connect the sample tube (with water trap) from the sample point to the inlet port of
WKH LQVWUXPHQW HQVXULQMWWRKSIOPFAQHFWRU PFOLFNVY LQ

4. Now connect the sample tube to the probe sample port. Do not connect the sample tube to
the probe port before connecting to the instrument as this wi Il cause any pressure in the
probe to dissipate and a proper pressure reading will not be t aken.

5. 7TKH SXPS PD\ EH VWDUWHG RU VWRS$ S\HEIH R PC5Q \NVH\P BI QEEQ B Du W L
WLPHU ZLOO EH GLVSOD\HG 7KNVWRBSSHX R ¥¥®§ @€ BdfingEa H
reading.

6. Upon storing the reading, a virtual keyboard will be displayed for any alphanumeric comments to
be entered.

7. Disconnect the sample tubing from the probe and proceed from step 1 for the next probe.

Except for the ID codeinfo UPDWLRQ ZKLFK ZLOGO -EH NVVORWBGHSUREH TXHVWLRQV
reading the information stored will be the same as that for a reading with an ID.

A tone will sound and a flashing bell will be displayed next to the appropriate gas reading value if a preset
alarm condition has been exceeded.

5.5 Temperature Probe Reading

The GEM2000 / GEM2000 Plus has the facility to automatically display and record the probe temperature
via an optional Temperature Probe (TP-2000). When the Temperature Probe is fitted to the RS232
Communication Socket, the temperature will be displayed in the read gas levels screen and recorded with
all other data. The temperature probe is part of the GEM2000 UL certification and is therefore certified for
use under the same conditions as the instrument.

5.6 Cross-Gas Effects

5.6.1 Methane, Carbon Dioxide and Oxygen

The Methane reading is filtered to an infrared absorption frequency of 3.41 Pn (nominal), the frequency
specific to hydrocarbon bonds. Instruments are calibrated using certified Methane mixtures and will give
correct readings provided there are no other hydrocarbon gasses present within the sample (e.g. ethane,
propane, butane, etc.). If there are other hydrocarbons present, the Methane reading will be higher (never
lower) than the actual Methane concentration being monitored.

The extent to which the Methane reading is affected depends upon the concentration of the Methane in the
sample and the concentration of the other hydrocarbons. The effect is non-linear and difficult to predict.

The Carbon Dioxide reading is filtered to an infrared absorption frequency of 4.29um (nominal), the
frequency specific to Carbon Dioxide. Therefore, any other gases usually found on landfill sites will not
affect the Carbon Dioxide reading.

The Oxygen sensor is a newly developed galvanic cell type and suffers virtually no influence from CO,, CO,
H,S, SO, or H,, unlike many other types of Oxygen cell.

The infrared sensors will not be "poisoned” by other hydrocarbons. Normal operation will resume as soon
as the gas sample has been purged.

Note - there has been one reported incident of a high reading due to the presence of Carbon Disulfide,
which has a similar absorption frequency to Carbon Dioxide.
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5.6.2 H,S, CO and other Optional Gas Pods

The Gas Pods used to measure H,S and CO do suffer from cross-gas effects. Such effects are not
accurately specified. However, the following table may be useful as a guide. This table represents how
many ppm would be read by a Gas Pod if 100ppm of the interfering gas was applied, (with no other cross-
contaminates being present in the sample).

Cell CO H,S SO, H, CH, CO,
CO 100 <3 0 <40 0 0
H,S <0.5 100 ~20 ~0.1 0 0

NOTE: All readings are given in parts per million (ppm). The life of an electrochemical cell is determined by
exposure to gasses, typical life being one to two years. It is recommended that Gas Pods be field calibrated
at regular intervals.

NOTE: Cross-gas effects can be mitigated by employing a filter for the gas not being tested.

5.6.3 GEMZ2000 Plus Internal Electrochemical Cells for Meas uring H ,S and CO

The GEM2000 Plus employs two internal electrochemical cells to measure Hydrogen Sulfide (H,S) and
Carbon Monoxide (CO). Electrochemical cells which measure CO are typically susceptible to cross gas
interference by Hydrogen (H,) and Hydrogen Sulfide (H,S). Two components that may be present in the
Landfill Gas sample. This means that if H, and/or H,S are/is present in the Landfill Gas sample a normal
CO electrochemical cell would give an atrtificially high reading.

7KH *(0 30XV XVHV D pK\GURJHQ HEBeSWRWVRXQPGHKRD WV W Khis sQWHU
why the instrument displays an H, channel. H; is not directly measured, although a rough value, which is

shown as LO, MED or HI, can be interpreted. If the H, value is displayed as LO or MED the H,
compensation will mitigate the H, effect on the CO reading, however if the H, value is shown as high it is

possible that there is more H, present than the compensation is capable of adjusting for. If that is the case

the CO value may be artificially high due to cross gas interference by the H,. Additionally, if a HI level of H,

is encountered then a longer than normal purge time will typically be necessary to clear all the H, from the
electrochemical cell. It is recommended that after encountering a HI level of H, the instrument be purged

with clean air until the H, channel displays LO. This could take as long as five or ten minutes (if the H,

channel was over ranged) but is necessary to ensure the subsequent readings are accurate.

The CO cell used in the GEM2000 Plus also utilizes an internal H,S filter to eliminate H,S cross gas
LOQOWHUIHUHQFH +RZHYHU WKH IEDS\DHRLWRHM KMKYH | DOIWGW K M G- INSKCH- K\A
cell will be susceptible to cross gas interference by any H,S that is present in the gas sample. It is quite

easy to determine if the capacity of the filter has been exceeded. After all the sample gas has been purged

from the instrument, with clean air, and the CO reading is zero, run a certified gas that contains H,S but not

CO (the H,S calibration gas) through the instrument. If the CO reading remains zero while the H,S reading
increases to the certified value then the internal H,S filter has remaining capacity. If the CO reading
increases withthe H, 6 UHDGLQJ WKHQ WKH L QW H UlHxEgceeden \and the sellmid Sded oW\ KD
be replaced.

The GEM2000 Plus was designed to read a maximum H,S concentration of 200ppm and a maximum CO
reading of 2000ppm. If the gas sample contains more than the maximum concentration the instrument will
be over ranged and display >>> as the reading. If the instrument is over ranged the readings typically stay
artificially high for several minutes and will not go back to zero with a normal purge. While over ranging the
instrument is not recommended and will slightly shorten the life span of the electrochemical cells the
resulting high readings are not permanent. If one of the channels is over ranged it is recommended to
purge the instrument, with clean air, until the reading returns to zero. This may take as long as five or ten
minutes. The cell may need to be recalibrated but normally the extra long purge is all that is necessary.
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6 Taking Extraction Well Readings (GEM Mode)

LANDTEC classifies gas-producing penetrations on landfills as wells when used with vacuum extraction
systems and flow determining devices such as the Accu-Flo wellheads, orifice plates or pitot tubes.

The GEM2000 / GEM2000 Plus may be configured as a Gas Extraction Monitor (GEM mode) for the

purpose of sampling wells and obtaining flow measurements. To access this function from the gas

UHDG VFUHHJ BQBVWVWFWR V@ec6fop&atithRk SUHV\EIWNH\ IDQG Kag KOLJKW
Extraction Monitor , SUHVVL&EY WKHOUDLQ ZLOO VHOHFW *(0 PRGH RI RSHU

6.1 Preliminary Checks

Prior to going on site, it is good practice to ensure:

All necessary ID codes and readings have been uploaded via LSGAM software.

The time and date are correct.

The water trap has a clean and dry filter fitted.

The inlet-port particulate filter is clean and dry.

A supply of spare filters is available in case of accidental water blockage or contamination.

The battery has a good charge (minimum 25% charge, even if only a few readings are required).
The memory has sufficient space available.

The CH,4, CO, and O, (CO & H,S for the Plus or Gas Pod if fitted) readings have been auto-zeroed
without gas concentration present.

x Check the span calibration with a known concentration calibration gas.

X X X X X X X X

Travel to the site with the analyzer in the vehicle's interior - not in the trunk or truck bed, where it may be
subjected to extremes of temperature and possible shock damage. Do not place the analyzer against
anything hot (e.g. gas extraction pipe, car body or in an unattended car during the summer). This may
cause erroneous readings.

When moving around a site, protect the instrument from strong direct sunlight, heavy rain or wind-chill.
Strong direct sunlight can raise the temperature of the instrument beyond its operating range. If this occurs,
the LCD display will appear almost black and the contrast setting cannot alter the contrast. Typically no
permanent damage is done and after the instrument cools the screen will become readable again.

Always use the water trap! If the water trap becomes flooded, change the filter immediately and ensure all
tubes are clear before re-use.

6.2 Update Site Data

Prior to taking the readings at a particular site, the Site Data and technician login should be updated (if
SURJUDPPHG 7KLV LV DFFHVVHG @Wwi1D7WKW MPHIAHVUIDRQ OHKPXRY HV WKH
conditions to be recorded manually. A series of up to five questions can be pre-programmed with the use of
LSGAM and answered at this time. The answers to these questions are stored and appended to each
reading stored thereafter, until the site data is updated for another site.

6.3 Taking Gas and Flow Readings (GEM Mode)

The GEM mode of operation is designed to allow for gas flow (SCFM) and energy measurements (BTU) to
be calculated at the wellhead. This function requires the use of an ID that has been uploaded from LSGAM
software with the type of flow device defined. Gas flow and BTU will not be calculated if this action has

not been performed.

1. When the gas read screen is displayed select | 1 H[W. Afist of stored IDs will be displayed for
VHOHFWLRS& DL@PBEWIKHWRU NH\V WKH pQH[WT LJIKWHHDXWRR DR QF DO W
SUHVVEWKH\W 7KH VFUHHQ PD\ EH WRJOBHGQWR, 'GILY IRAIP\DMQA\RQHYV X F
description of the well location, work to be carried out, etc.

2. Areminder is displayed to disconnect sample tubes, as a clean air purge will automatically remove the
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previous sample from the instrument. Purge time may be set via LSGAM (default is 30 seconds). Once
WK&f NH\ LV SUHVVHG SXUJH ZLOO BHH QVDWJ WHO BHODG EBEVGLVSOD!
FRPSOHWLRQ 7KH SXUJH PD\ EHHIMERUWMNIB\E\ SUHVVLQJ WK
3. Connect the sample tubes (with water trap filter) to the wellhead ensuring the gas sample tube and
impact pressure tubes are properly oriented. Insert the temperature probe if used.
4, 3UHVV IWKNHN WR VWDUW Wa&KdduntdowrSionet wilDbe dsplayed in the upper left area of
WKH GLVSOD\ 7KH SXPS PD\ EH VWRSEO\GWLEPGE EMN\SW BNAWHII KW KHX R S
run time is set in LSGAM software. Allow the gas readingsto VWDELOL]H QM@&uFlalw § N H\
WKLV ZLOO VWRUH WKH JDV OMMARESSUREDREAQINGS ) /G W GHW@ OORWH D IC
bell will be displayed next to the appropriate gas and a beeping tone will be heard, if a preset alarm
condition has been exceeded.
5. 7KHRESSURE READINGS T VFUHHQ ZLOO SURPSW WKH XYBH WREGLVVPE R Q @CHI
SUHVVXUH WR VWDELOL]H 2QBH]|W®& HEGddAvaysdluters KPP V VUMY BN R
continue. Note; if Accu-Flo wellheads are used this zero function may be performed prior to connecting
the sample tubes to the well head by selecting IMMENU J DQ G KL JKEBRA KRANSDUGERS 1
This eliminates the need to disconnect and re-connect the sample tubes on the same wellhead.
6. If a temperature probe is not connected, the user is prompted to manually input the gas temperature,
SUHVVEW KHH\WZKHQ HQWU\ LV ILQLVKHG
7. The gas flow and energy screen is now displayed showing all the gas level readings taken in the gas
read screen as well as the level of gas flow (SCFM) and power (BTU). In addition, Adjusted, Current
and Previous (if downloaded) readings are displayed so modifications may be made to the well if
required.
8. 3 UHYV VASJTORE Will save the readings to memory. Then, the comments screen (if comments were
loaded) will display and allow you to answer questions or select comments about the condition of the
well. A total of seven comments and one exclusive comment may be stored with each ID.
9. Press [ONEXT ID fand proceed to the next wellhead. An automatic purge will be performed at this time
to ensure the sample has been exhausted from the instrument.

For each reading, the following information will be stored:

ID code.

Current time/date.

Site data (if entered).

All gas readings and balance gas (CH,4, CO,, O, (CO & H,S for the Plus)).
Barometric Pressure.

Temperature.

Gas Pod (if connected).

Gas flow (SCFM) and Power (BTU).

Comments and exclusive comment.

X X X X X X X X X

When the Instrument is switched off, a clean air purge is automatically started for a pre-determined global
SHULRG 7KLV PD\ EH DERUMMHMKGHE\ BOWKXRIXQK WKHKH-R QRW UHFRPPHQG
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7 Field Operations

7.1 Landfill Gas Generation

A brief overview of the theory of landfill gas generation and Methane recovery follows. Initially, when
decomposable refuse is placed into a solid waste landfill, the refuse is entrained with air from the
surrounding atmosphere. Through a natural process of bacterial decomposition, the Oxygen from the air is
consumed and an anaerobic (Oxygen free) environment is created within the landfill. This anaerobic
environment is one of several conditions necessary for the formation of Methane-CH,.

If Oxygen is reintroduced into the landfill, those areas are returned to an aerobic (Oxygen present) state and
the Methane-producing bacteria population is destroyed. A period of time must pass before the productive
capacity is returned to normal. Since there is some Methane of a given quality within the landfill void space,
a decline in Methane quality is only gradually apparent depending upon the size of the landfill.

Carbon Dioxide is also produced under either an aerobic or anaerobic condition. Under static conditions,
the landfill gas will be composed of roughly half Methane and half Carbon Dioxide with a little Nitrogen.

As air is introduced into the landfill, the Oxygen is initially converted to Carbon Dioxide and residual
Nitrogen remains. Measurement of residual Nitrogen is usually a good indicator of the anaerobic state of
the landfill; however, it cannot be directly measured. It can, however, be assumed and estimated using a
subtraction basis as the balance gas. Hence, the measurement of Carbon Dioxide is an intermediary step.
Because Carbon Dioxide levels may fluctuate depending on the changing concentrations of the other
constituent gases, Carbon Dioxide levels are not evaluated directly but are considered in light of other data.

In evaluation of residual Nitrogen, allowances must be made if there has been any air leakage into the gas
collection system or if there has been serious over pull. If enough air is drawn into the landfill, not all
Oxygen is converted into Carbon Dioxide and the Oxygen is apparent in the sample. It is ideal to perform
routine analysis of individual wells, as well as an overall well field composite sample, by a gas
chromatography. This is not always practical at every landfill.

Under some conditions there may be a small amount of hydrogen in the LFG, (about 1 percent, usually
much less). This may affect field monitoring response factors, but otherwise it can be ignored.

7.2 Subsurface Fires

If very large quantities of air are introduced into the landfill, either through natural occurrence or overly
aggressive operation of the LFG system, a partly unsupported subsurface combustion of the buried refuse
may be initiated. Subsurface fire situations are difficult to control or extinguish once started, present health
and safety hazards, and can be quite costly. Therefore, prevention by good operation of the collection
system and maintenance of the landfill cover is the best course of action. The presence of Carbon
Monoxide, Carbon Dioxide, and Hydrogen Sulfide are indicators of poorly supported combustion within the
landfill.

7.3 Techniques for Controlling Landfill Gas

There are many techniques for controlling landfill gas extraction. These techniques represent tools, which
are used together to control landfill gas. The Accu-Flo wellhead is designed to work with all of these
technigues. Below is a discussion of the individual techniques, how to use them, and their limitations.
Reliance on only a few of the techniques discussed can lead to misinterpretation of field data and improper
operation of the well field. Later the best use of these techniques to optimize landfill gas control will be
discussed.
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7.3.1 Controlling by Wellhead Valve Position

Unless the valve handle is calibrated for a given flow rate, this method is unreliable. The position of the
valve handle alone does not provide sufficient information about the well to control it. It is useful to note the
relative position of the valve, and essential to know which valves are fully open or fully closed.

7.3.2 Controlling by Wellhead Vacuum

This technique relies on the relationship of well pressure/vacuum to flow for a given well. Reliance upon
this method, however, can be misleading. This is because the square root relationship between flow and
pressure is difficult to affect while performing day-to-day well field adjustments. As decomposition,
moisture, and other conditions change, this method shows itself to be inadequate and imprecise.

7.3.3 Controlling by Gas Composition

This method determines Methane, Nitrogen (balance gas) and other gas composition parameters at
wellheads and at recovery facilities using portable field instruments and, sometimes, analytical laboratory
equipment. Complete knowledge of gas composition (i.e., major fixed gases: Methane, Carbon Dioxide,
Oxygen and Nitrogen) is desirable. It is also necessary to check other gas parameters, such as Carbon
Monoxide, to fully evaluate the condition of the well field. Reliance on this information can lead to improper
operation of the well field. Indications of excessive extraction often do not show up right away. This
method often leads to a cycle of damage to the Methane producing bacteria population and then to over-
correction. This cycling of the well and producing area of the landfill is not a good practice. It leads to
further misinterpretation of the condition of the well field and has a disruptive effect on the operation of the
well field. The use of analytical laboratory instrumentation such as a gas chromatograph is a valuable
supplementary tool to verify gas composition. This normally requires collection of samples at the wellhead
and analysis at some fixed location where the equipment is located. The drawbacks of this method as a
primary means of obtaining information for well field adjustment are the time expended, cost, and probably
most important, responsiveness to the needs of the well field for timely adjustment. The laboratory
equipment required is also very costly. Some analysis is recommended for verification of field readings
from time to time. It is recommended a monthly sample of the composite gas be taken at the inlet to the
flare or gas recovery facility.

7.3.4 Controlling by Flow Rate

This is a more exacting technique for determining and adjusting gas flow at individual wells. It requires
using a fixed or portable flow measurement device at each wellhead to obtain the data needed to calculate
volumetric (or mass) flow rates. It is normally convenient to use cubic feet per minute or per day, as a
standard unit of measure for volumetric flow. It is important to distinguish between the volumetric quantity
of landfill gas and the volumetric quantity of Methane extracted from each well and the landfill in total. The
two variables are somewhat independent of each other and it is the total quantity of Methane extracted we
are interested in. It is possible for the total quantity of landfill gas extracted to increase while the total
guantity of Methane extracted decreases. To monitor this, the quantity of Methane extracted (LFG flow x
percent Methane) or the quantity of BTUs recovered per hour (LFG flow x percent Methane x BTUs per
cubic foot of Methane x 60 minutes per hour) can be calculated. It is conventional to measure BTUs per
hour as a unit of time. There are approximately 1012 BTUs of heat per cubic foot of pure Methane (like
natural gas), although this figure varies a little among reference texts.

Measuring flow is an essential part of monitoring and adjusting a well field. The well should be adjusted
until the amount of Methane recovered is maximized for the long term. A greater amount of Methane or
energy can usually be recovered over the short term; however, this ultimately leads to diminishing returns.
This is seen in stages as increased CO, and gas temperature and later as increased Oxygen from well
over-pull. In time, the Methane will also decline. This is the result of a portion of the landfill, usually at the
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surface, being driven aerobic. In this portion of the landfill, the Methane-producing bacteria will have been
destroyed (due to the presence of Oxygen). With the Methane-producing capacity of the landfill reduced,
the pore space in the area no longer producing may become filled with landfill gas equilibrating (moving in)
from an unaffected producing area. This leaves the impression that more gas can be recovered from this
area, and may lead to the operator opening the well or increasing flow.

7.4 Well field Monitoring

The frequency of LFG well field monitoring varies depending upon field requirements and conditions.
Normal monitoring frequency for a complete field monitoring session with full field readings (suggested
normal and abbreviated field readings list follows) will vary from typically once a month to once a week.
Well field monitoring should not normally be extended beyond one month. The importance of regular, timely
monitoring cannot be overemphasized.

7.5 Typical Field Readings

X X X X X X X X X X X X X X X

Name of person taking readings

Date/time of each reading

Methane (CH,)

Oxygen (O)

Carbon Dioxide (CO,)

Balance Gas (primarily Nitrogen N)

Wellhead gas temperature (flowing)

Ambient air temperature

Static pressure (PS) (from GEM2000 or magnehelic) or other device(anemometer/velometer)
Velocity head (P or PT) (from GEM2000 or pitot tube and magnehelic)

Wellhead gas flow (from GEM2000, or pitot tube & magnehelic, or anemometer/velometer)
Wellhead adjustment valve position (initial and adjusted)

New wellhead vacuum and flow information after adjustment

&DOFXODWLRQ RI HDFK ZHOOTV /YXPQGRWDMOKDQH IORZ DQG
Observations/comments

Additionally, Carbon Monoxide (CO) or Hydrogen Sulfide (H,S) readings may be taken if problems are

suspected.

Supplementary monitoring once to several times a week may be performed using an

abbreviated form of field readings.

7.6 Abbreviated Field Readings

X X X X X X X X X X X X

Name of person taking readings

Date/time of each reading

Methane (CH,)

Oxygen (O)

Wellhead gas temperature (flowing)

Ambient air temperature

Static pressure (PS) (from GEM2000 or magnehelic)

Velocity head (P or Pt) (from GEM2000 or pitot tube and magnehelic)
Wellhead gas flow (from GEMZ2000, or pitot tube and magnehelic, or anemometer/velometer)
Wellhead adjustment valve position (initial and adjusted)

New wellhead vacuum and flow information after adjustment
Observations/comments
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Line vacuums and gas quality may be taken at key points along the main gas collection header and at
subordinate branches. This helps to identify locations of poor performance, excessive pressure drop, or
leakage. Perform systematic monitoring of the well field, taking and logging measurements at each
wellhead and major branch junction in the collection system.

During monitoring, examine landfill and gas collection system for maintenance issues. Record needed
maintenance or unusual conditions. Examples of unusual occurrences or conditions are unusual settlement,
signs of subsurface fires, cracks and fissures, liquid ponding, condensate/leachate weeping from side
slopes, surface emissions and hot spots, and liquid surging and blockage in the gas collection system.
Field readings should be kept in a chronological log and submitted to management on a timely basis.

7.7 Well Field Adjustment Criteria

There are several criteria used in well field adjustment. The primary criterion is Methane quality. Methane
quality is an indicator of the healthy anaerobic state of the landfill and thus proper operation of the LFG
collection system. However, a decline in the healthy productive state of the landfill is usually not
immediately apparent from Methane quality. Due to this, several criteria must be considered at once.

Conditions within the landfill favor Methane production. Following are well field adjustment criteria and
typical conditions for consideration:

Methane quality (ranging from 26 percent upwards)

pH

Temperature

General overall quality

Moisture conditions

Waste stream characteristics

Placement chronology

Insulation characteristics

Oxygen quality (ranging below 1 percent, preferably less then % percent)

Landfill cover porosity and depth in the proximity of the well

Landfill construction factors including:

Type of fill

Size and shape of refuse mass

Depth of fill

Compaction

Leachate control methods

Seasonal, climatic, geographical, and recent weather, or other considerations, including
seasonally arid or wet conditions, precipitation, drainage, groundwater

Surrounding topography and geologic conditions

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

Nitrogen (typically 8 to 12 percent and less)

Temperature (between ambient and about 130 °F)

LFG and Methane flow from the wellhead

Design of the gas collection system

Landfill perimeter gas migration and surface emission control, or energy recovery objectives
Diurnal fluctuation (day to night) of atmospheric pressure

X X X X X X X X X X X X X X X X X

xX X

X X X X X X
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7.8 Establishing Target Flows

The goal is to establish a target flow which will likely produce the best possible Methane quality and
minimum Oxygen levels while maximizing the recovery of landfill gas. Typically, small adjustments are
made in flow to achieve and maintain quality objectives. The well must not be allowed to over pull. High
well temperatures, (130 gto 140 ¢ and greater), are an indication of aerobic activity and, thus, well over-pull.
These effects may not be immediately apparent.

Well adjustment should be made in as small an increment as possible, preferably an increment of ten
percent of the existing flow or less. There may be obvious conditions when this is not appropriate, such as
when first opening up a well or when serious over-pull is recognized. Every effort should be made to make
adjustments and operations as smooth as possible. Dramatic adjustments, or operating while switching
between a high flow mode and a well shutoff mode, should be avoided.

7.9 Well Field Optimization

Every effort should be made to continuously locate and correct or eliminate conditions (e.g., gas
condensate, surging and blockage, settlement, etc.), which inhibit efficient operation of the gas collection
system. This allows well monitoring and adjustment to be significantly more effective.

7.10 Migration Control 2 Dealing with Poor Methane Quality

If Methane and Oxygen quality objectives cannot be maintained at a given well, such as a perimeter
migration control well, then an attempt should be made to stabilize the well as closely as is practical,
avoiding significant or rapid down trending of Methane or up trending of Oxygen.

It is not uncommon for perimeter migration control wells to be operated at less than 40 percent Methane or
greater than one-percent Oxygen. It should be recognized that these wells are likely in a zone where some
aerobic action is being induced, and that there is some risk of introducing or enhancing the spread of a
subsurface fire. Sometimes a judicious compromise is necessary to achieve critical migration control
objectives or because existing conditions do not allow otherwise. Such situations should be monitored
closely.

7.11 Well Field Adjustment 2 Purpose and Objectives

The objective of well field adjustment is to achieve a steady state of 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 well field are:

x Achieve and maintain effective subsurface gas migration control.

Achieve and maintain effective surface gas emissions control.

Assist with proper operation of control and recovery equipment.

$YRLG ZHOBXORYHIWRQR G PDLQWDLQ RI D KHBIOQVWK B QIDIHQ®RIE IOFO V W
Optimize LFG recovery for energy recovery purposes.

Control nuisance landfill gas odors.

Prevent or control subsurface LFG fires.

Protect structures on and near the landfill.

X Meet environmental and regulatory compliance requirements.

X X X X X X X

Well field adjustment is partly subjective and can be confusing because it involves judgment calls based on
simultaneous evaluation of several variables, as well a general knowledge of site specific field conditions
and historical trends. Well field evaluation and adjustment consist of a collection of techniques, which may
be used, in combination, to achieve a steady state of well field operation.
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8 Troubleshooting

Problem Corrective Action/Reason

Unit does not turn on or operation is erratic Battery charge is too low-recharge batteries.
Unit is too hot - cool down unit and try again.
Contact Factory Service.

3)ORZ )DLO" LV GLVSOD\HG D e inzQs oxked EOH DODUP

is heard Remove blockage and retry.
The particulate filter or water trap filter needs replacing.
Readings taken are not what was expected Unit may be out of calibration. Calibrate unit with

known gas concentration.
Water trap or particulate filters are clogged. Replace

filter(s).

Readings swing up or down wildly as they are Cell phones and other sources of RF interference can

being taken DIIHFW OHWKDQH UHDGLQJV '"RQTW XVE
while taking readings.

Unit displays***** or >>>>> These symbols are substituted when the measured

reading is out of range of the instruments capabilities in
some fields or when a value needs to be entered
manually such as temperature.

Oxygen reading is high on all wells Check that the water trap housing is screwed on tight.
Check or replace O-rings on the water trap and
instrument inlet.

Check the wellhead inset for cracks, replace O-ring on
insert.
Field calibrate Oxygen channel.

Unit will not download readings or an error Verify that the communications software is the right

occurs while downloading. version for the instrument being used.

Check that the proper serial port is selected in the
software.
Contact Factory Service.

Methane and Carbon Dioxide readings drift Perform a field calibration and check well again. Verify
cal gas is flowing when regulator is turned on.
Verify all connections are tight and filters are not
clogged.
Contact Factory Service.

Oxygen readings drift Perform a field calibration - zero and span.
Contact Factory Service.

Black screen displayed when unit turned On Charge unit over night and try again.
Unit too hot - cool down and try again.
Try adjusting contrast level.
Contact Factory Service.

Nothing happens when the Gas Pod is Remove and re-seat the Gas Pod.

installed Contact Factory Service.
Temperature does not update when Check the probe fitting is fully seated.
temperature probe is installed Check the probe plug is screwed together tightly.

Contact Factory Service.
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9 Service & Maintenance

9.1 Factory Service

LANDTEC is the ONLY authorized service center IRU WKH *(0E *(0E 30XV
instruments.  Factory service includes but is not limited to the following;

General operations
The main functions of the gas analyzers operation are checke d to ensure that they are
within specification.

Barometric pressure reading

The barometric pressure reading is checked to ensure it is wi thin specification. This is
carried out by way of comparing the atmospheric reading agai nst a known standard. If
necessary, reprogramming is quoted.

Static and differential pressure readings

The static and differential pressure transducers are check ed to ensure they are within
specifications. This is carried out by comparing instrumen t readings to a known standard,
applying a known pressure and noting both readings. If neces sary, reprogramming will be
quoted.

Pump functionality (flow and vacuum)
All flow and vacuum functions of the internal pump are checke d to ensure the operation is
within specification.

Water ingress/blockage
The internal filters are checked for cleanliness and moistu re ingress to ensure they are not
contaminated.

Flow fail setting
The flow fail function is checked to ensure proper operation within the specified limits.

Gas pod and Temperature probe connectivity reading
The connectivity of the gas analyzer is checked to ensure cor rect operation and reading
performance with accessories.

Computer controlled gas check

Inward and outward gas checks are carried out by way of connect ing the gas analyzer to a
custom built computer controlled 'gas checking rig' and pro prietary software. At the inward
stage, two sets of readings are taken - one using the customer 's calibration settings and a
second set using factory calibration settings. During this process a range of gases are used
that span the reading range of the gas analyzer.

Structural and aesthetics check
The instrument is checked for cracks, scratches and broken o r missing pieces.
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9.2 Factory Service Facilities

LANDTEC North America

850 S. Via Lata, Suite 112

Colton, CA 92324

USA

Tel: 800-821-0496 or +1-909-783-3636
Web: www.ces-landtec.com

LANDTEC Europe

Formerly Geotechnical Instruments
Sovereign House Queensway

Leamington Spa, Warwickshire CV31 3JR,
England

Tel: +44(0)1926 338111

Web: www.geotech.co.uk

LANDTEC South America

LANDTEC Produtos e Servicos Ambientais Ltda.
Rua Pedroso de Carmargo, 237 - Chacara
Santo Antonio - SP/SP CEP 0417-010

Brazil

Phone: +55(11) 5181-6591

Web: www.landtecbrazil.com.br

9.3 User Maintenance

This instrument is designed to be low maintenance and rugged however field calibrations are recommended
prior to use or when the ambient operating temperature of the instrument changes more than +/- 20 degrees
Fahrenheit. See section 4.7 for further information on field calibrations. Additionally it may be necessary to
change the user accessible filters and o-rings from time to time.

There are two user accessible filters, the particulate filter is located in the back of the instrument, see
section 2 for location, and the water trap filter which is part of the included hose kit. There are four user
changeable o-rings, one on the particulate filter cover, one on the outside of the water trap filter housing,
one on the inside of the water trap filter housing, and ones on the ends of the male quick connect fittings

included on the hose Kits.
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10 Technical Specifications

10.

10.

10.

10.

1 Physical
Weight 4.4 Ibs.
Size / L i1 [
Case material Anti-static ABS.
Keys Membrane panel.
Display Liquid Crystal Display 40 x 16 characters. Fiber optic woven
backlight for low light conditions.
Filters User replaceable integral fiber filter at inlet port and external
PTFE water trap filter.
2 General
Certifications UL Certified to Class 1, Zone 1, AEx Ib d lla T4

Temperature measurement

With optional probe 14°F to 167 ¢.

Temperature accuracy

+0.4°F (+ probe accuracy).

Visual and audible alarm

User selectable CO,, CH, and O, Min/Max levels via LSGAM
CS software.

Communications

RS232 protocol via download lead with variable baud rate.

Relative pressure

+250 mbar from calibration pressure

3 Power supply
Battery type Rechargeable Nickel Metal Hydride battery pack containing six
4AH cells. Not user replaceable .
Lithium Manganese battery for data retention.
Battery life Typical use 10 hours from fully charged condition.

Battery charger

Separate intelligent 2A battery charger powered from AC
voltage supply (110-230V).

Charge time

Approximately 2 hours from complete discharge.

Alternative power

Can be powered externally for fixed-in-place applications only.
Contact LANDTEC for further information.

Battery lifetime

Up to 1,000 charge/discharge cycles.

4 Gas Ranges

Detection principle

CO; and CH,4 by dual wavelength infrared cell with reference
channel.
O, (and CO & H,S in Plus) by internal electrochemical cell.

Oxygen cell lifetime

Approximately 18 months in air.

Typical Accuracy
0 - Full Scale

Response time, T90

Gas 0-5% volume 5-15% volume 15%-FS
CH, +0.3% +1% +3% (100%)
CO, +0.3% +1% +3% (60%)
0O, +1% +1% +19% (21%)
CO & H,S in Plus Instruments  £10%FS from O-Full Scale
CH, @0 seconds

CO, @0 seconds

0O, @0 seconds
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10.

10.

10.

Range CH, 0-70% to specification, 0-100% reading.
CO, 0-40% to specification, 0-100% reading.
(O 0-25%
CO (in Plus Instruments) 0-2000ppm
H,S (in Plus Instruments) 0-500ppm
5 Pump
Typical flow 300 cc/min.

Flow fail point

50 cc/min approximately.

Flow with 200 mbar vacuum

250 cc/min approximately.

Vacuum

70 inches H-0.

6 Operating Conditions

Operating temp range

32°F to 104 ¢.

Relative humidity

0-95% non-condensing.

Atmospheric pressure range

700-1200 mbar.

Displayed in Inches of Mercury (5.9 *

Not corrected for sea level.

3+]

Atmospheric pressure accuracy

+5 mbar approximately.

Case seal IP65.
7 Optional Gas Pods
Typical Accuracy Gas 0-Full Scale
(Subject to User calibration). (6{0) +10% FS
H,S +10% FS
SO, +10% FS
H, +10% FS
HCN +10% FS
Response time, T90 (6{0) @0 seconds
H,S b0 seconds
SO, b0 seconds
H, @0 seconds
HCN &0 seconds
Range CcO 0-500ppm
H,S 0-50 or 0-200ppm
SO, 0-20 or 0-100ppm
H, 0-1000ppm
HCN 0-100ppm
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Continuous monitoring control system

Thermo Electrones Safe T Net 100 is the ideal instrument for continuous monito
combustible gases, toxic gases or oxygen at one location for the protection of v
and property. Microprocessor-controlled electronics provide simple operation a
plete flexibility for selecting alarm logic and alarm thresholds. Thus, it is highly
for a wide variety of industrial and commercial applications.

z Low maintenance, simple operation

z Two user settable alarms points and replays for activating external devices
z Reliable, field-proven detectors (sample-draw or diffusion style available)

z Durable weather and corrosion proof, NEMA 4X enclosure

z Industry standard 4 to 20 mA output provides interface to recorders, dataloc
and plant-wide control systems

Duct mounting adapter z  External amplifier models, with internal amplifier versions available for oxyg
(combustibles) carbon monoxide and hydrogen disulfide

Explosion_ proof, air aspirated pump
(combustibles) A wide range of transmitters are available:

Line cord with cable bushing (8 ft.)

DC power supply with backup battery

Signal horn, 115 VAC
(weatherproof, non-hazardous areas)

Red beacon, 115 VAC
(non-hazardous areas) Standard FX-SMT (LEL) FX-SMT Sample-Draw
Transmitter (combustible) (oxygen/toxic) Transmitter

Calibration kits

Analyze € Detect € Measure € Contro™



Power
AC Input 100 to 130 VAC, 508@6fxto 260 VAC, 50/60 Hz (specify in Gas Formula | Standard Range
when ordering)
DC Input 12 to 16 VDC (1A maximum) Ammonia NH 0 to 100 ppm
Output
Recorder 4 to 20 mA, 400 Ohm impedance maximum Arsine AsH 0 to 1.00 ppn
Alarm Relays One set of SPDT (Form C) contacts for each alarm level (\
and Fail conditions) Carbon Monixi co 0 to 500 ppm
Audible Alarm Case-mounted buzzer, 94 db at 1 ft., pulsing for Warn and
continuous for Fail Chlorine Ch 0 to 5.00 ppn
Display Three digit, red LED
Status Indication Four color coded LEDes : L
Fail Yellow - Sensor malfunction, down scale reading, Chiorine Dioxi clq 0 t0 2.00 ppn
Pilot gezgriﬁgz?rhvn\?grr\]tgpowered on Combustibles several 0 to 100% LEL
Warn Orange- Low level threshold exceeded .
Alarm Red- High level threshold exceeded Combustibles several 0-5000 ppm
Controls .
Potentiometer Zero, Span, Warn and Alarm levels. Alarm delay adjustme Diborane B 0 to 1.00 ppm
Push Buttons Case-mounted external reset switch, resets latched alarmsg ]
acknowledges Warn alarms. Fluorine E 0 to 10.0 ppr
Internal calibration alarm disable (5 min.)
Warn and Alarm level display, alarm delay display Hydrogen Chlo HCI 0 to 30.0 ppn
Alarm Logic Latching or auto-resetting (switch selected). Increasing or
alarm (switch selected). Time delay 0-16 sec. Hydrogen Cyar HCN 0 to 50.0 ppn
(adjusted by potentiometer)
DIP Switches Alarm logic and relay operation Hydrogen Fluo HF 0 to 15.0 ppm
Environmental
Operating Temp. F#o 118 (-2T to 4%) Hydrogen Sulfi HS 0 to 100 ppm
Relative Humidity 0 to 95% RH, non-condensing
Physical . . . Nitric Oxide NO 0 to 100 ppm
Dimensions 10.947 (L) x 8.5Z (W) x 6.5Z (H)
Weight 2;82%2(8; i;?mm (W) x 165mm (H) Nitrogen Dioxi NQ 0 to 20.0 ppn
Enclosure Rating NEMA 4X, gray fiberglass with blue panel overlay
Conduit 3/4 in. NPT, two hubs provided Oxygen O 0 to 30.0% Vo.
Connection
Wire Terminations Screw type terminal blocks, 12-gauge wire maximum Ozone O 0 to 1.00 ppn
Area Classification
General purpose (combustible gas detectors can be mounted remotely in hazl ~ Phosphine PH 0 to 1.00 ppm
Approvals
Combustible gas sensor (part# 61-0101) approved for Class I, Division 1, Silane SiH 0 to 15.0 ppm
Groups A, B, Cand D
Sulfur Dioxidg SQ 0 to 20.0 ppn

This specification sheet is for informational purposes only and is subject to change without notice. Thermo makes no warranties, expressed or implied, in this
product summary. © 2004 Thermo Electron Corporation. All rights reserved. Thermo Electron Corporation, Analyze. Detect. Measure.Control are trademarks of T
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Thermo Environmental Instruments 27 Forge Parkway Franklin, MA (866) 282-0430
First Responder / 02038 (508) 520-0430

ELECTRON CORPORATION Industrial Hygiene Instruments (508) 520-1460 fax




	LANDFILL GAS
	LANDFILL GAS

