McGill

ASSOCIATES

September 13, 2010

Ms. Elizabeth S. Werner

Solid Waste Section — Permitting Branch Hydrogeologist

North Carolina Department of Environment and Natural Resources
Raleigh Regional Office

1601 Mail Service Center

Raleigh, North Carolina 27699-1601

RE: Landfill Gas Monitoring Plan and
Landfill Gas Assessment and Remediation
Plan
Francis Farm Landfill, Permit Number 44-03
Haywood County, North Carolina

Dear Ms. Werner:

On behalf of Haywood County, please find enclosed the Landfill Gas Monitoring Plan
and the Landfill Gas Assessment and Remediation Plan for the closed Francis Farm Landfill.
The plans have been completed in response to the Facility Compliance Audit Report conducted
on July 21, 2010.

The Landfill Gas Monitoring Plan is a stand alone document that includes standard
operating procedures for sampling the landfill gas probes, a site map locating the existing and
proposed monitoring probes, calibration procedures, a standardized data collection sheet, and a
contingency plan for managing landfill gas exceedences. Additionally, a Landfill Gas
Assessment and Remediation Plan has been prepared to describe steps that have been taken to
remediate landfill gas exceedences and to outline steps that will be taken to further assess the
landfill gas exceedences. A detailed schedule of implementation has also been included in the
plan.

Haywood County has already taken several steps to address the issues outlined in the
audit report and is committed to completing the outlined assessment. We look forward to
working with you to address the concerns outlined in the audit report regarding landfill gas
exceedences at the Francis Farm Landfill. Please let us know if you have additional questions or
if you require additional information.

Engineering e Planning  Finance
MeGill Associates, P.A. + P.O. Box 2239, Asheville, NC 28802 « 33 Broad Street, Asheville, NC 28801

828-252-0575 + Fax: 8§28-252-2518



Ms. Elizabeth Werner
September 13, 2010

Page 2
Sincerely,
McGILL ASSOCIATES,
JEFFREY R. BISHOE/PE
Director of Solid Waste Services
Enclosures
e David Cotton, Haywood County Manager, w/encl.

Marty Stamey, Haywood County Assistant County Manager, w/ encl.
Stephen King, Haywood County Solid Waste Director, w/encl.
Andrea Keller, NCDENR Solid Waste Section, w/encl.
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Landfill Gas Monitoring Plan
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Permit No. 44-03

Table of Contents

1.0 Introduction

2.0 Regulatory Compliance

3.0 Landfill Gas Monitoring Plan

3.1 Landfill Gas Compliance Moniloring Locations
3.2 Monitoring Frequency

3.3 TLandfill Gas Analyzer

3.4 Field Monitoring Protocol

3.5 Methane (ias Response Plan

Appendices:
Appendix |: Environmental Monitoring Plan Drawing (Figure 1)
Appendix 2: Landlill Gas Monitoring Probe Detail
Appendix 3: Landfill Gas Mecasurements — Ficld Worksheet
Appendix 4 LandTec GEM 2000 Operations Manual

Landfill CGias Monitering Plan
Franeis Funn Landfill
Page 2



1.0 Imtroduction

The Vrancis Farm Landfill, Permit No. 44-03, is localed in Haywood Counly, North
Carolina on Francis Farm Road, (S.R. 1802), Waynesville, North Carolina. The Francis Farm
Landfill began operation in the early 1970’s and was operated as Haywood County’s primary
MSW landfill through 1994. The facility was officially closed per a Closurc Certification
prepared by RCF, Ine. Hazelwood, North Carolina dated September 14, 1994 and submitted to
the North Carolina Department of Environment and Natural Resources (NCDENR). The
original Permit for Closurc was issued on December 13, 1995, 'The facility encompasses
approximatcly 33.1 acres as shown on the Environmental Monitoring Plan Drawing ( Figure 1),
included as Appendix 1. Within the Facility Boundary, in addition to the closed landfill,
Ilaywood County Schools operates a maintenance facility. The Maintenance acility includes a
maintenance/bus garage building, cquipment storage building, and mainlenance storage building,
‘The Maintenance Building consists of offices, carpentry shop and bus maintenance facility.

The Maintenance/ Bus Garage Building is equipped with a methane gas monitoring
system and a gas ventilation system constructed below the conerete building slab. The methane
gas monitoring system continuously monitors for methane gas at three (3) strategic locations
within the building, including the basc of the mezzanine stairs, the hallway of the office arca, and
the Carpentry Shop. The system is operated and maintained by the Haywood Counly School
System stall. The system is calibrated once a month. The monitoring system sounds an alert
horn if the methanc gas readings are detected above 25 percent of the lower explosive limil ol
methanc gas. The below-slab ventilution system was installed as part of the original construction
ol the building. Based on our discussions with staff, the system consists of a nelwork of pipes
tied to the gravel foundation of the building within the bus maintenance portion ol the building,
which is connceted to an exhaust blower. The exhaust blower exhausts air to the outside of the
building on the west side.

The Facility Boundary is bounded by private property utilized for residential and

agricultural uses. The closest residential structure is located on the Stephens property,
approximatcly 340 leet to the south of the facility property line.

2.0 Regulatory Compliance

The Francis Farm Landlill opcrates under the Permit for Closure with a mosl recent
revision dated May 23, 2006, This Landfill Gas Monitoring Plan was developed to comply with
the following Methane Gas Remediation Conditions section of the Permit for Closure. This
section has been included below.

(#) The owner ot operator shall maintain and operale the gas monitoring system to
cnsure that:

(a) The concentration of methane gas generated by the facility does not exceed 25
percent of the lower explosive limit for methane in facility siructures
(excluding gas control or recovery system components); and

(b) The concentration of methane gas docs not exceed 100% of the lower
cxplosive limit for methane at the facility property boundary.

Landfill Gas Monitosing Plan
Frameis Tasm Landtill
Page 3



(9)  If methane gas levels exceeding these limits arc detected, the owner or operator
must take all steps necessary to meet the standards cstablished in condition 8.
Methane gas remediation plans approved by the Division are described in the List
of Approved Documents, Attachment 1, Part C of the Permit for Closure.

"Lower Lxplosive Timit" (LEL) is defined as the lowest percent by volume of a
mixture of explosive gases which will propagate a flame in airat 25° C and

atmospheric pressure.

3.0 Landfill Gas Monitoring Plan

The Landfill Gas Monitoring Plan has been developed to delect the migration of landfill
uas o property line. The Francis Farm Landfill was not constructed with an impermeable base
liner system and cap system. There may be a chance for landfill gas migration through the
permeable in situ soils. The migration of landfill gas is induced by pressure gradients. The
landfill gas will move from areas of high pressure to those of low pressure following the path of
lcast resistunce, The landfill gas generally migrates vertically until it reaches the landfill cap,
where it may begin to flow horizontally, This occurs until it linds a pathway outl through the
permeable in situ soils. As the landfill gas migrates it will fill the void ercated by the monitoring
point’s gravel backfill whereupon a landfill gas detection device will detect and read the level of
gas concentration.

3.1 Landfill Gas Compliance Monitoring Locations

The landfill gas monitoring probes have been strategically located around the perimeter
of the lacility Boundary as shown on Figure 1. The locations werc chosen based on the
relationship of solid waste disposal areas to property lines and adjacent landfill structures. The
existing gas monitoring system includes six (6) gas monitoring probes spaced along the northern,
eastern, and southern reaches ol the waste area. The probes consist of 1-inch PVC capped pipe
enclosed by a metal enclosure with locking metal cap. The PVC pipe is equipped with a quick
coupler for use with the landfill gas analyzer. The actual construction details for these original
probes are not available.

In addition, the County monitors five (5) specitfic points within the three (3) existing on-
site buildings. The five (5) points arc identified with a small plastic sign at cach location within
the buildings. There are three (3) locations within the Maintenance/ Bus Garage Building, one
location in the Equipment Storage Building, and one in the Maintenance Storage Building.
T'hese eleven monitoring locations define the existing compliance monitoring points for the
landfill and are shown on the attached Figure 1, Environmental Monitoring Plan Drawing.

As part of a Landfill Gas Assessment Plan dated September 2010, Haywood County shall
install six (6) new methane monitoring probes along the northern, southern and western reaches
of the waste area. These proposed probes are also shown on Tigure 1. A detail of the proposed
land(ill gas monitoring probes is shown in Appendix 2. The new probes are scheduled to be
installed on or about November 15, 2010, Following the installation, thesc probes will be
utilized for the Landfill Gas Assessment Plan and also included into the landfill gas compliance
monitoring plan. In addition, one of the original methane probes, MM-8, will be reestablished at

the time of installation of the new probes.
Landfill Gas Monilorizng Plan
Frangis Farm Landfiil
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Table 1 lists the existing and proposed landfill gas compliance monitoring locations for the
Francis I'arm Land[ill.

Table | —Landfill Gas Compliance Monitoring Locations

Compliance Point Description
MM-1 Monitoring Probe along northern property line
] WIM-2 Monitoring Probe along northern property line
MM-3 Monitoting Probe along northern properly line
MM-4 Monitoring Probe along northern properly linc
MM-5 Monitoring Probe along northern property line =]
MM-6 Monitoring Probe along eastern property line
MM-7 Monitoring Probe along easiern property line
MM-8 Monitoring Probe along eastern property line
MM-9 Monitoring Probe along southern property line
MM-10 Proposed Monitoring Probe along southern property line
MM-11 Proposed Monitoring Probe along western property line
MM-12 Proposed Monitoring Probe along western property line
. MM-13 Proposed Monitoring Probe along western properly line
SM-la Monitoring Point in Maintenance/ Bus Garage Building —
| Bus Garage (basc of mezvzanine stairs)
SM-1b Maonitoring Point in Maintenance/ Bus Garage Building —
B Office Area (main hallway)
SM-lc Monitoring Point in Maintenance/ Bus Garage Building
- Carpentry Shop
SM-2 Equipment Storage Building (doorway between garage
| and storage arca) ]
SM-3 Maintenance Storage Building (middle storage bay at
| floor drain)

3.2 Monitoring Frequency

Haywood County will perform landfill gas monitoring on a quarterly basis (4 times per
year) al all of the compliance monitoring locations listed in Table 1. All collected data will be
documenied on the Landfill Gas Mcasurement Field Worksheet, included as Appendix 3, and
inserted into the permanent landfill operating record. ‘The operating record is located at the
office of the Solid Waste Director. Prior to the sampling cvent, the person performing sampling
will review the complete Landfill Gas Monitoring Plan to become familiar with the locations ol
the compliance points and the requirements of the plan.

3.3 Landfill Gas Analvzer

ITaywood County utilizes a Landlec Gem 2000 Gas Analyzer lo perform the landfill gas
sampling. The landfill gas analyzer equipment must be periodically calibrated by the
manufacturer, The user shall verify that factory calibration has been completed in accordance
with manufacturer’s recommendations. In addition, the analyzer must be lield calibrated prior lo

each sampling event, The ficld calibration procedure is included in the Operation Manual. A
I ared [l Cras Menitoring Plan
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copy of the Operation Manual is included in Appendix 4. Users shall become familiar with the
operation and maintenance of the analyzer prior to use.

Prior to the sampling cvent, the following preliminary checks of the analyzer should be

performed:

(1)
2)
(3)
(4)

Waler trap has a clean and dry filter.
Inlet port particulate [iller is clean and dry.
Battery is fully charged.

Field Calibration is performed.

3.4 l'ield Monitoring Protoecol

(1)

(2)
(3)
“

)
(6)

(7

(8)
(2)

(10)

(11)
(12)

(13)

Record date and weather information including weather conditions, temperature,
and atmospheric pressure on Land(ill Gas Measurement Field Worksheet.

Field calibrate gas analyzer in accordance with manufacturer’s procedure,

Proceed to first sample point.

Prior to conncetion to the probe, lum on analyzer and pump for minimum of 30
seconds Lo purge any remaining potential contaminates from the equipment,

Unlock probe metal cap.

Check probe or point for condition and suilability for monitoring. Record any
problems with location on the Landfill Gas Measurement I'icld Worksheet.

Conneet sample tube from the inlet port of the analyzer to the probe or sample
point. For on-sitc buildings, place sample tube near the designated sample point.

Turn on analyzer air pump to take sample.

For probes less than 20 feet deep, continue to sample until there is a steady
reading of gases for a minimum of 30 seconds.

Record the gas levels for % methane, % carbon dioxide, % oxygen, and time of
sampling onto the Landlill Gas Mecasurement I'ield Worksheet.

Turn-ofT air pump and disconnect sample tube from the probe.

If gas readings exceed 25 percent of lower explosive limits in buildings or 100
pereent of the lower explosive limit in the probes, resample the point. If readings
still exceed the limils, notify the Haywood County Solid Wastc Director us
outlined below.

Proceed Lo next samplc point.

Landfitl Gas Monitoring 1lan
Framcis Farm Landfill
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3.5 Methance Gas Response Plan

I methane gas levels exceeding the limils specilied above are detected, the owner or operator

will:

(1)

(2)

()

Immediately take all necessary steps to ensure protection of human health, 1.e. no
smoking, temporarily abandon the structure. The field technician should
immediately notify the Haywood County Director of Solid Waste. The Selid
Wasle Director, or their designee, will immediatcly notify by telephone the
Regulatory Specialist al the Solid Waste Section office in Asheville at 8§28-296-
4500, The Director shall [ollow-up the telephone call with an clectronic mail
message detailing the event and the steps taken to protect human life.

Within seven days of detcetion, place in the operating record the methane gas
levels detected and a description of the steps taken to protect human health; and

Within 60 days ol detection, prepare and implement a remediation plan for the
methane gas releases, place a copy of the plan in the operating record, and notify
the Division of Solid Waste Management (hat the plan has been implemented.
The plan will describe the nature and extent of the problem and the proposed
remedy.

Landfill Gaz Menitoring Mas
Franeis Farm Landtiil
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APPENDIX 1

Environmental Monitoring Plan Drawing (Figure 1)
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APPENDIX 2

Landfill Gas Monitoring Probe Detail



NOTE: USE ABOVE GROUND PROTECTIVE METAL COVER UNLESS A FLUSH-MOUNTED
APPLICATION IS REQUIRED, TO BE DETERMINED IN FIELD. BOTH COVERS SHOWN HERE.

MM# MARKED ON
METAL COVER 1" SCHEDULE 40 PVC CAP W/
1/4" NPT HOSE BIBB W/CAP

1 12" x 12" LIMITED ACCESS MANHOLE WITH
REMOVABLE WATERTIGHT STEEL COVER,

2 WITH WORDS: "MONITORING WELL" ON COVER
T ENCASE MANHOLE IN CONCRETE

SOIL BACKFILL

R
BRI

b i

i—‘ II‘. L

E &y INSTALL NEW PROTECTIVE ALUMINUM
" CASING V/LOCKABLE FLIP-TOP COVER
LOCKS PROVIDED BY OWNER
.’ ;té;;/—‘- SCHEDULE 40 PVC
B FILL VOID WITH MASONARY
i ;~=;/sm~m TO WITHIN 4" OF 1"
w0 W {1 SCHEDULE 40 PVC CAP
gl INSTALL CONCRETE NAIL
i SURVEY TOP OF NAIL AND REPORT AS
oM A 1 GHDUNE_:ELI:::HGN
U - B * ~EXISTING GROUND
bbb b e B Ve [
T LA ;[‘[ —=
N Het!
1'=8" |t E ]S
MIN. 2 % #MFOR FLUSH-MOUNTED APPLICATIONS, INSTALL
al s
%

=N=IE

IE

30" MJN.-/

Ll
=l
=

BENTONITE PLUG

T

MONITORING PROBE il
DEPTE CH’BEETH N NON—CARBONATE PEA GRAVEL
1'
MM 4 BELOW
SUPEACE : PVC_SCREEN
(D) - ] SLOT SIZE 0.010—INCH
1,28 | 10 ﬁl" i
L LEEET
10, 11, . S P 1" SCHEDULE 40 PVC CAP
12 13 200 |, i
: A g
K %
a[" i NOTES:
| i 1. PROBE DEPTH MAY BE REVISED IN FIELD IF
GROUNDWATER OR BEDROCK IS ENCOUNTERED.
2. PERMANENT PROBE 1.0, TO BE PLACED/PAINTED
ON METAL COVER.

6" MIN.

LANDFILL GAS MONITORING PROBE
NOT TO SCALE APPENDIX 2




APPENDIX 3

Landfill Gas Measurements — Field Worksheet



Landfill Gas Measurements Field Worksheet
Francis Farm Landfill - Permit #44-03
Haywood County, North Carolina

Name of Person Taking
Readings: Date:

Woeather Conditions: Ambient Temp:

Atmospheric Pressure:
Serial #:

Gas Monitoring Equipment: Land-Tec GEM 2000 GMO05480

Factory Calibration Date: Field Calibration Date :

Well or Stable Time: | %LEL | %CH. %C0, %0, Motes:
Probe ID Readings

MM-1

MM-2

MM-3

MM-4
MM-5

MI-5

MM-7

. Mm-8

MM-8

MM-10
MM-11

MuM-12

MM-13
SM-1a

ShM-1b

SM-1c

5M-2

SM-3

MNote: If methane gas readings exceed 25% of LEL in structures or 100% of LEL in prabes contact
Haywood County Solid Waste Director immediately

Field Observation Notes:
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GEM2000
GEM2000 Plus
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GEM2000 & GEM2000 Plus Operation Manual

N
- LANITEL

©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
for any purpose other than your own personal use is a vio

publisher. Making copies of any part of this book
lation 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

B850 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

Weh: www.geotech.co.uk

LANDTEC South America

LANDTEC Produtos e Servicos Ambientais Lida.

Rua Pedroso de Carmargo, 237 - Chacara
Santo Antonio - SP/SP CEP 0417-010
Brazil

Phone: +55(11) 5181-6581

Web: www.landtecbrazil.com.br
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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 Mathane, 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
itemns should be contained in your package:

% The GEM2000 / GEM2000 Plus instrument

GEM2000 / GEM2000 Plus Operation Manual

Registration/Warranty Card

Soft carrying case with replaceable protective window and carrying strap
Clear %" vinyl sampling hose assembly (5 ft.) with external wataer trap filter assembly
Blue %" vinyl pressure sampling hose (5 ft.)

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 sarial cable for computerfinstrument communications
Temperature probe (optional)

Hard carrying case

¥ WYY YY YYVYYY

"'_.' 'i-:l'

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 / GEM2000 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
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2 General Operational Features

2.1 Physical Characteristics of the GEM2000 / GEM2000 Plus

Particulate Filter

W _—~Housing (On Back)

le Sia
Exhaust Poit—__ [ fiim Inlet n;ﬁ tic
RS23Y Temp/ Gas Pod
Communicalion Sockel — Im pactpzﬂram
Power Socket——""""
OnlOAf Kay
Number antry, Mavigation
and Caursor Kays
Key
Humber entry
Keys
Backiight aperation e
and ‘0" (zero) Key Punpnpﬂuhnnandﬁapkspmum
2.2 Slorage

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 orice 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 certification. Therefore, when connected to the
Battery Charger, the instrument IS NOT intrinsically safe and should not be used in confined
spaces.

The battery used in the GEM2000 / GEM2000 Plus s a Nickel Metal Hydride manufactured as an
encapsulated pack from six individual cells. This type of battery is not so susceptible to "memory effects” as
Nickel Cadmium batteries, although it is not recommended that the unit be given short-term charges. When
the flashing LED indicates "Trickle Charge” the charging is completed and the unit can be disconnacted
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 +1 04°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 Safely 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 trainad in the safety aspaclts 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. Whenever a key is pressed the unit will emit a short 'beep’ as an
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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which point a clean air purge will be carried out, If for any reason the instrument 'locks-up’ and will not
switch off, press and hold the On/Off button for 15 seconds. This will forcs 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
seconds, during this time many of the instrument’s functions are tested, including:

General operation

Pump function

Gas flow measurement

Calibration

Backlight function

Solenoid function

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

Serial Number. Calibration due date.

Date format.

Operating language.

Communication Baud rate.

a a @ @

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/warnings can be displayed at any time. To ascertain if more errors occurred, use the ‘A’ and 'v' key 1o
scroll upfdown the list, to exit from this screen press the “Enter/Store” key ',

2.8.1 WARNING Displayed
All warnings displayed will be prefixed by the word “WARNING' followed by a relevant description. Two
types of warnings may be displayed.

1. General warnings that may not have an effect on the instrument's function and those where the self-
tast 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.

0. Cell out of calibration, CHa out of calibration, CO, out of calibration, &tc.).

The maost 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, zercing or carrying out a user calibration as necessary for the relevant function.

2.8.2 ERROR Displayed

All errors displayed will be prefixed by the word ‘ERROR' followed by a number and description. The errors
detected by the seli-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 Facllity 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 insirument is under (if
applicable), and when the last factory gas check was performed. To exit from this screen press the

“Enter/Store" key 'J".

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 |D 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 tum the
instrument off and back on again. The Technician ID can be input through a virtual key board shown on the
instruments display. Letters or numbers can be selected by using the ‘A’ and 'v' key to scroll up/down and
the ‘< and > to scroll left and right. Pressing the "Enter/Store” key "' will select the highlighted character.
Once the Technician ID is selected, or to bypass selecting any characters press the ‘@’ bution.

2.11 Gas Reading Screen

After inputting or bypassing the Technician 1D, the instrument will go into the Gas Reading screen, also
considered the normal operation screen. All operations are carfied out from this starting point. The
foliowing information is displayed in various boxed sections at this time:

« Current programmed time and date

Current selected ID code

Pump status

Pump run time

Three main constituent gases — CHa, CO;, O (in %)

Two minar gases — CO & H:S and indication of H2 (GEM2000 Plus only)

Balance gas

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

Technician ID

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

9% LEL CH, (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)

Memeory Usage graph (5 segment, flashes at 5% rermnaining)

& = © &8 2 B8 & @& & & & & ° 8 O

Other options:

@ Menu Allows access to all instrument user functions.

@ Next 1D Allows the next 1D to be selected (if IDs are available).

®Measure Flow For GEM mode only.

(@Previous Reading  Allows the previous reading of the selacted 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 instrucling 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 daia
port and exhaust port. The detecled 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.3 0-50 0.1
0-200 1.0
0-5000 35
CO 0-1000 1.0
S0, 0-20 0.1
0-100 1.0
Hs 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 fo 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 baltery 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 electromagnelic 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 including
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 Setlings 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 1o the default settings. Please note that the time/date may only be updated through the
communication software. It cannot be updated manually.

Tao carry out a cold start, turn the instrument on, before the instrument enters into the self-tast screen press
and continue to hold the ‘' key until a pass code enlry screen is displayed. At this point the '.I' key may be
released. Enter the passcode 12345 and press 'J' to confirm.

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

ONLY select option “1’ if a Cold Start Is to be carried out. Press key '1* to confirm this operation or press
key ‘0" to continue with normal operation. If you select '1' to confirm the cold start a message will be
displayed confirming the cold start operation and all memeory will be cleared. The instrument will continue to
the technician |D screen.

2.13.2 Recover Readings

THIS FUNCTION SHOULD BE USED ONLY AS A LAST RESORT.
Recover readings is a low level memary 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 BF interference.

Any device that transmits radio waves can cause your gas readings to fluctuate. Cell phonss 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:

s« Configured for operation with the LANDTEC System anling servica:

« |Used offine as a local application storing information on the desktop/laptop computer;

» 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 LANDTEG System is an online collaboration tool to Collect, Validate, Analyze, and
Communicate information based on field data obtained using LANDTEG instrumentation.

if you currently are a registered user on the LANDTEC System, please log in at
hitps:/ivwww.landiecsystem.com/. If you are not currently using the LANDTEC System, you may register by
contacting LANDTEC in the US: 800-821-0496 or International: +1-809-783-3636.

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

LANITELSYSTEM LANITELSYSTEM
LFG P

et

II“‘ e L G M.i W
.y P [

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 onlina service.

3.3.1 Installation with the CD

Syetem Regquiraments:
Windows 98/T/20005F/ Vista
Pentium IIT 500 MH or ciqual
G4 (MB) RAM

120 (MB) Hurd Drive Space
Awvailable

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.

P AR Gyt Ln bl ans Myt Tatoa
N
~ LANITEL

LANDTEC System

G ag Analyzer Manage AL

e ]

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 fray 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.

e |==

3.3.2 StartUp
Starting LSGAM can be easily done by doing one aof tha following:

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

Start & All Programs = LANDTEC -> LANDTEC System Gas Analyzer Manager

T [ L 111 G L Ay B i ]
Bwal pralvin L o glby e
g Fianzany A san
| = = LEaEe L § ST "
. T = E_|
ol s
P
|wat | sEErREiEdaaaig
ai;
Te— S ol _— |
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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 fo 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 Systetn Logii —

Usier Tl

|
Passveod o

Loa In i

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:

Instrument Type: !D SETLELA AN S EE AR ¢ o
Serial Number: et P :
Version: o A | AR

Operating Mode: ' B e
Instrument Date; Wl IR <}

Service Due Date: dioe Wi

Number of IDs: EETR| et

Number of Readings: 5 '

Available Memory: e e ot frfesenl )

Fropech T

Battery Level:

3.4 Connecting to the Instrument
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1. Connect the GEM2000 with the RS-232 Download Cable to your Computer

5 Instrument must be powered ON and in the Gas Reading screen

9 Launch the LSGAM software by clicking on the icon on your desktop

v

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

starting...

Once the software is installed on your computer w
program has Auto application updates. This enables you to always have the most

instrument communications LSGAM.

ith an Internet connection this instrument communications
current version of the

If an update to LSGAM Is available, you will see thig notice when connected to the internet.

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

Publisher:  Landtec Morth Amenca

Irom: Ttipt fecrs

i

Hame: LANDTED Systarn Gas Analyzer Manager v4.0 (Eukg D032)

Click on OK this will return you to the desktop and you will then need to click on the

again.

The GEM must be connected to computer and turned ON, [t must also be i

Ej LSGAM shortcut

n the Gas Reading screen. The

LSGAM =oftware will automatically download any information in the instrument including readings,

comments and IDs.

A new instrument containing no information will

Version, Operating Mode, Instrument Date, Service

Available Memory, and Battery Level.

display only the instrument information: Serial Number,
Due Date, Number of 1Ds, Number of Readings,
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e - SRS L 10 s -lofxif]
LADIEC Sytemioghn Lk
o | e Ho IDs Found in Instrument =g il Wbt T}
T = E Versong Versee 7 9 - B
! L= oo abrig Mae:
|| Fesvemili _ N sz g
' M Iredelrwd Db Dot 31, 2000 1006 44 A4
: Tevvips P Cidi s L 2055 100 ERTT &AM
: Timbar of 3
Tussker of Fezdign
Avadtle Hamorys
_m']"' | Etery Leerl:
Pl i | D adecyi | [rtnrart Canfigrstaon] inda |
Tl It

3.5 Create a Project/ Select a Project

Projects are a collection of Device |Ds and their associated reading history. A project can be created using
L SGAM 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.

| & [ANDTEC System Gas Analvzer Manager
|Project Resdings View drchiie Foule

| Hew Projeck.. Ctrih S L.
| Save CurrentProjeet CYHS eading
| pelete Current Froject FAeris
|
| Lod Id,.. Clri4NumPad +

It T,

Commaesils,.. Chl+C

Site Cueshions... Ctrl+Q

Project Setup | Reasngs | Instrnent Confipestion | Lintis |

Frojart

Upon selecting New Project... you will be 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 Current 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 1Ds, Comments, and Site Questions

that exist in the connected portable instrument.

3.6 Setup IDs

An D represents a physical sampling point in the field. AnID 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 selup screen or loaded from a file and will be displayed
in the user interface.

[ -..-:' Taea E

ey T
abve Foby i
e & Py e
T L itvend
Wy E}aie_l::mlr.w]:'f )

|

B

s

-y Ll

_'_Aﬂf‘*_FFI'i'f_:ni_srrrJ;éJ_
v.'.i.l::p_'.ff:‘eu:led-_ )
Cobetion Pt e
Midhegt

Flar Boa rapds replacs]
Heli Ganfeny

ki vl sk T
Dl ¥oant

Fioe vacampeaded
Shu Peded

e | _evet |[(Etymiie ]

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

Creating new |Ds with LSGAM

Ta 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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*AddNewld o u iR x|

| I 1ré Crmaan 3 td Cipestingis |

Crervice 1d: I_ REE
Davie Type: [Well 3 |
Pl Diewiony [hoou-Fa b oH 3
]_._
—
PreiPin Thes [ Seconds
Cievie Ird ormeftions |

Device ID: Must ba eight (B) alphanumeric character spaces. (For example, LSGW0001)

Device Type:
= Well: An active gas extraction well which may require a flow rate reading.
s Sample Port: A sample point along a gas transmission line that may require a flow rate.
» 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

= Pitot Tube

s Lser Input
Orifice Plate WeliSide
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 Prassure
Orifice Plate-System Side-Include System Pressure
Pitot Tube-Include System Pressure
User Input-Include System Pressure
Orifice Plate WellSide-Include Systern 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 1D,
Allows the user to enter general information for the device. This can also displayed the GEM2000

instrument.

Device Information: Allows the user o 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:

MNone

Alphanumeric

Numeric

Multiple comment selection
Single comment selection
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[+ Add New TdL B
H Infoemstion 1 ustions |

mesthond | euesstion? | Guestiond |

Cmn-:li -_ ) I

Valep Fifty Ceen |
(vt Fifly Do ] —J
| Lo 3t Welread I

P T HIF.‘:’I,t.i'II Hezdet
[ '_'.uu_r'rl;]. el

amnte Piok zeds iegfaied

wiel repar neeched

o beation Pesfarnae | Bidare Use

f_\l.:. l;_l'i:_,r-_jr.- :

Flzs Hrea rorde s sndared i

TR E N

x|

W pfremeenn 1 Dusstions |

sl esin? | uestions |

Crearann §yne |n'|-1..-‘|unar|r _*J

Qusstion [pap Flote -:rn.l

Charackers remanim: 05

o= At el

{d Tnforination  1d Questions t

Cuesthont | dupstionz | Questons |

R coreent selectinn.

Quaztion Type: [}

et
N . inhoe Fulp Cpoen -
vzl s Fuly Chossd i .‘|
& [eal in Welhead -
gkt Biodags n b l2nder
| Smginmg st vt
:39}951& Poat poeds replared
Well repar needed )
Calbie sbian Performed Before Use
pw Chanigs
Eiree-Hrse ree b aerieed :.J

%

o i o R (O

[rore

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 1o
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.
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If you have existing ID files from DataField CS v3.2.%, these files can be imported by LSGAM. Ta begin this
operation select the Import IDs... option from the Praject menu.

% LANDTEC system Gas AhalyZer Managers
Project Readings View Archile Routs

HMew Project... Cirk

Dalate Curvent Project T40r14
| addid.. Clr ehurPad +
} Ienport Ids...
1 o — = ——

Commeants.., g

Site Qriestingiz.. Chi+Q

| — — = = —

Project Satup | Readiigs | Instriment Confguration | Links |

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

ok ot I = (el DaFlds :J Y oellmE

*1n, | CLRST FILES
* test
*| PSHEMAINOT  t
] 2 gpomidalzmtal
] | 30 Gos el s Crily o
[} 115k Dary Wt
[ | EOTACk
| jAAFRD. ek
| AFROE A
| add Commenis. o
| Amna_ bz tar
|7 | Froaest

I Fie it |

3.6.1 IDS ALREADY IN THE INSTRUMENT:
= = wj| To create a Project based on the information in the
I GEM2000, select Create a new project from the

data in my instrument,

Hoase erder a namse For ol rew propsl

Frop=t Hama: l

" Creabs arew ampky projick
™ Creats g rew prajsck with comments and Bte questions Friov caperd [roject
i+ Craate d rey projeck from tha data oy nslrunent

o
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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 1D is then generally sent to the GA mode
of the instrument does not read flow will not show the pressure reading

for vacuum and impact pressures.

Page 18
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14 ifeemation | 14 Gusstions |

Jenvice Ed F-f‘:_ct-a 1=

[Landfill Gas Analyzer] of the instrument. Because this mode

s screens that are in the GEM mode

bivice Type! [Frobe = =]
Elow Device: [Liser Trgat = ]
Pipes Disenetes: | 15 h
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3.7 Creating your site guestions

After sending site questions to your instrument they must be u
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.

cuestion| | cumstions | Gusstian | cusstiord | Cuestions |

Cygstion Typd (Honz

Mt iohe comment setection
Sirghe comment seleckion

D,':lnf J i_ga'l.t_a?l‘__! Load from Fle J

Alphanumeric Example

Guestiont  uosten? | cunstion | Cuastiord | Camstions |

Caltskinn Type: Iﬁ.’.pl Jaraimeti

QU |yas Gare Locked

iZharacters rifalnirs ! 61

pore | conesl || Losdtiomrie ||

pdated each time you use the GEM. This is

Page 19



GEM2000 & GEM2000 Plus Operation Manual

Example of Numeric Question

Setup Site Questions L

Cuastion) | Cuestionz  Questiond | Gusstinnd | Guastions |

Quisetion Type: [Humesic

Question: oer =1 Faeld Flow

finsviel FLurm-:,I:l j[v:m _'_i i!-l:-’. jisrfm

Charackers remaining: 43

Bone cancel ||| loadomrie||

You may use Multiple or Single Comment selections

Using the Comments that were created for this project

Question] | cusstion? | Question? | Cusstiond | Cusstions |

Capstion Typao: FMI:E;DmIr:ﬂt sedichiin

Selected Cammerit
I lvgbeo Barely Open
fe ivadve Foly Open
v  wavewsFuly Closgd
[ T hir Leshin Wellhead o

R ket Ebackage n Headsl -
v Seeriy b vesll
v " Sampls Pert resnds 12paced
i "vwell repan needed -
I ¢ abbrstion Petformed Before Use

v [ Change -

v Flex Hose needsreplaced
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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 guestions from current project.

& | ANDTEC SySEaii Gas Analyzer Mang
' Project Readings View  Archive  Rplbe
iz Pr?j&cf.m 'E-f”‘i’“
Save Current Project  Chrl+S
Dalabe Current Frajsct
Add (d... CirlHhumPad +
ot [ds,.,
Comments... CiriC
Slte Queestions.., Clr e
g} X

Flease enter & nama for your nevs propstl

Fiaisct Mame: |

 Craghe 4 new einply peoject
v Ergala anen troject il commmenls s site qusalirs from cut <k froject

" Craate anev prosc froo the data iy nstrurient

[ ] ot |

The project will be created and the IDs, Comments, and Site Questions that exist in the instrument will be
applied to the new project.

-- T
frapct Bavit yes Aehhn Rride
AL S s
Rauis Uplosd Camplate ! o
Lo 0 b thoriber SRTLW
= = i Viafig H W, B2
e Sempteis dnitpatad - e e M T
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Pk of i 8
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- e it Hery
s F Bl e =
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Placing the mouse cursor over a specific device 1D will show detailed information about that ID.

Frabt 22 | Besdegy | fiodeamnt Conhgratnn Drka|

o Iadlivment

B [Trrro il EoEerts

e I g saniind : |

[ Fas foerice Z |

120
nf arrufineze

Frerq P lime:

Rl D e ancirbi A4
e Mlwrater ul
[a BT O P A

Samreznd: (10 Tien=nT= (o

s Crnawesd, |7 TrenTraatl)

PRI ConenerE (2 Comimenls)

Praject Setm | Resdags | Insrmisnt Corfiparation | 15 |
Profe
1 — —=x
L B e ]
e 1d = J
_ Temmal s |
Testrrio |
Tt OO |
TealQond | |
Tesl 300 BooikFl
TS P pelels Selochod Devics 1dfs)
Tratli135 ot T I !
1z _ I Iy Calacts e Tl |
Testiis R bl il
TeatDidin eifics Flate [VeeTs [
TestlEin Buop Tl LW (System Pressne) |
Testifdt2 Acime Pl LS (System Pieepee)
lestddl s wtomn fesepe)
Testliit+ i petemn i s e)
Tezrdid T 3 tem Firerere) |
Tasnkkhe I AcerrFlo 37 {Sytenm Tessre] =] |
ol imants I Sl Qitstons t id 1d I 00

To delete an existing ID, right click on the desired device and select Delete Selected Device ID(s).

tsizct S5t | npadings | aekiusnetd Configuation | el |

Brofecl - Irefruma
| —— Cr - il
o5 [RrmEt iz TR -] a
| peweld [ Aesben S [ o
Tel00a3 = Ao bp ¥ |a |
TEzAS o ferFlase  FilitDavis 1d
TEsore 7 o Taikeflde
Tegnh = ) Lot ""-5'{':. Foslone Clec
Teste1d L Cedice Pldte (ick__ = 1}
T resttit] dzouflo 85V ESvrtem Fressre) = <
T Tiesomz : e} <o
Tet0O93 | Pl
Teotiini ¢ o
Tes IF £
2ok R I (Spalen Prese e i
'i'._--_-u "y C:-rr:r.ﬂiz_rjw&n.:‘g_g!_iy;_ﬂn. Frosadrel s ! G
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Projeck setup | Readings | Instrument Configuration | Links |

Project
B [CANDTEC LSGAM (Loca) ]
Devkeld | Flow Davice
Tast0o03 | Accu-Fla 2y
Toeeanns Bec-Flaay:
Testoone | = __BceurFloH
| T Orfice Pate _ |
_ Test0OO3 | UserInput )
! Test01d | Orifice Plate (Wellsidz)

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

3.8 Sending IDs to the instrument

Once |Ds have been created in the project, they
operation, select the desired IDs from the left table under the Project name,

Fight table.

Place the mouse arrow

to

must be uploaded to the instrument. To perform this
left click and drag the IDs to the

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

To highlight all, select control, then A on your key board. You can now drag the list to the Instrument side of

the screan.

L5 B o —

G SR T )

addd ]

T AT

| E | Caari_EasT

=1 -.h-dtulmut_] |

LT RET L
=L
___ipuinls

jusrfaLs

Z0 |

i D bd. ! Flgwi Device
TasliiEhl | Aol 1.5)
Temiols | "Rt P 1 5H
i PR T

.'Ecé_-:r To H [ Fpvken Tiasoo =)
Bomrbin A [Systcm Fresse)
dacmg=t i HO Tiam Fresuira)

coartdieh |
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Once you have dragged the list or any selection of IDs to the instrument side, the line will change whera you
have the arrow and the circle will become a box.

TropnT —== = = TR = - =F =

1 - o pa— - — -
1_";’. flEsETwes Tusd (Lo =] a [iscam zosr =] sendicbutnawert J

| Dewield

I tewtom
.

skl
Testlorid

. i
TesbDanl

L s e

e E
Tenliiis .
| 1esk0A1S Fiy 3 i dypetein Ppes b ek
- A O
201k Chost b List |

Upon releasing the mouse key your |1Ds will be in the instrument list. Now select Send to Instrument
button.

a [Lzzam_gast o | Serd bo Trelsumert ]
Dovice Td I e T Flow Device 1 -
Fetn o] - BeCu-Flo1.5% | - = ;
Send to Instrument

Inplts
" Dzer Inplt
User Topit
User Tnput

101 1ds Clesr 1d List |
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3.8.1 Clearing ID s from your instrument or Deleting a Project

Instrumnssd
|

E rffl.;r-ﬁ_r*.lrdmc}tl'uﬁirf;s j Sened ko Instrusnent I

0 Ids + 152 deleted

In current instrument contents when selecting the Clear 1D List option it will draw lines through the IDS. You
then need io select Send to Instrument. This will clear all 1Ds from the GEM in both the GEM and GA

mode.

You may also delete one 1D from a list by highlighting the ID RIGHT CLICK with your mouse and select the
Delete Selectad 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,

Trestinanend

a [Cirrert rabrumerk Conb2its ;|- Hend Lo rstrumen

Flowy Dirdle

| veweent |

[ m=anal
TG0 Ao P LEH
1| {maHAmY Ao Bl ]
Teskalld Awi-Flo LH
| ramecs i Fl
| .
| Pk Tube
| s :!.1'|-'F-'i ) IJé'._r [npu;. . R
\ T st arFee Flata Oatelsirds)
| t &
|
|
]
|

A iFie 150 {Sy=tenn Frassural

Fades Flate

Al | A {Spdem Frasens)

,:':,.:.-.|'-F'r.1 SN ESysem F'l_ess-JrE;l
Soau-Fla 345 {Systom Prassure)

i LR -
fakke caketod Devlce IdiE)
Feshre Sabected Device ld(E)

e ——
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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 mstrument
Configuration tab.
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L flnat Sitheg
Fler “whers
iy i et

3 |

LAETIE ki focaly . . LI

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

Alsrm Settings

¢ B Instroment FELbEgs

L I CHs O

[ista Lomaia B

[eatefTier SEEONTS ™ Lowiigges: | Ty, I Low tiggers | %
 Msg Ciplions —_— - —
e ™ High Tridest | % I Hoh Trigger: | %
&y Lirprs of Moasunemnt
e
[ Low Trigget: i ke Set Alarns |
|7 Migh Trigga | T4 i
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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 CHa, COg, or Oz parameters. Each parameter can be
for the alarm. To activate any specific alarm, click and

configured with a Low Trigger and/or High Trigger
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 DataLogging
¢ 3 Iretnument Setting: s
13 - Mlarm Setbings
| DatefTime Settings
# Mize Optinns Daka Log 1d: [AUTO-LOG
iy Unies of peasurement e Betvicen Readings: [ [ =] (Merwstas)
Purr Funindng Tines I 3::-:—_' {Seconds)
Sat Logging Options |
-
Data Log ID
The Data Logging option allows the user to apecify an ID to be associated to readings taken with the Auto-
logging feature of the instrument.
Time Between Readings
ing until the pump begins sampling.

This value indicates the time from when the pump stops runni

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

Date/Time Setlings

! e Thae Seltmas
£ Trsbrument Sektings Dl e AN

.. Blzem Seltings
Rk ] Thaie -
L | Dtz Loggrsg ) - e
Ciate Tiie Setbins ' E— | | iz o
Mizc Ctions S Mon Tue Wed Thu Fp Sat | sk Db Tne J
i Urits oF Hasmx ame 0 - e et I e ' —
I T A

9 @ {0 11 1z

et bo Sysbem DuateTons i

1 [} 1 g 15
ol e |ae | 25 | 2B N T
EEERrTE

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

Setting the Computer's Date and Time
the Set to System Date/Time button.

To set the instrument's date and time to that of the computer, click on
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 selact the desired hour and minutes.

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

3.10 Misc Options

I LRy
Irstrumenl Selhng: e

. karin Selbvens
Lazta Lgaing o Futesnsticatty purge Instromént

Diabe Titys Setbeags
”In e @ Aubanadicaly zero st amoltd

ety Units of Meamesmen fv Shoaw LEL on wekiument 16 sdngs screan

Lo Flgew Warmmg ]_ ‘.'--D-'_'fa LTt
Prage Tirk! | 3.'-_'_-:3 | Senonds)

Szt ot l

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
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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 & 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 are collected and stored within the instrument’s memory.
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 ime. 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 automalically
downloaded from the instrument, placed in the Readings tab fable, and stored in your project previously set
up on your computer.

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

Testoin1
Do ime; Wed, Juf 25 2007 35:05:55
Tech: N4
CHA 470 o 331
o2 26 Balohoe: 16,2
Inital Flow: 59 Adjostod Flow: U3
Initis] Temp: 111 adpsted Tema: 11
ikl SF: <0 irdjusted &P -l
sl 0P 2213 Adveted B Le]5 |

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,

|| Cleat nshiumeri Readngs

ol
f J By cortinuing with this opetation, all Feadings i

the mstrument will be permanently deleted. fre
ol sure i wank o de this?

Mo Cancal
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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.
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To add or remove a single reading from export, click on a checkbox in the lefimost 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.

Ta 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.

|
o
g
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Specify a filename and location then click the Save button. The selected readings will be saved in comma
separated value (.CSV) format. The .C8V 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
levels screen. Navigation through the list is via the 2 '’ and 8 W' cursor keys. Selection of the feature is by

pressing the "’ key.

4.1 Zero Transducers

This function allows the user to zero the pressure transducer(s). Upon selection, the current pressure
reading is displayed. The operation will be carried out when the ‘' is pressed. When zeroing transducers |t
s 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 lake a few extra minutes in the field, but is a recommended step 10
ensure the best possible accuracy.

4.2 Update Site Data

Allows the user to answer guestions (pre-defined in LSGAM software) relating 1o 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.

Once the logging function is activated, the instrument will carry out a 30 second ‘Warm-up’ countdown
(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, ltalian or
Brazilian Portuguese through this option.

4.5 \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 @
key will allow the user to see additional screens with stored data. The 2 'a’ and 8 V' cursor keys will move
forward or backwards through the instruments memory. Pressing the @ key will exit to the Gas Reading
SCreer.

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

The contrast can be manually adjusted by using the 4 '<' and 6 > cursor keys. The manual contrast setting
is stored when the ‘' key is pressed.
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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 reading (row ‘R') and user span calibration gas values (row 'S’) are
displayed.

The span gas values may be changed via the ‘@ Edit Target Concentrations’ option. Once this option has
been selected, all the gas values will require entry. Each entry is to be confirmed by pressing the ' key. it
is important to confirm the concentration of the calibration gas(es) used and enter the value(s) properly.

4.7.1 Zero Channels
Selected from the ‘Field Calibration' - 'J-Calibration Menu' allows the relevant reading to be zeroed.
When selected, a list of the available options will be displayed, this usually Includes CH,, and Oz, also the
Gas Pod (if fitted).

Supply a zero gas mixture to the instrument for the gas fo 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,
the user zero function will be carried out automatically. The operation will be carried out when the "' key is
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 Fahrenheit. Selected from the 'Fleld Calibration’ - "J-Calibration 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., COy, Oz (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. Select the required calibration option via the 'J-Calibration Menu'.

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., COs, O, (CO & H,S for the Plus) or Gas Pod (if fitted) and pressure

transducers.

4.7.4 LastFleld Cal
Displays the date the |ast 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-GMO0000
Date Format- USA
Language- American
Communication- 1820014

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
Analyzer (GA mode) for sampling probes. To access this function from the gas read screen press '@
for menu and scroll down to Mode of Operation, press the ' key and highlight Landfill Gas

Analyzer, pressing the ' key again will select GA mode of operation.

5.1 Preliminary Checks

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

All necessary |D 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,, CO., and O, (CO & H,S for the Plus or Gas Pod if fitted) readings have been zeroed, without
gas concentration present.

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

B 8 = 8 @ @ & 9

Travel to the site with the analyzer in the vehicle's intarior - not in the trunk or truck bed, where it may be
subjected to exiremes 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). Thi=s 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 frap becomas fiooded, change the filter immediately 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 (jf
programmed). This is accessed via the General Menu ‘@’ then ‘Update Site Data’. This function removes

the need for the site conditions to be recorded manually.

A series of up to five questions can be pre-programmed using LSGAM, saa 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 storad thereafter, until the Site Data is updated for another site.

5.3 Taking Readings— With ID

For thie function to be used it is essential that the relevant 1D 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 ‘@ Next ID’ should be selected. A list of
stored IDs is displayed for selection via the ‘A’ and "' cursor keys, the ‘next’ 1D on the list s
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automatically highlighted. To confirm selection, press the ' A" key. The display may be toggled to
display any relevant ID information available; such as a description of the probe location, work to be
carried out, etc.

2. A raminder is displayed ta 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).
Once the '’ key is pressed, purge will begin and the Read Gas Levels screen will be displayed
upon completion. The purge may be aborted by pressing the 'QEXIT key.

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

4, Atthis point, connact the sample tube (with water trap) from the sample point to the inlet port of the
instrument, ensuring the connector ‘clicks’ into place. Then connect the sample tube lo the probe
sample port. Do not connect the sample tube to the probe port before connecting to the
instrument as this will cause any pressure in the probe to dissipate 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
ralative/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 pumnp
may be stopped or started at anytime by way of the *®" (pump) key. The reading may be stored at
anytime with the use of the ‘4" key. When the pump automatically stops this should be used as a
prompt to store the reading.

7. Upon storing the reading, any pre-programmed questions wil be displayed for response. This may
require a numeric, alphanumeric selectable comment, or axclusive 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:
ID code.

Current time/date.

Site data (if entered).

All gas readings and balance (GHs, COs, Oz (, 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.
This may be aborted with the use of the ‘1" key, although it is nol recommended.

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 1D in the instrument by following the instructions below. To create
and uploaded |Ds 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 ‘@ Next ID then press ‘® Select No ID or, if ID
information has not been uploaded to the instrument, an 1D list will not be available. In eithar
case, the |D will be displayed and stored asg === =~-~ %
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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
30 seconds). Once '.I" is pressed, purge will begin and the Read Gas Levels screen will be
displayed upon completion. The purge may be aborted by pressing the '‘QEXIT key.

3. At this point, connect the sample tube (with water trap) from the sample point to the inlet port of
the instrument, ensuring the connector ‘clicks’ in to place.

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

5. The pump may be started or stopped at anytime by way of the '®' (pump) key and a ‘time-on’
timer will be displayed. The pump should always be stopped using the 1" key, before storing a
reading.

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

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

Except for the ID code information, which will be stored as "« = - - - - -', and probe questions, for each
reading the information stored will be the same as that for a reading with an 1D.

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 temparature
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 3.41um (nominal), the frequency
specific to hydrocarban bonds. Instrumenis 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 Ha, 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 Disuifide,
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,5 50, H= CH. CO, _l
co 100 <3 ] =40 ] a
H-5 =f1.5 100 ~20 ~0.1 0 o

NOTE: All readings are given in parts per million (ppm). The life of an electrochemical cell is deterrined by
exposure lo gasses, typical life being one o 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 lested.

5.6.3 GEM2000 Plus Internal Electrochemical Cells for Measuring H;5 and CO

The GEM2000 Plus employs two internal electrochemical cells to measure Hydrogen Sulfide (H»S) and
Garbon Monoxide (CO). Electrochemical cells which measure CO are typically susceptible to cross gas
interfarence by Hydrogen (H,) and Hydrogen Sulfide (HzS). Two components that may be present in the
Landfill Gas sample. This maans that if Hz and/or H.S arefis present in the Landfill Gas sample a normal
CO elactrochemical cell would give an artificially high reading.

The GEM2000 Plus uses a ‘hydrogen compensated’ CO cell to counteract the interference by He. This is
why the instrument displays an H. channel. Hs is not directly measured, although a rough value, which is
shown as LO, MED or Hl, can be interpreted. If the Ha value is displayed as LO or MED the H:
compensation will mitigate the H; effect on the CO reading, however if the Hp value is shown as high it is
possible that there is more Hz 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 Hz. Additionally, if a HI level of Ha
is encountered then a longer than narmal purge time will typically be necessary to clear all the H: from the
elactrochemical cell. It is recommended that after encountering a HI level of Hs the instrument be purged
with clean air until the Hz channel displays LO. This could take as long as five or ten minutes (if the Hz
channel was over ranged) but is necessary to ensure the subsequent readings are accurate.

The CO cell used in the GEM2000 Plus also ulilizes an internal H.S filter to eliminate H.S cross gas
interference. However, the filter does have a finite capacity. If the filter's capacity is exceaded then the CO
cell will be susceptible to cross gas interference by any H.S that is present in the gas sample. Itis guite
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 HzS but not
CO (the H.S calibration gas) through the instrument. If the CO reading remains zero while the HzS reading
increases to the certified value then the internal H.S filter has remaining capacity. |If the CO reading
increases with the H.S reading then the internal filter's capacity has been exceeded and the cell will need to
be replaced.

The GEM2000 Plus was designed to read a maximum HzS 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 io 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 weliheads, orifice plates or pitot tubes.
The GEM2000 / GEM2000 Plus may be configured as a Gas Extraction Monitor (GEM mode) for the
purpase of sampling wells and obtaining flow measurements. To access this function from the gas
read screen press '@’ and scrall down to Mode of Operation, press the ‘" key and highlight Gas
Extraction Monitor, pressing the '’ key again will select GEM mode of operation.

6.1 Preliminary Checks

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

All necessary |D 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 GHa, CO, and O, (CO & H:S for the Plus or Gas Pod if fitted) readings have been auto-zeroed
without gas concenfration present.

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

& @a & @ & & & =°

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 readabla 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 Sile Data

Prior to taking the readings at a particular site, the Site Data and technician login should be updated (if
programmed). This is accessed via the General Menu '@’. This function removes the need for the site
conditions to be recorded manually. A series of up to five questions can be pre-programmed with the use of
LSGAM and answerad 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 1D 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 '@ Next ID". A list of stored 1Ds will be displayed for
selection via the ‘A’ and 'v' cursor keys, the ‘next’ ID is automatically highlighted, to confirm the selection
press the ‘' key. The screen may be toggled to display any relevant ID information such as a
description of the well location, work to be carried out, etc.

2 A reminder is displayed to disconnect sample tubes, as a clean air purge will automnatically remove the
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previous sample from the instrument. Purge time may be set via LSGAM (default is 30 seconds). Once
the ‘' key is pressed, purge will begin and the Read Gas Levels screen will be displayed upon
completion. The purge may be aborted by pressing the 'CEXIT key.

Connect the sample fubes (with water trap filter) to the wellhead ensuring the gas sample tube and
impact pressure tubes are properly oriented. Inserl the temperature probe if used.

Press the ‘@' key to start the sample pump; a countdown timer will be displayed in the upper left area of
the display. The pump may be stopped and restarted and any time by pressing the '@’ key. The pump
run time is set in LSGAM software. Allow the gas readings to stabilize and press ‘®@Measure Flow' key,
this will store the gas level readings and display the 'PRESSURE READINGS' screen. Note; a flashing
bell will be displayed next to the appropriate gas and a beeping fone will be heard, if a preset alarm
condition has been exceeded.

The 'PRESSURE READINGS' screen will prompt the user to disconnect tha sample tubes and allow the
pressure lo stabilize. Once the prassure has stabilized press '.J Zero Transducers'. Press ‘o
continue. Note: if Accu-Flo wellheads are used this zero function may be performed prior fo connecting
{he sample lubes to the well head by selecting ‘@ MENU" and highlighting ‘ZERO TRANSDUCERS'".
This eliminates the need to disconnect and re-connect the sample tubes on the same wellhead.

If a temperature probe is not connected, the user is prompted to manually input the gas temperature,
press the ‘' key when entry is finished.

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.

Pressing 'J STORE' will save the readings to memory. Then, the comments screen (if comments were
loaded) will display and allow you to answer guestions or select comments about the condition of the
well. A total of seven comments and one exclusive comment may be stored with each ID.

Prass ‘@ NEXT ID’ and proceed to the next wallhead. 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 (CHs, CO;, O (CO & HsS for the Plus)).
Barometric Pressure.

Temperature,

Gas Pod (if connected).

Gas flow (SCFM) and Power (BTU).

Comments and exclusive comment.

When the Instrument is switched off, a clean air purge is automatically started for a pre-determined global
period. This may be aborted by pressing the ‘' key, although we do not recommeand this action.
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7 Field Operations

7.1 Landfill Gas Generation

A brief overview of the theory of landfill gas generation and Methane racovery follows. [nitially, 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-CHs.

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 landiill.

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 it thera 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 ence started, present health
and safety hazards, and can be quite costiy. Therefore, prevention by good operation of the collection
systemn and maintenance of the landfill cover is fhe 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 Technigues for Controlling Landfill Gas

There are many techniques for controlling landfill gas extraction. These technigques represent tools, which
are used together to control landfill gas. The Accu-Flo wellhead is designed to work with all of these
techniques. Below is a discussion of the individual techniques, how to use them, and their limitations.
Reliance on only a few of the tachniques 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 i 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 clozed,

7.3.2 Controlling by Wellhead Yacuum

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 peirforming 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
wall 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. 1t is recommended a monthly sample of the composite gas be taken at the inlet o 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. [t is important to distinguish between the volumetric guantity
of landfill gas and the volumetric quantity of Mathane 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
quantity of Methane extracted decreases. To monitor this, the quantity of Methane extracted (LFG flow x
percent Methane) or the quantily 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 rasult 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.
Waell field monitoring should not normally be extended beyond one month. The impartance of regular, timely
monitoring cannot be overemphasized.

7.5 Typical Field Readings

Name of person taking readings

Date/time of each reading

Methane (CH.)

Oxygen (Og)

Carbon Dioxide (CO.)

Balance Gas (primarily Nitrogen Ny)

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)

Mew wellhead vacuum and flow information after adjustment

Calculation of each well's LFG and Methane flow and sum total

Observations/comments

e # &5 © @& 2 = & & & & & °o o 8

Additionally, Carbon Monoxide (CO) or Hydrogen Sulfide (H.S) readings may be taken if problems are
suspected. Supplementary monitoring once 1o several times a week may be performed using an
abbreviated form of field readings.

7.6 Abbreviated Field Readings

Name of person taking readings

Dateftime of each reading

Methane (CHa)

Oxygen (Oy)

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)
Woellhead gas flow (from GEMZ2000, or pitot tube and magnehelic, or anermometer/velometer)
Wallhead adjustment valve position (initial and adjusted)

New wellhead vacuurn 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 mainienance 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 colleclion system.
Field readings should be kept in a chronological log and submitted to management on & 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 faver 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

Piacement chronology

Insulation characteristics

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

Landfill cover porosity and depth in the proximity of the well

Landfill censtruction 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 slopss (within 150 to 200 feet and less may require conservatlve
operation of the well)

Nitrogen (lypically 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

e @ @ % 8 & 8 @ 82 @ @ @ o @ e ¢ @
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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° to 140°F 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 af tan
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 effactive.

7.10 Migration Conirol—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 Adjustmeni—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:

Achieve and maintain effective subsurface gas migration conirol.

Achieve and maintain effective surface gas emissions control.

Assist with proper operation of control and recovery equipment.

Avoid well "over-pull” and maintain of a healthy anaerobic state within the landfill.
Optimize LFG recovery for energy recovery purposes.

Control nuisance landfill gas odors.

Pravent or control subsurface LFG fires.

Protect structures on and near the landfill.

Meet environmental and regulatory compliance requirements.

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 collaction of techniques, which may
be used, in combination, to achieve a steady state of well field operation.
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8 Troubleshooting

Problem

Unit does not turn on or operation is erratic

“Flow Fail" is displayed and an audible alarm

is heard

Readings taken are not what was expected

Readings swing up or down wildly as they are

heing taken

Unit displays®**** or =>=>>

Oxygen reading is high on all wells

Unit will not download readings or an ermor

occurs while downloading.

Methane and Carbon Dioxide readings drift

Oxygen readings drift

Black screen displayed when unit turned On

Nothing happens when the Gas FPod is

installed
Temperature does not
temperature probe is installed

FPage 46
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Corrective Action/Reason

Battery charge is too low-recharge batteries,

Unit is too hot - cool down unit and try again.

Contact Factory Service.

The inlet is blocked.

Remove blockage and retry.

The particulate filter or water trap filter needs replacing.
Unit may be out of calibration. Calibrate unit with
known gas concentration.

Water trap or particulate filters are clogged. Replace
filter(s).

Cell phones and other sources of RF interference can
affect Methane readings. Don't use your cell phone
while taking readings.

These symbols are substituted when the measured
reading Is out of rangs of the instruments capabilities in
some fields or when a value needs to be entered
manually such as temperature.

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.

Verify that the communications software is the right
version for the instrument being used.

Check that the proper serial port is selected in the
software.

Contact Factory Service.

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.

Perform a field calibration - zero and span.

Contact Factory Service.

Charge unit over night and try again.

Unit too hot - cool down and try again,

Try adjusting contrast level.

Contact Factory Service.

Remove and re-seat the Gas Pod.

Contact Factory Service.

Check the probe fitting is fully seated.

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 for the GEM™ 2000 / GEM™ 2000 Plus
instruments. Factory service includes but is not limited to the following;

General operations
The main functions of the gas analyzers operation are checked to ensure that they are

within specification.

Barometric pressure reading
The barometric pressure reading is checked to ensure it s within specification. This is
carried out by way of comparing the atmospheric reading against a known standard. If

necessary, repragramming Is quoted.

Static and differential pressure readings
The static and differential pressure transducers are checked to ensure they are within
specifications. This Is carried out by comparing instrument readings to a known standard,
applying a known pressure and noting both readings. If necessary, reprogramming will be

guoted.

Pump functionality (flow and vacuum)
All flow and vacuum functions of the internal pump are checked to ensure the operation is

within specification.

Water ingress/blockage
The Internal filters are checked for cleanliness and moisture 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 correct operation and reading
performance with accessories.

Computer controlled gas check

Inward and outward gas checks are carried out by way of connecting the gas analyzer to a
custom built computer controlied ‘gas checking rig' and proprietary 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 or missing pieces.
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9.2 Factory Service Facilities

LAMDTEC North America

850 5. Via Lata, Suite 112

Colton, CA 92324

UsA

Tel: BOD-821-0496 or +1-309-783-3636
Web: www.ces-landtec.com

LANDTEC Europe

Formerly Geotechnical Instruments
Sovereign House Quesnsway

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
o-rings, one on the particulate filter cover, one on the outside of the water trap filter housing,

changeable
ds of the male quick connect fittings

one on the inside of the waler trap filter housing, and ones on the en

included on the hose kits.
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10 Technical Specifications

10.1 Physical

Weight 4.4 Ibs.
Size L 248" xW 7.48"xD 9.92".
| 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.

10,2 General

Ceriifications

UL Cetiified to Class 1, Zone 1, AExIb d lla T4

With optional probe 14°F to 167°F.

| Temperature measurement
Temperature accuracy

+0.4°F (= probe accuracy).

Visual and audible alarm

User selectabla CQs, 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

10.3 Power supply

Battery type Rechargeable Nickel Metal Hydride battery pack containing Six |
4AH cells. Not user replaceable.
Lithium Manganese battery for data retention.

Batiery life Typical use 10 hours from fully charged condition.

Battery charger Separate intelligent 2A battery charger powered from AC
voliage 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.

10.4 Gas Ranges

Detection principle

CQ. and CH, by dual wavelength infrared cell with reference

channel.
0, (and CO & HS in Plus) by internal electrochemical cell.

Oxygen cell litetime

Approximately 18 maonths in air.

Typical Accuracy Gas 0-5% volume 5-15% volume 15%-FS

0 - Full Scale CH, +0.3% +1% +3% (1007%)
CO; +0.3% +1% +3% (60%)
0: +1% +1% +19 (219%)

CO & H,S in Plus Instruments +10%FS from 0-Full Scale

Response time, TS0 CH, <20 seconds
COs <20 seconds
0., <20 seconds
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10.

10.

10.

Hange CH, 0-70% to specification, 0-100% reading.
CO: 0-40% to specification, 0-100% reading.
(07} 0-25%
CO (in Plus Instruments) 0-2000ppm
H:S (in Plus Instruments) 0-500ppm

5 Pump
Typical flow 300 co/min.
Flow fail point 50 cc/min approximately.

Flow with 200 mbar vacuum

250 co/min approximately.

Vacuum

70 Inches Ha0.

6 Operating Conditions

Operating temp range 32°F to 104°F.

Relative humidity 0-85% non-condensing.
Atmospheric pressure range 700-1200 mbar.

Displayed in Inches of Mercury (5.9 — 35.4"Hg).
Mot corracted for sea level,

Atmospheric pressure accuracy

=5 mbar approximaiely.

Case seal IPG5.
7 Optional Gas Pods
Typical Accuracy Gas 0-Full Scale
(Subject to User calibration). co +10% FS
HES +10% FS
502 +10% F5
Hg +10% FS
HCMN +10% FS
Response time, TS0 cO <GB0 seconds
HsS =60 seconds
S0, =60 seconds
H: <60 seconds
HCN =60 seconds
Range CcO 0-500ppm
H.S 0-50 or D-200ppm
S0, 0-20 or 0-100ppm
Ha 0-1000ppm
HCN 0-100ppm
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