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EXECUTIVE SUMMARY

WSP USA Inc. (WSP) completed the tasks for the 2021 Colorado Former Rule 608 Compliance Program
(Compliance Program) on behalf of Ogris Operating, LLC. (Ogris) in association with the operator’s natural gas
production in Las Animas County, Colorado (Project Area). WSP completed the tasks in accordance with the
Colorado Oil and Gas Conservation Commission (COGCC)-approved Work Plan. Colorado Rule 608 Compliance,
Raton Basin, Colorado (the May 2010 Work Plan), submitted by the former operator of the assets, XTO Energy,
Inc. (XTO), on May 5, 2010 per the following subsections of the COGCC Former Rule 608:

— 608(a) — Assessment and monitoring of plugged and abandoned (P&A) production wells within one-quarter
mile of proposed coalbed methane (CBM) wells

— 608(b) — Water well sampling
— 608(c) — Coal outcrop and coal mine monitoring

The COGCC updated their 600 Series Rules in 2021 and coalbed methane production is now regulated under
COGCC Rule 614; however, this work is conducted under the approved May 2010 Work Plan that was specific to
the former Rule 608. The scope of work for the Compliance Program outlined in the May 2010 Work Plan includes
four field tasks and a fifth subsequent report writing task. The 2021 Project Area was determined by a 2-mile buffer
around the 2010 and 2011 proposed XTO CBM production wells and the CBM production wells XTO drilled in
2010 and 2011. Neither XTO nor Ogris have drilled any new CBM wells in the Raton Basin since 2011 and, as a
result, the 2021 Project Area is identical to the 2011 Project Area. Due to the absence of any proposed 2021 CBM
wells, some field tasks of the May 2010 Work Plan related to new wells were omitted from the 2021 Compliance
Program. Field tasks completed included pedestrian mapping of active seep areas within the 2021 Project Area and
natural spring sampling.

Three mapping areas were identified for surveying in 2021 based on the findings from 2020 and a review of
historical flux surveys. Areas L-1021, 32 & L-1049, and L-1030 appear to be active seep areas.

Two natural springs (Chavez01 and Chavez02) were sampled for water quality analysis. Methane exceeding 1
milligram per liter (mg/l) was not detected in either sample. Based on water quality data from previous years, the
water types appear to be predominately calcium in cationic composition and bicarbonate in anionic composition.

WSP recommends continued compliance with Rule 608 in Las Animas County in accordance with the COGCC
approved May 2010 Work Plan, assuming development or production activities by Ogris continue. Based on the
findings from this work and a review of historical flux surveys, WSP recommends active seep areas L-1021, 32 &
L-1049, and L-1030 be surveyed, as well as the two springs, in 2022.
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1 INTRODUCTION

WSP USA Inc. (WSP) has prepared this 2021 Colorado Former Rule 608 Compliance Report for Ogris Operating
LLC (Ogris) to summarize the tasks completed in association with Ogris’ natural gas operations in Las Animas
County, Colorado (Project Area, Figure 1). In October 2017, Timber Creek Operating (TCO) purchased the XTO
Energy, Inc. (XTO) assets in the Project Area, and Ogris took over the assets in 2020. Compliance activities were
conducted in accordance with the Colorado Oil and Gas Conservation Commission (COGCC)-approved Work Plan.
Colorado Rule 608 Compliance, Raton Basin, Colorado (the May 2010 Work Plan) previously submitted by XTO
on May 5, 2010. This is the tenth annual event conducted in accordance with the Colorado Former Rule 608
Compliance Program (Compliance Program).

1.1 PROJECT HISTORY

The objective of the Compliance Program is to meet compliance requirements, as discussed in the May 2010 Work
Plan, associated with the drilling and installation of coalbed methane (CBM) production wells, specifically in Las
Animas County, Colorado, which applies to the following subsections of Former Rule 608 of the COGCC 600
Series Safety Regulations:

— 608(a): Assessment and monitoring of plugged and abandoned (P&A) production wells within one-quarter
mile of proposed CBM wells

— 608(b): Water well sampling
— 608(c): Coal outcrop and coal mine monitoring.

In 2010, ground surveys along the Raton Formation were conducted to meet the requirements of Former Rule
608(c). The survey was completed in a manner similar to an initial baseline ground survey of methane seeps
completed by Apogee Scientific, Inc. (Apogee) for the COGCC in 2000 and a more detailed survey conducted by
LT Environmental, Inc. (LTE) and Apogee for the COGCC in 2007. The 2010 surveys were conducted using a 4-
wheel drive vehicle equipped with an infrared-based gas detector developed by Apogee. This gas detector was
designed to detect leaks in natural gas pipelines and is referred to as the Leak Detection System (LDS). A total of
three suspected seep areas were identified and field-verified along 106 miles of roadway. Additionally, pedestrian
mapping of six seep areas previously identified during the 2010 ground survey was conducted. Detailed mapping to
field-verify the nine suspect seep areas was conducted and confirmed the presence of methane gas near all nine
areas. Color infrared imagery was collected along the Vermejo Formation within the Project Area, and field
verification of suspect areas identified on the imagery occurred but was limited to those areas where access was
granted. No methane was detected in any of the subsurface points within the suspect areas identified by infrared

mapping.

In 2011, the survey area was expanded, and ground surveys were again conducted by Apogee and field-verified by
LTE. Apogee’s ground survey took over two days and identified suspect seep areas over approximately 240 miles of
roadway. Through the previous 2007 and 2010 investigation and the 2011 ground survey, 39 suspect seep areas
within the Project Area were identified. Of the 39 suspect seep areas, nine areas (L-1021, L-1030, 32 & L-1049, L-
1050, 5, 14, L-1033, 13 & L-1026, and 19) were identified as active methane seeps during the investigation and 30
suspect seep areas did not record methane or the detected methane was attributed to other potential sources, such as
fugitive gases from oil and gas equipment/production.

Based on the findings in 2011, the nine seep areas were monitored annually from 2011 to 2014. In 2014, areas L-
1033, 13 & L-1026, and 19 appeared to be diminished. As a result, these seep areas were omitted from future
monitoring activities. The remaining six seep areas were monitored in 2015. Findings from the 2015 monitoring
event identified areas L-1021, 32 & L-1049, and L-1030 to be active methane seep areas. However, areas L-1050, 5,
and 14 no longer had reportable methane flux detections and had limited methane detections in previous years.
These three mapping areas were characterized as diminishing methane seeps and, supported by the absence of
reportable methane flux in 2015, were omitted from future monitoring activities. From 2016 through 2021, LTE
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surveyed areas L-1021, 32 & L-1049, and L-1030, which appear to be continually active seep areas. Summaries of
the mapping areas from 2010 to present are included in Table 1.

Natural spring monitoring initially took place at Spring01 in 2010. When sampled, the water appeared to be
predominately calcium and sodium + potassium in cationic composition and carbonate + bicarbonate in anionic
composition. Dissolved methane was detected in the sample at a concentration of 0.109 milligrams per liter (mg/L),
which is below the 2 mg/L regulatory threshold to analyze the gas composition and carbon and hydrogen isotopes of
methane. Spring01 was dry in 2012 and 2013 and stagnant from 2016 to present; therefore, no samples were
collected. Springs Chavez01, Chavez02, and Chavez03 were added to the program and samples collected in 2012.
All Chavez samples appear to be calcium in cationic composition and bicarbonate in anionic composition. In 2012,
dissolved methane for all three spring samples was below the 2 mg/L threshold applied by the COGCC to require
additional gas analysis. Chavez03 has not been sampled since 2015 due to the presence of stagnant water. Spring03
(Quiet Spring) was discovered in 2014; however, water in the spring has never been sampled due to lack of access or
lack of water.

Assessment and monitoring of P&A production wells and water well sampling activities (Former Rules 608(a) and
608(b)) are described in further detail in the subsequent Section 1.4, Deviations.

1.2 PROJECT AREA

The Project Area is located in the Raton Basin in southern Colorado. The Raton Basin is a geologic structural basin
in southern Colorado and northern New Mexico. The basin is situated in Huerfano and Las Animas counties,
Colorado, and Colfax County, New Mexico. The basin has long been a source of coal production and more recently
a source of CBM. Much of the regional geology presented herein was derived from the report, A Geologic
Assessment of Natural Gas from Coal Seams in the Raton and Vermejo Formations, Raton Basin (Stevens, et.al.
1992).

The Raton Basin is an asymmetric synclinal basin with the axis of the La Veta syncline oriented roughly north-south
and passing through Weston, Colorado, which is immediately east of the area formerly defined by XTO for
development of CBM. The Raton Formation outcrop is exposed over approximately 50 percent of the Project Area.
The discontinuous nature of the coal beds both in the subsurface and on the surface make it difficult to identify
and/or correlate individual continuous coal beds from the subsurface producing zone to the surface coal outcrop. The
area originally proposed for drilling by XTO is located on the western side of the La Veta syncline, suggesting that
the formations encountered within the Project Area are dipping to the east.

The Vermejo Formation consists of sandstone, interbedded siltstone, shale, carbonaceous shale, and coal
accumulated above the fluvial-deltaic sequences of the Trinidad Sandstone (Stevens, et al. 1992). The Vermejo
Formation outcrops along the western edge of the Raton Basin syncline basin, which is on the west side of the
Project Area. Of the more than 90,000-acre Project Area, the Vermejo Formation outcrop covers approximately two
percent of the overall Project Area. The Raton and Vermejo formation outcrops are depicted on Figure 1.

1.3 SCOPE OF WORK

XTO originally proposed to drill CBM production wells in the Project Area of the Raton Basin over several years
starting in 2010 (red outline on Figure 2). Drilling began in 2010. However, XTO did not install any CBM
production wells in the Project Area in 2012, 2013, 2014, 2015, 2016, or 2017 and sold their assets in the Project
Areato TCO in late 2017. TCO was purchased by Ogris in 2020. As a result, the 2018 through 2021 Project Areas
were determined by a 2-mile buffer around the 2010 and 2011 proposed CBM production wells and CBM
production wells XTO installed in 2010 and 2011. The 2020 Project Area (green outline on Figure 2), proposed
2010 and 2011 CBM production well locations, recorded P&A production well locations, groundwater well
locations, topography, and mine features are illustrated on Figure 2. The scope of work for the Compliance Program
outlined in the May 2010 Work Plan includes the following tasks:

— Task 1: Assessment of applicable P&A production wells
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Task 2: Assessment of applicable water wells

Task 3: Detailed mapping of known and diminishing methane seep areas
Task 4: Assessment of applicable natural springs

Task 5: Preparation of this report.

1.4 DEVIATIONS

Ogris did not propose or install any new CBM production wells in 2017 to present. As a result, some tasks and
subtasks were omitted from the 2021 Compliance Program as described below. Historical procedures and findings
for these tasks are described in previous annual reports.

There were no new P&A production wells within the Project Area to assess in 2021, and as a result, Task 1 was
not conducted for the 2021 Compliance Program.

A review of groundwater wells within the 2021 Project Area meeting the requirements set forth in Rule 608(b)
identified 11 groundwater wells. However, no new Ogris CBM production wells were installed from 2020 to
present. As a result, Task 2 was not conducted during the 2021 Compliance Program. Groundwater wells will
be sampled prior to drilling of any new production wells in the Project Area.

Ground surveys to locate suspect methane seeps on the Raton Formation outcrop and color infrared (CIR) aerial
imagery with field verification of suspect areas along the Vermejo Formation and at the Quinto, Tercio, and
Vega mines were not conducted as part of Task 3 since no new CBM production wells were proposed for 202 1.

While conducting detailed mapping of methane seeps areas during 2010, 2011, 2012, and 2013, (Task 3), gas
samples were collected for isotopic analysis from those areas with reportable methane flux and where existing
isotopic information from the 2007 COGCC Phase Il seep investigation did not exist. During the 2007 Phase 11
seep investigation conducted for the COGCC, gas samples were collected from many of the known and suspect
seep areas in the Raton Basin. Each methane seep area currently has an associated isotopic analysis. As a result,
re-sampling for isotopic analysis of these seep areas was not necessary in 2021.

In 2011, the COGCC informed XTO that those natural springs that overlap with other oil and gas companies
conducting similar activities to comply with former Rule 608 did not need to be sampled. As a result, Task 4
was reduced from the original May 2010 Work Plan by not sampling Spring05 (Vega Canyon), Spring07
(Spring Canyon), or Spring08 (Middle Lorencito). WSP was not granted property access for Spring02, Spring03
(Quiet Spring), Spring04, Spring06, Spring09, or Spring10. As a result, natural spring water samples from these
six springs were not collected in 2021.

2021 Colorado Rule 608 WSP
Project No. 31403738.000 January 2022
Ogris Operating LLC Page 4



2 FIELD METHODS

2.1 2021 PROJECT AREA

The 2021 Project Area was determined by a 2-mile buffer around the 2010 and 2011 proposed XTO CBM
production wells and the CBM production wells that XTO installed in 2010 and 2011. The 2021 Project Area is
outlined in green on Figure 2. The overall Project Area is outlined in red on Figure 2.

2.2 PROPERTY ACCESS

Prior to conducting 2021 field activities, WSP acquired landowner information from the Las Animas County
Assessor’s office. WSP cross-referenced parcel data to identify owners of parcels located in the 2021 Project Area.
WSP requested access to all properties where field work was proposed. The 2021 property owner and access
information is presented in Table 2.

2.3 FLUX SURVEY

Flux surveys consist of using a West Systems® portable gas flux meter (flux meter) to measure the magnitude and
extent of methane seepage, if detected, within the survey area. Measurements are typically collected using a
sampling grid approach.

Grids for detailed mapping areas consisted of varying numbers of squares, with grid nodes spaced 50 feet to 100 feet
apart, depending on historical data for previously-identified methane seep areas. The smaller grid spacing is
typically used to map methane seep areas of relatively small extent. A flux measurement is collected at the corner of
each grid square. When methane is detected along the outer edges of the mapping area, additional grid points are
developed and measured to determine the extent of methane seepage. Additional measurements are collected
between grid nodes if methane seepage is observed. Where appropriate, photographs of vegetative conditions,
visible seeps, and sensitive receptors are collected.

The flux meter measures the flux of methane, hydrogen sulfide, and carbon dioxide by employing individual gas-
specific sensors that record the increases, if any, of gas concentrations over time for a given surface area. These
increases in concentration over time are proportional to the flux of each gas. For this flux survey, only methane flux
rates are reported.

The flux meter components include an accumulation chamber connected by circulation tubes to the gas detector unit.
At each sampling point, the accumulation chamber is placed on the ground surface to capture gas seeping from the
ground. A fan in the chamber continuously mixes the gases in the chamber during the measurement process. A
pump moves gases in the accumulation chamber to the detector unit. After passing through the detector unit, gases
are returned to the chamber. This closed-loop process allows soil gases discharging to the chamber to increase in
concentration over time. Increases in concentrations are measured and recorded automatically. No gas is allowed to
escape the system, nor is a vacuum created during the process. This enables measurement of natural gas seep
conditions, if present. The result for each gas is reported as a mass flux in units of moles per square meter per day
(mol/m2-day).

Flux measurement accuracy can be limited by surface conditions. One of the most important factors is the quality of
the seal between the accumulation chamber base and the ground surface. To ensure a proper seal between the ground
surface and the chamber, field personnel choose relatively flat surfaces where possible and place loose soil
surrounding the base of the chamber to reduce the potential for gas loss at the base of the chamber. In addition,
ground disturbance is minimized during the measurement process in order to maintain the natural seep conditions. In
areas with heterogeneous surfaces, the seal is sometimes difficult to achieve. This scenario is evident at locations
with poorly-developed soil or where the soil surface is obscured by decayed organic matter on the forest floor.
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The accuracy of the total flux estimation within the Project Area is influenced by the ability of the grid spacing
system to represent the actual flux on a detailed level relative to the subsurface fracture system, coal quality, and
stratigraphy within the Raton Formation. The methane sensor within the flux meter unit has a range of 60 parts per
million (ppm) to 50,000 ppm. The flux meter methane measurement range is 0.0 mol/m2-day to 300 mol/m?2-day.
Methane fluxes below 0.2 mol/m2-day are detectable with decreased accuracy. As a result, reporting of methane
fluxes will not include values less than 0.2 mol/m?-day. Information on the flux meter is provided in Appendix A.

During the measurement process, gas concentrations are recorded at 1-second intervals and directly downloaded via
Bluetooth® connection to a portable digital assistant (PDA) integrated with the Global Positioning System (GPS)
unit. Other measurements recorded include barometric pressure, temperature, date, and time.

Integrated West Systems Flux Manager® software on the GPS unit recorded the gas measurement data. The
software plots the curve of gas concentration versus time for each measurement collected. The best-fit line for the
curve generated is selected. The slope of the best-fit line is proportional to the flux at the measurement point.

Full color spectrum aerial photographs were used as base maps for field use and figures for reporting. The geologic
contacts depicted on the aerial photographic maps were derived from geologic maps prepared by the Colorado
Geological Survey (CGS) and digitized. Accuracy of the formation contact is reduced when aerial photographs are
viewed at a smaller scale.

2.3.1 GLOBAL POSITIONING SYSTEM DATA MANAGEMENT

Each sample location is recorded using a GPS unit. Soil gas sampling grids are created in ArcView® and pre-loaded
into the GPS unit so field personnel can quickly and accurately position detection equipment along the Project Area.
Soil gas measurements and other relevant field data are then stored as attributes in the GPS unit along with the
associated position data. Data stored in the GPS unit are downloaded later for processing and reporting.

The GPS unit position data are collected in the World Geodetic System 1984 (WGS 84) and projected in Universal
Transverse Mercator (UTM) Zone 13 South, North American Datum 1983 (NAD 83) for use in an ArcView®
project file. On average, 25 GPS log points are collected for each point feature in order to obtain more accurate
positioning.

Readings collected with the GPS unit can be located with 1-meter accuracy. However, the terrain and forest canopy
can adversely affect GPS unit accuracy. North-facing slopes and heavily-wooded areas can distort or block satellite
signals. When satellite signals are limited, positioning accuracy decreases. In locations where the GPS unit cannot
obtain a signal, field personnel will note measurement data on their field reference maps. Specifications of the GPS
unit are included in Appendix A.

2.3.2 FLUX VOLUME ESTIMATIONS

WSP estimated the volumetric flux of methane for each mapping area where sufficient reportable methane flux data
points are available. Flux data were interpolated and gridded, then contoured and processed to estimate total
volumetric flux.

The results were converted to volumetric flux rates common to the natural gas production industry in units of
thousand cubic feet per day (MCFD). For a better perspective of the methane flux rates, WSP converted the mass
flux values into volumetric flux units of cubic feet per day (CFD), assuming equal areas. The unit conversion is
based on the molecular weight of the gas and the density of the gas at approximately 7,100 feet above mean sea
level (amsl).
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For methane flux, the calculation is as follows:

molCH, x 16.04276gCH, X 0.0698 ft CHs = ft2 CHa
day mol CH, g CHy day

For example,

1.0 mol/day CHs=1.12 CFD CHa

Notes:
ft2 — cubic feet CHz — methane g —gram
CFD — cubic feet per day mol - mole

The volumetric flux values calculated are estimates and may not represent actual values for the specific areas.
Interpolation calculation techniques are highly sensitive to data skewness and can result in changes in calculated
flux values based on measurements made at only a few locations.

2.4 NATURAL SPRINGS MONITORING

Surveys of natural springs are conducted on a spring-by-spring basis. Only natural springs identified on United
States Geological Survey (USGS) topographic maps within the 2021 Project Area were surveyed. Once a natural
spring was identified, collection of water samples was attempted, barring any property access restrictions or lack of
flow. At each natural spring, field personnel located the position and elevation using a GPS. Water quality
measurements, including pH, total dissolved solids (TDS), specific conductance (SC), oxidation-reduction potential
(ORP), and temperature were collected using a SMARTROLL® meter. The equipment specifications for the water
quality field meter are provided in Appendix A.

Water samples from the natural spring were collected and analyzed for the following

— Alkalinity (carbonate/bicarbonate) by Method SM 2320B-2011

— Major Anions [chloride (CI), sulfate (SO4), bromide (Br), and fluoride (F)] by EPA Method 300

— SC by Method SM 2510B-2011

— Nitrate/Nitrite as Nitrogen (N) by EPA Method 300

— TDS by Method SM2540C

— Methane by Method RSK175 Modified

— pH by Method SM 4500HB

— Hydrogen Sulfide field analysis using Hach® test kit

Neither metals nor bacteria were analyzed in 2021 due to a sampling error. Based on years of consistent analytical

results and COGCC 600 Series regulatory requirements for monitoring seeps requiring only visual monitoring,
resampling to obtain metals and bacteria results was deemed unnecessary.

Laboratory-provided sample bottles were filled with water for analysis of the parameters identified above. All water
samples collected were submitted in a cooler under strict chain-of-custody (COC) documentation to Accutest
Mountain States Laboratories (Accutest) in Wheat Ridge, Colorado.

2021 Colorado Rule 608 WSP
Project No. 31403738.000 January 2022
Ogris Operating LLC Page 7



WSP sampled natural springs Chavez01 and Chavez02 during the sampling event in 2021. Water samples were not
collected from Spring01 and Chavez03 due to stagnation of the water from the natural springs, and water samples
were not collected from Spring03 (Quiet Spring) due to lack of access in previous years.
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3 RESULTS

3.1 FLUX SURVEY

As previously stated, WSP identified three mapping areas for surveying in 2021

— L-1021
— 32 &L-1049
— L-1030

Reportable methane flux was detected in all three mapping areas. Total reportable volumetric methane flux was
calculated as 1.3 MCFD for area L-1021, 4.5 MCFD for area L-1030, and 71.5 MCFD for area 32 & L-1049. Since
2011, each of the three mapping areas have had reportable methane flux detected and have been considered active
seep areas. Methane flux measurements are presented on Figures 3 through 5. Summaries of the mapping areas from
2010 to present are included in Table 1. Flux data is included in Appendix B. Volumetric flux calculations are
included in Appendix C.

3.2 NATURAL SPRINGS SURVEY

WSP identified 13 natural springs within the 2021 Project Area (Figure 2). Natural springs Spring05 (Vega
Canyon), Spring07 (Spring Canyon), and Spring08 (Middle Lorencito) were excluded from the sampling list as
approved by the COGCC. Six natural springs were located on private property with no access granted. Two natural
springs (Chavez01 and Chavez02) were sampled on October 19, 2021. Chavez03 and Spring01 were stagnant at the
time of sampling, and as a result, no water samples were collected.

3.2.1 SAMPLING AND ANALYSIS

Using data from the previous 8 years, the water types in spring samples appear to be predominately calcium in
cationic composition and bicarbonate + carbonate in anionic composition. This was consistent from 2012 to 2020.

During the 2021 sampling, no methane exceeding 1 mg/l was identified in either spring sampled. Laboratory
analytical results for the natural spring samples are summarized in Table 4. A Stiff diagram illustrating the water
type is depicted on Figure 6. Natural spring laboratory analytical reports are presented in Appendix D

3.2.2 FIELD OBSERVATIONS

WSP collected field measurements from the Chavez01 and Chavez02 natural springs, which were documented in a
field logbook. The following measurements are for Chavez01 and Chavez02 respectively. Specific Electrical
Conductance (uS/cm): 330.0, 400.0, pH: 7.29, 6.57, ORP (mV): 90.7, 83.8, Temperature (°C): 11.84, 12.7, and TDS
(mg/L): 213.7, 261.2, H2S (ppm):0.0, 0.0. The 2021 field observations and measurements for the natural springs are
consistent with previous years’ sampling events. Field observations and measurements are summarized in Table 3.
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4 CONCLUSIONS

The 2021 Compliance Program meets the requirements of subsections a, b, and ¢ of the COGCC Former Rule 608
and the approved May 2010 Work Plan. WSP identified, through previous investigations, three mapping areas for
surveying in 2021. Based on the findings from 2021, the three mapping areas L-1021, 32 & L-1049, and L-1030
continue to be active seep areas, however; when comparing the results from 2019 to 2020, seep area 32 & L-1049
showed a significant decrease in total reportable volumetric methane flux with 780.2 MCFD in 2019 and 58 MCFD
in 2020. A similar decrease in volumetric methane flux was observed in 2017; however, the flux increased in the
subsequent 2018 and 2019 surveys. In 2021 there was an increase in volumetric flux from the 58 MCFD observed in
2020 to 71.5 MCFD. The increase observed was minimal and still represents a significant decrease from the 2019
survey.

WSP recommends continued compliance with the COGCC-approved May 2010 Work Plan at the three previously
identified mapping areas (areas L-1021, 32 & L-1049, and L-1030) for the 2021 flux survey. If a continued
reduction in volumetric methane flux is observed at areas L-1021 and L-1030 during the 2022 survey, WSP may
recommend reducing the monitoring frequency. In previous years, seep areas have been omitted from the survey if
no volumetric flux was observed and labelled as diminished seeps. Seeps that have been omitted from the survey in
previous years showed a similar decreasing trend in volumetric flux before a zero volumetric flux was observed.
After two years of reduced volumetric flux it is anticipated that the three remaining seeps will follow that trend
eventually becoming diminished seeps and there will no longer be a need for annual monitoring of the seeps
providing no additional drilling activities commence.

Two natural springs were sampled for water quality analysis (Chavez01 and Chavez02). Based on previous years
data, the water types appear to be predominately calcium in cationic composition and bicarbonate in anionic
composition, which was consistent over 9 years of sampling. There have been no significant changes in the methane
concentration of the springs since sampling began. No methane exceeding 1 milligram per liter (mg/l) was detected
in water samples collected in 2021. Spring monitoring, as described in the current COGCC requirements CBM
regulation Rule 614b(2), requires an annual survey of spring location and aerial extent and flow rate measurement
after initial water sampling. Based on these requirements and no change in water quality after 9 years of sampling
with minimal to no methane detected., WSP recommends that sampling of the springs be removed from the annual
survey until drilling activities resume. The springs will still be inspected per COGCC Rule 614. Finally, WSP
recommends consideration of a new work plan to comply with the updated CBM regulation in the COGCC Rule 614
and eliminate reference to a former rule.
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TABLE1

MAPPING AREA SUMMARIES

2021 RULE 608 COMPLIANCE REPORT
RATON BASIN, LAS ANIMAS COUNTY, COLORADO
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Notes:

CH, - methane

2

moles/m*-day - moles per meter squared per day

NA - not applicable

MCFD - thousand cubic feet per day
- - not measured

1 - not contoured, only one data point

** - yolume includes only gridded values > 0.2 moles/mQ-day

* - only points where flux values were above the reporting limit of 0.2 moles/m*day
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TABLE 2

PROPERTY OWNER AND ACCESS INFORMATION
2021 COLORADO RULE 608 COMPLIANCE REPORT
RATON BASIN, LAS ANIMAS COUNTY, COLORADO

PERMISSION
LANDOWNER PARCEL ID SECTION TOWNSHIP RANGE GRANTED

14533300 28 33 67

Ogris Operating, LLC 14533405 27,28 33 67 Yes
14533200 27 33 67

Bill R. and Rossana T. Chavez 13940200 19 33 67 Yes
28 33 67

Bill Toupal NA 27,28 33 67 Yes
27 33 67

Veronica Law NA 19 33 67 Yes

WSP Page 1 of 1
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TABLE3

NATURAL SPRING WATER QUALITY MEASUREMENTS
2021 COLORADO RULE 608 COMPLIANCE REPORT
RATON BASIN, LAS ANIMAS COUNTY, COLORADO

Natural Spring Location Latitude Longitude Inspection Date Specific Ele(erslt/:;I“?onductance (U?l?ts) (Cl)“RVF; Tem:)ﬂ(g;ature (;Eg)/sl)
8/13/2010 381.0 9.2 140.5 22.4 247.0
8/19/2011 408.0 7.1 -99.5 13.3 432.0
9/4/2012 DRY - NOT MEASURED
8/15/2013 DRY - NOT MEASURED
8/21/2014 515.9 | 9.1 [ 618 12.4 337.2
Springot North Fork Apache .104.991708 37.108089 8/13/2015 562.4 [ 8.8 | 389 11.0 368.8
Canyon 8/25/2016 STAGNANT WATER - NOT MEASURED
9/6/2017 STAGNANT WATER - NOT MEASURED
8/20/2018 STAGNANT WATER - NOT MEASURED
10/23/2019 STAGNANT WATER - NOT MEASURED
8/26/2020 STAGNANT WATER - NOT MEASURED
10/19/2021 STAGNANT WATER - NOT MEASURED
9/4/2012 391.0 6.8 106.5 15.7 200.7
8/15/2013 356.0 7.0 12.0 14.9 NM
8/21/2014 329.0 7.7 200.9 16.3 579.0
8/12/2015 420.8 6.8 279.5 14.7 275.4
. 8/25/2016 284.6 7.1 25.5 14.1 2334
Chavez01 Rancho Escondido -104.9265768 37.15615866 97612017 3836 75 610 1615 49,2
8/20/2018 711.0 8.8 -83 18.34 494.3
10/23/2019 216.8 8.5 -89.3 9.8 197.3
8/26/2020 3314 8.7 -76.8 17.2 253.8
10/19/2021 330.0 7.3 90.7 11.84 213.7
9/4/2012 414.0 6.5 105.5 16.0 207.7
8/15/2013 417.0 6.9 NM 14.1 NM
8/21/2014 399.3 7.5 169.7 14.4 260.2
8/12/2015 550.6 7.1 323.4 14.1 361.2
8/25/2016 381.4 7.6 44.8 17.5 291.7
Chavez02 Rancho Escondido -104.922814480 37.152863914 9/6/2017 554.9 7.04 544 16.1 358.8
8/20/2018 390.0 8.67 -82.9 18.9 245.6
10/23/2019 368.8 8.09 -90.6 12.8 309.4
8/26/2020 3458 8.44 -79.8 16.5 269.2
10/19/2021 400.0 6.57 83.8 12.7 261.2
9/4/2012 1,864.0 7.0 104.7 14.1 921.9
8/15/2013 1,464.0 7.3 47.3 14.7 NM
8/21/2014 1,922.9 7.6 -40.1 16.3 1,255.3
8/12/2015 STAGNANT WATER - NOT MEASURED
8/25/2016 DRY - NOT MEASURED
Chavez03 Rancho Escondido -104.916708750 37.156096546 9/6/2017 STAGNANT WATER- NOT MEASURED
8/20/2018 STAGNANT WATER- NOT MEASURED
10/23/2019 STAGNANT WATER- NOT MEASURED
8/26/2020 STAGNANT WATER - NOT MEASURED
10/19/2021 STAGNANT WATER - NOT MEASURED
8/21/2014 STAGNANT WATER - NOT MEASURED
8/13/2015 STAGNANT WATER - NOT MEASURED
8/25/2016 STAGNANT WATER - NOT MEASURED
Spring03 - Quiet . 9/6/2017 NO ACCESS GRANTED - NOT MEASURED
° SgpringQ Rancho Escondido -104.915474 87174474 8/20/2018 NO ACCESS GRANTED - NOT MEASURED
10/23/2019 NO ACCESS GRANTED - NOT MEASURED
8/26/2020 NOT MEASURED
10/19/2021 NOT MEASURED
Notes:
°C - degrees Celsius
mg/I - milligrams per liter
mV - millivolts
NM - Not Measured
ORP - oxidation reduction potential
TDS - total dissolved solids
pS/cm - microSiemens per centimeter
Page 1 of 1
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TABLE 4

NATURAL SPRING ANALYTICAL RESULTS
2021 COLORADO RULE 608 COMPLIANCE REPORT
RATON BASIN, LAS ANIMAS COUNTY, COLORADO

N . . . Sodium N Specific . . . . . . . . . . .
: : Calcium Magnesium Sodium Potassium " Methane Iron : Carbonate Bicarbonate TDS s Sulfate Chloride Bromide Fluoride Hydrogen Sulfilde Nitrogen as Nitrogen as Iron Reducing Slime Formin Sulfate Reducing Bacteria
Natural Spring Location Sample Date (man) (mol) (o) (mgny | Manganese (mofh Sefenium (o) gy (mgny | Adsorption (o) (ma) (o) it pH (o) (ma/) (ma/) e I Nitrate (mg/) | Nitrite (moh) | Bacteria(fuim) | Bacteia (cuim) (tum
8/13/2010 34 0.65 97.7 141 0.0210 <0.00080 0.10900 159 114 <5.0 205 280 364 10.13 29 33 <0.20 0.74 <0.50 <0.23 <0.061 500 >350,000 700,000
8/15/2011 2.2 0.52 136.0 1.64 0.1260 <0.00080 0.277 3.660 22.2 <5.0 332 420 428 8.16 2.7 37 <0.20 1.40 NA <0.045 <0.011 9,000 350,000 700,000
9/4/2012 DRY - NOT SAMPLED
8/15/2013 DRY - NOT SAMPLED
8/21/2014 14 [ 0.35 [ 129.0 [ <1.0 [ 0.0063 [ <0.00080 | 1.00 [ <0010 ] 25.0 [ <5.0 [ 251 [ 338 [ 406 [ NA [ 35 [ 3.7 [ <0050 [ 100 | 0.5 | <0.010 [ <00040 | <25 [ <500 [ <200
. North Fork Apache 8/13/2015 18 | 0.47 | 128.0 [ [ 0.0111 | <oo00080 | 109000 | 00212 | 20.1 | 10.9 | 227 | 304 [ 402 | 8.64 | 74 | 3.9 [ <0050 [ 097 | <0.50 | <0.020 | <00080 | <25 | <500 | <200
Spring01 Canyon 8/25/2016 STAGNANT WATER - NOT SAMPLED
9/6/2017 STAGNANT WATER - NOT SAMPLED
8/20/2018 STAGNANT WATER - NOT SAMPLED
10/23/2019 STAGNANT WATER- NOT SAMPLED
8/26/2020 STAGNANT WATER - NOT SAMPLED
10/19/2021 STAGNANT WATER - NOT SAMPLED
9/4/2012 445 8.12 20.4 <1.0 <0.0050 <0.0020 0.0012 <0.070 0.738 <5.0 157 194 323 7.28 19.3 34 <0.050 0.27 0.0 0.011 <0.0040 74,500 350,000 359,000
8/15/2013 50.2 8.59 20.8 1.07 NA <0.0020 NA <0.070 0.755 <5.0 171 224 358 74 287 58 <0.050 0.27 NA 0.012 <0.0040 74,500 66,500 1,200
8/21/2014 49.8 8.92 15.0 1.23 <0.0050 <0.00080 0.0035 <0.010 0.490 <5.0 141 210 278 NA 216 5.1 <0.050 0.23 0.0 <0.010 <0.0040 9,000 66,500 700
8/12/2015 53.6 9.92 154 <1.0 <0.0050 <0.00080 0.00250 0.0147 0.507 <5.0 139 220 285 7.19 275 15.7 <0.050 0.23 <0.50 <0.010 <0.0040 74,500 350,000 <200
Chavezol Rancho 8/25/2016 417 8.09 134 <1.0 8.090 0.0011 0.0022 <0.010 0519 <5.0 141 200 291 7.13 24.6 6.7 <0.050 0.21 0.0 <0.050 <0.0054 74,500 66,500 1,200
9/6/2017 50.0 9.42 15.0 <1.0 0.0023 <0.00080 0.00260 <0.010 0510 <5.0 137 202 325 7.80 25.1 8.8 <0.050 0.22 0.0 <0.010 <0.0040 74,500 350,000 5,000
8/20/2018 434 8.07 12.1 <1.0 0.003 <0.00080 0.00049 <0.010 0.442 <5.0 131 188 287 7.97 26.1 33 <0.050 0.25 NA 0.024 0.024 35,000 440,000 6,000
10/23/2019 479 8.35 115 <1.0 <0.002 <0.00080 0.0038 <0.01 0.403 <5.0 129 183 299 7.49 249 43 <0.050 0.23 NA 0.015 <0.0040 2,200 440,000 27,000
8/26/2020 37.6 6.79 9.68 <1.0 0.0025 <0.0008 <0.00080 <0.01 0.422 <5.0 115 166 289 7.89 225 2 <0.050 0.21 NA 0.027 <0.0040 35,000 440,000 27,000
10/19/2021 NA NA NA NA NA NA 0.0037 NA NA <5.0 125 181 335 7.32 29.1 32 <0.050 0.24 NA 0.033 <0.0040 NA NA NA
9/4/2012 49.3 9.56 18.2 143 <0.0050 <0.0020 0.00030 <0.070 0.621 <5.0 163 206 330 7.17 203 4.0 <0.050 0.30 0.0 0.088 <0.0040 74,500 350,000 359,000
8/15/2013 59.7 11.00 20.2 151 0.0055 <0.0020 NA <0.070 0.670 <5.0 201 264 428 7.28 313 8.1 <0.050 0.29 NA 1.800 1.800 75,500 12,500 5,000
8/21/2014 57.7 11.20 15.9 177 <0.0050 <0.00080 0.00054 0.264 0.489 <5.0 167 242 318 NA 24.0 58 <0.050 0.29 0.0 0.400 <0.0040 9,000 <500 5,000
8/12/2015 717 13.30 14.9 161 <0.0020 <0.00080 <0.00080 0.0473 0472 <5.0 196 291 405 7.45 29.8 145 <0.050 0.27 <0.50 0.940 0.940 74,500 350,000 5,000
Chavez02 Rancho Escondido 8/25/2016 56.6 11.80 13.2 154 <0.0050 <0.00080 <0.00080 0.0329 0.447 <5.0 195 262 382 7.26 26.7 96 <0.050 0.25 0.0 0.42 0.42 74,500 66,500 18,000
9/6/2017 73.0 14.4 16.8 1.620 0.0041 <0.00080 0.00052 0.022 0.470 <5.0 223 290 471 751 275 95 <0.050 0.27 0.0 0.16 <0.0040 74,500 350,000 700
8/20/2018 46.0 9.11 125 1.380 0.0023 <0.00080 <0.00080 0.013 0.440 <5.0 143 208 310 8.10 28.1 4.1 <0.050 0.27 NA 0.17 0.17 35,000 440,000 6,000
10/23/2019 721 13.30 12.8 1560 0.0051 <0.00080 0.00097 0.036 0.363 <5.0 191 246 394 7.26 239 4.6 <0.050 0.26 NA 0.062 <0.0040 9,000 440,000 115,000
8/26/2020 49.2 9.20 10.9 1.360 0.0056 <0.00080 <0.00080 0.077 0.367 <5.0 165 222 346 7.99 252 24 <0.050 0.22 NA 0.120 <0.0040 35,000 1,750,000 27,000
10/19/2021 NA NA NA NA NA NA 0.00098 NA NA <5.0 153 211 398 7.33 278 3.9 <0.050 0.28 NA 0.099 <0.0040 NA NA NA
9/4/2012 117.0 43.20 20.8 6.25 <0.0050 <0.0020 0.0119 0.235 417 <5.0 495 990 160 7.44 63.7 254.0 2.0 0.35 0.0 0.083 0.024 74,500 66,500 359,000
8/15/2013 113.0 48.20 223 550 <0.0050 <0.0020 NA 0.200 391 <5.0 536 1,090 1,850 7.38 474 324.0 26 0.72 NA 0.260 0.260 9,000 350,000 359,000
8/21/2014 117.0 53.30 241.0 5.81 0.3730 <0.00080 0.0285 0.122 4.22 <5.0 539 1,160 1,660 NA 425 342.0 2.7 <0.50 0.0 0.063 <0.020 2,300 66,500 359,000
8/12/2015 STAGNANT WATER - NOT SAMPLED
_ 8/25/2016 DRY - NOT SAMPLED
Chavez03 Rancho Escondido 9/6/2017 STAGNANT WATER - NOT SAMPLED
8/20/2018 STAGNANT WATER - NOT SAMPLED
10/23/2019 STAGNANT WATER- NOT SAMPLED
8/26/2020 STAGNANT WATER - NOT SAMPLED
10/19/2021 STAGNANT WATER - NOT SAMPLED
8/21/2014 STAGNANT WATER - NOT SAMPLED
8/12/2015 STAGNANT WATER - NOT SAMPLED
8/25/2016 STAGNANT WATER - NOT SAMPLED
Spring03 - Quiet Spring |  Rancho Escondido 9/6/2017 NO ACCESS GRANTED - NOT SAMPLED
8/20/2018 NO ACCESS GRANTED - NOT SAMPLED
10/23/2019 NO ACCESS GRANTED - NOT SAMPLED
8/26/2020 NOT SAMPLED
10/19/2021 NOT SAMPLED
Notes:
< - less than the laboratory reporting limit
> - greater than
cfu/ml - coliform units per milliliter
mg/I - milligrams per liter
NA - not analyzed
TDS - total dissolved solids
umhos/cm - microhms per centimeter
Page 1 of 1
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METHANE SEEP AREA
32 & L-1049 (FIGURE 5)
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Na+K Cl
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LEGEND
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Cl: CHLORIDE
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Mg: MAGNESIUM STIFF DIAGRAMS
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WEST Systems portable soil flux meter

for Carbon dioxide, Methane and Hydrogen sulfide fluxes

The WEST Systems Fluxmeter is a portable instrument for the measurement of soil
gas diffuse degassing phenomena that uses the accumuiation chamber method.

Bluetooth ®
wireless connection

This method studied for soil respiration in agronomy (Parkinson) and for soil degassing in volcanic
areas (R. Cioni et al.), has been designed by WEST Systems to obtain a portable instrument that
allows the performance of measurements with very good accuracy in a short time. The instrument
allows a wide range evaluation of the amount of soil gas flux and can be utilized for the evaluation of
biogas degassing (landfills), for the survey of non visible degassing phenomena in volcanic and
geothermal areas as well as soil respiration rate in agronomy. In the picture below, the results of the
degassing survey of a landfill.

i@westsystems.com

Portabie fluxmeter Methane flux contour linees
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a group of researchers during a flux mapping fieldwork, using the WS-LI820 flux meter
Courtesy of United States Geological Survey

WEST




Portable soil flux meter

Common physical characteristics:
Total Weight = 8.3 Kg/16 Ibs. to be carried on the back using the backpack-like support vest. The field
operator will also have to carry one of the accumulation chambers and the palmtop:

Warm Up

Only atinstrument cold start-up a warm-up time of 20 minutes is required. The typical measurement time
ranges from 2 to 4 minutes and the autonomy of the instrument is about 4 hours with a single NiMH 14.4
Volts, 2.6 A/h battery. The instrument comes with two interchangeable batteries.

Accumulation Chamber specifications:
eAccumulation chamberA diameter : 200 mm / Height: 100 mm /weight: 1.5 Kg/3.3Ibs
eAccumulation chamberB diameter : 200 mm / Height: 200mm / weight : 2.2 Kg /4.84 Ibs

Paim top computer: PocketPC Color Display based on Windows Mobile operating system.
ePalmTop with cables, 0.3 Kg/0.7 Ibs.
eSize 125mm (4.8") x 82mm (3.2”) * 25 mm (1”).

Software The instrument is supplied with a custom software, FluxManager, which allows recording and
visualization of the increase in concentration of the target gas in the accumulation chamber, and then the
flux calculations. The obtained measurements can be saved on the palmtop computer and then
transferred to a desktop PC with a USB connection or using a SD card.

The instrument is supplied complete with:

ebackpack-like support vest

eCarrying case for transport and storage

o2 batteries NiMH 14.4 Volts 2.6 A/h and 1 NiMH battery charger Accumulation chamber A and B
ePalmtop Pocket PC

eUser Manual, in English

eoFLUX Manager Software for Windows Mobile, in English

The standard flux meter configuration is supplied with a single gas detector, normally the carbon dioxide
detector. The fluxmeter can host two sensors by the way special releases, based on specific customer
request, it can be supplied with a maximum of 3 sensors.

Finally we improved the connection between the instrument and the palmtop that now is based on
BlueTooth wireless embedded device.

100000
+ &

il s Meaaured FLUX
= Error %

i@wesisystems.com

westsystems.com

The measured carbon dioxide flux vs imposed flux
(grams m* day™ );
The error % vs imposed flux (in blue).

" The instrument is extremely versatile and allows measurement of flux
;| in 2/4 minutes. In the picture: Soil bio-gas flux monitoring in a landifil.

The accumulation chambers

In the normal use of instrument only the chamber B is used. To extend
the instrument sensitivity to very low fluxes the accumulation
chamber A is supplied.
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LI820 based Carbon dioxide fluxmeter

The CO, Fluxmeter is equipped with the LICOR LI-820 the most
accurate and reliable portable carbon dioxide detector. The LI-820 is
a double beam infrared sensor compensated for temperature
variation in the range from -10 to 45°C and for atmospheric pressure
variation in the range 660-1060 HPa. Accuracy 2% repeatability
+5ppm. The full scale range can be set to 1000, 2000, 5000 or 20000
ppmV of carbon dioxide. The characteristics of precision refer to the
sensor set to a full scale range of 20000 ppmV. If a very high
sensitivity is required, the detector can be set to 1000 or 2000 ppm
full scale value to measure with very high precision fluxes in the
range from 0 to 10 moles m? day™

CO, FLUXMeasurementrange:
from 0 up 600 moles m™ day™
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The accuracy depends on the measured flux:
0to 0.5 moles m*day™ 25% (Acc.ch.A)

0.5 to1molesm?day’  15% (Acc.ch.AorB)
1to 150 molesm?day®  10% (Acc.ch.B)
150 to 300 moles m? day® 10% (Acc.ch.B)

300 to 600 moles m™*day™ 20% (Acc.ch.B)

WS-DRAGER: CO, Flux measurement:

A double beam infrared sensor compensated for temperature
variation in the range from -20 to 65°C. Accuracy 3%. The full scale
value can be set from 2,000 to 300,000 ppm of carbon dioxide.
Carbon Dioxide flux measurement range from 0.5 to 1500 moles/m?
perday.

The precision depends on the measured flux:
range:0.5 - 5 moles/m’ per day 25% (Acc. chamber A)
5-350 moles/m’/day 10% (Acc. chamber B)
350-600 moles/ m’/day 25% (Acc. chamber B)
600-1500 moles/ m*/day 25% (Acc.Ch.B/ F.S.=10%)

WS-DRAGER CO,

Methane fluxmeter

The methane sensor is an IR spectrometer. The full-scale range is
50000ppm, accuracy of 5% of reading, and repeatability is 2% of
span. Detection limit 60 ppm, resolution 22 ppm. The detector was
designed to measure the not controlled emissions of landfill, but it
can be used to detect methane emission from coal or wherever the
0.2 moles/m’/day detection limit is acceptable.

Methane Flux measurement range

from 0.2 up 300 moles m*day™

The fluxmeter is provided with 2 accumulation chambers and the
accuracy depends on the measured flux:

0.2to 10 molesm™day®  25% (Acc.Ch.A)

10 to 150 molesm?day® 15% (Acc.Ch.A)

150to 300 molesm™*day® 20% (Acc.Ch.B)

vestsystems.com
@vwestsysiems.com

Hydrogen sulfide

The hydrogen sulphide detector is a electrochemical cell with the
following specifications:

The full-scale range is 20ppm, with a precision of 3% of reading, and
the repeatability is 1.5% of span with a zero offset of 0.3%.

H,S Flux measurement range: from 0.0025 to 0.5 moles/m~2 per
day.

The precision depends on the measured flux:

0.0025 - 0.05 moles/m~ 2 per day +25% (Acc. Chamber A)
0.05-0.5 moles/m~2 per day +10% (Acc. Chamber B)

Phone +39 0587 294216
Fax +39 0587 296068
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NOTE: The hydrogen sulphide flux evaluation can be affected by
the presence of large quantities of water in both liquid and vapour
phases.

Systems

WEST

We thanks to N.Lima et al. for the maps.
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WEST

Application on a landfill: mapping the biogas non controlled
emissions.

The figure shows the compare between the results of the measurement regime of a
land/fill undertaken in 1998 and 2001: the mapping performed in 1998 gave clear
indications of the areas which required intervention to improve the cover and the capture
system.

The interventions were performed only where necessary with a significant economic
savings.

The measurement regime of 2001 indicates without any doubt that the intervensions
were efficient and state-of-the-art.

Results 1998 Results 2001

Resuila 2001

The obtained results:

. Minor atmospheric emissions;
. Higher quantity and better quality of biogas for cogeneration;
. Optimisation of management costs.

Continuous soil flux monitoring

WEST Systems  produces a soil gas station for the continuous monitoring of carbon
dioxide and hydrogen sulfide flux, soil temperature , soil water content, soil pressure
gradient, soil heat flux and meteorological parameters.

For more information contact your local representative, visit our web site or e-mail to:
g.virgili@westsystems.com

Local sales representative 1,

West Systems Srl

Via Molise 3 - Zona Ind. Gello - 56025 Pontedera (PI) Italy
Phone +39 0587 294216  www.westsystems.com (or .it)
Fax +39 0587 296068 g.virgili@westsystems.com (or .it)

. SHOKO CO., LTD.
7-13,1-chome, Shibakoen, Minato-ku Tokyo

105-8432, Japan
TEL : 03-3459-5106 FAX : 03-3459-5081

WEB SITE http://www.shoko.co.jp
e-mail s-isotope@shoko.co.jp




Hydrogen Sulfide Detector
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Power supply in g
& -
Inlet Outlet RS485 Output £
(0]
.LL;J)
>
2
Pin Signal o
1 Gnd %
2 +VDC Legenda S
3 Gnd Gnd: Ground reference for power supply and RS485 =
4 RS485-B +VDC: 10-28 Volts Power supply input
5 RS485-A RS485-A: Digital signal output A
6 Gnd RS485-B: Digital signal output B
7 +12V
8 Gnd
9 RS485-B

Sensor specifications

Ambient conditions:

Airtemperature -40°C to 65 °C

Air pressure 700 hPa to 1300 hPa

Air RH 5% - 95% non condensating.
Expected sensor life > 24 months.
Chemical cell order code: WEST H2S-BH
Detector order code: WEST TOX-05-H2S-BH
Factory calibration : 20 ppm

RMS Noise <= 0.02 ppm

Zero Offset <= 0.2 ppm

Max Overrange >= 200 ppm
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The chemical cell reactionis:

H,S + 20, = H,S0,

the gas sample specific consuption is very low:

2.5 x 10" moles/Sec per ppm

Due to this consuption the H2S flux is methodically
understimated by a -10% with the AccumulationChamber A
and by a -5% when using the accumulation chamber B.
Then we advise to use the accumulation chamber B except
when the flux is very very low.

WEST Systems




Appendix M

WS-HC detector

WS-HC Hydrocarbon Fiux measurement:

The HydroCarbon detector is based on a double beam infrared
spectrometer able to detect methane, hexane , propane and other
molecules with HC linkages. The instrument comes calibrated for the
methane. The instrument requires a frequent zero base-line
calibration that will be done using atmospheric air. The calibration requires
20 second.

Detector specifications:

Accuracy 5%

Repeatibility 2%

Resolution 22 ppm (Methane equivalent)
Full scale range is 50000 ppm of methane.
Detection limit 60 ppm.

Methane flux measurement range from 0.1 to 150 moles/m~ 2 per day.
The precision depends on the measured flux:

E
o
9
%2
£
9]
et
(%]
>
w0y
e
n
]
2
2
2
2

range 0.1 § moles/ m"2 per day 125%
5 - 150 moles/ m"2 per day t10%

The measurement of very low fluxes (< 0.1 moles/m~2/day ) is possible
but the error will increase due to the low detector sensitivity.

WS-HC Detector
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RS485 Connector DB9 Male panel @ 8
S W
Pinl1 Gnd s g
Pin 2 +Power supply
Pin3 Gnd

Pin4 RS485 B

Pin5 RS485 A

Pin6é Gnd

Pin 7 <+Power supply
Pin8 Gnd

Pin9 RS485 8B

The gas fittings can be used with rilsan 6x4 mm tubes or silicon
5x3.2 tubes. Please respect inlet and outlet ports.

WEST Systems




LI-820 Specifications

CO; Specifications
Measurement Range: 0-1000 ppm, 0-2000 ppm with 14 cm bench; 0-5000 ppm, 0-20000 ppm with 5 cm bench
Accuracy: < 2.5% of reading with 14 cm bench; 4% of reading with 5 cm bench
Calibration Drift
1Zero Drift: <0.15 ppm/°C
“Span Drift at 370 ppm: <0.03% /°C
*Total Drift at 370 ppm: <0.4 ppm/°C

RMS Noise at 370 ppm with 1 sec Signal Fiitering: < 1 ppm

1 Zero drift is the change with temperature at 0 concentration
2 Span drift is the change after re-zerolng foiiowing a temperature change
* Total drift Is the change with temperature without re<zeroing or re-spanning

Measurement Principle: Non-Dispersive infrared

Traceability: Traceable gases to WMO standards from 0-3000 ppm. Traceabie gases to EPA protocol gases
from 3000 to 20000 ppm

Pressure Compensation Range: 15 kPa-115 kPa
Maximum Gas Flow Rate: 1 liter/minute

Output Signals: Two Analog Voltage (0-2.5 V or 0-5 V) and Two Current (4-20 mA)
Digital: TTL (0-5 V) or Open Collector

DAC Resolution: 14-bits across user-specified range

Source Life: 18000 hours

Power Requirements: input Voltage 12-30 VDC
1.2A @ 12V (14 W) maximum during warm-up with heaters on
0.3 A @ 12V (3.6 W) average after warm-up with heaters on

Supply Operating Range: 12-30 VDC

Operating Temperature Range: -20 to 45 °C

Relative Humidity Range: 0 fo 95% RH, Non-Condensing

Dimensions: 8.75" x 6" x 3" (22.23 x 15.25 x 7.62 cm)

Weight: 2.2 Ibs (1 kg)



Quantifying the flux

How explained in the chapter 3 the flux is proportional to the concentration increase ratio
ppm/sec. The proportionality factor depends on the chamber volume/surface ratio as
well as the barometric pressure and the air temperature inside the accumulation
chamber.
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There are two methods to carry out the field work, in both cases for each measurement
you have to record the type of accumulation chamber used, the barometric pressure, and
the airtemperature.

The variation of few mBar of the pressure and or few degrees of temperature do not
affect the evaluation of flux very much, then you can use a mean value for both
parameters. Of course that depends on the accuracy you want to reach for the evaluation
of flux.

The instrument measures the barometric pressure, using the embedded pressure sensor
of the LICOR, with a good accuracy. A platinum Pt100 or a thermo-couple thermometer
can be used to measure the air temperature as well as the soil temperature.

Choosing the flux measurement unit

The first measurements made, 10 years ago, with the accumulation chamber was
expressed in cm/sec which is a speed, the speed of carbon dioxide flowing out from the
soil. During the last ten years several units have been used by volcanologist and by
geochemistry researchers. The most common unit is grams/squaremeter per day, but
using the same instrument for two gas species to express the flux using this unit means
to have two different conversion factors. Actually we use the unit moles/squaremeter
per day that has two advantages: Asingle conversion factor for every gas specie and an
easy conversion of the flux in grams/sm per day simply multiplying the result expressed
in moles/sm per day for the molecular weight of the target gas.
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From the [tools][settings] menu you can set the accumulation
chamber factorin the "A.c.K." field.

If this factor is set to 1 the instrument will give you results
expressed in ppm/sec, that's simply the slope of the curve in the
selected interval.

If youset the A.c.Kto a value different from 1 the instrument will
give you the results expressed in moles per square meter per day.

Please see next page.



Quantifying the flux

Method 1: Measuring the slope

Set the Accumulation Chamber factor to 1 in order to have the flux measurement
expressed in the slope unit "ppm/sec” and translate it in the desired unit with a post
processing.

Using this method you can focus only on the accumulation chamber interfacing with the
soil,  the flux curve shape and the other aspects of the measurement, putting off
choosing the correct accumuiation chamber factor.

Method 2: Measuring the flux directly in moles/sm/day.

To get the results directly in moles/sm/day you have to set the Accumulation Chamber
factor to the correct value, taking it from the tables.

For each measurement, if there are variations in the air temperature, or of the
barometric pressure, or if you changed the accumulation chamber you have to select the
[tools][settings] menu and put the correct accumulation chamber factor in the "A.c.K."
field. This operation can be "critical". In any case on the saved files you'll find the results
of flux evaluation expressed in both units , the raw ppm/sec and the moles/sm/day
computed with the A.c.K. you set.
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The accumulation chamber factors

Here following the formula used to compute the A.c.K.:

86400-P
10°-R-T, A

K=

o
85
g S Where
T > . P is the barometric pressure expressed in mBar (HPa)
Sillo . Ris the gas constant 0.08314510 bar LK™ mol™*
9 = ° T, is the air temperature expressed in Kelvin degree
?5) . Vis the chamber net volume in cubic meters
i ° A is the chamber inlet net area in square meters.
3

The dimensions of the A.c.K. are

K= moles: meter - day-1
ppm- sec™

In the table the conversion factors vs temperaure and barometric pressure for the
Accumulation Chamber Type Aand B are reported.

An example:

=il You're using the accumulation chamber B, the slope of the flux curve is 2.5 ppm/sec, the
B barometric pressure is 1008 mBar (HPa) and the air temperature is 22 °C. '
gt . From the table B get the value that correspond to the barometric pressure and
| temperature. In this case I get the value computed for 25°C and 1013 mBar : 0.696.

Then the fluxis: 2.5 x 0.696= 1.74 moles per square meter per day.



Gasport® Gas Tester

The Gasport Gas Tester is designed for gas utility workers to detect
methane and certain toxic gases. It is a reliable, simple, versatile
tool to help your service technicians get the job done quickly! With
multiple ranges and sensing capabilities built into one rugged
housing, the Gasport Tester simplifies your work by reducing the
number of meters you have to carry on the job.

Applications

The Gasport Tester’s poison-
tolerant methane sensor
provides three measurement
ranges for your daily service
needs:

B Open air, safety sampling
8 Small, in-home leak
detection

B Street/outdoor service line
leak detection

Specifications

Features and Benefits

B Proven in field use-rugged and reliable e Eeles Resolution
Less costly to maintain, less time in repair Methane 0-5000 ppm 50 ppm

B Multiple functions in one instrument Methane 0-100% LEL or 1% LEL or
No need to buy, carry & maintain multiple instruments 0-5% CHa 0.1% CHa

B New, poison-tolerant comb'ustible gas sensor Methane 5-100% CH4 1% CHa
Reduces meter ?wnershlp cctsts Oxygen 0-25% 01%

B User-selectable, “silent” operation mode
Reduces customer disturbances and worries Carbon Monoxide 0-1000 ppm 1ppm

B Fast warm up time Hydrogen Sulfide 0-100 ppm 1lppm
Fastest warm up time in industry saves time

B Can monitor up to four gases at a time Battery types: NiCd and Alkaline

Case material:

Fewer instruments to carry

Impact resistant, stainless-steel-fiber-

B Show all gas concentrations simultaneously filled polycarbonate
Eliminates guesswork on what reading is displayed Operating temperature: normal -10 to 40°C;
B Autoranging methane sensor extended -20 to 50°C
Automatically switches between 0-5% and 5-100% Operating humidity: Continuous: 15-95% RH,
methane ranges non-condensing
B Gas readings recorded for later retrieval . el
Can double check readings after job is done Int:rcm:lt;ent :uty. 5-95% RH,
@ Simple manual or automated calibration options . non condensing . .
Reduces training time and helps ensure accuracy Warm up time: Less than 20 seconds to initial readings
B Intrinsically safe Datalog capacity: 12 hours
Meets safety standards for work in hazardous areas Input: 3 clearly marked, metal domed keys
B Lifetime warranty on case and electronics Warranty: Case and Electronics: Lifetime

Reduced maintenance and lifetime costs

Sensors and consumable parts: 1 year

The answer for gas utilities’ gas detection needs

Gasport® Gas Tester




Ordering Information

Battery Chargers Sampling Equipment
Part No.  Description Part No.  Description
494716  Omega 120 VAC 50/60Hz 800332  Probe - 1ft., plastic
495965 Omega 220 VAC 50/60Hz 800333  Probe - 3 ft., plastic
801759 Omega no/220 VAC, Five Unit,50/60Hz 803561 Probe - 3 ft., plastic (holes 2" from
800525 Omega 8 - 24VDC for vehicle use end) (bar hole probe)
803962  Probe - 3 ft., plastic (holes 2” from
Battery Packs handle) (solid probe)
Part No.  Description 803848  Probe - Hot Gas Sampler
496990  Standard NiCd Rechargeable 710465  Sampling Line - 5 ft., coiled
800526  Alkaline, Type C 497333  Sampling Line - 10 ft.
711041  Alkaline, with Thumbscrews 497334  Sampling Line - 15 ft.
800527  Heavy Duty NiCd Rechargeable 497335  Sampling Line - 25 ft.
Sensors Sampling Accessories
Part No.  Description Part No.  Description
813693 Combustible Gas 801582  Replacement Filter, Probe, pkg. of 10
480566 02 801291  External Filter Holder
812389 CO 014318 Charcoal Filter
812390 Ha2S 711039  Line Scrubber Filter Holder
711059  Line Scrubber Replacement
Protective Boots Cartridges, Box of 12
Part No.  Description 808935  Dust Filter, Pump Module
804955  Black, for NiCd Battery Packs 802897  Water Trap (Teflon) Filter, Pump
802806  Orange, for NiCd Battery Packs Module
806751  Black, for Alkaline Battery Packs
806750  Orange, for Alkaline Battery Packs
806749  Black, for HD NiCd Battery Packs
806748  Orange, for HD NiCd Battery Packs
812833  VYellow Soft Carrying Case with Harness
711022  Black padded Vinyl Carrying Case with

Harness

Approvals Gasport Gas Tester Kits
<

The Gasport Gas Tester has been
designed to meet intrinsic safety testing
requirements in certain hazardous
atmospheres.

The Gasport Gas Tester is approved by
MET (an OSHA Nationally Recognized
Testing Laboratory [NRTL]) for use in
Class I, Division |, Groups A, B, C, D; Class
Il, Division 1, Groups E, F, G; and Class il
Hazardous locations. Gaspor tGas
Testers sold in Canada are approved by
CSA for use in Class |, Division I, Groups
A, B, C,and D locations.

Contact MSA at 1-800-MSA-2222 for
more information or with questions
regarding the status of approvals.

Note: This Data Sheet contains only a general
description of the products shown. While uses and
performance capabitties are described, under no cir-
cumstances shall the products be used by untrained

or unqualified individuals and not until the

Calibration Check Equipment

Part No.
477149

491041

473180

813718

813720

710288

Accessories

Part No.
804679

Description

Calibration Kit Model
RP with 0.25 Ipm
Regulator

Calibration Gas -
methane, 2.5%
Calibration Gas - 300
ppm CO

Calibration Gas -
methane, 2.5% oxygen,
15%60 ppm CO
Calibration Gas -
methane, 2.5% oxygen,
15%300 ppm CO 10
ppm H2S

Gasmiser™ Demand
Regulator 0 - 3.0 Ipm

Description

Data Docking Module
Kit. Includes the Data
Docking Module, MSA
Link Software and
Instruction Manual

Part No.

4-Gas, Selectable, NiCd . . o | » . . . . . . 711489
4-Gas, Selectable, Alkaline . . o | o . o | o . o | . 711490
3-Gas, Selectable, NiCd . . . . o | o . o | o 711493
3-Gas, Selectable, Alkaline . . . . o | e . 3 S 711494
2-Gas, Selectable, NiCd . . . o | . o | . 711495
2-Gas, Selectable, Alkaline . . . . . . o | o 711496
4-Gas, Alarms On, NiCd . . o | o N . . . . . 711491
4-Gas, Alarms On, Alkaline . . e | o . o | o o o | 711492

Assemble-to-Order (ATO) System: You Make the Choices

The ATO System makes it easy to‘custom order” the Gasport Gas Tester, configured exactly the way you want it. You can choose
from an extensive line of base instrument components and accessories. To obtain a copy of the "ATO System and Price
Information for the Gasport Gas Tester,” call toll-free 1-800-MSA-2222, and request Bulletin 0804-28. To obtain a copy of the ATO
via FAX, call MSA QuickLit information Service at 1-800-672-9010. At the prompt, request QuickLit Document #2345 (ATO for

Gasport Gas Tester).

Corporate Headquarters
PO. Box 426

Pittsburgh, PA 15230 USA
Phone (412) 967-3000

product  www.MSAnet.com

instructions including any warnings or cautions pro-

vided have been thoroughly read and
understood. Only they contain the
complete and detailed information
concerning proper use and care of
these products.

ID 08-04-27-MC / May 2000
© MSA 2000 Printed in US.A

1-800-MSA-2222

MSA International
Phone (412) 967-3354
FAX (412) 967-3451

U.S. Customer Service Center

Offices and representatives worldwide

For further information:
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QRAE Il User Guide

1.2 Specifications

Configuration
Dimensions:

Weight:

Detectors:

Battery:

Operating Time:
Display:

Keypad:
Direct Readout:

Sampling Method:

Range, Resolution
& Response Time:

Alarm Settings:
Alarms:

Calibration:

Protection:
Intrinsic Safety:

EM Immunity:
Data Storage:

Datalog Interval:
Alarm Settings:
Communication:

Temperature:
Humidity:

Caution:

QRAE Il Specifications

Pumped or diffusion 4-gas with datalogging

Diffusion: 5" L x 2.8" W x 1.5" H (125mm x 72mm x 38mm)
Pump: 5" L x 2.8" W x 1.5" H (125mm x 72mm x 38mm)
Diffusion: 9 oz (2509)

Pump: 12 oz (350 g) with battery

2 Electrochemical toxic gases sensors

1 Solid Polymer Electrolyte oxygen sensor

1 Catalytic sensor for combustible level organics

Rechargeable 3.7V Li-ion battery pack (6-hour charge time) or a 3 AA
alkaline battery adapter.

Up to 10 hours continuous w/ Li-ion battery pack

4-line graphical LCD with automatic LED backlight for dim lighting
conditions

2 programming/operation keys

Up to 4 simultaneous values with sensor name, battery charge, high and low
values for all sensors, elapsed time, and datalogging on/off state

Diffusion or pumped (depending on model)

LEL  0-100% 1% 15 sec
0O, 0-30% 0.1% 20 sec
(6{0) 0-1000 ppm 1 ppm 25 sec
H,S 0-100 ppm 0.1 ppm 30sec

Separate limits for TWA, STEL, High, Low

>95 dB @ 30 cm buzzer, flashing red LEDs, vibration alarm, LCD to
indicate exceeded preset limits, low battery, or sensor failure

Two-point field calibration for fresh air and standard reference gas

Password protected calibration settings, alarm limits, and data

CSA Class |, Division 1, Group A, B, C, D, T4 (US & Canada), SIRA
ATEX Il 2G Exiad Il C T4 Gb (Europe), IECEx Exdia ll C T4 Gb

No effect when exposed to 0.43mW/cm? RF interference (5-watt transmitter
at 12"/10cm).

64,000 readings (64 hours, 4 channels at 1 minute interval) in non-volatile
memory.

Programmable 1- to 3,600-second intervals

Separate alarm limit settings for TWA, STEL, Low and High alarm.
Download data to PC and upload monitor setup from PC through an RS-232
link to PC serial port

-20°Ct0 50° C (-4° Fto 122° F)

0% to 95% relative humidity (non-condensing)

Refer to RAE Systems Technical Note TN-114 for sensor cross-sensitivities.
Refer to RAE Systems Technical Note TN-144 for LEL sensor poisoning.
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The total GPS
platform for all
your GIS field
requirements

The GeoXT™ handheld, from the GeoExplorer®
series, is an essential tool for maintaining your
GIS. It's alf you need to collect location data, keep
existing GIS information up to date, and even
mobilize your GIS.

The unique GeoExplorer series combines a Timble®
GPS receiver with a rugged field-ready handheld
computer running the Microsoft® Windows Mobile™
2003 software for Pocket PCs. Plus there's an
internal battery that easily lasts for a whole day

of GPS operation. The resuilt is tightly integrated,
tough, and incredibly powerful.

High-accuracy Integrated GPS

The GeoXT is optimized to provide the reliable,
high-accuracy location data you need. Advanced
features like EVEREST™ multipath rejection
technology let you work under canopy, in urban
canyons, or anywhere where accuracy is crucial.

Need submeter accuracy in real-time? Use
corrections from a satellite-based augmentation
system (SBAS) like WAAS! or EGNOS? Want to
get that extra edge in precision? Collect data with
Trimble’s TerraSync™ or GPScorrect™ software, and
then postprocess back in the office.

Because the GPS receiver and antenna are built
into the handheld computer, it's never been
easier to