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Section 1.0 Introduction

Conestoga-Rovers & Associates (CRA) submits herein to the ConocoPhillips Company
(ConocoPhillips) this Interim Status Report (Report) that details 2013/2014 Groundwater
Monitoring Events and assessment activities conducted within the vicinity of the plugged and
abandoned (P&A) San Juan 32-8 No. 30 gas well (API No. 30-045-11217) in northeast San Juan
County, New Mexico (Site). The San Juan 32-8 No. 30 gas well was installed in July 1958 and
P&A in 1994. The purpose of the 2013 activities were to identify and/or delineate the vertical
and horizontal extent of methane and hydrogen sulfide gases within the vicinity of the former
San Juan 32-8 No. 30 and the former private water well San Juan 03250 (SJ 03250). The 2013
scope of work was based on the initial results from the installation of Monitor Well MW-1 in
2012 as reported in the Interim Status Report (2012 ISR) in July 2013. In addition, 2013
activities were intended to provide additional evidence that the former San Juan 32-8 No. 30 is
no longer providing a pathway for Mesaverde gas to the shallow subsurface. A vicinity map of
the Site is shown on Figure 1. Site assessment activities included the installation of

three monitor wells (MW-2, MW-3, and MW-4) as shown on Figure 2. The monitor wells were
completed as multilevel (i.e., multiple well screen intervals) wells to allow for collection of
groundwater samples from discrete and isolated water bearing zones and gas samples from
non-water bearing zones within a single well bore.

Regulatory Meeting

On June 20, 2013, representatives from ConocoPhillips and CRA met with the New Mexico Oil
Conservation Division (NMOCD), and U.S. Bureau of Land Management (BLM) to discuss the
preliminary results of the 2012 subsurface environmental investigation in the vicinity of the
former San Juan 32-8 No. 30 well, and the proposed path forward for 2013. ConocoPhillips and
CRA presented a plan to install three additional multi-level monitoring wells to further assess
the hydrogeological setting of the Site and gather additional geochemical data for future
hydrogen sulfide and methane migration modeling in the subsurface. At the conclusion of the
meeting, the 2013 work activities were agreed upon by all attendees.

Section 2.0 Site Background

2.1 Site Setting

Land within San Juan County, New Mexico is primarily dedicated to agriculture and oil and gas
(O&G) exploration and production (E&P). Qil and gas production is focused within

two subsurface zones, the Fruitland Coal formation and the Mesaverde Group. The Fruitland
Formation (approximately 3,160 feet below ground surface [ft bgs]) is a 350-feet thick coal bed
methane (CBM) production zone comprised mainly of a dry natural gas. The Mesaverde Group
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is composed of three distinct formations: the Cliff House Sandstone (approximately

5,520 ft bgs), Menefee Formation (approximately 5,580 ft bgs), and Point Lookout Sandstone
(approximately 5,850 ft bgs). The major portion of natural gas produced comes from the Cliff
House and Point Lookout Sandstones.

2.2 Physiography

The Site is located within the San Juan Basin of the Colorado Plateau physiographic province, as
identified by the United States Geologic Survey (USGS). The Los Pinos River carved a
north-south trending deep valley approximately 3.7 miles east of the Site as shown by the
topographic map on Figure 1. The area adjacent to the monitor wells is drained by an
intermittent stream flowing southward to join the San Juan River downstream of the Navajo
Dam. However, the predominant slope of valleys in the Site vicinity is eastward toward Los
Pinos River. Elevations in the Site vicinity are approximately 6,650 feet relative to the North
American Vertical Datum (NAVD). The local valleys slope steeply downward to the east toward
the Los Pinos River at an elevation of approximately 6,100 feet NAVD.

2.3 Geology

Geologic Tectonics and Structure

The San Juan Basin is located in the central portion of the Colorado Plateau. The Colorado
Plateau is an area of mostly undeformed sedimentary deposits between the Rocky Mountain
province to the east and the Basin and Range province to the west. The Colorado Plateau has
been uplifted and eroded into canyons and mesas since the Miocene Epoch of the Cenozoic Era,
during the last 20 million years. The central, thickest and deepest portion of the San Juan Basin
lies southwest of the Site vicinity. The strata of the San Juan basin dip gently to the southwest
in the Site vicinity.

Regional Geology

The bedrock in the region consists of the San Jose Formation. The San Jose Formation was
deposited as terrestrial alluvial sediments during the lower Eocene Epoch of the Cenozoic Era,
about 50 million years ago, during a period of uplift to the north and east of the region. The
San Jose Formation is composed of four members: the lowest being the Cuba Mesa, overlain by
the Regina, the Llaves, and the Tapicitos Members (Baltz and West, 1967). The individual
members have not been specifically identified in the Site vicinity, but the local deposits are
consistent with the Regina Member, which is a mixture of sandstone and shale strata. The
inferred underlying deposits are of the Cuba Mesa Member that is predominantly composed of
sandstone strata. Both members are typically about 200 to 300 feet thick in the area

(Baltz, 1967 and Smith and Lucas, 1991).
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The Regina and Cuba Mesa Members of the San Jose Formation are composed of varying
amounts of shales (clayey and silty mudrocks) and fine to coarse grained sandstones. The
sandstones also contain minor amounts of gravels, and carbonized (coal) or petrified wood.
The sandstones are composed of varying amounts of quartz, feldspar minerals, and rock
fragments, and are therefore termed “arkosic” sandstones. The sandstone deposits are often
well bedded and laminated or crossbedded, indicating that they were deposited by currents in
relatively shallow stream water. The lateral continuity of the sandstone strata are typical of
braided stream deposits (Baltz, 1967 and Smith and Lucas, 1991).

Sedimentary Environment of Deposition

The sediments of the San Jose Formation were interpreted to have been deposited in a warm,
wet, and tropical environment in relatively low gradient braided streams with intervening
floodplain or backswamp areas (Baltz, 1967 and Smith and Lewis, 1991). The braided streams
consisted of multiple, coalescing, shallow stream subchannels within a larger stream system,
which resulted in deposits of wide sand bodies. The overall stream sand deposits may be over
half a mile wide and 10 to 50 feet thick. Thin sand beds deposited during major flood events
extended into the primarily muddy backswamp deposits, forming thin sand beds 2 to 5 feet
thick within an overall mud sequence (Baltz, 1967 and Smith and Lucas, 1991).

. 2.4 Hydrogeology

The primary water bearing unit of concern in this study is the San Jose Formation, which is
comprised of alternating zones of sandstone and shale. The four members create a complex
stratigraphy which can make hydrogeologic interpretation difficult. Regional groundwater flow
is typically influenced by topography and stratigraphic boundaries, which would tend to drive
flow in the area of the Site towards the San Juan River valley towards the south. Local
topographic conditions are dominated by the Valley of Los Pinos River to the east of the Site,
which is inferred to impart an easterly component to groundwater flow direction.

2.5 Source of Methane

The source of the methane and hydrogen sulfide found in private water well SJ 03250 was
potentially from a historical E&P well, the San Juan 32-8 No. 30, a dry-gas production well
completed in the Mesa Verde formation, which was P&A in 1994. Due to the P&A activities it is
assumed that a source for additional methane production entering the system has been
prevented.

Methane is common in water wells in the San Juan Basin due to pervasive coal seams in the
subsurface. A recent study found that methane was detected in 301 of 560 water wells at a
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wide range of concentrations equal to or greater than two parts per million generally
throughout the San Juan Basin (AMEC, 2011).

Methane can be produced by biological activity as a product of degradation of organic matter
(microbial methane) or maturation of deep hydrocarbon sources (thermogenic methane).
Microbial methane is considered a “dry gas,” consisting of mostly methane. Thermogenic
methane tends to be composed of varying types of hydrocarbons (C; to Cs,) and is considered a
“wet gas.” Gas wetness is a useful measure for determining the source of a gas. Itis expressed
as the summed molar percentage values for ethane (C;), propane (Cs), butane (C,), and
pentane (Cs), divided by the summed molar percentage values for methane through pentane,
multiplied by one-hundred [(3C,...Cs)/3(C; ...Cs) x 100]. As shown by Chart 1, the headspace
sample from former private water well SJ 03250 exhibits a gas wetness value similar to that of
the Mesaverde gas samples (SJ 32-8 No. 25 MV). Mesaverde gas typically contains more of the
heavier hydrocarbons and has a higher wetness ratio (1.24 to 1.76) than Fruitland Coal gas
(wetness ratio of 0.36 or less). The sample result of an unusually high gas wetness ratio from
the December 2011 sample collection event at private water well SJ 03823P1 appeared to be an
anomalous result and was not plotted on Chart 1. All monitor well sample wetness ratios were
greater than 1.0 and indicate a Mesaverde source.

Stable isotope ratio analyses of carbon and deuterium in methane were also used to evaluate
the source of methane in wells, as shown by Chart 2 and Chart 3. Isotope ratios are expressed
in terms of delta (6) notation indicating the difference in the molar ratio of a heavy to light
stable isotope of a sample relative to the molar ratio of a heavy to light stable isotope of a
standard. Chart 2 shows the comparison of gas wetness and carbon 13 isotope ratio for
methane, relative to the Vienna Pee Dee Belemnite (VPDB) standard. Chart 3 is a plot of delta
deuterium (6D) for methane relative to Vienna Standard Mean Ocean Water (VSMOW) versus
the delta carbon 13 (6'3C) for methane, relative to VPDB. The results for former private water
well SJ 03250 and monitor wells are nearly identical to the results for the Mesaverde gas
sample, except for apparently anomalous results for MW-2 and MW-3 from the December 2013
sample collection event.

Section 3.0 Previous Site Activity

In 2011, the NMOCD investigated a report of a hydrogen sulfide odor in a private water well in
San Juan County, New Mexico. Field analysis identified the presence of methane and confirmed
the presence of hydrogen sulfide in a private water well identified as SJ 03250 by the

New Mexico Office of the State Engineer (NMOSE). The NMOCD notified and requested
ConocoPhillips evaluate if E&P wells within the vicinity were a potential source of the methane
and hydrogen sulfide found in private water well SJ 03250. Initial findings indicated the source
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of the methane was potentially from a historical E&P well, the San Juan 32-8 No. 30, a dry-gas
production well completed in the Mesa Verde formation. The San Juan 32-8 No. 30 was P&A in
1994. ConocoPhillips contracted CRA to identify the potential presence of methane and
hydrogen sulfide in the vicinity of San Juan 32-8 No. 30. In 2012, CRA installed the first monitor
well, MW-1, in the vicinity of the former San Juan 32-8 No. 30 well head. The low
concentrations of methane measured in groundwater samples from MW-1 suggested that the
former San Juan 32-8 No. 30 is not an active pathway for Mesaverde gas to the shallow
subsurface. A comprehensive report of MW-1 installation activities can be found in the

2012 ISR.

3.1 Private Well and Surface Water Sample Collection Events

A total of six private water wells within a one mile radius of the former San Juan 32-8 No. 30
were sampled during three sample collection events between December 2011 and

September 2013. Private water well locations are displayed on Figure 3. Additionally, a
representative surface water sample was collected from the nearby Navajo Lake for
comparison. Elevated concentrations of methane were confirmed in groundwater samples
from private water well SJ 03250 collected during the December 2011 and May 2012
groundwater sample collection events. Private water well SJ 03250 was P&A in June 2012.
Details of SJ 03250 P&A can be found in the 2012 ISR. The analytical results of the collection
events (prior to the 2012 ISR) have been previously presented in the 2012 ISR and are attached
herein in Tables 1 through 5; and the results are discussed in Sections 5.0 and 6.0.

3.2 Gas Well Sample Collection Events

In December 2011 and May 2012, gas samples were collected from three E&P gas wells

(San Juan 32-8 No. 25, San Juan 32-8 No. 202, and San Juan 32-8 No. 204A) in the vicinity of the
former San Juan 32-8 No. 30. Production well locations are displayed on Figure 3. Produced
water samples were also collected from the wells and collection tanks. The analytical results of
the collection events have been previously presented in the 2012 ISR and are attached herein in
Tables 1 through 5; and the results are discussed in Sections 5.0 and 6.0.

3.3 Monitor Well Installation (MW-1)

In September 2012, CRA began work activities to install one multi-level monitor well (MW-1) in
the vicinity of the former San Juan 32-8 No. 30. Five discrete and isolated well screens were
completed in MW-1 in the permeable sandstone layers with sample collection ports at depths
of 340 feet, 390 feet, 432 feet, 522 feet, and 699 ft bgs. Well installation was completed in
November 2012 as described in the 2012 ISR.
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3.4 Monitor Well MW-1 Sample Collection Events

Groundwater and groundwater headspace gas sample collection events at MW-1 were
conducted in December 2012, and in February, March, June, September and December 2013.
Screened zones with observed groundwater were purged with a low-flow procedure prior to
groundwater sample collection. The analytical results of the collection events (prior to the
2012 ISR) have been previously presented in the 2012 ISR and are attached herein in Tables 6
through 9; and the results are discussed in Sections 5.0 and 6.0.

Section 4.0 2013 Assessment Activities
4.1 Monitor Well and Lithological Bore Hole Placement

On June 21, 2013, CRA and ConocoPhillips representatives conducted a Site walk to assess Site
related issues that could affect the proposed locations of Monitor Wells MW-2, MW-3, and
MW-4. CRA and ConocoPhillips RM&R established the following criteria for monitor well
placement:

One monitor well (MW-2) and one lithological bore hole (SB-1) located in close proximity to
the former private water well SJ 03250, as requested by the NMOCD

One monitor well (MW-3) located between MW-1 and MW-2

One monitor well (MW-4) located in the presumed hydrologic upgradient direction from
MW-1

The selected well locations are displayed on Figure 2.

4.2 Regulatory Permitting

CRA submitted the Application for Permit to Drill a Well with no Consumptive Use of Water
(Attachment A) and Well Plugging Plan of Operations (Attachment B) to the NMSOE on

July 11, 2013, for all three proposed well locations and one soil boring location. On

July 31, 2013, the NMOSE approved the proposed well locations as documented in Permit
Number SJ-4023 (Attachment C). Following an environmental assessment and archaeological
review, the BLM approved the location of monitor well MW-4 well on August 27, 2013 (see
Attachment D).

4.3 Site Preparations

In July 2013, CRA personnel mobilized to the Site and initiated preparation activities.
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Pre-drilling Site activities are listed below in chronological order:

July 22 - August 3, 2013: Site cleared of building structures and vegetation near MW-2
and MW-3. A 100 feet by 150 feet sandstone-based work pad was completed at
MW-2 and a 75 feet by 25 feet sandstone-based work pad was completed at MW-3. A
Site schematic is displayed on Figure 4.

August 1, 2013: National Exploration Wells and Pumps (National EWP) requested
utility locates for the Site

August 1, 2013: CRA and National EWP staged major equipment (i.e., frac tanks,
roll-off boxes, mud system with shaker, pipe truck, Schramm T685 Rotary Rig at the
Site (see Figure 4 and Figure 5).

August 1, 2013: Personnel from CRA, National EWP, and ConocoPhillips conducted a
Site walk at the locations of MW-2, MW-3, and MW-4

August 2, 2013: Initial project meeting was conducted to review the scope of work
and relevant health and safety topics with personnel from CRA, National EWP, and
ConocoPhillips.

August 5, 2013: Core drilling of SB-1 near the former private water well SJ 03250.

August 27, 2013: ConocoPhillips received written approval from the BLM to
commence drilling activities at MW-4.

4.4 Lithological Bore Hole Drilling

A borehole (SB-1) was advanced by rotary coring adjacent to the former private water well

SJ 03250 to log additional Site lithology information. This supplemental data point was utilized
to develop a lithological cross section of the Site to a terminal depth of 700 ft bgs. Coring
activities occurred between August 5 and August 8, 2013, with an Atlas-Copco CT14 Core Rig.
The subsurface geology and stratigraphy were documented with a visual description log of the
cored rock (Attachment E). A photographic log of core samples that illustrates the various
lithologies is provided in Attachment F.

Upon completion of core drilling, National EWP plugged and abandoned SB-1 with Type I/
Type Il Portland cement with 3 to 5 percent bentonite in accordance with the Well Plugging
Plan of Operations that was submitted in July 2013 (Attachment B).

4.5 Monitor Well Borehole Drilling

National EWP mobilized to the Site to begin monitor well drilling activities on August 8, 2013,
with a Schramm T65WS Rotary Rig and auxillary equipment (rig tender, water truck, mud
pump). Drilling operations were conducted as follows:
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e August 8 to August 13, 2013: MW-3 drilled to a terminal depth of 600 ft bgs
e August 21 to August 23, 2013: MW-2 drilled to a terminal depth of 480 ft bgs
e August 28 to September 6, 2013: MW-4 drilled to a terminal depth of 620 ft bgs

Air-rotary drilling was utilized with an 11.25 inch drill bit to a depth of 45 feet at each monitor
well location to install the protective surface casing. Thereafter, monitor well boreholes were
drilled to the terminal depth, with a final diameter of 9.625 inches. Drilling additives were
limited during air-rotary activities to EZ-Mud® (a clay stabilizer), Quik-Foam® (stabilizer), and
Quik-Gel® (viscosity additive).

4.6 Geophysical Logging

Geophysical logs of the boreholes were conducted to characterize the subsurface lithology and
to select well screen intervals. The following suite of logs was conducted at SB-1 (in lieu of
MW-2), MW-3, and MW-4:

Electrical log: Spontaneous Potential; 16 inch and 64 inch Normal Resistivity, [to
detect shale / sandstone lithologies] and Single Point Resistance [electrical resistivity
between down hole and surface electrodes])

Gamma ray (to measure the natural radioactivity of the formation)
Temperature

Fluid resistivity (electrical resistivity of borehole fluid)

Caliper (to determine diameter of borehole)

Deviation (to determine deviation from plumb)

All three boreholes exhibited similar properties and characteristics typical of sandstone and
shale rock types. Shales typically display lower resistivity and higher gamma ray values as
indicated on the geophysical log. Sandstones typically display lower gamma ray responses and
higher resistivity values, particularly when saturated with fresh water. The summation of all
data identified seven permeable, potential water bearing sandstone layers assigned informal
names as Zone “A” through “G” sands as shown in a cross-section, developed using the
geophysical logs, on Figure 6. The geophysical log responses were very consistent with the
visual core observations from SB-1 for depths of shale and sandstone lithologies.

The geophysical logs of SB-1, MW-3, and MW-4 boreholes were also compared with the
geophysical logs obtained from MW-1 and two other geophysical logs from E&P gas wells in the
vicinity of the Site, including the San Juan 32-8 No. 25-33 (SP and resistivity log from 1957) that
is approximately 3,400 feet away to the southwest and the former San Juan 32-8 No. 30
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(gamma ray and neutron log from 1958). The log from the San Juan 32-8 No. 25-33 displayed
similar lithological patterns of sands and shales although with slightly less overall thicknesses.
Individual sand layers displayed differing detailed resistivity patterns, which is not unusual for
sand layers in an alluvial depositional setting. Although the gamma ray log appeared to be of
poorer quality, the log from the former San Juan 32-8 No. 30 displayed apparent lithological
similarities. Complete geophysical logging results are presented in Attachment G.

4.7 Monitor Well Construction

The final construction designs of Monitor Wells MW-2, MW-3, and MW-4 were determined
from the stratigraphic log of SB-1, geophysical logging results from the boreholes for SB-1,
MW-3, and MW-4; and geophysical logs and the stratigraphic data obtained from MW-1.
Monitor well installation data are presented in Table 10. The vertical relationships of the well
screen intervals are shown relative to surrounding private wells in a cross-section on Figure 7.
The summation of all data identified seven permeable, potential water bearing sandstone
layers (“A” through “G”) as shown on Figure 6 and listed as follows in order from shallowest to
deepest in elevation:

e Zone “A” sands are from approximately 6,280 to 6,330 ft North American Vertical Datum
(NAVD)

e Zone “B” sands are from approximately 6,235 to 6,270 ft NAVD
e Zone “C” sands are from approximately 6,200 to 6,230 ft NAVD
e Zone “D” sands are from approximately 6,095 to 6,180 ft NAVD
e Zone “E” sands are from approximately 6,055 to 6,080 ft NAVD
e Zone “F” sands are from approximately 5,985 to 6,010 ft NAVD
e Zone “G” sands are from approximately 5,935 to 5,970 ft NAVD

MW-2 was designed to screen the depths representative of the former private water well

SJ 03250, with the Zone “A” sand corresponding to the sixty-foot screened interval of the
former private water well SJ 03250. However, experience from MW-1 indicated that the
presence of groundwater in the Zone “A” sand was uncertain and therefore the Zone “C” sand
interval was included in the well design to increase the probability of obtaining groundwater
samples at MW-2.

MW-2 well construction occurred between August 21, 2013, and August 23, 2013, and was
completed to a depth of 480 ft bgs. A 5-foot collection sump was established between the
bottom of well casing and terminal depth of borehole (469 to 474 ft bgs) to provide space for
collection of material that sloughed off during well construction.
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Screened zones in MW-3 and MW-4 correspond generally to zones screened in MW-1. MW-3
and MW-4 were screened in Zones “A”, “C”, “D”, and “E” sands. The Zone “B” sand in MW-1
did not yield groundwater, therefore it was decided to not screen the Zone “B” sand in MW-3
and MW-4. During the coring of SB-1, hydrogen sulfide odors were detected in the Zone “E”
sand, therefore this interval was included in well design of MW-3 and MW-4. The Zone “G”
sand was not screened in MW-3 and MW-4.

MW-3 well construction occurred between August 24, 2013, and August 26, 2013. A 5-foot
collection sump was established between the bottom of well casing and terminal depth of
borehole (589 to 594 ft bgs) to provide space for collection of material that sloughed off during
well construction.

MW-4 well construction occurred between September 7, 2013, and September 9, 2013. A
20-foot collection sump was established between the bottom of well casing and terminal depth
of borehole (600 to 620 ft bgs) to provide space for collection of material that sloughed off
during well construction.

All wells were constructed of casing and screen segments (5 and 10 foot segments, comprised
of 304 stainless steel with Schedule 10 mid-body and Schedule 40 threaded ends), threaded
together (ASTM F480 flush joint threads), and lowered down hole. Filter packs (10/20 silica
sand) were placed around each screen interval. Bentonite seals (50/50 bentonite-silica sand
ratio) were placed above and below each screen interval to prevent hydraulic communication
between identified groundwater bearing zones. Bentonite seal thicknesses varied upon
distance between screened zone intervals. Filter packs and bentonite seals were placed by
tremie pipe and were tagged a minimum of three times after swabbing the screened interval
(a methodology used to stabilize the filter pack) to maintain accuracy of interval depths.

The As-Built Well Construction schematics that include the location of screened intervals and
placement of well construction materials for Monitor Wells MW-2, MW-3 and MW-4 are
presented on Figures 8 through Figure 10 respectively. The monitor wells were completed with
an above-grade casing and locking steel shrouds. A 6-foot-square concrete well pad, sloped to
allow surface water runoff away from each well, was constructed around the surface
completion of the well head. Four bollards (4-inch diameter) were placed around each well pad
for protection. All surface completions were completed under NMOSE regulations and

Figure 11 shows the above-grade completion schematic.

4.8 Well Development

After each monitor well was installed, suspended solids (clay, mud, or sand from drilling
activities or formation instability) were removed by a metal bailer and pump. Equipment used
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for well development included a pump rig (Pullstar 12K) and auxiliary equipment (tremie pipe
and submersible pump). Aqua Clear PFD (phosphorous free dispersant) was used in
combination with potable water to remove sediment and clay from the producing formation
and filter pack. Well development consisted of swabbing in conjunction with air-lift pumping at
each screened zone, from deepest to shallowest zone (i.e., Zone “E” sand to Zone “A” sand) and
water jetting at each screened zone. A tremie pipe was lowered downhole to each screen and
injected water under high pressure to remove any sediment that accumulated on the screen.
-Well development proceeded until turbidity of less than 100 Nephelometric Turbidity Units
(NTU) was achieved, except at MW-2 where a turbidity level of approximately 500 was achieved
due to the low groundwater yield of the well.

4.9 Well Video Profile

Video profiles were conducted between October 3 and 4, 2013; to record the presence of
potential gas infiltration (visible gas bubbles) from the surrounding formation, using a

BT9600 Dual Viewing camera. Vertical video profiles were conducted prior to Waterloo
System™ installation. Potable water was added to monitor wells to raise water elevation above
each screened interval. No steady stream of gas bubbles, indicative of a source of natural gas,
was observed in any of the monitor well screened intervals. However, gas bubbles were
observed in MW-3 well casing joints. The frequency of gas bubbles dissipated with increased
water column height above the casing joint. The decrease in the number of gas bubbles with
increased hydraulic head indicates a potential equilibrium between formation pressure and the
hydraulic pressure of the water column. However, the source and nature of the gas bubbles
cannot be determined from this analysis. The video profile of each well is found in
Attachment H.

4.10 Installation of the Waterloo System

The Waterloo System™ is a series of ports, polyvinyl chloride (PVC) tubing, and packers that
allows sample collection from multiple groundwater bearing zones within a single monitor well.
The 2012 ISR provides a detailed description of the Waterloo System. In addition, in 2013, a gas
sample collection port was added in the screened interval of the Zone “A” sand in each monitor
well (MW-2, MW-3, and MW-4). CRA installed the gas sample collection ports in the
upper-most screened zone of each monitor well based on MW-1 groundwater sample
collection observations that indicated the Zone “A” sand was unsaturated.

The Waterloo system was installed at MW-2 on October 5, 2013, to a depth of 469 ft bgs. The
Waterloo system configuration was aligned with the previously constructed monitor well
screen intervals. A gas sample collection port was installed at 343 ft bgs in the Zone “A” sand.
Groundwater sample collection ports and Geokon 404 vibrating wire transducers were installed
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at 399 ft bgs in the Zone “A” sand and 454 ft bgs in the Zone “C” sand. The As-Built schematic
of the Waterloo System is shown on Figure 8.

The Waterloo system was installed at MW-3 on October 7, 2013, to a total depth of 586 ft bgs.
The Waterloo system configuration was aligned with the previously constructed monitor well
screen intervals. A gas sample collection port and a Geokon 404 vibrating wire transducer was
installed at 334 ft bgs in the Zone “A” sand. Groundwater sample collection ports and

Geokon 404 vibrating wire transducers were installed at a depth of 350 ft bgs in the Zone “A”
sand, 435 ft bgs in the Zone “C” sand, 511 ft bgs in the Zone “D” sand, and 580 ft bgs in the
Zone “E” sand. The As-Built schematic of the Waterloo System is shown on Figure 9.

The Waterloo system was installed at MW-4 on October 9, 2013, to a total depth of 586 ft bgs.
A gas sample collection port was installed at 349 ft bgs in the Zone “A” sand. During well
construction, the upper packer was not included in the Waterloo installation in order to have
access to the screened interval of the unsaturated zone for potential formation gas testing. The
exclusion of the upper packer allows for gas venting of the upper zone. A Keller LEO Record
digital manometer was installed in February 2014 at the end of the gas port, in order to track
trends in formation gas pressure. The Waterloo System configuration aligned with the
previously constructed monitor well screen intervals. Groundwater sample collection ports and
Geokon 404 vibrating wire transducers were installed at a depth of 365 ft bgs in the Zone “A”
sand, 435 ft bgs in the Zone “C” sand, 511 ft bgs in the Zone “D” sand, and 580 ft bgs in the
Zone “E” sand. The As-Built schematic of the Waterloo System is shown on Figure 10.

4.11 Disposal of Investigation-Derived Waste (IDW)

Investigation-derived waste (IDW) was generated during coring, drilling, well installation, and
well development. Drilling mud and development water were the majority IDW generated.
Drilling mud was comprised of drill cuttings and drilling fluids which aided in the drilling process
and reduced friction during drilling. The additives included: EZ-Mud®, Quik-Foam®, and
Quik-Gel®. Development water was comprised of potable water supplied from a nearby water
source and additives such as Aqua Clear® PFD. Waste characterization samples were collected
and shipped under proper chain-of-custody to Pace Analytical Services, Inc. in Lenexa, Kansas.

All IDW was characterized as non-hazardous material under Department of Transportation
(DOT) guidelines. Analytical results are located in Attachment I. CRA completed a C-138 form,
Request for Acceptance of Solid Waste (see Attachment 1) for acceptance of IDW at waste
facilities in New Mexico. CRA contracted Dawn Trucking to transport and dispose of IDW at
Industrial Ecosystems, Inc. (IEl) located in Aztec, New Mexico.
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Section 5.0 Groundwater and Gas Sample Collection Methods
5.1 Groundwater Elevation Measurements

Groundwater elevation measurements were obtained during sample collection events at
MW-1, MW-2, MW-3, and MW-4 by use of permanently installed vibrating wire transducers
(Geokon 404). Each screened zone within each well is associated with a vibrating wire
transducer. Transducers were calibrated during the Waterloo System installation and baseline
readings were recorded, additional information can be found in the 2012 ISR. Groundwater
elevation data for MW-1, MW-2, MW-3, and MW-4 are listed in Table 11 and displayed on
Charts 4A through 4D.

5.2 Gas and Headspace Sample Collection Events

Gas and headspace samples were collected to evaluate the presence, source, and migration of
methane and hydrogen sulfide, both of which may be present in a gaseous state within the
subsurface or in a dissolved state in groundwater. For the purposes of this report, samples of
gas taken directly from well casings or gas ports and analyzed directly by the EPA TO-15 method
are labeled as “Gas” samples. Gas samples taken directly from the well casing represent the
area above and including Zone “A” sand. Each gas port is equipped with a 6-inch long stainless
steel sample port and two 0.25-inch outer diameter, medium density polyethylene (MDPE) inlet
and outlet tubes. Samples dissolved in groundwater and analyzed by exsolving gas through the
introduction of helium into the sample container and then collecting and analyzing the exsolved
gases by the RSK 175 method are referred to as “Headspace” samples.

Gas samples were obtained from the following collection points:

e Private water wells (Figure 3)

e ER&P gas production wells (Figure 3)

e Open cased monitor wells MW-2, MW-3 and MW-4 in September 2013 only (Figure 2)
e Gas ports installed in the “A” Zone of monitor wells MW-2, MW-3 and MW-4 (Figure 2)

All gas samples were analyzed for the following constituents:

e Methane, C2 to C6 hydrocarbon gases, and fixed gases (major atmospheric gases) by mass
spectroscopy

e Volatile organic compounds (VOCs) in air by EPA method TO-15
e Hydrogen sulfide by EPA 15/16 Standard Method
e Acetylene by ASTM D1946
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e Carbon and hydrogen isotope analysis by mass spectroscopy (Only samples collected from
former private water well SJ 03250 and E&P wells SJ 32-8 No. 25, SJ 32-8 No. 202, and
SJ 32-8 No. 204A)

Gas samples were collected by a means of flexible PVC tubing inserted into well access points in
combination with the laboratory supplied hand pump for Cali-5 Bond bags and negative
pressure vacuum of a one liter summa canister. Gas samples results from private and
production wells are summarized as follows:

e Table 3 for VOC's
e Table 4 for hydrogen sulfide and acetylene

e Table 5 for methane, C2 to C6 hydrocarbon gases, and atmospheric gases
The laboratory analytical data reports are attached in Appendix B.

Open Monitor Well Gas Sample Collection

Gas samples were collected from the open well casings of MW-2, MW-3 and MW-4 in
September 2013, prior to the installation of the Waterloo Systems. The sample process
collected free gas from all permeable intervals that were allowing gas to migrate to the well
casing. Pressure readings exceeded atmospheric pressure in all of the monitor wells. Water
levels in the monitor wells were approximately 420 ft bgs. Gas samples were collected through
use of temporary tubing installed in the wells and collected with Suma canisters and
Cali-5-Bond bags. Gas samples were analyzed for the constituents listed above and the
analytical results are summarized in Table 8 and Table 9. The laboratory analytical data reports
are attached in Appendix B.

Monitor Well Waterloo System Gas Port Sample Collection

Gas samples were collected from the gas ports installed in the Zone “A” sand of MW-2, MW-3
and MW-4 included as part of the Waterloo Systems in the wells. The sample collection
process from the gas ports collected free gases from only the Zone “A” sand. Gas samples from
gas ports on monitor wells were collected by a means of flexible PVC tubing connected to a
sample port located on the monitor well in combination with the laboratory supplied hand
pump for Cali-5 Bond bags. Gas samples were analyzed for the constituents listed above and
the analytical results are summarized in Table 8 and Table 9. The laboratory analytical data
reports are attached in Appendix B.
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Monitor Well Waterloo System Groundwater Port Headspace Sample Collection

Headspace samples were collected from the groundwater sample collection ports installed in
the Waterloo Systems. Headspace samples from the groundwater ports on monitor wells were
collected by a means of flexible PVC tubing connected to a sample port located on the monitor
well in combination with the laboratory IsoBags/IsoFlasks®. Headspace samples were collected
from groundwater as previously described and the results are summarized in Table 7. The
laboratory analytical data reports are attached in Appendix B.

The Waterloo System pump pressurization process is calibrated to only supply enough nitrogen
gas into the inlet line to deliver groundwater to the surface by pushing water down the inlet
tube past the check valve and up the outlet tube. However, during the sample process in the
Zone “C” and “D” sands in the monitor wells, there is often a “spurting” effect where gas
emissions flow uncontrollably out of the sample line for many seconds, even after the nitrogen
supply is shut off. Although some of the gas that comes out of the line is likely nitrogen from
the sample pumping process, concentrations of methane and hydrogen sulfide are typically
present in the gas phase emissions. Potentially, there may be quantities of gases in solution so
that groundwater rises in the outlet tube, the reduced ambient pressure allows exsolved
methane and hydrogen sulfide to release into the gas phase and form large bubbles that flow
out the sample line. This phenomenon does not appear in the Zone “G” sand at MW-1 or the
Zone “E” sand at MW-4 where the ports are deeper than the maximum depth that nitrogen can
cycle through the system.

5.3 Groundwater Sample Collection Events

The locations that were sampled include:

Private water wells, sampled periodically since 2011 (Figure 3)

Gas production wells, sampled December 2011 and May 2012 (Figure 3)
Monitor well MW-1, sampled since December 2012 (Figure 2)

Monitor wells MW-2, MW-3 and MW-4, sampled since October 2013 (Figure 2)

In addition, a surface water sample was also obtained from Navajo Lake for comparison with
groundwater characteristics. All groundwater samples were analyzed for the following
constituents:

e Dissolved cations (boron, calcium, magnesium, potassium, barium, strontium, and sodium)
by EPA Method 6010

e Alkalinity by Method SM 2302B
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e Total sulfide by Method SM 4500-S-2 D

e Anions (chloride, bromide, and sulfate) by EPA Method 300.0
e VOCs by SW-846 Method 8260

e TPH-ORO/DRO/GRO by SW-846 Method 8015B

e Dissolved methane by gas chromatography

e Oxygen and hydrogen isotopes by mass spectroscopy

e Biological Activity Reaction Test (BART) for Sulfate Reducing Bacteria (SRB)

The analysis of strontium and barium were added in December 2013 and the analysis of BART
was added in September 2013. The surface water samples from the Navajo Reservoir were
analyzed for all of the above constituents with the exception of barium, strontium and BART.

Groundwater samples collected were placed in laboratory prepared containers, packed on ice,
and shipped under chain-of-custody documentation to both Pace Analytical Services, Inc. in
Lenexa, Kansas, and Isotech Laboratories, Inc. of Champaign, lllinois.

Surface Water, Private Water Well, and E&P Well Groundwater Sample Collection Methods

Groundwater samples from the private water wells were collected from the closest access point
to the well casing. E&P samples were obtained from access ports or holding tanks from
surrounding gas production wells to compare shallow groundwater characteristics with
produced water from deeper formations. Surface water was collected with a sterilized,
extended-handle bailer and transferred directly into sample containers.

Groundwater results from the private wells, production wells and surface water are
summarized as follows:

e Table 1A for hydrocarbon constituents
e Table 1B for groundwater geochemical constituents

e Table 2 for groundwater isotopic data
The laboratory analytical data reports are attached in Appendix B.

Monitor Well Sample Collection Methods

Groundwater samples from the monitor wells are collected through use of the permanently
installed Waterloo sample collection system. Each groundwater zone is equipped with a
six-inch long stainless steel sample port and two 0.25-inch outer diameter, medium density
polyethylene (MDPE) inlet and outlet tubes. The Waterloo control box (connected to well head
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manifold) is utilized to supply inert nitrogen gas, at a controlled pressure, from the ground
surface through the inlet tube associated with each sample zone. The individual target zone is
sampled by displacement of groundwater from the sample port into the outlet tube by
calculated nitrogen pressure levels through pressure charging and venting cycles. The nitrogen
pressure needed for each sample zone is based on the required lift necessary to displace the
static water column within the outlet tube to the surface. This sample collection technique
introduces the potential for elevated nitrogen levels in samples (see Section 6.3.2). The
required nitrogen pressure and the time interval of charge and vent cycles for each zone were
recorded on the groundwater sample collection field forms included as Appendix A. The

Zone “E” sand of MW-3 has not been successfully sampled to date. The Zone “A” sand of MW-2
has produced groundwater for the first three events, although continuously decreasing
groundwater elevations indicate the observed water may be a remnant of the well installation
process. The Zone “A” sand in all other wells have not produced recoverable quantities of
groundwater for sample collection.

Screened zones that produce groundwater were purged of the applicable volume in the
screened interval via low-flow techniques, whereby field analytical parameters were monitored
until the measurements stabilized within established ranges. The field parameters included
temperature, specific conductivity, oxidation/reduction potential (ORP), pH and dissolved
oxygen. Purge volumes produced from each screened zone were recorded on the groundwater
sample collection field forms. Groundwater samples collected were analyzed for the
constituents listed above and the analytical results are summarized in Table 6A and 6B. The
laboratory analytical data reports are attached in Appendix B.

Private and Monitor Well Sample Collection Events October 2013 and Future Events

Groundwater/ headspace gas sample collection events were scheduled for the following dates:

December 2013 (completed, MW-1 through MW-4)
February 2014 (completed, MW-1 through MW-4)
April 2014 (completed, MW-1 through MW-4)

June 2014 (completed, MW-1 through MW-4)
August 2014 (completed, MW-1 through MW-4)
October 2014 (completed, MW-1 through MW-4)
December 2014 (completed, MW-1 through MW-4)

The laboratory analytical results are listed in Table 6A for hydrocarbon constituents and in
Table 6B for geochemical constituents. The laboratory analytical data reports are attached in
Appendix B.
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Section 6.0 Site Assessment Results and Discussion
6.1 Site Geology Conditions

The Site stratigraphy consists of alternating shale and sandstone beds. The shale beds range
from approximately eight to thirty-five feet thick and averaged a thickness of approximately
sixteen feet. The shale beds are typically a medium to dark gray color with thinner zones of
reddish brown to purple mottling that indicate intermittent soil weathering zones that were
concurrent with the shale deposition. The shale beds were generally massive (not fissile) but
occasionally displayed high angle fractures that may allow fluids or gas to migrate through the
shale zones between sandstone beds. The sandstone beds range from approximately two to
forty-three feet thick and averaged a thickness of approximately eleven feet. The sandstones
typically have a sharp lower contact over the shales, with coarser sand and conglomerates
(gravel) at the base that grade upward to finer sands at the top of the beds. The finer sands are
often laminated whereas the coarser deposits may show cross-laminations indicating stronger
current deposition. A geological cross-section constructed of all of the visual and geophysical
logs from monitor wells at the Site is presented on Figure 6. A geological cross-section is shown
on Figure 7 and displays the elevations of the local domestic wells in relation to the screened
zones of monitor wells MW-1 and MW-2/SB-1.

6.2 Site Groundwater Conditions

Groundwater elevation measurement data for MW-1, MW-2, MW-3, and MW-4 are listed in
Table 11 and displayed on Chart 4A through Chart 4D, respectively. Groundwater
potentiometric elevations and contour maps are presented for the Zone “D” and “E/G” sands
on Figures 12A and 12B through 13A and 13B, respectively, for the December 2013 and
December 2014 monitoring events. Due to an observed deviation in groundwater flow
direction, additional sample events were not mapped. Transducer data in Zone “A” and “B”
sands did not indicate any water column above the device except in MW-2, which has displayed
a continuously decreasing groundwater elevation, most likely due to water introduced to the
well during development procedures. Groundwater elevation data in the Zone “C” sand do not
correlate with the data set at this time and were not included in contour projections.
Groundwater elevations in the Zone “C” sand at MW-2 appear to be unexpectedly high relative
to the other monitor wells, possibly due to the water added during the video logging
procedure. Groundwater contours in Zone “D” and “E” sands appear reasonable and indicate
an apparent groundwater flow direction toward the east in the direction of Los Pinos River.
Data indicated the deeper groundwater units (Zone “D” and “E” sands) are under confined
conditions. Los Pinos River/Navajo Reservoir lies approximately 3.5 miles to the east with a
typical surface elevation of approximately 6,100 feet NAVD. Therefore, it is inferred that local
groundwater flow would be predominantly to the east towards Los Pinos River. Groundwater
potentiometric surface elevations are also displayed in the geological cross-section on Figure 7,
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and range in elevation from approximately 5,945.83 feet NAVD in the deepest screened zone to
approximately 6,304.83 feet NAVD in the shallowest screened zone, exhibiting an overall
downward potentiometric gradient.

6.3 Gas, Headspace, and Groundwater Analytical Data

The analytical results presented in this section are from sample collection events between
December 2011 and December 2014. Samples were collected from six private water wells,
three E&P gas wells, four monitor wells, and one surface water sample from Navajo Lake.
Samples were analyzed for methane and VOC's, geochemical constituents, isotopic ratios, and
microbiological activity.

6.3.1 Methane

Methane is one of the most abundant natural gases on Earth and can either be present in a
dissolved phase in groundwater or in a gaseous form depending on the pressure present in the
system. If pressure decreases (i.e., decrease in hydraulic pressure) methane can exsolve from
the dissolved phase and enter into a gaseous phase. Based on the solubility of methane, it is
generally considered that methane concentrations above 5 micrograms per liter (ug/L) in

‘ groundwater are due to a source other than atmospheric.

Distribution in Groundwater

Analytical results for all of the private water wells and monitor wells reported detectable
concentrations of dissolved methane in groundwater (Chart 5A). Gaseous phase methane
dissolved into the groundwater is typically associated with an anaerobic environment related to
microbial consumption. However, background conditions of the groundwater in the areas were
likely aerobic based on data collected from nearby private water wells. The private water wells
sampled during the investigation were reported with dissolved methane concentrations
typically associated with background conditions in the area, at or less than 1 mg/L. However,
former SJ 03250 samples indicated a maximum methane concentration of 10.1 mg/L. This
elevated concentration of methane supports the anaerobic environment observed in the area
of investigation. The depth distribution of dissolved methane is shown on Chart 5B. The
vertical relationship among the well sample locations is represented by the maximum observed
concentration for each sample point on a well cross-section view on Figure 14A. The areal
distribution of dissolved methane is shown on a map on Figure 14B. Chart 5B and the figures
indicate highest apparent concentrations of dissolved methane are at the depths of Zone “E”
sand and concentrated around the former private water well SJ 3250 and confirmed by samples
collected from MW-1, MW-2, MW-3, and MW-4.
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Dissolved methane concentrations increased over time in the Zone “G” sand of MW-1 from
December 2012 to December 2014. This apparent increase is potentially due to the
equilibration of groundwater in the vicinity of the well given the introduction of water during
well development or the installation of the monitor well has potentially created a preferential
pathway for methane (Chart 5A and Chart 6A-D).

Distribution in Gas and Headspace Gas

Gas and headspace sample analytical results for methane correlates with the distribution of
dissolved methane in MW-1, MW-2, MW-3, and MW-4 in all sampled zones (Chart 7 and

Chart 8; gas and headspace gas, respectively). Methane concentration in headspace samples
increased with time from December 2012 to April 2014 and then remained constant at 8.46 —
8.56 percent in October and December 2014 in MW-1 Zone “G” sand as shown on Chart 8.
Increased methane concentration may be associated with the preferential pathway created by
installation of the monitor well, and is not a likely indicator of continued release. From a single
point, a gas will flow radially outward and upward from a source rather than through advection
along an aqueous regional flow gradient, favoring faults and other high permeability pathways.
The observed vertical distribution of methane in gas or headspace samples is represented by
the maximum observed conservative concentration for each sample point on a well
cross-section view on Figure 15A. The observed areal distribution of headspace gas methane is
shown on a map on Figure 15B. The figures show that the highest concentrations of methane
in gas samples are at the depths of the Zone “A” sand and concentrated around the monitor
wells and former private water well SJ 3250. Whereas, the highest headspace methane
concentrations are observed at the depths of the Zone “E” sand. However, note that the
apparent vertical discontinuity in the gas phase sample concentrations may be influenced by
the change in sampling methods and procedures.

6.3.2 Hydrogen Sulfide

Hydrogen sulfide is a colorless gas with a distinct odor and is found in petroleum and natural
gas products, and other natural media. Along with methane, natural seeps of hydrogen sulfide
have been reported along the northern and western rim of the San Juan basin and as close as
Cedar Hill, New Mexico; approximately twelve miles west of Site (BLM, 1999).

Distribution in Groundwater

Hydrogen sulfide (as total sulfide) was found in measurable concentrations in groundwater
samples from Monitor Wells MW-1 (Zones “C,” “D,” and “G” sands), MW-2 (Zone “C”), MW-3
(Zone “D”), and MW-4 (Zones “D” and “E” sands) and former private water well SJ 03250, as
shown on Chart 9A. No other private water well, gas well, or monitor well produced
measurable hydrogen sulfide. The maximum concentration of hydrogen sulfide detected in
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groundwater was reported at 75 mg/L in MW-4. The vertical distribution of dissolved hydrogen
sulfide is shown on Chart 9B and represented by the maximum observed concentration for
each sample point on a well cross-section view on Figure 16A. The areal distribution of
dissolved hydrogen sulfide is shown on a map on Figure 16B. The figures show that the highest
concentrations of dissolved hydrogen sulfide are at the depths of the Zone “D” and “E” sands
and concentrated around the monitor wells and former private water well SJ 3250.

Distribution in Gas

Hydrogen sulfide was found in measurable concentrations in gas samples from MW-2, MW-3,
and MW-4 (Zone “A” sand) and former private water well SJ 03250, as shown by Chart 10. The
vertical distribution of hydrogen sulfide in gas samples is represented by the maximum
observed concentration for each sample point on a well cross-section view on Figure 17A. Field
measurements of hydrogen sulfide were collected by Draeger Hydrogen Sulfide colorimetric
tubes from December 2013 to December 2014 (Table 13). The areal distribution of hydrogen
sulfide in air samples is shown on a map on Figure 17B. The figures show that the highest
concentrations of hydrogen sulfide in gas are within the Zone “A” sand and are concentrated
around the monitor wells and former private water well SJ 3250.

6.3.3 Other Atmospheric Gases

In addition to analyzing for methane, gas samples and headspace samples were analyzed for
other key atmospheric gases: nitrogen, argon, oxygen, and carbon dioxide.

e Nitrogen is a conservative (unreactive) gas. Nitrogen concentrations were near atmospheric
levels of 78.1 percent in all of the private water wells except former private water well
SJ 03250 where it was apparently depleted in the sample due to the elevated
concentrations of methane, as displayed on Chart 11A and Chart 11B. Nitrogen
concentrations were elevated in the majority of the groundwater headspace samples
collected from the monitor wells, which is likely due to the added nitrogen gas during
sample collection events (see Section 5.2). However, Nitrogen was depleted in monitor
well headspace samples from MW-1 Zone “G” sand and Zone “E” sand at MW-4
corresponding to the elevated concentrations of methane and where there were no gas
spurting effects.

e Argon is a conservative (unreactive) gas. Argon concentrations were near atmospheric
levels of 0.9 percent in all of the private water wells except the former private water well
SJ 03250 where it corresponds to the elevated concentrations of methane, as displayed on
Chart 12A and Chart 12B. Argon concentrations were depleted in monitor well headspace
samples from the Zone “C” and “D” sands in the monitor wells apparently due to the gas
spurting phenomenon and consequent elevated nitrogen concentrations.
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Oxygen is a constituent consumed by organic respiration reactions in groundwater and so
concentrations may vary due to corresponding biological activity. Oxygen concentrations
were near atmospheric levels of 20.9 percent in all of the private water well samples except
former private water well SJ 03250 where it was apparently depleted in the sample due to
the elevated concentrations of methane and / or from biological respiration, as displayed
on Chart 13A and Chart 13B. Oxygen concentrations were depleted in monitor well
headspace samples from the Zone “C” and “D” sands in all monitor wells apparently due to
the gas spurting phenomenon and consequent elevated nitrogen concentrations. Oxygen
concentrations also appeared depleted in monitor well gas samples apparently due to the
elevated concentrations of methane and / or from biological respiration.

Carbon dioxide is a constituent produced by biological respiration reactions in groundwater
and so concentrations vary due to corresponding biological activity. Carbon dioxide
concentrations in all private well samples were found in excess of atmospheric levels
(0.039 percent) as displayed on Chart 14A and Chart 14B. Carbon dioxide concentrations
were elevated in all monitor well headspace samples apparently due to biological
respiration. Carbon dioxide concentrations also appeared elevated in monitor well gas
phase samples apparently due to biological respiration.

6.3.4 Cations and Anions

The cation and anion constituent concentrations from the private water wells, Navajo Lake

surface water, and produced water associated with gas wells are listed in Table 1B and from the

monitor wells in Table 6B. The 2012 ISR documented that constituent characteristics of the
shallow groundwater were not closely related to produced water and eliminated the concern
that there was fluid leakage from any surrounding E&P wells. The results shown in this report
are focused on variations with depth only within the upper 1,000 ft bgs at the Site. The
following describes the presentation of Chart 15 through Chart 22:

e Total Dissolved Solids (TDS), as shown on Chart 15, generally increased in
concentration with depth.

e The relationships among the dissolved cations and anions are summarized on a Piper
diagram on Chart 16. Overall, the shallowest groundwater zone ionic compositions
were comprised by sodium, calcium and sulfate and became mainly of sodium and
sulfate with depth with an elimination of calcium. The private water wells, Zone “C”,
“D”, and “G” sands were similar and characterized by higher sodium and sulfate
concentrations. Zone “E” sand and the Navajo Lake samples had similar compositions
dominated by calcium and bicarbonate. The sample results from the Zone “A” sand in
MW-2 appear anomalous, which may be a result of development water remaining in
the screened zone. Deeper produced waters were depleted of calcium and sulfate,

and dominated by sodium, chloride and bicarbonate.
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e (Cation composition was generally dominated by sodium with the exception of the
Zone “E” sand, as shown on Chart 17 and generally increased in concentration with
depth. Calcium also generally increased in concentration with depth but to a lesser
extent in shallow groundwater as shown on Chart 18, but was low in produced waters.
Other cation concentrations were present in far lower concentrations.

Anion concentrations were dominated by sulfate in the shallow zone with the
exception of the Zone “E” sand, as shown on Chart 19, but sulfate was almost totally
depleted in the deeper produced waters. Chloride concentrations, as shown on

Chart 20, and alkalinity concentrations, as shown on Chart 21, were low in the shallow
zone but are the dominant anions in the produced waters. Boron concentrations, as
shown on Chart 22, were an overall minor component of the groundwater, but were
relatively enriched in the produced water. The natural presence of boron is usually
considered to be derived from the weathering of silicate minerals.

6.3.5 Oxidation Reduction Potential

The ORP of an aquifer is an important measurement for evaluation of microbiological activity.
A generally reduced system will exhibit a negative ORP value, whereas a more oxidized system
will exhibit positive values. Chart 23 displays ORP measurements collected from five private
water wells and the monitor wells during multiple sample collection events. ORP
measurements reveal a more reduced environment in the monitor wells than in the private
water wells.

ORP is the measure of the tendency of a chemical species to accept (reduction) or provide
(oxidation) electrons as recorded in millivolts (mV). These reactions involve sulfur (S) from its
oxidized state (containing oxygen) as sulfate (50,>) and reduced state (containing hydrogen) as
sulfide (H,S).

On the ORP scale, the presence of an oxidizing agent such as oxygen increases the ORP value,
while the presence of a reducing agent, such as hydrogen, decreases the ORP value.

Sulfide, as hydrogen sulfide, is typically stable in groundwater when ORP values are
between -50 to -250 mV (Michael, 2007). The ORP of groundwater in this area, as recorded at
the private water wells, is typically between -50 and 150 mV.

6.3.6 Sulfate Reducing Bacteria [SRB]

Sulfate-reducing bacteria (SRB) are a group of mainly anaerobic bacteria that utilize sulfate as a
terminal electron acceptor in their electron transport chain. The bacteria reduce sulfate via
dissimilatory reduction and generate hydrogen sulfide as waste. The Biological Activity
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Reaction Test (BART) was used to identify potential SRB populations present within the
permeable sandstone zones identified in Section 4.5. The BART includes a reaction chamber
(vial) which is filled with twenty milliliters (ml) of groundwater and allowed to incubate in the
absence of direct sunlight for a maximum of fifteen days (typically 8-10 days). The BART vial is
visually inspected daily to estimate colony forming units (CFU). Refer to Attachment J for more
information regarding the BART.

Results from the BART analysis indicated SRB populations of less than 1,200 CFU/ml at all
private water wells (Chart 24, Table 12). The overall concentration of SRB populations
decreases over time in all zones at MW-1, except for the August 2014 event where a spike in
CFU’s is seen in all zones. Initial data from MW-2 indicates an increase in SRB populations in
Zone “C” sand from 200 CFU/ml to 700,000 CFU/ml. Populations of SRB at MW-3 remained
constant over time with MW-3 ranging from 75 to 375 CFU/ml and MW-4 above

700,000 CFU/ml, respectively. Historically MW-4 counts of SRB have been greater than
2,200,000 CFU/mL which is relatively high compared to monitoring wells MW-1, MW-2, and
MW-3 ranging from 20 to 27,000 CFU/mL during the December 2014 sampling event. The large
population of SRB colonies in MW-4 supports the hypothesis that hydrogen sulfide is present as
a by-product of microbial metabolism.

Sampling parameter values in wells MW-1, MW-2, MW-3, and MW-4 provide evidence for the
generation of waste hydrogen sulfide by SRB anaerobic respiration. The ORP in groundwater
recorded at the monitor wells range from -223.0 mV to -341.6 mV, which suggests an anaerobic
environment suited for methane reduction to hydrogen sulfide by methanotrophic conversion.
(CH4 + SO,* = HCO3— + HS—+ H,0). Previously released methane in the aquifer can undergo
anaerobic oxidation with sulfate as the electron acceptor, to generate hydrogen sulfide. Sulfate
concentrations are generally high in background groundwater but show partial to nearly total
depletion in some monitor wells, such as MW-2, likely due to the sulfate reduction process.
SRB counts peaked in August 2014 with a decreasing trend observed in the second half of 2014
except in MW-4. MW-4 has consistently exhibited the highest SRB CFU/m, increasing in the
second half of 2014. Sulfate concentrations in MW-4 are lower than in MW-1 and MW-3 for
the same screened intervals, which suggest increased bacterial activity and sulfate reduction is
likely. Given the observations from MW-2, it is expected that similar trends will be observed
and the aquifer will attenuate to natural conditions. Historic concentrations of the available
sulfate has been detected at a maximum of 5,000 mg/L indicating that while the abundance of
SRBs located near MW-4 have diminished the sulfate to 1,200 mg/L, there is still a sufficient
amount of sulfate to continue the anaerobic cycle.

Under shallow anaerobic conditions, the sulfur reduction-oxidation cycle is entirely
bacteriological. The naturally existing anaerobic bacteria consume the existing methane and
reduce available elements in order of iron, manganese and lastly, sulfate. Sulfate is reduced
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where sulfate (S0,%) is the electron acceptor, with an end product of hydrogen sulfide (H2S).
Once the methane has been consumed, the system is expected to return to a more oxidized
environment of the natural background conditions as apparent in private water wells in the Site
vicinity with ORP values ranging from approximately 50 to 150 mV. Natural background might
include low levels of natural methane, but the methane, iron, manganese and H,S
concentrations should return to background concentrations found anywhere in the San Juan
Basin. Metal sulfides (typically iron and manganese) may precipitate with H,S in the anaerobic
environment and remove sulfide from the groundwater. Also, as groundwater becomes
exposed to more aerobic conditions, dissolved iron and manganese that were produced during
early reducing states should precipitate as oxides.

Based on the most recent groundwater ORP values; MW-1 from -326.8 mV to -195 mV ,MW-2
at -320.4 mV, MW-3 at -246.2 mV and MW-4 from -402.2 to -317.6 mV in correlation to the SRB
counts, the data indicates the groundwater is highly reduced supporting the anaerobic cycle
and reduction of sulfur to H,S. The sulfide produced from this process can either be reoxidized
to sulfate (SO,4) under anaerobic conditions by SRB and phototrophic bacteria, or the hydrogen
sulfide reaches an aerobic zone within the subsurface and is then chemically or biologically
oxidized via sulfur and thiosulfate to sulfate.

6.3.7 Hydrogen and Oxygen Isotopes in Groundwater

The isotopic ratio of oxygen-18 to hydrogen-2 in the groundwater samples from the Site was
examined to identify the source of water. A plot of the combined oxygen-18 and hydrogen-2
isotope results are shown on Chart 25. The two isotopes were plotted on the standard axis for
comparison to their ratio to a reference linear regression line, the hypothetical “national”
meteoric line of Kendall and Coplen, 2001. The isotopic ratio for groundwater samples from
the deeper Monitor Well MW-1 and private wells was more similar to that of Navajo Reservoir
water sample than to that from shallower private water well samples (Chart 25). The analytical
results from produced water samples were significantly different from all shallow water
samples. The results indicated the potential for the deeper surface groundwater zone water to
be at least partially sourced from recharge from Los Pinos River/Navajo Lake, and the shallower
groundwater was potentially recharged from local precipitation. The produced water values
suggest an older climatic regime source. The isotopic data provided significant evidence of a
lack of connection of deeper basinal water and shallow groundwater supported by the anion
and cation data.

6.4 Gas/Headspace/Groundwater Discussion

Groundwater samples collected from the private water wells in 2011 indicate that groundwater
in the area is naturally aerobic, as is consistent with regional information that groundwater in
the area is recharged through infiltration of precipitation. The introduction of methane from
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the Mesaverde formation through the 32-08 No. 30 well prior to being plugged and abandoned
in 1994 had a direct influence on groundwater chemistry. Methane concentrations were
elevated in the area of the source as measured in monitor wells, and are lower in the
surrounding private water wells. The increased concentration of methane in groundwater
activated microbial respiration that resulted in a decrease in ORP that led to the development
of an anaerobic environment. With the development of anaerobic conditions, SRB populations
increased in response to methane concentrations. As methane is consumed by the SRB
populations, hydrogen sulfide is produced by the reduction of sulfate. The production of
hydrogen sulfide from this biological cycle is dependent on the available mass of methane.
Because the source of methane is limited to the release from the P&A 32-08 No. 30 well, the
total mass of hydrogen sulfide that can be produced is therefore limited.

Once the methane concentration is reduced by microbial consumption, hydrogen sulfide will no
longer be produced. Since hydrogen sulfide is only stable at negative ORP (-250 mV to -50 mV)
conditions, the natural attenuation of the ORP due to the recharge of the aquifer with
oxygenated groundwater from outside the area of investigation, the ORP in the area will
increase to the background conditions as observed in the private water wells in 2011. The
resulting increase in ORP will cause the hydrogen sulfide to convert back to sulfate through
oxidation and dissolved iron and manganese will be precipitated as oxides.

The methane gas that remains in the upper permeable zones, likely will continue to migrate
vertically to the surface through limited preferential pathways. Data collected in support of this
investigation was not intended to evaluate the vertical migration pathway above the water
bearing zones. Given the microbially mediated reduction in the methane in the groundwater,
the concentrations of methane and hydrogen sulfide will naturally attenuate through time in
the subsurface in the vicinity of the 32-08 No. 30 well.

Section 7.0 Conclusions

Site Geology and Hydrogeology Characteristics:

e Seven potentially permeable sand strata over a depth range of approximately 350 to
715 ft bgs were identified through boring logs and geophysical logs. Five of the sand zones
were screened in order to obtain groundwater flow data and constituent concentration
data in both the dissolved and vapor state. The other two identified sand layers were
excluded due to lack of groundwater present in these zones. The screened sand zones were
clearly co-related among the four monitor wells and private water wells in the Site vicinity.

e The Zone “C” sand and deeper are consistently saturated; however, the upper Zone “A” and
“B” sands appear unsaturated, even though they coincide with the apparent screen depths
of some of the local private wells.
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Groundwater flow direction in the Zone “D” and “E/G” sands appear consistently to the east
toward Los Pinos River. Groundwater flow direction in the Zone “C” sand has not been
defined due to fluctuations in groundwater elevations during the sampling period.

Site Related Constituent Evaluation

Methane:

Methane concentrations in samples from Site monitor wells were measured up to 90 mole

‘percent in subsurface gas and up to 10.0 mg/L in groundwater.

Chemical and isotopic characteristics of the methane in samples from monitor wells were
consistent with a source from the Mesaverde production zone.

Dissolved and gas phase methane was concentrated in the area and depth interval of the
former private water well SJ 03250 and corresponding sand zones in the monitor wells.

The preferential pathway for the Mesaverde gas to the multiple shallow groundwater zones
is associated with the historical operation of the former San Juan 32-8 No. 30 gas well,
which was plugged and abandoned in 1994.

Methane concentrations in samples from monitor wells exhibit some variability over time
but variability of methane in the subsurface is well documented by numerous studies and
can be attributed to such things as barometric pressure, substrate moisture content, and
equalization following disturbances caused by monitor well installation and development
processes.

Hydrogen sulfide:

Hydrogen sulfide concentrations were detected up to 240 ppmv in subsurface gas samples
and up to 146 ppm in groundwater samples from monitor wells but not in private water
wells except the former private water well SJ 03250.

Dissolved and gas phase hydrogen sulfide was concentrated in the former private water
well SJ 03250 and corresponding sand zones in the monitor wells.

The potential source of hydrogen sulfide in former private water well SJ 03250 has been
inferred to be a byproduct of the biodegradation of methane. Analysis of sulfate reducing
bacteria indicates high concentrations of SRB present in Monitor Wells MW-1 and MW-4.

Groundwater chemistry:

TDS concentrations reported in the surrounding vicinity of the Site were detected at a
maximum concentration of 8,730 mg/L from the SJ 32-08 No. 204 production well and 4,640
mg/L from the SJ 02816 private water well and were relatively consistent throughout
background and current sampling events within the private and monitoring wells.
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Sulfate concentrations reported in the surrounding vicinity of the Site were detected at a
maximum concentration of 5,290 mg/L from the SJ 0389P1 private water well and were
relatively consistent throughout background and current sampling events within the private
and monitoring wells.

There is no correlation to variation in TDS or Sulfate in the vicinity of the Site. Both
constituents at current concentrations appear to be at background levels and not
influenced by Site related activities.

Concentrations of TDS increased in groundwater with depth, typically with increasing
predominance of sodium and sulfate with depth.

Groundwater geochemical constituents and isotopic ratios were different than samples of
produced water from either the Mesaverde or Fruitland Coal wells, indicating there is no
apparent leakage of produced water from the E&P wells.

Decreasing ORP values correspond to a reducing environment that supports the generation
of hydrogen sulfide from methane by methanotrophic bacteria, as seen in MW-2 and MW-4
in Zone D. Stable or increasing ORP values correspond to reduced sulfide and air phase
methane. Over time, sulfide concentrations will dissipate as fresh water enters the system,
raising the ORP and oxidizing the hydrogen sulfide (H,S) in the aquifer to return to a state of
sulfate (SO,).

The overall distribution of methane (Figure 14B), dissolved hydrogen sulfide (Figure 16B)
and SRB populations (Figure 18) provide a concept of the “radius of influence” of the
natural gas release on the groundwater environment at the Site. The aforementioned
figures show that the highest dissolved methane concentrations, largest SRB populations,
and the resulting highest dissolved hydrogen sulfide concentrations are focused around the
area of the initial well release and the monitor wells. The concentrations of the methane
“food” for the SRBs and hence the byproduct hydrogen sulfide all decrease radially outward
from the source to background concentrations. With time, the concentrations within the
radius of influence should decline as the methane is consumed and aerobic groundwater
conditions are reestablished by the influx of fresh groundwater.
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Pagelof1

TABLE 2

SURFACE WATER AND GROUNDWATER ISOTOPIC ANALYTICAL RESULTS SUMMARY
FROM E&P WELLS AND PRIVATE WATER WELLS
DECEMBER 2011 - SEPTEMBER 2013
CONOCOPHILLIPS COMPANY
SAN JUAN 32-8 No. 30 AREA INVESTIGATION

60 6 18 0o
Well ID Source Type Sample ID Date %o Relative to %o Relative to
VSsMow VSsMow

DW-074922-120111-CM-46 12/01/2011 4234 -15.93
SJ 02816 Water Well GW-074922-052212-CM-02816-2 05/22/2012 -120.6 -15.67
GW-074922-101712-CM-02816-3 10/17/2012 -121.7 -15.96
-14.84

DW-074922-120111-CM-29 12/01/2011 -114.2

GW-074922-052212-CM-03259-2 05/22/2012 -112.9 -14.77
GW-074922-101612-CM-03259-3 10/16/2012 -111.8 -14.86

SJ 03259 Water Well

GW-074922-091913-CM-3259 09/19/2013 -114.1 -14.77

GW-074922-120211-CM-2566 12/20/2011 -103.8 -13.70

SJ 03250 Water Well GW-074922-052212-CM-03250-2 05/22/2012 -104.9 -13.74
GW-074922-052212-CM-DUP 05/22/2012 -104.4 -13.73

sJ 03250% Water Well Dry Well
DW-074922-120111-CM-D3 12/01/2011
GW-074922-052412-CM-03823P1-2 05/24/2012

SJ 03823P1 Water Well GW-074922-101712-CM-03823P1-3 10/17/2012

GW-074922-091913-CM-3823P1-COLD 09/19/2013
GW-074922-091913-CM-3823P1-HOT 09/19/2013
GW-074922-052412-CM-02992-1 05/24/2012

$J 02992 Water Well GW-074922-101912-CM-02992-2 10/19/2012
GW-074922-091913-CM-2992 09/19/2013

GW-074922-052212-CM-03897P1-1 05/22/2012
GW-074922-101612-CM-03897P1-2 10/16/2012

SJ 03897P1 Water Well

SJ 32-8 No. 25 E&P Well PW-074922-052312-CM-25 05/23/2012
SJ 32-8 No. 202 E&P Well PW-074922-052312-CM-202 05/23/2012
NAV Surface Water SW-074922-120211-CM-NAV 12/02/2011

Notes:
[1] Data obtained from Isobag
[2] GW and DW indicate private water well samples
[3] PW indicates gas well samples
[4] SW indicates surface water samples

CRA 074922 (8)
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TABLE 4

Pagelof1

GAS SAMPLE HYDROGEN SULFIDE AND ACETYLENE ANALYTICAL RESULTS SUMMARY
FROM E&P WELLS AND PRIVATE WATER WELLS
DECEMBER 2011 - OCTOBER 2012
CONOCOPHILLIPS COMPANY
SAN JUAN 32-8 No. 30 AREA INVESTIGATION

Well ID

Source Type

Sample ID

Date

Hydrogen Sulfide
(ppmv)

Acetylene
(ppmv)

S 02816

Water Well

12/01/2011

Inaccessible

A-074922-052212-CM-02816-2

05/22/2012

<0.0021

A-074922-101712-CM-02816-3

10/17/2012

<0.0021

SJ 03259

Water Well

A-074922-120211-CM-29

12/01/2011

<10

A-074922-052212-CM-03259-2

05/22/2012

<0.0022

A-074922-101612-CM-03259-3

10/16/2012

<0.0022

S 03250

Water Well

A-074922-120211-CM-2566

12/02/2011

<10

A-074922-052412-CM-03250-2

05/24/2012

1.6

SJ 03250(2)

Water Well

A-074922-052412-CM-3250(2)-1

05/24/2012

<0.0021

SJ 03823P1

Water Well

A-074922-120211-CM-D3

12/02/2011

*%

A-074922-052412-CM-03823P1-2

05/24/2012

<0.0021

A-074922-101712-CM-03823P1-3

10/17/2012

<0.0022

SJ 02992

Water Well

A-074922-052412-CM-02992-1

05/24/2012

<0.0031

A-074922-101812-CM-02992-2

10/18/2012

<10

SJ 03897P1

Water Well

05/22/2012

Inaccessible

10/16/2012

Inaccessible

SJ 32-8 No. 25

E&P Well

A-074922-120211-CM-2566

12/02/2011

<10

A-074922-052312-CM-25-2

05/23/2012

<0.0018

SJ 32-8 No. 202

E&P Well

A-074922-120211-CM-202

12/02/2011

<10

A-074922-052312-CM-202-2

05/23/2012

<0.0010

SJ 32-8 No. 204A

E&P Well

A-074922-120211-CM-204A

12/02/2011

<10

Notes:

[1] ** = Sample volume was lost during transport to Air Technologies Laboratory
[2] ppmv = part per million by volume

[3] < 0.20 = Below laboratory detection limit of 0.20 ppmv
[4] - Indicates not analyzed
[5] A- indicates Gas Sample

CRA 074922 (8)
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TABLE 12

SULFATE-REDUCING BACTERIAL-BART RESULTS

CONOCOPHILLIPS COMPANY

SAN JUAN 32-8 No. 30 AREA INVESTIGATION

Biouibar Approximate SRB
Well Zone Collection Date Result Date of Days Population
(CFU/mL)
DW-2992 - 9/19/2013 10/4/2013 15 <200
DW-3259 -~ 9/19/2013 9/25/2013 6 1,200
DW-3823P1 COLD - 9/19/2013 9/30/2013 11 <200
DW-3823P1 HOT - 9/19/2013 10/4/2013 15 < 200
MW-1 Zone C 6/18/2013 6/20/2013 2 >700,000
MW-1 Zone C 10/2/2013 10/6/2013 4 18,000
MW-1 Zone C 12/6/2013 10/10/2013 4 18,000
MW-1 Zone C 2/18/2014 2/22/2014 4 18,000
MW-1 Zone C 4/15/2014 4/20/2014 5 5,000
MW-1 Zone C 6/24/2014 6/28/2014 5 5,000
MW-1 Zone C 8/19/2014 8/21/2014 2 700,000
MW-1 Zone C 10/21/2014 10/26/2014 5 6,000
MW-1 Zone C 12/3/2014 12/9/2014 6 1,400
MW-1 Zone D 6/18/2013 6/20/2013 2 >700,000
MW-1 Zone D 9/26/2013 10/2/2013 6 1,200
MW-1 Zone D 12/6/2013 12/14/2013 8 200
MW-1 Zone D 2/18/2014 2/22/2014 4 18,000
MW-1 Zone D 4/15/2014 4/20/2014 5 5,000
MW-1 Zone D 6/24/2014 6/29/2014 4 18,000
MW-1 Zone D 8/19/2014 8/22/2014 3 18,000 -700,000
MW-1 Zone D 10/21/2014 10/26/2014 5 6,000
MW-1 Zone D 12/2/2014 12/6/2014 4 27,000
MW-1 Zone G 6/18/2013 6/22/2013 4 18,000
MW-1 Zone G 9/26/2013 10/3/2013 7 200
MW-1 Zone G 12/5/2013 12/10/2013 5 5,000
MW-1 Zone G 2/19/2014 2/26/2014 7 200
MW-1 Zone G 4/15/2014 4/24/2014 9 <200
MW-1 Zone G 6/24/2014 7/1/2014 7 200
MW-1 Zone G 8/20/2014 8/28/2014 8 200
MW-1 Zone G 10/21/2014 10/29/2014 8 75
MW-1 Zone G 12/2/2014 12/11/2014 9 20
MW-2 Zone A 12/3/2013 12/9/2013 6 1,200
MW-2 Zone C 12/3/2013 12/13/2013 13 <200
MW-2 Zone C 2/19/2014 2/24/2014 5 5,000
MW-2 Zone C 4/14/2014 4/18/2014 4 18,000
MW-2 Zone C 6/23/2014 6/27/2014 4 18,000
MW-2 Zone C 8/18/2014 8/20/2014 2 700,000
MW-2 Zone C 10/22/2014 10/24/2014 2 500,000
MW-2 Zone C 12/1/2014 12/7/2014 6 1,400
MW-3 Zone D 12/5/2013 12/14/2013 9 <200
MW-3 Zone D 2/19/2014 2/28/2014 9 < 200
MW-3 Zone D 4/14/2014 4/24/2014 10 <200
MW-3 Zone D 6/25/2014 7/4/2014 9 <200
MW-3 Zone D 8/19/2014 8/27/2014 8 200
MW-3 Zone D 10/21/2014 10/28/2014 7 325
MW-3 Zone D 12/2/2004 12/10/2014 8 75
MW-4 Zone D 12/4/2013 12/6/2013 2 >700,000
MW-4 Zone D 2/18/2014 2/19/2014 1 >700,000
MW-4 Zone D 4/17/2014 4/18/2014 1 > 700,000
MW-4 Zone D 6/26/2014 6/25/2014 <1 > 700,000

CRA 074922 (8)
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TABLE 12

SULFATE-REDUCING BACTERIAL-BART RESULTS

CONOCOPHILLIPS COMPANY

SAN JUAN 32-8 No. 30 AREA INVESTIGATION

) —— Approximate SRB

Well Zone Collection Date Result Date of Days Population

(CFU/mL)
MW-4 Zone D 8/20/2014 8/20/2014 <1 > 700,000
MW-4 Zone D 10/22/2014 10/22/2014 <1 2,200,000
MW-4 Zone D 12/3/2014 12/3/2014 <1 2,200,000
MW-4 Zone E 12/3/2013 12/4/2013 1 >700,000
MW-4 Zone E 2/18/2014 2/19/2014 4 >700,000
MW-4 Zone E 4/17/2014 4/18/2014 1 > 700,000
MW-4 Zone E 6/25/2014 6/25/2014 <1 > 700,000
MW-4 Zone E 8/20/2014 8/202014 <1 > 700,000
MW-4 Zone E 10/22/2014 10/22/2014 <1 2,200,000
MW-4 Zone E 12/3/2014 12/3/2014 <1 2,200,000

Notes:

[1] BART- Biological Activity Reaction Test
[2] CFU/mL- Colony Forming Unit per milliliter

Page 2 of 2
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TABLE 13

SUMMARY RESULTS FROM DRAEGER H,S TUBES
December 2013- December 2014
CONOCOPHILLIPS COMPANY
SAN JUAN 32-8 No. 30 AREA INVESTIGATION

Well Date H,S (ppm)
MW-2 Dec-13 2.5
MW-2 Feb-14 NS
MW-2 Apr-14 100
MW-2 Jun-14 0]
MW-2 Aug-14 0
MW-2 Oct-14 2
MW-2 Dec-14 0
MW-3 Dec-13 1.26
MW-3 Feb-14 NS
MW-3 Apr-14 0
MW-3 Jun-14 0

MW-3(Zone C) Jun-14 240
MW-3 Aug-14 0
MW-3 Oct-14 0
MW-3 Dec-14 15

MW-4 (1) Dec-13 1.8
MW-4 (1) Feb-14 NS
MW-4 (1) Apr-14 10
MW-4 (1) Jun-14 11
MW-4 (1) Aug-14 14
MW-4 (1) Oct-14 NS
MW-4 (1) Dec-14 2
MW-4 (2) Dec-13 NS
MW-4 (2) Feb-14 NS
MW-4 (2) Apr-14 0
MW-4 (2) Jun-14 0
MW-4 (2) Aug-14 2
MW-4 (2) Oct-14 0
MW-4 (2) Dec-14 2

Note:
NS = Not sampled

Pagelof1
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ConocoPhillips Company San Juan 32-8 No. 30 Area Investigation

Attachment A

Application for Permit to Drill a Well with No Consumptive Use of Water

074922 (8)
May 2015




File No. SJ-4023 POD3 & POD4

NEW MEXICO OFFICE OF THE STATE ENGINEER

APPLICATION FOR PERMIT TO DRILL A WELL
WITH NO CONSUMPTIVE USE OF WATER

(check applicable box):

= »
For fees, see State Engineer website: hitp://www.ose.state.nm.us/ : = ?é_

G

Purpose: [ Pollution Control And / Or Recovery [J Geo-Thermal & ,rn

[ Exploratory [ Construction Site De-Watering [ Other (Describe): - '_«_;‘; ,;,

X Monitoring [0 Mineral De-Watering x o
N OFR
o S
o .

A separate permit will be required to apply water to beneficial use. o

Temporary Request - Requested Start Date:  8/2/13 Requested End Date:  Unknown

Plugging Plan of Operations Submitted? [ Yes [ No

1. APPLICANT(S)
‘ Name: ConocoPhillips Company Name:

Contact or Agent: check here if Agent [] Contact or Agent: check here if Agent []

Terry Lauck

Mailing Address: Mailing Address:

1380-G Plaza Office Bldg,

316 Johnston Ave.

City: Bartlesville City:

State: OK Zip Code: 74004 State: Zip Code:

Phone: 918-563-0889 [ Home [X Cell Phone: [ Home [ Cell

Phone (Work): 918-661-0935 Phone (Work):

E-mail (optional): terry.s.lauck@conocophillips.com E-mail (optional):

FOR OSE INTERNAL USE Application for Permit, Form wr-07, Rev 4/12/12

File Number: SJ-4023 POD3 &POD4 | T Number:

Trans Description (optional):

‘ Sub-Basin:
PCWILOG Due Date: 7/30/2014

Page 10f 3




4. SPECIFIC REQUIREMENTS: The applicant must include the following, as applicable to each well type. Please check the appropriate
boxes, to indicate the information has been included and/or attached to this application:

Exploratory: Pollution Control and/or Recovery: Construction Mine De-Watering:
[ Include a [ Include a plan for pollution De-Watering: [ Include a plan for pollution
description of | conirolfrecovery, that includes the [ Include a description of the | control/recovery, that includes the following:
any proposed | following: proposed dewatering [] A description of the need for mine
pump test, if | [C] A description of the need for the operation, dewatering.
applicable. pollution control or recovery operation. The estimated duration of [ The estimated maximum period of time
[] The estimated maximum period of the operation, for completion of the operation.
time for completion of the operation. [ The maximum amount of [] The source(s) of the water to be diverted.
[] The annual diversion amount. water to be diverted, [JThe geohydrologic characteristics of the
[] The annual consumptive use [C] A description of the need aquifer(s).
amount. for the dewatering operation, maximum amount of water to be
[] The maximum amount of water to be | and, diverted per annum.
diverted and injected for the duration of | [] A description of how the [JThe maximum amount of water to be
the operation. diverted water will be disposed | diverted for the duration of the operation.
[J The method and place of discharge. | of. [JThe quality of the water.
Monitoring: [ The method of measurement of Geo-Thermal: [JThe method of measurement of water
X Include the | water produced and discharged. [ Include a description of the | diverted.
reason for the | [] The source of water to be injected. geothermal heat exchange [JThe recharge of water to the aquifer.
monitoring [J] The method of measurement of project, [IDescription of the estimated area of
well, and, water injected. ] The amount of water to be hgrologic effect of the project.
B4 The [] The characteristics of the aquifer. diverted and re-injected for the method and place of discharge.
duration [ The method of determining the roject, [CJAn estimation of the effects on surface
of the planned | resulting annual consumptive use of El The time frame for water rights and underground water rights
monitoring. water and depletion from any related constructing the geothermal from the mine dewatering project.
stream system. heat exchange project, and, [CJA description of the methods employed to
[J Proof of any permit required from the | [] The duration of the project. | estimate effects on surface water rights and
New Mexico Environment Department. | [] Preliminary surveys, design | underground water rights.
[] An access agreement if the data, and additional [Cinformation on existing wells, rivers,
applicant is not the owner of the land on | information shall be included to | springs, and wetlands within the area of
which the pollution plume control or provide all essential facts hydrologic effect.
recovery well is to be located. relating to the request.
ACKNOWLEDGEMENT -
[ —=)
I, We (fame of applicant(s)), Terry Lauck of ConocoPhilli g 5
Print Name(s) ‘E S )
statements are true to the best of (my, our) knowledge and belief. = Sm
- =G
- &z
/Z,—— O o
Applicant Signature x @‘ 8
ACTION OF THE STATE ENGINEER :: 8§
S m

Witness gy hand and seal this _ 30t day of

By: 74

&1 approved

This application is:

[ partially approved  [] denied

provided it is not exercised to the detriment of any others having existing rights, and is not contrary to the conservation of water in New
Mexico nor detrimental to the public welfare and further subject to the attached conditions of approval.

Scott A. Verhines, P.E.

July 20 13

, State Engineer

Ltbiee A to)fon

, for the State Engineer,

Blaine A. Watson, P.G.

Sign_atune

Print

Title: District V Manager, Water Rights Division

Print

FOR OSE INTERNAL USE

Application for Permit, Form wr-07

| File Number:J-4023 POD3 & POD4

Trn Number:

Page 30of 3
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NMOSE Permit To Drill A Monitoring Well(s)

Conditions Of Approval

1.

$J-4023 POD3 & POD4
July 30, 2013

This application is approved provided it is not exercised to the detriment of any others having
existing rights, and is not contrary to the conservation of water in New Mexico nor
detrimental to the public welfare of the state; and further subject to the following conditions

of approval:

Permittee:

Permit Number:

Application File Date:

Priority:
Source:

Point of Diversion:

Purpose of Use:
Place of Use:

Amount of Water:

ConocoPhillips Company

c/o Terry Lauck

1380-G Plaza Office Building
315 Johnston Avenue
Bartlesville, OK 74004

SJ-4023

July 11, 2013

N/A

Groundwater

SJ-4023 POD3 & POD4; located within the SW/4 SE/4 SW/4 of
Section 27, Township 32 North, Range 8 West, NMPM; at point

locations described as follows:

SJ-4023 POD3: 36° 56' 52.42" N Latitude; 107° 39"
58.32"W Longitude [MW-2];

SJ-4023 POD4: 36° 56' 55.73" N Latitude; 107° 40' 0.43"
W Longitude [MW-3];

On land owned by ConocoPhillips Company and located
near the San Juan 32-8 #202 well location, in San Juan County,
New Mexico.

Monitoring

N/A

N/A

No water shall be appropriated and beneficially used under this permit.

No water shall be diverted from the well(s) except for sampling purposes, and upon completion
of monitoring activities the well(s) shall be plugged in accordance with Subsection C of
19.27.4.31K NMAC, unless a permit to use water is acquired from the Office of the State

Engineer.

Water well drilling and well drilling activities, including well plugging, are regulated under
NMOSE Regulations 19.27.4 NMAC. These regulations apply, and provide both general and




NMOSE Permit To Drill A Monitoring Well(s)

Conditions Of Approval

$J-4023 POD3 & POD4

July 30, 2013

ey MW-4 (SJ-4023 PODS):
{E o 36.95076N 107.66718W

SISV

MW-3 (SJ-4023 PODA):
36.94883 N 107.66689W

$B-1 (8J-4023 POD2);
36.94794N 107._066?4W

RN
NN

MW-2 (SJ-4023 POD3):
/36.94789N 107.66620W
[ 174 1/4 Section
[ section
= Township/Range [
0 100 200 0
Feet
Map Description: §)-4023 (POD2 - POD5)
Qam sources: Coordinate System
File number: §J-4023 Lat/Long (decimal deg)
Aerial Photography: 2009/2011 combined WGS84

STATE OF NEW MEXICO
Office of the State Engineer
Scott A, Verhines, P.E.
State Engincer

Aztec District Office
Well Location Map




File No. SJ-4023 POD5

NEW MEXICO OFFICE OF THE STATE ENGINEER

APPLICATION FOR PERMIT TO DRILL A WELL
WITH NO CONSUMPTIVE USE OF WATER

(check applicable box):

For fees, see State Engineer website: hitp://www.ose stale.nm.us/
Purpose: [J Pollution Control And / Or Recovery [0 Geo-Thermal

Y18

=

3Ly
23

N

NHON

At

i '-"l:

04043

[ Exploratory [J Construction Site De-Watering [ Other (Describe):

B Monitoring [J Mineral De-Watering

A separate permit will be required to apply water to beneficial use.

[3] Temporary Request - Requested Start Date: g /2/13 Requested End Date: ypknown

Plugging Plan of Operations Submitted? X] Yes [ No

1. APPLICANT(S)
Name: ConocoPhillips Company Name: Bureau of Land Management

Contact or Agent: check here if Agent [] Contact or Agent: «check here if Agent []

o Mo hciicz

Mailing Address: Mailing Address: 6251 College Bivd. Suite A
1380-G Plaza Office Bldg,
3156 Johnston Ave.

City: Bartlesville City: Farmington

State: OK Zip Code: 74004 State: NM Zip Code: 87402

Phone: 918-563-0889 [ Home [X] Cell Phone: 605-320-7378 [ Home [X Cell
Phone (Work): 918-661-0936 Phone (Work): 505-5684-7735

E-mail (optional): terry.s.lauck@conocophillips.com E-mail (opﬂonal)Mlm.gov
man ki

FOR OSE INTERNAL USE Application for Permit, Form wr-07, Rev 4/12/12

File Number: SJ-4023 POD5 Tm Number:

Trans Description (optional):
Sub-Basin:
PCW/LOG Due Date: 7/30/2014

Page 10f3




4, SPECIFIC REQUIREMENTS: The applicant must include the following, as applicable to each well type. Please check the appropriate
boxes, to indicate the information has been included and/or attached to this application:

1, We (name of applicant(s)), Terry Lauck of ConocoPhillips and
Print Name(s)

are true to the best of (my, our) knowledge and belief.

affirfn that the fo

Dave Mankiewicz
iib of BLM

Exploratory: Pollution Control and/or Recovery: Construction Mine De-Watering:
[ Include a [ Include a plan for pollution De-Watering: [ Include a plan for pollution
description of | control/recovery, that includes the [J Include a description of the | control/recovery, that includes the following:
any proposed | following: proposed dewatering [] A description of the need for mine
pump test, if | [C] A description of the need for the operation, dewatering.
applicable. lution control or recovery operation. | [] The estimated duration of | [] The estimated maximum period of time
The estimated maximum period of the operation, for completion of the operation.
time for completion of the operation. [] The maximum amount of [[] The source(s) of the water to be diverted.
[[] The annual diversion amount. water to be diverted, [CIThe geohydrologic characteristics of the
[C] The annual consumptive use [[] A description of the need aquifer(s).
amount. for the dewatering operation, [ﬂThe maximum amount of water to be
[[] The maximum amount of water to be | and, diverted per annum.
diverted and injected for the duration of | [] A description of how the [IThe maximum amount of water to be
the operation. diverted water will be disposed | diverted for the duration of the operation.
[[] The method and place of discharge. | of. [JThe quality of the water.
Monitoring: | [] The method of measurement of Geo-Thermal: [CJThe method of measurement of water
X Include the | water produced and discharged. [] Include a description of the | diverted.
reason for the | [] The source of water to be injected. geothermal heat exchange [CJThe recharge of water to the aquifer.
monitoring [] The method of measurement of roject, [CIDescription of the estimated area of
well, and, water injected. The amount of water to be hﬁx_::rologlc effect of the project.
X The [] The characteristics of the aquifer. diverted and re-injected for the method and place of discharge.
duration [[] The method of determining the [CJAn estimation of the effects on surface
of the planned | resulting annual consumptive use of | i The time frame for water rights and underground water rights
monitoring. water and depletion from any related constructing the geothermal from the mine dewatering project.
stream system. heat exchange project, and, [CJA description of the methods employed to
[J Proof of any permit required from the | [C] The duration of the project. | estimate effects on surface water rights and
New Mexico Environment Department. | [[] Preliminary surveys, design | underground water rights.
] An access agreement if the data, and additional [Cinformation on existing wells, rivers,
applicant is not the owner of the land on | information shall be included to | springs, and wetlands within the area of
which the pollution plume control or provide all