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Cover photo. View to the southwest across intertidal sand flat along theTurnagain Arm
of the Cook Inlet with Kenai-Chugach Mountains in background. Sand flat is located
near Girdwood, Alaska, on northern shore of Turnagain Arm, and distance to mountains
on southern shore is approximately 7 kilometers (4.3 miles).
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Conversion Factors

Multiply By To obtain

Length

meter (m) 3.281 foot (ft)

meter (m) 1.094 yard (yd)

kilometer (km) 0.6214 mile (mi)

mile (mi) 1.609 kilometer (km)

Area

acre 0.004047 square kilometer (km?)
Volume

cubic centimeter (cm® or cc) 0.06102 cubic inch (in’)

cubic foot (ft°) 28.32 cubic decimeter (dm?)

cubic foot (ft°) 0.02832 cubic meter (m?)

Mass/weight
gram (g) 0.03527 ounce, avoirdupois (oz avdp)
ton 0.9072 megagram (Mg) or metric ton (t)

The isotope ratio of carbon-13 to carbon-12 relative to the Pee Dee Belemnite (PDB), in per mil,

is notated as 613C.



Assessment of the Coal-Bed Gas Total Petroleum System
in the Cook Inlet-Susitna Region, South-Central Alaska

By William A. Rouse and David W. Houseknecht

Abstract

The Cook Inlet-Susitna region of south-central Alaska
contains large quantities of gas-bearing coal of Tertiary age.
The U.S. Geological Survey in 2011 completed an assess-
ment of undiscovered, technically recoverable coal-bed gas
resources underlying the Cook Inlet-Susitna region based on
the total petroleum system (TPS) concept. The Cook Inlet
Coal-Bed Gas TPS covers about 9,600,000 acres and com-
prises the Cook Inlet basin, Matanuska Valley, and Susitna
lowland. The TPS contains one assessment unit (AU) that
was evaluated for coal-bed gas resources between 1,000 and
6,000 feet in depth over an area of about 8,500,000 acres.

Coal beds, which serve as both the source and reservoir
for natural gas in the AU, were deposited during Paleocene—
Pliocene time in mires associated with a large trunk-tributary
fluvial system. Thickness of individual coal beds ranges from
a few inches to more than 50 feet, with cumulative coal thick-
ness of more than 800 feet in the western part of the basin.
Coal rank ranges from lignite to subbituminous, with vitrinite
reflectance values less than 0.6 percent throughout much of
the AU.

The AU is considered hypothetical because only a few
wells in the Matanuska Valley have tested the coal-bed reser-
voirs, so the use of analog coal-bed gas production data was
necessary for this assessment. In order to estimate reserves
that might be added in the next 30 years, coal beds of the
Upper Fort Union Formation in the Powder River Basin
of Wyoming and Montana were selected as the production
analog for Tertiary coal beds in the Cook Inlet-Susitna region.
Upper Fort Union coal beds have similar rank (lignite
to subbituminous), range of thickness, and coal-quality
characteristics as coal beds of the Tertiary Kenai Group.

By use of this analog, the mean total estimate of undis-
covered coal-bed gas in the Tertiary Coal-Bed Gas AU is
4.674 trillion cubic feet (TCF) of gas.

Introduction

The U.S. Geological Survey (USGS) in 2011 completed
an assessment of undiscovered, technically recoverable,
conventional and unconventional oil and gas resources in the
Cook Inlet-Susitna region of south-central Alaska. The assess-
ment is based on the total petroleum system (TPS) concept
(Schmoker, 2005) and includes four assessment units (AU).
Results of the complete assessment were reported by Stanley
and others (2011). The purpose of this report is to provide a
synthesis of the geology of the Cook Inlet-Susitna region and
to present input parameters and results of the Cook Inlet Coal-
Bed Gas TPS resource assessment.

Coal was first discovered in Alaska at Port Graham on
the Kenai Peninsula by Russian explorers in 1786, although
it was undoubtedly used by native Alaskans earlier (Merritt
and Hawley, 1986). The Russian-American Company opened
the first documented coal mine in Alaska in 1855 at this site,
exporting 88 tons of coal to California in its first year (Davis,
1981; Merritt and Hawley, 1986). Since then, as much as
12 billion short tons of coal have been discovered in the Cook
Inlet-Susitna region, with estimates of undiscovered or hypo-
thetical coal resources at 1,600 billion short tons (Hopkins,
1951, cited in Flores and others, 2003; Barnes and Cobb,
1959; Barnes, 1967; Renshaw, 1983; Merritt and Belowich,
1984; Merritt and Hawley, 1986; Affolter and Stricker, 1987).

Production of gas from conventional sandstone and con-
glomerate reservoirs began in 1958, and more than 7.8 trillion
cubic feet (TCF) have been produced (Alaska Department of
Natural Resources, Division of Qil and Gas, 2009). As much
as 93 percent of the natural gas discovered to date may have
been sourced from coal interbedded with the conventional
sandstone and conglomerate reservoirs (Claypool and others,
1980). Geochemical evidence suggests that most of the coal-
bed-sourced gas in Cook Inlet conventional accumulations is
biogenic rather than thermogenic, because biogenic gas gener-
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ated from coal beds is isotopically light (8"*C range of —63 to
—56 per mil) and chemically dry (C,/C, ;> 0.99; Claypool and
others, 1980).

The large amount of coal in the Cook Inlet-Susitna
region, coupled with moderate to good gas content, suggests
the potential for a large untapped coal-bed gas resource.
Although no official estimates of coal-bed gas resources in
the Cook Inlet-Susitna region have been published previously
by the USGS, a total gas-in-place resource of 245 TCF was
estimated by Montgomery and Barker (2003).

Structural and Tectonic Setting

The Cook Inlet basin is a northeast-southwest trending
fore-arc basin flanked by the Aleutian volcanic arc to the
northwest and Chugach-Kenai accretionary complex to the
southeast and bounded by active high-angle reverse fault
zones (fig. 1). The Castle Mountain and Bruin Bay fault zones
make up the northern and northwestern boundaries, separating
the uplifted volcanic arc complex from the basin. The south-
eastern boundary is defined by the Border Ranges fault, which
separates the basin from the Chugach terrane.

Basin accommodation for more than 25,000 feet (ft) of
Tertiary nonmarine strata is attributed to early Tertiary defor-
mation and increased tectonism associated with the subduction
of the Kula plate and spreading center in the Early Eocene
(fig. 2) (Byrne, 1979, cited in Swenson, 1997; Pavlis, 1982).
Tertiary strata are thickest in the basin center and thin towards
the basin margins (fig. 3). Rapid subsidence and deposition
of nonmarine sand, organic matter, and silt continued until
the end of the Pliocene, when the latest phase of tectonism
deformed the basin margins.

Numerous fault-cored folds related to this latest phase
of tectonism are present in the Cook Inlet, with fold axes that
are generally subparallel to the margins of the basin and trend
northeast-southwest (Plafker and others, 1994). These folds
are generally asymmetric and doubly plunging, with opposing
sense of vergence, and are thought to be developed by right-
transpressional deformation on oblique-slip faults extending
downward into Mesozoic basement (Nokleberg and others,
1994; Haeussler and others, 2000). Right-transpressional
deformation of the Cook Inlet likely is driven by a combina-
tion of subduction of the Pacific plate and lateral escape of the
fore arc to the southwest resulting from the collision of the
Yakutat block to the east of the basin (Haeussler and others,
2000). Much of the exploration and production activity in the
Cook Inlet basin to date has focused on the fault-cored folds.

The Susitna lowland (fig. 1) is considered the north-
ern extension of the Cook Inlet basin, located between the
Talkeetna Mountains to the east and the Alaska Range to the
north and west (Miller and Dobrovolny, 1959; Smith, 1995).
The Susitna arch, a partially buried ridge of granitic rocks near
the Castle Mountain fault zone, separates the shallower and
younger Susitna lowland from the Cook Inlet basin
(Kelly, 1963; Smith, 1995).

The Matanuska Valley is considered the northeastern
arm of the Cook Inlet basin, forming a structural trough
8 to 16 kilometers (km) wide and 80 km long that narrows
to the northeast (Merritt and Belowich, 1984). The valley is
between the Talkeetna Mountains to the north and Chugach
Mountains to the south. The Castle Mountain fault to the
north and an unnamed fault zone to the south separate Tertiary
and Cretaceous rocks of the Matanuska Valley from older
and more highly deformed metamorphic and intrusive rocks
of the mountains (Barnes and Payne, 1956). Deformation of
coal-bearing rocks and abundance of igneous dikes and sills
increase eastward, resulting in coals that are strongly folded
and faulted and of higher rank compared to coals of the Cook
Inlet and Susitna lowland (Merritt and Belowich, 1984;
Stricker, 1991).

Stratigraphic Framework

Tertiary nonmarine, coal-bearing basin fill unconform-
ably overlies deeply buried, mostly marine Mesozoic rocks
(fig. 4). Six regional, time-transgressive units were defined
on the basis of “type” well logs by Calderwood and Fackler
(1972). These units are thought to contain laterally equivalent
facies related to a dynamic nonmarine depositional system
(Swenson, 1997). The coarsest facies (conglomerates and
sandstones) were deposited near the source by an alluvial fan
system that drained the basin margins, while a distal axial-
fluvial system in the center of the basin reworked the alluvial
fan deposits (Flores and others, 2004) (fig. 5). Coal deposits
accumulated in mires related to this large fluvial drainage
system.

Lower Tertiary Rocks

Lower Tertiary rocks in the Cook Inlet-Susitna region
include the Paleocene—Eocene Chickaloon Formation and
Eocene Wishbone Formation. The Chickaloon Formation
is present in the northeastern part of the basin and crops
out in the Matanuska Valley. This formation consists of a
3,300- to 4,900-ft-thick sequence of mudstone, siltstone, and
sandstone, with minor conglomerate and coal (Triplehorn
and others, 1984; Flores and Stricker, 1993). Sandstone beds
are erosionally based and range from lenticular to tabular in
geometry. As many as 12 coal beds have been reported in the
Chickaloon Formation. Coal beds are lenticular and vary in
thickness within 300 ft laterally. Individual coal beds average
less than 3 ft in thickness, but a coal bed more than 15 ft thick
has been reported in the Chickaloon mine (Wahrhaftig and
others, 1994). Coal rank increases from west to east within
the Matanuska Valley, from high-volatile subbituminous to
semianthracite. This increase in rank is attributed to heating
of the coal by the abundant igneous dikes and sills within the
Chickaloon Formation in the eastern Matanuska Valley
(Merritt, 1985; Stricker, 1991; Wahrhaftig and others, 1994).



Stratigraphic Framework 3

154° 163° 152° 151° 150° 149° 148°

EXPLANATION

TPS boundary

7 Area excluded from
60° assessment
—— Major bounding faults
—— Anticlines

Coastline

Vertical and
near-vertical well
locations

154° 153° 152° 151° 150° 149°

Figure 1. Location of the Cook Inlet Coal-Bed Gas Total Petroleum System (TPS), major bounding faults, anticlines, and vertical and
near-vertical well locations within the Cook Inlet-Susitna region, south-central Alaska. The Coal-Bed Gas Assessment Unit (AU) excludes
an area in the center of the Cook Inlet basin where the principal coal-bearing units are deeper than 6,000 feet and are unlikely to be
productive of gas. An area (not shown) around the outer perimeter of the AU where the principal coal-bearing units are shallower than
1,000 feet also is excluded from the assessment.
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Figure 4. Tertiary correlation chart for the Cook Inlet-Susitna region (modified from Wahrhaftig and others, 1994; formations in
Susitna lowland from Reed and Nelson, 1980). See Swenson (1997) for interpretation of interfingering relations in Tertiary Strata.
(Ma, million years before present.)
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Figure 5. Depositional model of the Kenai Group in the Cook Inlet basin (Flores and others, 2004; modified from Hayes and others, 1976).

The Chickaloon Formation unconformably overlies the Lower
and Upper Cretaceous Matanuska Formation, which consists
of marine sandstone and shale (Barnes and Payne, 1956;
Grantz and Jones, 1960) and is overlain unconformably by the
Eocene Wishbone Formation.

The Wishbone Formation consists of 3,000 ft of thick,
massive conglomerate and sandstone containing clasts that
indicate a provenance in the Talkeetna Mountains to the north.
The formation is restricted to the Matanuska Valley and is
unconformably overlain by flat-lying Tertiary basalt at the east
end of the Matanuska coal field. The Wishbone Formation
correlates with the West Foreland Formation in the Cook Inlet
basin (Wahrhaftig and others, 1994; Flores and others, 2004).

The West Foreland Formation consists of 2,000 ft of
tuffaceous claystone, sandstone, and conglomerate, with a few
thin coals. The formation underlies most of the lower Cook
Inlet basin southwest of the mouth of the Susitna River and
much of the lowland area of the northwestern Kenai Peninsula
(Hartman and others, 1971).

The Wishbone and West Foreland Formations are
overlain by the Oligocene—Pliocene Kenai Group, though
the nature of the contact has been the subject of debate.
C.E. Kirschner (1989, written commun.; cited in Wahrhaftig
and others, 1994), following the assignment of the West
Foreland Formation as the basal unit of the Kenai Group by
Calderwood and Fackler (1972), regarded the West Foreland
Formation as conformable and probably continuous with the
rest of the Kenai Group in the subsurface of the Cook Inlet
basin. Kirschner suggested that an unconformity between the
West Foreland Formation and parts of the Tyonek Formation
observed along the margins of the Cook Inlet basin is spatially
restricted to the margins of the basin; however, Magoon and
others (1976) regarded the unconformity as regional, because
sections of the West Foreland Formation that have been dated
are 20 million years older than rocks of the Kenai Group.
The USGS has adopted the interpretation of Magoon and
others (1976) (Wahrhaftig and others, 1994).
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Upper Tertiary Kenai Group

The Kenai Group comprises four formations: the Oligocene
Hemlock Conglomerate, Oligocene—Middle Miocene Tyonek
Formation, Upper Miocene Beluga Formation, and Upper
Miocene—Pliocene Sterling Formation (Dall and Harris, 1892;
Parkinson, 1962; Calderwood and Fackler, 1972). Most coal
shallower than 6,000 ft in the Cook Inlet-Susitna region is in
the Kenai Group (Montgomery and Barker, 2003).

The Oligocene Hemlock Conglomerate consists of pebble
to boulder conglomerate containing clasts of quartz; chert;
metamorphic, volcanic, and plutonic rock fragments; a few
thin coal beds; and many siltstone beds. This formation, along
with the temporally equivalent Bell Island Sandstone and
Tsadaka Formation in the Matanuska Valley, forms a sheet
deposit that ranges from 655 to 2,772 ft in thickness (Wolfe
and Tanai, 1980; Magoon and Egbert, 1986). Sandstone
reservoirs within the formation average 17 percent porosity
and 80 millidarcy (md) permeability and represent the main
producing horizon for oil in the offshore Cook Inlet (Magoon
and Anders, 1990; Magoon, 1994).

The overlying Tyonek, Beluga, and Sterling Formations
make up a thick sequence of alluvial sandstone, conglomerate,
siltstone, mudstone, carbonaceous shale, and coal, with most
of the coal in the Tyonek and Beluga Formations (Wahrhaftig
and others, 1994). Sandstone beds are fine to coarse grained,
thick, erosive based, crossbedded, and vertically stacked.
Individual coal beds range in thickness from a few inches to
more than 50 ft. Coal rank ranges from lignite in the Sterling
Formation to subbituminous in the Tyonek Formation. Subsur-
face correlation of coal beds from well to well is difficult for
distances of more than a mile, suggesting considerable lenticu-
larity of the coal beds and intervening sedimentary rocks.

In outcrop, however, individual coal beds have been traced for
as far as 6.2 miles (Barnes, 1966; Ramsey, 1981).

Methodology

Interpretation of geophysical logs from 153 oil and gas
exploration wells in the Cook Inlet-Susitna region was used
to delineate coal-bed thickness and stratigraphic distribution
in the subsurface (fig. 1). This study was limited to wells for
which Log ASCII Standard (LAS) files were available. Only
vertical and near-vertical wells (<500 meters (m) horizon-
tally between surface and bottom-hole locations) with both
gamma-ray and bulk density logs were included. Wells that
met these criteria were only in the Cook Inlet basin, excluding
the Matanuska Valley and Susitna lowland.

Coal beds are readily identified in geophysical logs
because of their unique physical properties, including low nat-
ural radioactivity and low density. Coal generally exhibits low
radioactivity on gamma-ray logs compared to other lithologies
in a coal-bearing sequence. Sandstone, however, may have

similar gamma-ray values, making identification of coal beds
based solely on gamma-ray logs difficult and requiring the use
of a supplemental log.

Coal density averages between 0.7 and 1.8 grams per
cubic centimeter (g/cc) (Wood and others, 1983), significantly
less than associated lithologies. This density contrast is easily
recognized on bulk density logs, where coal exhibits low-den-
sity spikes (fig. 6). Whereas the bulk density log is capable of
identifying thin coal beds, similar density spikes are recorded
where the borehole diameter is enlarged as a result of washout.
Caliper logs, which measure the diameter of a borehole, can be
used to identify areas where low-density measurements may
be false (fig. 6).

Net coal-bed thickness between depths of 1,000 and
6,000 ft was quantified as a mapping parameter (fig. 7); expla-
nation for this depth interval is provided below. Coal beds
were defined as having bulk density values less than 2 g/cc.
Digital logs were analyzed by using an automated routine to
calculate the thickness of strata with a bulk density less than
2 g/cc between depths of 1,000 ft and 6,000 ft. These results
include borehole washout intervals. Wells that were character-
ized by intervals of false low density due to borehole washout
were removed from net coal thickness calculations in order
to prevent overestimates. Nevertheless, logs for most wells
likely contain some false low-density values, resulting in
overestimates of net coal thickness. Conversely, the lack of a
bulk density log curve for any part of the 1,000- to 6,000-ft
depth interval results in an underestimate of net coal thickness.
Therefore, net coal thickness derived from log analysis is used
as a general parameter to delineate sweet spots of coal-bed gas
potential.

In addition to net coal thickness in the 1,000- to 6,000-ft
depth interval, individual thick coal deposits were used to
further delineate sweet spots of coal-bed gas potential
(fig. 8). Individual thick coal deposits are defined as at least
25 ft of coal within a 100-ft interval of section. Wells that
were removed from net coal thickness calculations because
of borehole washout were manually checked to determine the
presence and stratigraphic position of thick coal deposits.



PENNZOIL CO INC
STARICHKOF STATE UN 1

50831200010000
Gamma ray Caliper Bulk density
(GR) (CALI) (RHOB)
Log depth
(feet) {0.00 150(0.00 20.0{2.00 3.00
1100 | j
1200 S
£ _
sl¢
1300~
S n <=
— g
’>3 =
? L |
g —
1400 — = %
g =
‘é = =
- i
=
> =
3 _—
1500 — %

Methodology

Figure 6. Well log response of coal and borehole washout
intervals in the Starichkof State Unit 1 well. Coal beds (black)
are identified by both low gamma-ray values (GR, red) and
low-density response on the bulk density log curve (RHOB,
green). Borehole washout intervals are identified on the
caliper log (CALI, black). False low-density measurements
associated with borehole washout intervals are highlighted
on the bulk density log curve in yellow.

9



10 Assessment of the Coal-Bed Gas Total Petroleum System in the Cook Inlet-Susitna Region, South-Central Alaska

154° 153° 152° 151° 150° 149° 148°

S
.

X

-_/I
1595550 '}

TN

154° 153° 152° 151° 150° 149°

Figure 7. Cumulative thickness of coal (in feet) as inferred from records of wells between 1,000 and 6,000 feet deep in
the Cook Inlet basin.
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Total Petroleum System

Assessment of undiscovered, technically recoverable
coal-bed gas resources of the Cook Inlet-Susitna region is
based on the TPS concept (Schmoker, 2005). A TPS consists
of all genetically related petroleum generated by a pod or
closely related pods of mature source rocks. The Coal-Bed
Gas TPS in the Cook Inlet-Susitna region comprises the Paleo-
cene—Lower Eocene Chickaloon, Oligocene—Middle Miocene
Tyonek, Upper Miocene Beluga, and Upper Miocene—Pliocene
Sterling Formations, encompassing an area of about 9,600,000
acres. The TPS is divided into homogeneous subunits called
assessment units, or AUs. Owing to similarities in lithology
and abrupt lateral facies changes in the Chickaloon, Tyonek,
Beluga, and Sterling Formations, it is difficult to determine
precise and consistent stratigraphic contacts. Therefore, the
TPS contains one continuous gas AU in Tertiary coal-bearing
strata at depths between 1,000 and 6,000 ft. Coal beds gener-
ally lose permeability below 6,000 ft, and production levels
are correspondingly uneconomic (McKee and others, 1986);
at depths shallower than 1,000 ft, reservoir pressure in coals
is assumed to be too low.

An area of approximately 1,100,000 acres within
the central part of the Cook Inlet basin was excluded from
the assessment because most coal deposits lie deeper than
6,000 ft (figs. 1 and 8). Owing to a paucity of well penetra-
tions and limited seismic coverage, the area excluded from
assessment was based mostly on the Mesozoic basement
structure contour map (Shellenbaum and others, 2010) (fig. 9).
The area excluded from the assessment roughly outlines that
area of the basin where depth to basement is greater than
15,000 ft. The few wells within the zone excluded from the
assessment contained no individual thick coal deposits.

An additional area along the perimeter of the AU also
was excluded from assessment because coal deposits are likely
to be shallower than 1,000 ft. A paucity of well data made
it difficult to constrain this area, resulting in uncertainty in
the assessment data input for the total assessment area (see
“Assessment Data Input and Results”).

Source and Reservoir Rock

Coal beds within the TPS are the source of gas for both
the coal and the conventional accumulations in sandstone
reservoirs. Individual coal beds range from a few inches to
more than 50 ft in thickness. Coal beds laterally merge, split,
and pinch out as influenced by the intervening fluvial-channel
sandstones. The net coal-thickness isopach shows that the
thickest accumulations of coal between 1,000 and 6,000 ft in
depth are along the west shore of the Cook Inlet. Broad areas
contain more than 400 ft of net coal, with more than 800 ft
locally (fig. 7). Net coal thickness decreases eastward over
a 5- to 10-mile distance, and much of the basin contains less
than 200 ft of net coal (fig. 7). At least one thick coal deposit
between 1,000 and 6,000 ft depth is found in most of the area
of the AU (fig. 8).

Maturation

Thermal maturity of the Cook Inlet-Susitna region was
characterized by using published vitrinite reflectance (VR)
data from 251 well and outcrop locations (fig. 10). VR in
outcrops and the shallow subsurface ranges mostly from
0.18 to 4.18 percent, with values greater than 0.6 percent in
the southwestern and northeastern parts of the basin. High
reflectance values in the northeastern Matanuska Valley are
attributed to tectonic deformation and magmatism along the
Aleutian volcanic arc (Flores and others, 2003). The central
part of the Cook Inlet basin and Susitna lowland maintains
reflectance values of less than 0.6 percent, likely a function
of low thermal conductivity related to the rapid rate of subsid-
ence and sedimentation in these areas (Flores and others,
2004). Johnsson and others (1993) determined a similar basin-
wide variation in thermal maturity from VR at 30 offshore and
onshore wells in the Cook Inlet basin.

VR indicates that most coal beds in the Kenai Group
are thermally immature (<0.6 percent reflectance (R )),
owing to the very low VR gradient with depth (Johnsson
and others, 1993). These thermally immature coals range
from lignite to subbituminous and are the lowest ranks
from which commercial gas is produced in the United
States (Flores, 2004).

Claypool and others (1980) identified two types of natural
gas occurrences in the Cook Inlet basin separated both strati-
graphically and compositionally from each other, suggesting
different origins:

* Gas produced from reservoirs sourced from coal beds is
both isotopically light (3'*C range of —63 to —56 per mil)
and chemically dry (C/C, ;> 0.99; Claypool and
others, 1980). Claypool and others (1980) favored a
biogenic origin for gas associated with Tertiary coal
beds on the basis of low thermal maturity and isotopi-
cally light and chemically dry gas composition.

* VR of coals in the Chickaloon and lower Tyonek
Formations in the Matanuska Valley is greater than
0.6 percent R , indicating a more mature thermal
history. These thermally mature coals range from bitu-
minous to semianthracite in rank. Gas recovered from
lower Tyonek Formation coals in the Matanuska Valley is
isotopically heavier (8"C range of —48.9 to —44.0 per mil)
than shallow gas of the central and southern Cook Inlet.
Given the high-temperature history and heavier gas
composition, thermogenic gas is likely in coals in the
Matanuska Valley (Smith, 1995, cited in Montgomery
and Barker, 2003; Seamount and others, 1997; Barker
and others, 2001).
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Reservoir Rock

Coal beds are inferred to serve as both source and
reservoir rocks in the Cook Inlet Coal-Bed Gas AU.
Coal-bed gas is produced in place and is adsorbed to coal
surfaces along fractures, cleats, and pores (Flores, 2004).
The amount of gas that coal can store is a function of coal
rank, temperature, and pressure (Flores, 2004). Higher rank
and pressure generally increase storage capacity, whereas
higher temperature decreases storage capacity. Average gas
content from canister desorption measurements on subbitu-
minous coal in the central and southern Cook Inlet basin is
60 standard cubic feet per ton (scf/ton), whereas higher rank
bituminous coal of the Matanuska Valley has an average gas
content of 230 scf/ton (Barker and others, 2001).

Assessment Data Input and Results

The basic input data used for the assessment of Tertiary
coal-bed gas in the Cook Inlet-Susitna region are listed in
table 1. The AU is considered hypothetical because no produc-
tion has been established from Tertiary coal-bed reservoirs,
so the use of coal-bed gas analogs from the 48 contiguous
States was necessary for this assessment. Coal beds of the
Upper Fort Union Formation in the Powder River Basin of
Wyoming and Montana were selected as a baseline production
analog for Tertiary coal beds in the Cook Inlet-Susitna region.
Upper Fort Union coal beds have the same rank (lignite to
subbituminous) and similar coal-quality characteristics to coal
beds of the Tertiary Kenai Group (Flores, 2004). Although
coals of higher rank and greater gas storage capacity have
been documented in the northeastern Matanuska Valley, they
were not considered separately because (1) they are thought
to be spatially limited to an area along the northeastern part
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of the Castle Mountain fault, (2) the subsurface extent of the
higher rank coals is poorly constrained, and (3) their reservoir
properties are thought to be influenced by strain related to the
Castle Mountain fault and contact metamorphism by igneous
dikes and sills (Barnes, 1962; Merritt, 1985; Stricker, 1991;
Wabhrhaftig and others, 1994).

The Tertiary Coal-Bed Gas AU is considered to have
a minimum estimated ultimate recovery (EUR) per cell of
0.02 billion cubic feet of gas (BCFQG) in this assessment.
The assessment area contains an estimated minimum of
8,000,000 acres, mode of 8,500,000 acres, and maximum
0f9,000,000 acres because of uncertainties in geologic map
boundaries (table 1). The drainage area of untested cells
having potential for additions to reserves is estimated at a
minimum of 40 acres, a mode of 80 acres, and a maximum
of 140 acres (table 1), values similar to those estimated for
the Upper Fort Union Formation AU (Flores, 2004). All of
the AU area is untested (table 1). The fraction of total AU
area that has potential for additions to reserves in the next
30 years is estimated at a minimum of 0.5 percent, a mode of
6 percent, and a maximum of 63 percent (table 1). The mode
percentage is based on the area of thick coal accumulation
between 1,000 and 6,000 ft in depth near the western shore
of the Cook Inlet relative to the total AU area. The minimum
and maximum percentages reflect considerable uncertainty
that stems from the absence of subsurface penetrations that
meet the assessment criteria in more than 30 percent of the
assessment unit (Susitna lowland and Matanuska Valley).
The total recovery per cell for untested cells having potential
for addition to reserves in the next 30 years was estimated at a
minimum of 0.02 BCFG, a median of 0.16 BCFG, and a maxi-
mum of 1.5 BCFG (table 1). Using these inputs, the USGS
estimates the total undiscovered coal-bed gas resources in
the Cook Inlet-Susitna region as follows: 1,581 BCFG at F,,,
3,989 BCFG at F,,, and 10,069 BCFG at F;; the mean estimate
is 4,674 BCFG (table 2).
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Table 1. Assessment data input for the Cook Inlet Coal-Bed Gas Assessment Unit.

NUMBER OF UNTESTED CELLS WITH POTENTIAL FOR ADDITIONS TO RESERVES

1. Total assessment-unit area (acres): (uncertainty of a fixed value)

calculated mean 8,500,000 minimum 8,000,000 mode 8,500,000 maximum 9,000,000

2. Area per cell of untested cells having potential for additions to reserves (acres): (values are inherently variable)

calculated mean 87 minimum 40 mode 80 maximum 140

uncertainty of
mean: minimum 40 maximum 120

3. Percentage of total assessment-unit area that is untested (percent): (uncertainty of a fixed value)

calculated mean 100 minimum 100 mode 100 maximum 100

4. Percentage of untested assessment-unit area that has potential for additions to reserves (percent):
(a necessary criterion is that total recovery per cell > minimum; uncertainty of a fixed value)

calculated mean 23 minimum 0.5 mode 6 maximum 63

TOTAL RECOVERY PER CELL

Total recovery per cell for untested cells having potential for additions to reserves:
(values, in billion cubic feet of gas, are inherently variable)

calculated mean 0.206 minimum 0.02 median 0.16 maximum 1.5

Table 2. Summary of results for risked, undiscovered, technically recoverable contiguous
gas resources for the Cook Inlet Coal-Bed Gas Assessment Unit.

[BCFG, billion cubic feet of gas. Undiscovered gas resources are the sum of nonassociated and associated gas.
F,s represents a 95-percent chance of at least the amount tabulated; other fractiles are defined similarly]

Total undiscovered gas resources (BCFG)
Fys Fs F, Mean

Assessment unit name

Cook Inlet Coal-Bed Gas 1,581 3,989 10,069 4,674




Summary

The Cook Inlet Coal-Bed Gas Total Petroleum System
(TPS) of south-central Alaska comprises coal-bearing
Tertiary strata of the Cook Inlet basin, Matanuska Valley, and
Susitna lowland. The TPS contains one hypothetical assess-
ment unit (AU) that was evaluated for coal-bed gas resources
between 1,000 and 6,000 ft in depth over an area of about
8,500,000 acres. Coal beds, which range in thickness from a
few inches to more than 50 ft, were deposited in mires associ-
ated with a large trunk-tributary fluvial system. Gas associ-
ated with the lignite to subbituminous coal in the AU is likely
biogenic in origin. Potential for addition to reserves in the next
30 years is greatest along the western part of the Cook Inlet
basin, where cumulative coal thickness exceeds 800 ft. Using
coal beds of the Upper Fort Union Formation in the Powder
River Basin of Wyoming and Montana as a baseline production
analog, the USGS estimates the total undiscovered coal-bed gas
resources in the Cook Inlet Coal-Bed Gas AU as follows:
1,581 BCFG at F, 3,989 BCFG at F_, and 10,069 BCFG atF;
the mean estimate is 4,674 BCFG (table 2).
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Assessment of Undiscovered Oil and Gas Resources of the
Susitna Basin, Southern Alaska, 2017

The U.S. Geological Survey (USGS) recently completed an
assessment of undiscovered, technically recoverable oil and
gas resources in the Susitna Basin of southern Alaska. Using
a geology-based methodology, the USGS estimates that mean
undiscovered volumes of about 2 million barrels of oil and
nearly 1.7 trillion cubic feet of gas may be found in this area.

Introduction

The Susitna Basin is a sparsely inhabited region of forested
hills and flatlands, situated in southern Alaska about 50 miles
(80 kilometers) from Alaska’s largest city, Anchorage (figs.

1 and 2). U.S. Geological Survey (USGS) scientists recently
finished their first detailed assessment of the undiscovered oil
and gas potential of the Susitna Basin at a time when there is
significant interest in natural gas supplies of the Anchorage
metropolitan area, where natural gas is the principal source of
energy for heating and electric power generation in the region.

No commercial petroleum production has been obtained
from the Susitna Basin. Few exploratory wells have been
drilled, and most of the area is completely unexplored for oil
and gas. However, a USGS review of all available geologi-
cal information from the Susitna Basin indicates the probable
existence of technically recoverable oil and gas resources—in
other words, those that can be discovered, developed, and
produced using current technology—in rocks of Tertiary age
(about 66 to 2.6 million years old). The USGS review was
done in cooperation with the State of Alaska Department of
Natural Resources and included geological field investiga-
tions, exploratory wells, seismic data, and gravity and aero-
magnetic surveys.

The USGS assessment was based on the geologic
elements used to define a Total Petroleum System, including

EXPLANATION
e Susitna Tertiary Sandstone i
Microbial Gas AU

Beluga Mountain Subthrust

40 MILES

40 KILOMETERS

2%

Base map modified from U.S. Geological Survey Geologic
Investigations Series 1-2585, 1:250,000, 1997

Figure 1. U.S. Geological Survey scientists have estimated
undiscovered oil and gas resources within two assessment units
(AUs) in the Susitna Basin of southern Alaska. This map shows
the AU perimeters, which are based on geological criteria. White
areas represent ice, whereas colors show elevations ranging
from lowest (tan) to higher (green) to highest (dark brown).

characterization of hydrocarbon source rocks (distribution,
thickness, organic richness, thermal maturation, and timing of
petroleum generation and migration), reservoir rocks (distri-
bution, quality, and time of formation), and hydrocarbon traps
(character and time of formation).

Using this geologic framework, the USGS defined the
Susitna Total Petroleum System and two assessment units

Figure 2. The 4,000-square-mile (10,300 square kilometer) Susitna Basin assessment area is characterized by low, forested hills and
flatlands. This photograph, looking generally south at an area west of Willow, Alaska, shows a typical landscape. The prominent diagonal
line is a remnant of a seismic reflection survey conducted by the oil industry in search of petroleum. Photograph by Richard G. Stanley, U.S.

Geological Survey, June 21, 2011.
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Figure 3. A 4-meter-thick layer of coal in an outcrop located
west of Willow, Alaska. Layers of coal similar to this outcrop
are possible source rocks of petroleum in the Susitna Basin.
Photograph by Richard G. Stanley, U.S. Geological Survey,
August 3, 2014.

(AUs) within it—the Susitna Tertiary Sandstone Microbial
Gas AU and the Beluga Mountain Subthrust Oil AU. The
likely petroleum source rocks in both AUs are coals and shales
that are rich in organic matter (fig. 3). Undiscovered petro-
leum accumulations in both AUs may exist in sandstone and
conglomerate reservoirs in structural traps (for example, on
anticlines or adjacent to faults) and in stratigraphic traps (for
example, where sandstone reservoirs that formed in ancient
river channels are confined by impermeable, fine-grained
strata that formed on the adjacent floodplains). Key data used
to assess the AUs are listed in table 1.

Resource Summary

The USGS assessment provides forecasts of the volumes
of undiscovered petroleum (mainly oil and natural gas) that
are technically recoverable. For the Susitna Total Petroleum
System, the USGS estimates that total undiscovered natural
gas resources range between 0 and 4,672 billion cubic feet of
gas (BCFG), with a mean estimate of 1,679 BCFG (table 2).
About 99.8 percent, or 1,675 BCFG, of the mean natural gas
estimate is expected to be found in conventional accumula-
tions in the Susitna Tertiary Sandstone Microbial Gas AU,

whereas about 0.02 percent, or 4 BCFG, is expected to be
found in the Beluga Mountain Subthrust Oil AU.

The USGS estimates that total undiscovered oil resources
in the Susitna Total Petroleum System range between 0 and
10 million barrels of oil (MMBO), with a mean estimate of
2 MMBO (table 2). All of the forecasted oil resources are
expected to be found in conventional accumulations in the
Beluga Mountain Subthrust Oil AU.

Susitna Basin USGS Assessment Team

Richard G. Stanley (Susitna Task Leader; rstanley@usgs.
gov), Christopher J. Potter, Kristen A. Lewis, Paul G. Lillis,
Anjana K. Shah, Peter J. Haeussler, Jeffrey D. Phillips, Zenon
C. Valin, Christopher J. Schenk, Timothy R. Klett, Michael
E. Brownfield, Ronald M. Drake, Thomas M. Finn, Seth
Haines, Debra K. Higley, David W. Houseknecht, Phuong A.
Le, Kristen R. Marra, Tracey J. Mercier, Heidi M. Leathers-
Miller, Stanley T. Paxton, Ofori N. Pearson, Marilyn E.
Tennyson, Cheryl A. Woodall, and Margarita V. Zyrianova.

For more information, contact:
USGS Energy Resources Program: https://energy.usgs.gov/

Edit and layout by Katherine Jacques, tables by Cory Hurd

Table 1. Key data for two conventional assessment units in the
Susitna Basin of southern Alaska.

[AU, assessment unit; BCFG, billion cubic feet of gas; MMBO, million
barrels of oil; -, not applicable]

Susitna Tertiary Sandstone Microbial Gas AU

Number of gas fields 1 40 264 47.9

Sizes of gas fields 3 10 2,500 40.7
(BCFG)

AU probability 0.86 - - -

Beluga Mountain Subthrust Qil AU

Number of oil fields 1 3 15 34

Sizes of oil fields 0.5 1.5 20 2.1
(MMBO)

AU probability 0.27 - - -

Table 2. Assessment results for conventional oil and gas resources in the Susitna Basin of southern Alaska.

[AU, assessment unit; MMBO, million barrels of oil; BCFG, billion cubic feet of gas; NGL, natural gas liquids; MMBNGL, million barrels of natural gas liquids.
Results shown are fully risked estimates. For gas accumulations, all liquids are included in the NGL category. F95 represents a 95-percent chance of at least the amount
tabulated; other fractiles (F) are defined similarly. Fractiles are additive under the assumption of perfect positive correlation. -, not applicable]

Susitna Total Petroleum System

Susitna Tertiary Sandstone 0.86 Gas - -
Microbial Gas AU

Beluga Mountain Subthrust 0.27 Oil 0 0
OilAU

Total undiscovered - - 0 0

conventional resources

- 0 1,310 4,651 1,675 0 0 0 0
2 0 0 21 4 0 0 0 0
2 0 1,310 4,672 1,679 0 0 0 0
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y, ¢ Kenny Lake Ventures, LLC

August 27,2018

Sterling—Here are a couple of references about CBM content in subbituminous coals, compared to
potential Sand Bed Methane (Dissolved Gas) Resources.

Coalbed methane, Cook Inlet, south-central Alaska: A potential giant gas resource
American Association of Petroleum Geologists Bulletin, 2003
By: S.L. Montgomery and C.E. Barker

Abstract

Cook Inlet Basin of south-central Alaskais aforearc basin containing voluminous Tertiary coal deposits
with sufficient methane content to suggest a major coalbed gas resource. Coals ranging in thickness
from 2 to 50 ft (0.6 to 15 m) and in gas content from 50 to 250 scf/ton (1.6 to 7.8 cm2/g) occur in
Miocene-Oligocene fluvial deposits of the Kenai Group. These coals have been identified as the
probable source of more than 8 TCF gas that has been produced from conventional sandstone reservoirs
in the basin.

Cook Inlet coals can be divided into two main groups:

(2) those of bituminous rank in the Tyonek Formation that contain mainly thermogenic methane
and are confined to the northeastern part of the basin (Matanuska Valley) and to deep levels elsewhere;
(2) subbituminous coals at shallow depths (<5000 ft [1524 m]) in the Tyonek and overlying
Beluga formations, which contain mainly biogenic methane and cover most of the central and southern
basin.

Based on core and corrected cuttings-desorption analyses, gas contents average 230 scf/ton (7.2 cm2/g)
for bituminous coals and 80 scf/ton (2.5 cm2/g) for subbituminous coals. |sotherms constructed for
samples of both coal ranks suggest that bituminous coals are saturated with respect to methane, whereas
subbituminous coals at shallow depths along the eroded west-central basin margin are locally
unsaturated. A preliminary estimate of 140 tcf gasin placeis derived for the basin.

Typica Bulk Density of Coal

Anthracite Coal : 50 - 58 (Ib/ft3), 800 - 929 (kg/m3)
Bituminous Coal : 42 - 57 (Ib/ft3), 673 - 913 (kg/m3)
Lignite Codl : 40 - 54 (Ib/ft3), 641 - 865 (kg/m3)

1671 W 546 S, Cedar City, UT 84720 T. (435) 590-8705
dirtdoctor43@gmail.com
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Gas content of subbituminous coal is about 80 standard cubic feet (scf) per ton. Given an estimated
density of subbituminous coal of 50 pounds per cubic foot, then aton of coal is equal to 40 cubic feet of
coa. Therefore, each cubic foot of coal should release 2 standard cubic feet of methane.

Assume that a coal bed 40 feet thick occupies 160 acres, or (43,560)*(160) = about 7 million square
feet. If the coal averages 40 feet thick, the bulk volume of coal would be 280 million cubic feet.
Therefore, the amount of CBM gas from a 40 feet thick bed of subbituminous coal covering 160 acres
(1/4 of asection) would be twice the volume of the coal, or 560 million cubic feet, or 560,000 MCF.

In comparison, the likely SBM resource in 160 acres from 500 feet of Sterling sands with 34%
porosity would be:

Aquifer volume = (160)* (500)* (.34) = 27,200 acre-feet, or 211,075,760 barrels of water.

With a GWR of 20, the SBM resource would be 4.22 billion cubic feet (BCF), or 4.22 million MCF.
That amount is 7.5 times the amount of CBM in the same 160 acres from one bed of coal, 40 feet thick.

The SBM could be recovered from 500 feet of slotted liner in one 5,000 feet deep vertical well, while
the CBM would require at least four directional wells, each drilled about 1,200 feet horizontally from a
central location in aquarter section. Some of the open slotsin an SBM well would be across the coal
bed, adding coal bed methane to the recovery.

Alaska Coal Geology, Resources, and Coalbed Methane Potential
Metadata Updated: June 8, 2018

Estimated Alaska coal resources are largely in Cretaceous and Tertiary rocks distributed in three maor
provinces. Northern Alaska-Slope, Central Alaska-Nenana, and Southern Alaska-Cook Inlet. Cretaceous
resources, predominantly bituminous coal and lignite, are in the Northern Alaska-Slope coal province.
Most of the Tertiary resources, mainly lignite to subbituminous coal with minor amounts of bituminous
and semianthracite coals, are in the other two provinces. The combined measured, indicated, inferred,
and hypothetical coal resourcesin the three areas are estimated to be 5,526 billion short tons (5,012
billion metric tons), which constitutes about 87 percent of Alaska's coal and surpasses the total coal
resources of the conterminous United States by 40 percent. Coal mining has been intermittent in the
Central Alaskan-Nenana and Southern Alaska-Cook Inlet coa provinces, with only asmall fraction of
the identified coal resource having been produced from some dozen underground and strip minesin
these two provinces. Alaskan coal resources have alower sulfur content (averagng 0.3 percent) than
most coals in the conterminous United States (and) are within or below the minimum sulfur value
mandated by the 1990 Clean Air Act amendments. The identified resources are near existing and
planned infrastructure to promote devel opment, transportation, and marketing of this low-sulfur coal.

1671 W 546 S, Cedar City, UT 84720 T. (435) 590-8705
dirtdoctor43@gmail.com
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Therelatively short distances to countries in the west Pacific Rim make them more exportable to these
countries than to the lower 48 States of the United States. Another untapped but potential resource of
large magnitude is coalbed methane, which has been estimated to total 1,000 trillion cubic feet (28
trillion cubic meters) by T.N. Smith 1995, Coalbed methane potential for Alaska and drilling results for
the upper Cook Inlet Basin: Intergas, May 15 - 19, 1995, Tuscal oosa, University of Alabama, p. 1 - 21.

Note: this reference estimates Alaska' s CBM resources at an average value of
(1,000 TCF/5,526 hillion tons) = 181 scf (standard cubic feet) of methane per ton of coal. That value
isequal to the estimate for low rank bituminous coals from the first reference.

These are general estimates, but within the ball park of what we know.

I included the second reference just to show that all of the CBM throughout Alaskaisless than the SBM
resources | predicted for onshore portions of Cook Inlet basinin my May, 2017 talk to the AAPG
convention in Anchorage.

Respectfully Submitted,

Gary F. Player
AAPG Member NO. 315235
Utah Professional Geologist No. 5280804-2250

1671 W 546 S, Cedar City, UT 84720 T. (435) 590-8705
dirtdoctor43@gmail.com



Kenny Lake Ventures, LLC

A

Subject: Susitaa Basin Dissolved Gas Prospect
Date: April 17, 2024

Introduction

Dry gas shortages in the stranded market of Anchorage, Alaska—-now estimated to be at 50 percent or
more of the market—can be replaced by a substantial resource of dissolved gas for electrical generation,
domestic use and eventual export throughout Alaska. Construction of numerous wells, each capable of
supplying approximately 400 MCF to 2,000 MCF per day, will quickly solve gas shortages for
Anchorage and other Cook Inlet Basin towns.

Commercial Usage of Produced Dissolved Gas

Dissolved gas wells will provide a new method for producing natural gas in Alaska. Relatively shallow
wells (3,000 to 8,000 feet below ground level) are drilled with conventional equipment and completed
similarly to agricultural wells. Horizontal drilling and “fracking™ are not required, and environmental
disturbance is minimized. Deep saline (non-potable) waters are pumped to the surface where dissolved
gas readily comes out of solution at surface temperatures and pressures. All produced water and gas
will be kept in sealed, low pressure pipelines and tanks that do not leak hydrocarbons (mostly methane)
to the atmosphere. Gas is compressed and injected into pipelines for use, while the water is returned to
the same deep layers of sand and sandstone aquifers from which it was produced. This important step
prevents surface water pollution and land settlement that could be caused by the collapse of pore spaces
in draincd, loose sediments.

Proposed Development

Denali Petroleum and Gas Company will produce previously undeveloped resources of natural gas
dissolved in non-potable groundwater. Successful initial implementation of dissolved gas production
northwest of Willow, Alaska, will provide ample energy for Anchorage and the Matanuska-Susitna
Borough. The first fiftcen dissolved gas wells (twelve producers and three water disposal wells) can
then be followed by construction of hundreds of new wells throughout prospective areas on State lands
in the Susitna Flats. A significant advantage of dissolved gas exploration is that expensive geophysical
studies are not required. In addition, the average cost of relatively shallow dissolved gas wells (8,000
feet or less) is less than half that of typical onshore exploratory wells, Mudlog data reviewed from each
old dry hole in the Susitna Basin has shown that dissolved gas is present throughout the initial
prospective area. To estimate the resources on only a portion of the State lands licensed northwest of
Willow, the following values can be assumed:

Area = 500,000 acres (781.25 sections, or 21.7 Townships)
Net Sand Thickness = 5,000 feet

Average Porosity = 28%
Gas/Water Ratio = 25 cubic feet per 42 gallon barrel

The volume of water in the dissolved gas charged saline aquifers = (500,000%5,000*.28) acre-fect, or
700,000,000 acre-feet. Each acre-foot equals approximately 7,758.4 barrels. Therefore the volume of

659 S Ridge Road, Cedar City, UT 84720 T. (435) 862-0614
dirtdoctord3@gmail.com



water containing dissolved gas is at least 5.431 Trillion Barrels. If each barrel of produced water
contains 25 cubic feet of dissolved gas at surface temperatures and pressures, the dissolved gas resource
= (25)(5.431 Trillion) =

136 Trillion Cubic Feet (TCF) of Dissolved Gas,

If one well per section is permitted by the State, then the resource available to each well would be
136/781.25 = approximately .174 TCF, or 174 Billion Cubic Feet or 174 million MCF. Each well
producing just 400 MCF per day of dissolved methane would produce approximately 144,000 MCF per
year. At that rate, cach well could produce for 1200 years.

If four wells were allowed per section, than each one of 3,125 wells could produce 400 MCF per day for
about 300 years. At a likely low price of $8.50 per MCF, the annual gross value of gas from cach well
would be $1.241.000. The initial wells can be drilled approximately 35 miles northwest of Willow
imnT.22N,R.8 W.

Company Mission Statement

Denali Petroleum and Gas Company will produce previously undeveloped resources of natural gas
dissolved in non-potable groundwater. Our mission is to provide natural gas and associated geothermal
waters for existing pipelines and utility companies, sequestration of carbon dioxide, and other local
industrial applications that arc now limited by gas shortages in the Cook Inlet basin and other Alaskan
communities,

Successtul initial implementation of the first 12 dissolved gas production wells northwest of Willow,
Alaska, will provide 1,728,000 MCF per year. These first dissolved gas wells will then be followed by
construction of hundreds of new wells. Numerous wells, each capable of supplying from 400 to 2,000
thousand cubic feet (MCF) per day, depending on rates of water production and the ratio of dissolved
gas to water, will eventually provide low-cost energy to towns, and villages now forced to use expensive
imported liquid fuels,

Company goals

(Gas shortages in and near the stranded market of Anchorage, Alaska, will be replaced by a substantial
surplus of gas for local use. Initial customers will be Enstar Pipeline, Matanuska Electric Association,
Chugach Electric Association, and local utilities in Willow, Houston and Wasilla. Gas reserves in
several old fields in Cook Inlet Basin have declined drastically and can no longer supply Anchorage’s
utilitics without extensive storage of gas produced during the sommer months. “Fracking™ wells have
not been successful in Cook Inlet, as the shale beds are relatively thin and soft compared to targets in
Texas and other states. Production of dissolved gas from the Susitna Flats is our best option.

Gary F. Player, B.S. Stanford, M.A. UCLA
Utah Professional Geologist No, 5280804-2250
American Association of Petroleum Geologists Emeritus Member No. 351235

659 S Ridge Road, Cedar City, UT 84720 T. (435) 862-0614
dirtdoctor4a3@gmali.com



October 30, 2024

Memorandum

From: Gary F. Player, Senior Geologist for Denali Petroleum and Gas Company
To: Frank Avezac, President of Denali Petroleum and Gas Company

Subject: Dissolved Gas Likelihood in the Susitna Basin

Let me state that | have been studying the occurrences of dissolved gas since 1999.
One of my most important trips was to Japan in 2001, where | was fortunate
enough to visit the largest and longest living dissolved gas production facility in
theworld. | have also studied similar operations in Italy and the United States,
convincing myself that my ideas have been successfully implemented by many
others.

| have explored for and developed several dry gas accumulationsin Cook Inlet
Basin, Alaska and the San Joaquin Valley of California. Each of themis now
depleted. The largest field | developed was the Kenai Gas Field for Union Oil
Company. It yielded on the order of two Trillion Cubic Feet, but is now useful
only as alarge gas storage facility to help Anchorage get through each winter.

Every well drilled in lowlands adjacent to and north of the Castle Mountain Fault
System (the southern boundary of the Susitna Basin) have shows of methane gas,
usually dissolved in sand and sandstone aquifer systems beginning 1,500 to 2,000
feet below ground level. Shows are strongest within and adjacent to coal beds,
suggesting that virtually all of the gasin the basin originated from coal beds that
make up approximately five percent of the stratigraphic column. The deepest
wells were drilled to explore for ail, but were abandoned without being tested.

Published values (Marsden, 1965) are known for solubility of methane in ground
water. The accepted CUBIC FEET PER BARREL values are as follows:

SOLUBILITY DEPTH DEPTH
CF/BARREL METERS FEET
0.2425 00 0.0
9.9043 500 1640.5
15.8872 1000 3281.0
20.0709 1500 4921.5
23.0693 2000 6562.0
25.2742 2500 8202.5

27.5002 3000 9843.0 Page 1 of 2



These values are increased at greater depths due to increased pressure, and in
several areas by the presence of interbedded coals and organic rich shale beds.
Higher temperatures at greater depths gradually reduce the solubility of methanein
the ground water.

Denali hasidentified portions of the Susitna Basin as an areafor likely production
of at least 137 TCF of dissolved gas. That gigantic resource can be confirmed
with theinitial set of wellsto be drilled in the portion of the Susitna Basin north
and west of Willow. Each well producing 1,000 gallons of water per minute with
aconservative gas/water ratio of 27 cubic feet per barrel of water will yield 926
thousand cubic feet (926 mcf) per day of gas at surface temperatures and
pressures. All of the produced water would then be returned to the same aquifer
system from which it was pumped.

If each well produces for 360 days each year, dissolved gas production per well
will be 333,396 mcf per year, or approximately .33 BCF per year. An eventual set
of 300 wells would produce 100 BCF per year, exceeding total 2022 production
from all existing dry gasfieldsin Cook Inlet Basin.

Each well in the Susitna Basin would not need to be drilled any deeper than 8,000
feet to disclose the gas saturated aquifers located in at least 5,000 feet of porous
sands and sandstones interbedded with 400 to 500 feet of methane rich coal beds.
With four wells drilled per section in the 1340 sections contained within the
Susitna Basin Exploration Licenses to be operated by Denali, gas can be provided
to Anchorage and other remote villages and cities throughout Alaska for hundreds
of years, as the dissolved gas will continue to be replenished and recharged in the
aquifer systems from the coal beds..

AAPG Certified Petroleum Geologist 3097
Utah Professional Geologist No. 5280804-2250

Page 2 of 2



Susitna Valley Natural Gas Proposed Development Plan Southcentral Alaska

Appendix C
ASRC CONSULTING AND ENVIRONMENTAL SERVICES
Presentation and Supporting Documents

Denali Petroleum and Gas, LLC December 2025
18322.01 25-223 Rev. 0



Susitna Valley Natural Gas Proposed Development Plan Southcentral Alaska

This page intentionally left blank.

Denali Petroleum and Gas, LLC December 2025
18322.01 25-223 Rev. 0



ABiau3z O¥SY jo Appadoid — TVYILNIAIINOD

‘dio9 seo)
[ednjeN e)sely — 98d lleuaq

judwdojanaq
dueyidn

pag |eo)/pues
Adjjea euljisns

A9d3N4

OHSVY @




ADHINIT DHSY @

jesieaddy - uejd Juswdojanaq -
uoljenjeAs aosejnsqng .
Baly 9Sed .«

ueld |esiesddy ayj Jo Alewwing «

90B|d Ul SE9) JO S9jeWisy «

Alddng seg) j18|u] Y009 »
Arewwing aAI3N29x3 .«

,

epusaby



ADHINIT DHSY @

5202 AON — YOy 0} uonejussaid Jejsug

(B S a LU TTE Sl T

AT L ow e
et

ATy () A e

180 m—

SN ) | —

SO | —

A ddry
e S ey -

e D ey
—

A9|lep eulisng — A|lddng
se9) mau 4o} Ayunpoddo

(dinsiicdeg HUang svp paesEEapon

ot . oo - [ v ooe *du02|IH uo

EEDT 03 70T 10) 11MID0 pomiang pam NOmes i YIS

- " Aduspuadap J1ayl 92npau 01 sed |ednjeu Jo S9IUNOS
|euonippe Ajiauapi 01 dnou8 mau e pawlioj aney
e)se|y Ul s911]13Nn 1598.e| 8y Jo XIS ‘Ajjusnbasuo) .
Jeah/409 sy — s€ Aiddns 01 sjoenuod
o w3} Suo| 9enosau 03 sailjin snoJdwnu
YHM SUOISSNISIP pey Sey wnajoJidd ljeuaq -«

*39]u] Y00) ul Juswdo|anap
se8 a4niny ui 1S9AUI 0] PA1IWIWOD Jou sey dUod|IH .

*S]0BIUO0D SeS Mau 10}
cu apinoid 01 19ju| 00D Ul SIAI3SAL SeS |esnieu
z ySnoua aney Ajpuasund jou saop diodjiH .

b 'sieah g 01
OM} IX3U 3Y} Ul [BM3U3J 908} S]DRJJU0D SBS Juslin)

*B)Se|Y JO YdonLu SSoIJ. S3ssauIsng pue sawoy
siamod pue sjeay leyy ses ayl jJo %Sg punose
Suipinoad ‘uoneindod s,a1e1s aya jjey ueyl

aiow 10} s91jddns A8iaua Jueujwop ayy s diodjIH .

313]u] 00D ul 3INP1d Sen

19|U1 )oo) ul Ajddns sep




INGS) Seb paA|oSSIp pue ‘euoj}Spues ul seb a1} (NgD) SPag [e0d sapn|ou| .
431 6'8S S! 9%e|d seH u| pajewysy .
(INgGS) seb panjossip pue (INgD) paq |e0d ‘SIIoNIBSaI
auojspues ul seb o914 10} sishleue Bo| (£961) | HUN eul|yey aind pue (0861) | HuN oBpry el «
(sAanins Aynelb pue ojaubew) SASAINS JOYJ0 pue DIWSISS JO MBINDY  »
JusWSSasSe pag [eo) J0} (uiseq JaAY Japmod ‘As||eA uenr UeS) g JOMOT YIM yJewyouag
suiseq Mojleys pue deap 0} pajii| Ba.Je JUBWSSISSY
aoe|d u] seb }Jo Juawissassy omw<
s|eas uogJesoupAy
se Bupjoe sauojspnw pappaglajul YjIm ‘SIIoAI9Sa1 UOGIEI0IPAY 104 poob aJe Uoljew o) suc}spues .
‘uiseq jaju| 3009 oyijoid jo ejel)s buleaq uoglesopAy o} abe ui jusjeainba s Ajjenb 300y .
Hodey ‘Loz ‘9z Ainp .
|ea1sAydoan pue [e2160]039 Jo "AIQ BYSe|Y
“KS]|e/ BUISNS 9y) Ul SUOIJE[NWINJOE [BUOIJUSAUOD Ul punoy aq o} pajoadxe ajewnsa seb ay) |y .
(asean uoneloldx3 9% lleuaq ay} Jo 103[gns pue jsalajul
Jo eale) SdL ASJ[EA BUJISNS Ul 901nosau seb ajqionpoud Ajjeoluyos) ‘pasancosipun Jo 391 Z°1 payiuap| .
/10c Ul panssiupajing
S110A19S3J dUO}SpUBS U] SBS) [BUOIJUSAUOD :0/LE-810Z SOSN
01 Z'€S1 S ojewsa pasiAal au} ‘G20z PNV UNd Aq eale ases] pajepdn WIM -
99)
PqeLL st

31qN5 UOI[H}) 431 € 05¢ 03 dn 8q PINOJ SIY} AS[[EA BUIISNS 3IRUB a3 104 *(ped) oIgnd ui
(se10E 09) UONO3S Yoea s| aoe|d ul seb panjossIp 10} sajewnsa Jake|d Ales) ‘sajewiisa Aleul

Jeau s|jam aaisuadxaul AjoAle|al JO UoNoNIISU0D ay) Ajuo alinbal [im (INES) SUBYISW pag puUes JO LOIdNPOId .
X1 pue
MO Jo suonod pue Ajey| ‘euiy) ‘uedep ui Jayem punoif ajgejod-uou ul paAjossip seb [einjeu Jo uolonpold
202 ‘w0g Ae|N — se2inosay (INgS) SeD peAjossig Bunewns3 Joy mmmoohn_ .

0522-708082S "ON PUE }s160]099) [euoissajo.ld ‘4akeld *§ Aieg

uiseg euyisng
pue }3|U|-300D Ul BUBYISIN pag [BOD Ul SeB Jo 401 /9'f Sejews3 SOSN -«
"J9|u] 300D Ul seb |einjeu 1o} JIOAJ9Sa] pUB 82JN0S U)oq SB AISS Spaq [B0D
‘puBIMO| BU)ISNG pUB
‘Aojlep exsnuejely ‘uiseq }eju] Y00 8y} sasldwod pue saioe 0000096
Al@jewixoidde s1an09 (Sd1) WalSAS wnajo}ad |e}o] SES 19Jul YO0D 8yl
auBYIB|\ peg B0 :§#G1-Z|0Z Hoday suonebiseul oiiusiog

(sosn) Asaing |eaibojoag g - JoLid)u| BY) Jo Juswpedaq sn

S9WN|OA Seo |eniul Jo sajewilsy




ADHINIT DHSY @

»

T +

NgOm

eak | Joy auljadid
0) seb pjjoswiw
001 sayddng

sieah

+001 Joy auljadid
0} seb pjjoswiw
00¢ seyddng

sieak
9 Joj auljadid o} seb

gosww 00| salddng

NgS® Seo eal{m

[0} S\ 4

o o o
(32) N -~
(401) @de|d Ul SEH

o
<

o
0

09

0L

Jo)em ou seb Aup - seo) ai{m  NGOm NS =

T

1 S9sn Jdsvy Jake|d SOsn

JaNY ebnjeg  Aeg soypnid uosdwoy] id | 18Ju| Y00D Rojlepn s Kieo hejlep s As|lea 'S

peYSlI-UN ‘S82IN0S81 PaISA0ISIpUN ‘B|qISesy A|leoluyos}
‘lenuajod ale sejews Jo|ul Y000 pue As|[A BUNSNS ||V

JUBWISS3SSY 8%E[g UT Sex)

1
)

“ — - - 1

1 1

1 1

I I

1 1

I I

1 1

! )

ONTMY ! i

Jo} seb Jo 821n0g “ |
! )

I 1

1 1

1 1

: )

] )

0c
oy
09
08
00l
ocl
ovl
091
08l

401 9%e|d Ul sen

eyse|y ul spjai1j seb 13yjo 03 AdjjeA eulisns jo uosiiedwo)




e

sjuswIpes
%00[q }ine Jamojjeys

1 jlun eu
‘sojew)sa

2¥SV Aq papn|oul usaq aAey (dasp
pue mojjeys) suiseq om} ayy AluQ

sBuipuy Areujwijaid YNG MV S202
1snBny uo paseq Aiepunoq asea]

ADHINT OHSY @

10]0D
0 051 0 128 -UoN
(enig) (Al
068°} 0se 0z 6el deaq q
(moljoA)
L1y 0sz ol 20l mojeys | O
(309) d19 | (uoyyos) plaIA | () LAL NGS | (198 y) AUy E
%€z = Aisolod Bay J1ojoD
| uiseg deeQ v.€'0L zL 005} lee -UoN
(emig) (Al
(il 2r0'9z 1z 0005 6el deaq 9
} nun o6pry e (mojIBA)
[y $95°81 § 000€ mojeys | S

3 20l

401 6°8G = uiseq mojjeys pue daaQ Jo} IO |ejoL -

401 ' © pajewnyss 92e|d uj 82inosal SeS (INgD) dueyis|\ pag [e0D
401 GG © pajewnss si 82Inosal (NFS) Se9 panjossiq
401 G| ®© pajewi}sa sl [BUOIUSAUOYD Ul SeS) 914

"JUBUISSASSE 10} Suise( J0]02-0U pue (MO||aA) MOojjeysS pue
(anjg) deaq palpuapl - salde Y9G = ealy 9Sea] pauiquod .

JAUSY Aq djewilsy ade|d ul sep ased] AdjjeA eulisns



ADHINT OHSY @

8w} 8AI3ONPOI4-UON

'0}J0 ‘9INsS0l0 8Injonuis ‘s|eag . _._m__._ pue uopesijdwod m:____._n_ .
‘sdely |eanjonais pue sauoz seb Jo pusixg .
des (sp1jos) @sueinsse moj|4 -
|ednjonuls pue seb aau} Jo 9ouUasald - jesodsip/Buyi|
Ajleuoibal spaq |B0D JO pudIxXgy . pue m:___ucwr_ J9)}EepA -
Jolaeyaq Bunisjemap pue ‘uondiosep pue| 0} SS899k pue ainjonJisesu| «

‘sSaUYIIY} pue pag |eod JO da2uasald -
Alerniswwod pue AJIARONPOId
Ajjiqela jerosawiwiod sy pue

._On_._—._—uw ul seb POA|OSSIpP JO 9Judsald - S}S092 CO_u.w_QEOU pue m:___:n_

aoueldwos
JejudwuolIAUD puk Buipiwiad

saljulelsasun sysiy

;

S3IjUle}IddUn pue )siy judwdo|danaq



ABojens B aining .
INGD Ul ¥HD Joj sisAjeue qerje
. E= 8202 =iuswdojansp Jooseyd
IX3UyO JusISSaSSe pue sisfjelieqiom esieiddy .

aseyd Bunsa) jsod

NS 10 NED € IIPM
NGS/NED L IIBM -
1202 J0 ||le4-Bulidg ur-sjjam om} 3sa] .

aseyd bunsay

ped ypou U oM | .
ped yjnos sy} urs|jam g - «

£202-920¢ O I9UIM

uruona|dwo) pue Bujjjud uoonnsuod S

(sanw
9G).peo! |10 JO YINos 0} YInos 0] peol auQ
sjd |esodsip Jojem yym sped z

9Z0Z jo Jawwing
— (e Jue1n) syd/sped pue speos pjing

aseyd uoonisuon

INGGL$ - @seyd |esieiddy jo }so |ejol

ADHIANI oHSvY )

wd)sAs uonesji4
13)JeA\ pue uol3oNpoId 3IqoN ‘Biryraanooid
\\ 13
1 (*239 “YNQV
‘099QY ‘03aV) sseooe pue| pue s)uiad aindag
i

. (o1uabowuayy) seb dasp
10} 390 uage.b ay) a10|dxa 0} SI ||oM p€

< Seuoz
Se@les.) pue NGO ‘INGS 10} S|[OM OM} }S8] =
< suoneso|
1I9M azijeuly pue saipn}s S||dM pue 82ejnNsgng

aseyd
juawainooid/Buiiwiad/buluue|d

WgD pue nwgs jo jesieaddy J10j jesodo.id DUSY - Alewnwunsg 3AI13ND3X]




'Sj|om € JO 94 404 palinba. s qowep/qow Bl
Jayjoue Ji NG L 0} dn aq pjnoa ‘papnjoul Jou Si JS09 vod

‘aseyd buljjup buunp poddns jeaibojoss) se jjom se ‘(Gm1
‘aMW ‘eur-3) uonenjeas uoleulo) pue buliod ul G L g~

T

sa|dwes pansasaid/bulio)
|euonuaAu0)

Buibbo| pniy
pue dMIN "IN ‘aull-3

" |

ADHINIT DHSY @

nes

WL$
nL$
NSZ$
nes$
Nv$
Ne$
INZ'0$
Nos$
nes
NS ¥$
Wv$
NSY$

(uBisap jJuawdojanap sjjom pue g ‘syuiad ‘suondo Jusawdojanap
‘ABajesys Bu ‘salpnis ‘sqe|) saniAnoe aseyd aulyaq/o9|as ‘|jesieidde 3sod .

}s09) Juawabeuepy Joafoid -

aoueuajuiew ped pue peoy -

S991AI3s pue sdwe) ‘S|9jJoH -

1Y/501$® pzx € (syjuow 2) uopeyuodsuesysiojesado

wa)sAs uonetyly pue QY Ang 1o Juay — [esodsip pue uoijesyjiy 13}epy o
033 ‘dwind ‘Buiqny |Ind — }JoMm ||am Bry-uoN pue Biy [euolippy -
uonjeyiodsues) Buipnjoul ‘ASO wiodj jiun | —sj|am gz bunsa .
(si1om ¢ uonajdwo) pue Bul|ji@) 3s0D [IBM -

10jeulplood pue Alosiaiadns [[om DYSY -

9ONa/90I Bry -

(uBisap Ayjioey ‘syiwaad ‘sueld |]op) sHwdd pue Busauibuy .

9¥e JuelD — SO UOKRONASUOD Jid/Ped/PEoY -

WSSTS$ - (wedboad [|]om-£) 1s0) wedbo.ad jesielddy



'
sarns

ds3
A d0d
g gos05-01 wonpgtuoo 0 S
CED CEES ) § [ seo 9814/INgO desp 1s8) 0} Z e

uiseg deaQ

yne Jonry
eulIyey|

sjuswipas
%00|q }ine4 Jamojleys

uona|dwod HY 10 HO
d0d

AAL ¥ 0059 ~aL
NGO 18} 0} € II’BM

ADHINT OHSY @

‘pPISIA seb paq |eod 1o} }s8) ge] .

pues pue
Spaq |BOO YIM SBU0Z Ul S||am |e ul Buibbo| g Buuo) .

HUN 1S8] UOONPOId YNM S||OM g Ul 18} wis] Buo .
INGS/INGD daap pue mojjeys s3] «
"o|bue ybiy ui jney ssoioe ysu buljup ybiy
—)00|q }|NE} UMOJY} UMOP SS0JOE SES) 9al4/INgD
daap 1o} ssosse 0} Z |19 lesiedddy 03} oAol €
sSauo0z
INES pue NgD ssesse 0] € |[I9AA |eslelddy 0] Aol 2
Aioud 1saybiy — seb padden
pue NgO doap/INgS 158} | [I9M |estelddy 0} aroly |
sjlam ¢ oy dn -

WgD/NgS JO 3s93 uoionpo.dd w.id3-buo pue
s2wWwn|oA 32e|d ul seb ssassy :9A1103[qO ue|d |esieaddy



ADHINIT DHSY @

‘ue|d |esieiddy ay} 1o} pajew}so 3sod papinoid pue padoog
ABajesys |esieadde pue suoijeso| [|om Jeriyuajod paiuap|

(039 ‘enby aind ‘uebiing ‘SYT ‘ASO)
s}iun jesodsip Jajem pue }sa} ajiqow 10} sajonb panIadsay

‘suone|nba.l

pue sajni 93y uo paseq s||om |esiesdde ayj 1o}

suondo jesodsip 13jem jo sisAjeue Aleuiwijaid pawiopad

xelo9/bunoj Asjag 0} syuey} — waoe|d yueg ajfoon

ul ejep Ajiaelb pue onaubew ‘esisAydoab pajeibaju|

Blep paAlyaie SHSN pue

WV Aq sAanins onaubew/Ayinelb pue slwsias pajebiysanuj

(uiseq Janry

1apmod ‘Aajjep uenp ueg) g 1oamo] ul syusawdojanap NG
19Y30 yum uosuedwod ylewyosuaq pawiojiad pue paipnis

sBoj| abpiy [ied] JO uoenjeAa uoijew.io} pue paziubig

ue|d jesieidde
JO yoddns ul @jep 03 S3NIAIY - Alewwing 9AI3ND3X]



ADHINT OHSY @

Kajjep eujisng
uondiidsag
231y 9Sed7

T




110 ou pue salio}s}jis pamoys ‘diNl .000Z] Mo|ad @109 .0Z
| 2861/82/8.V8d

B.80.EL =al
LN 0861/1€/S — pnds
H1egJo Auedwo) |10 uolun :10jes3do
(1yL) 1 3un o6pry jresy

| ealy asuddl |

Z ealy 9sUadI]

¥96L/LLIE VBd

3692/ = aL

¥961/61/1. — pnds

wnajoJ)ad sexaj uoiun "LOuthno
(1d) L31un euyiyey aind

ADHINT OHSY @

(301U} ,0G Jeno swos)
suoloes Jadesp Ul Spag |B0D palojunoous

sSpaq |e0d pue spues ul SmMoys seb poos) .
(0861 pue $961) s|lom uonesojdxa g .

Il GOE JO UeIpawW
UM Y $601 0) €6 WOl sabuel uonens|s .

saJoe ) €0¢ -
Z eaJy 9suadl
3 /¥l 0 uelpsw
YIM ‘U 81§ 01 g woly sabuel uoneas|g
saloe ) 97 .
| Baly 9SUdDIT -

2oy 9SUadIT




ADHINT OHSY @

NGO AsjjeA euyisng

JeAg @oelinsqns

C




ADHINT OHSY @

1ne4 ureyunojy " ‘(suonewlo) pueeIo- 1SeAN PUe 3oo|WwaH)
ajsen SJIUN 18)U| 00D Jedesp 0} Jus|BAINba awi] "SOIUBD|OA pUB S8)eiawo|Buod
‘spaq [e00 ‘SaUO)SPUES UBS|O PaALSP [BIAN JO ,00/9 JO AjoBle| sjsisuo) .«

juswipas dnolg leusy| Jusjeainbs jo 006 AlUQ -

“11om abpIy [Ied] SNSI9A UOI}EPOWWOIIE JUBWIPAS pPaje|doSse

pue Bunjney jo Buiwiy pue }20|q }nej Juaiayip ul Buipisal o)
ulseq J anp A9y ‘Aydeabiyesys Juasapyip A1oA SMOYS ||9M eujjiyeY dind -
mojjeys Aiap

| uiseg des(Q ‘INGD 104 Aljigissod poob moys 3 Jun ul seodusnbas [e0) .
'S|E0O puUB SOIUBD|OA Ul 8SBaIoUl MOYs (,000°Z) O} UMOP) SHUN JBMOT  «
/ (ry1) ‘pa)epljosuod

} un obpry jreap Al@resapow Ajuo pue (sAaiep g oy dn) Ayjenb ybiy jo ale sauojspues .
*S9uU0)sAe|0/SaUO0)S)IS
uiseq mojjleys A pue sajesawo|buod ‘sauolspues jo Buiysisuod
‘s9ss9904d aulIIsnoe| pue |eIANj} WoJ) PAALISP UOI}I3S

L 3un euy Aieyuawipas suniew-uou (auoA] ‘ebnjag ‘Buijialg) dnoug
1eud)| JuajeAinba jo 0006 Al9yewixoisdde smoys jjom abpry jiea) -

*SulejuUNO\ O]|IPJ0] pue Sulejunol eulaadye] ‘abuey

ey se|y wouy A|aAIsnjoxa paainos (,000°GL 03 dn) uiseq deaqg -
‘}jne4 uieyunopy

apysen Aq uiseg jaju] oo wolj pajelsedas uiseg eujisng .

A3]jeA eulisns jo uondiidsaq |ed2160(099




e =] | |-=
M, =
=
“ >
il .w.l .a.m.._q...dl..nwu.m.
= ] Tt | | ——
; . : : wow | en #Opny weag 4o SudvaBovas
TR }iomduwe.ld |ed1bojoaDn



sisixe dew @injonJ}s ON
(lenuspiuo9)

S9SN Aq pejeldisu) .

saul| o1WsSIvS-AgZ Ly o




21Ul ,0S-01 e

— A}10019A MO| e oSS

‘LA ybiy) oluog L R
‘sbo| ul 8suodsal R
AJAIBONPUOD [e09 poo9) =Frime

uo 8|qelo8]ep
puE 3]qISIA
spaq [e0)

=it

=t
4
Ml
o
SINT
‘hid

- o

il b
speq .
[e0O Ul SMOYS

seb poos)

AT AR

L NN euyjyey] aingd



9
¢ = aI10e Opy9/seb
9|qelanooay

‘Aysoiod %9z ‘pw

Z€ ‘19)em ajiqow
ybiy yum suoz

seb oy 621

49

8'0 = 908 Op9/seb
8|qelan0day

neas

Aysolod %91

‘pwW gy ‘Jojem
9]IqoW SWOS Yum
au0z seb oIy} /2

9re9

G259

|

.; —

B

!

1

- —— sdiiafiiadis .&wtwuuww

”T ucy----.r.f...!..l fm

{
il

6€

(219€ 0v9/320)

seg aaly

(2e ov9/400)
pagiosqe

[1)954

(¥) ant

anLdol aseg

10q G0 = a10e
0t9/seb a|qesanooay
ngas

Aysolod

%81 ‘PW Q| ‘Ierem
9]Iqow SWOoS Yum
auoz seb 3oIu} 08

40q ¢ = a10e
019/seb a|qelanoday
seo) paddes |

Aysolod o,ee

‘Pw g ‘49yem sjiqow ou
ypm auoz seb yoiuy Lz

(a19e 0v9/400)

)4 €
(9 0v9/400)
pagiosqe

seg aaly -

(a19e 0v9/320)

Sy 7'
(2e 0v9/400)
3giosqe
seg

seg aalg

8¢

(o€ 0v9/300q)

se91ejoL

LT LR

VT

6

(o€ 0v9/520)

se9 e

91

8T°0
(oe1y)
3IHd Jo

agesany

890 v'0E

(oey) | ()

M

S8AY | IAL

¢L6T  €00C

(4) anL
aseg

(4) QAL
dop
1

3

s,

§

8
e ddii s

S nt

: i
=5 W B
IEE E
£z}l -
¥ el i
4574 99'0 ¢'/C CIVT 6EVT

(pw)

(or4y)

WY3dijo 3JIHd 0
afesany ofesany

(cen))  (4)

M

S8V 1AL

(W) anL (W) anL

doy aseg

sAe|d ngs pue seb padded] - sisAjeuy 607 T 1un b6pIY 1R



9

G'| ~9li0e ovw\mmm
9|qeIaN009Y

Wgo

uoy/jos

00 JO SS20x%8

seb pagiosqge ybiy
yym auoz Bupeaq
weas (202 YIU} 0%

4

- - - — - -— - — - - . . -

peregesit

LA R B A

T

s e 4/ spaq s|eod Jadaap ul
seb 9alj Jo soussald

-——

'
— .y -

000084 LM

spaq [eoD ul seb aal) pue pagiosge 4o} SaAIND JINWBUoT

R3 12TH

09
§ ¢ = 208 Qp9/seb
= 9|qeIan009y
- 3 seo) paddes)
3 3 Aysosod
%.T ‘PW 16 ‘19)em

9|IqOW BWOS YpIm
auoz seb o1y} £z

T

Ao
1
reargrreed

i

|
o
seih

]

80 4

v'e £L81 A% £L2°0
(9e 0v9/400) (pw)
e bl
pagiosqe (2e oy9/400) W43d jo

6T 91L S'€L 90 600

(a12€ OY9/¥ (W) anL (W) anL

jodo] joaseg

(o) JIHd  (oen))
joagesany MS Say

(2108 (oe 0v9/400) (o€ 0Y9/300) (oe4) 31Hd (Want (wanL

(3) 1AL
0¥9/J2q) se8 @a14 paqiosqe se9 se9|elol 10 agesany jodo] joaseg

seg aaly se9g |ejoL

10 agelany se9 agesany

sAe|d WFD - sisAjleuy bo T yun {6pIY |1edL



ADHINT OHSY @

weiboud |esieiddy AdjjeA euyisng

uejid
juswdojaonaq

'3




[ 6 6
btk iaend () 5d3 eis pU 01 0 posaoid L popaoust jesierdde
: juswdojansap se5) . L
¢leog ueuluo sebisiy o014/NGS/INGD ASIfeA BUNSNS mawwcoo Ewﬁm_oﬁ@wm nao
YVLSNI Aq eujedid 10} ueld Juswdojereq By} 8zijeulS P _\,m_wm_w B ﬁ_ a-
. ulIsa) uoloNpol
SlIeM SEO/NES/INED  + ) ) . ) 038 17 pUB UoiEN[eAT UOeWIO
s|jom aJnjon.iseljul ‘speo. ‘sanijioey ‘sbi sou0z seb 001
|esodsIp pue ped/peoy Jo} ABajens Bunoesuoo e dojenaq . pUE NGOWES o€ S1obie]
AyAanoe Bulup pue aseyd Od3 pued33o - osieisdde pue aio|dxe 0)
UOI}ONISUOD PUB JUBWSIND0Id pueT pue sjWIad 8Indes s|lem ¢ o} dn Joj ue|d azijeulq .
0€02 0£02 - 8202 I4dy 820Z DI
-9jesadQ pue ajnoaxy . — abejs auyeg pue 309198 . 0} 920z uer — |esieaddy .

suled/dsIes

T o

Juswaind0.d |esielddy (jestesddy Joy) gl wd pseidde

3yy Joy [eroidde Buipuny

.

82/L1/p 3N 1~ L[2/v/8 PO T~ SZ/LEfzL NUL-92/L/L UL
Abaens 6u ‘suondo ueid pue SyNsa1 353} 10 Siskjeuy Sway Pea}-6Uo] J0 JUIWRIN0IY
L2/E/2) 14 - L2V YO 92/LEf2L NUL-92/L/L NUL
aseyd bunsa) uoRINPoId sipm [estesdde 1o} sywisad pue Guiuuelq
s2/LL/p anL L2/6/8 UOW - L2/p/L UOW 92/1€/8 UOW - 92/6/ NUL 92/LE/E3NL-92/L/L UL | o771/ nyy
ysiuty aseyd uonaidwo) pue Sumug uopnsuC) peg pue peoy pue 2e,nsqns festeidde-1d | g1

gzadvl  szoewl sz.awal  szuel  zoaal szoaonl zwol szodesl vl szl zound zfewl  szodvl szoewl szoaaal szoued 9zoaal sznonl ezpol  ez.das]  ez.bnvl szl ozounl oz fewl  ozadvl  oz.ewl oz aadl

Adlewnuinsg ue|d juswdojanaq



ADHINIT DHSY @

sdeu} [eanjonuais ypm
9oe|d ul seb a4} ssasse
0} Ajiunjioddo pooo) .

L TR TR el

spues Jamojjeys ul
wisiueyosaw deuy Jejiwis
smoys | jun abpry |reJy -

)20|q uMo.uy}
dn ayj ui ¥20u wuad
Moj| Jsulebe pasodeyxnl

Mmm% SOt )20|q UMo.4y} umoq

LIIBM  ClIBM

,

Aejd 31n3onJa3s pue JI1WSIdS ¢ pue T IIPM



e o RS O bl e A9DH3INIT umm<©

R WE Y e - L S ws e "y e e W L T WA X el i e r-—
s
MO|{] ysed pue AdN SAlISOd b i
e
B bt L un 8Bpry [eu] ul[qa40s 00} ~ MO O} Seje|suel |
BEw Ve 10°0 = (A/A) J1em 0) SeB Jo uonoe.
:
| I1oM/ABP/0001$ .
=199/01°0$ Ilom/Aep/0L$ = 199/01"0$
. e 1509 |esodsIp Jaje e 1500 |esodsIp J9)epn
. seb Jo pjosww seb Jo p/posww
. ) Joj pdmq o%oor u | 10} pdmq QQ| Ul Synsal
AINb3 | Jun abpry |led] — INGS ul seb |qg/0s 001 = sinssiewcnep Juswdojanep seb a1
B e e b’ ] — p— uiewoq ujewoQ@ Ms se a4
I BW WM N O e = TIC ME R N Wx -w L= o MR ox R AEE Jax - aEw WBED
a“ - —— :
- MO|4 yse) pue AdN eAlebsN i o — o .

G00°0-100°0 = B3

o uoneinjes uoneinies
19)1BM %G8 Uo)em %G, -

0=mi
‘AInb3 Jehkeld Aies — NgS ul seb |9q/0s 0g | ™ \ gt /t -
— ooud seb josw/zL$ e e

iis .i
seb 13Aip buipul} jo asueljiodwy



ADHINT OHSY @

*3)e] Juels) 0} uoponIsuod ped pue syd
‘peo. Bupoesyuod asodoid am ‘yoafoud ayy Jo4 .
KajleA euyisng ypm derjiwey AIaA aye juels) .

eale |esieisdde ay}
ul swie|o auiw pjob o} speo. pjing 0} Jwiad SpjoH

eaJe ay} ui swie|d Buiuiw sey aye jues .

Slid pue ped/speoy - |jesodo.id peoy e pue.dn



s e AOHINT 0HSV ()

\ peoy maN

;
(2 pue 1 s|Iom) T ped



ADHINT OHSY @

\ . Apedoid nd

waw N
/

i & \

"o
&g
. S

? : (aseyd uonjonsysuod jjam bBulinp
Emmu.o$:a;9m>>omm QEmom:____._umwwso_._:umn_.omm

i
(€ s1I°sM) T ped



ADHINIT DHSY @

ue|d jesieidde ajgeyueq

(M0s$) ued yuswdojanap wiel-Buoj| w—._u. S9ssal “u UN —-_0_ _(_>>
ay} Joj ABajesys Juawainsoud By pue uolyonpai 3so) Buijjug - V_ONQ .‘—ou_.mw>=_ ue c—¢>_ _QD .

9Z02Z YoJe\ — Buiysa) pue ainjoniysejul
‘speou ‘sjyiwuad Buipnjoul ‘welboud jesieadde jo 3soo ayjy azijeuirq -

(Moed apljs/Jusawnoop)

(010
‘sjuswasea ‘Aem jo Jybu ‘Auadoud ayeaud) Ayanoe puel jueoyiubis spasN
O3AMV Yim |esodsip Jajem paonpoid uo suondo aiojdxg . “_.OQ—OLQ mcn_. u_.o mmm”—w
(M01$) Bunsay pue
Bul||Ip 10) papasau SalpN}s [BjJusWUOIIAUL pue Buijiwaad Juels . w_ CH. ;_Oh. \A-_ ®>_ _mb _mC C. uo @93l @< °
M0S$ - (932 ‘seipnys gej ‘Buliod .
‘6u1bBo| ‘Bunsay ‘Bulfjup) ||om |esieidde Joy ssadoud Juswiaindold . mm< UCW wuw&
llom |esiesdde Joy weiboid Buuod pue Absjess uonsidwos e dojpaeq  » ¢
ejep ||om pue olwsias Buisn Asjjep euysng ay} jo dew |einjoni)s e dojpaeg _ _m C mo mv_ mI_ “_.C m.‘_ mu F\_“_._>> C m_&
M 92$ — B0 L)d 1eidisjul pue saul| olwstes gg ezuibiq -
(Mov1$) suoneoso| aosens pue Hg .s|jlom |esieidde ayj azijeury . _mw_m._aaaq uo a3l @< _UCN ww:ow_n_ °
(M0S2$ - 9202 H1) Buluue|d |esjesddy M0G$ - doed juswysaaul

;

j02foud AsjjeA eulisns D3d ljeuad



ADHINIT DHSY @

1500 Bunesado seb joswy/g 0$ ‘Bulpuey Jsiem Joj 1s0d Bunelado |99/50°0$ ‘OM Bry Jad NG 0$ ‘Ilom Jad NZ$ - suondwnssy Aay

sauo0z (ssauxoIyy
sauoz INED 8|gBIA Aj|e1oJawwo) ON U O JO WnwiuIw) sauoz
INED 3|geIA Ajle1oJswwo) ON INED B|gBIA Ajleloiswwo)
(3 0051 wnwiuiw)
sauo0z (INgS) seb paajossiq souoz (INgS) seb panjossig sauoz (INgS) seb paajossiq
9|qelA A||e10JowiWod ON 9|qelA Ajlelolswwo) . 9|geIA A[|eloJaWwWOoD ON o
(3 g1 wnwiuiw) sauoz sauoz sSau0z
seb a|geIA AjjeloJawwo) . seb 23l Jo souasaid oN seb @31y Jo aouasaid ON .
N'12.2$ = AdN NOEY LS = AdN NZ20L$ = AdN
%88 = ¥l %.T = ¥yl A CERN
IN 08L'2$ = xedO IN 0€0°'8$ = XodO IN00L'9$ = XodO
IN 261§ = xodeDd N ZeT'L$ = xade) IN 000°8$ = xadeD
sllem /€2 s|lem 0g€ sllam 0094
‘A9 Panold Jo1 Z'|L — sieah og 1o} JA/Joq GE ‘A9 panold Jo1 Z'L — sJeak og 40y JA/10q GE ‘A9 panoid Jo1 Z'|L — sieah og Joy JA/Joq Gg

1S0D |[IPM MO - |esieaddy |njssaddng — dwod3nQ



ADHINIT DHSY @

1500 Bunessdo seb josw/g'0$ ‘Bulpuey Jeiem Joj 1s0d Buneiado |99/50°0$ ‘SOM By 1ad NG 0$ ‘llem Jad N9 - suondwnssy Asy

sauoz (ssauyoiyy
sauoz NGD 3IgeIA Aj[eloJswwo) ON 1 Of JO WNWiuIW) s8uU0z
INGD dIgeIA Aj[eioJsawwo) ON  » INGD dIgeIA AjleioJsawwo)
(¥ 00g 1 wnwiuiw)
sauo0z (INgS) seb paajossiq souoz (INgS) seb panjossig sauoz (INgS) seb paajossiq
9|geIA A[|eloJaWWOD ON o 9|qelA Ajlelolswwo) . 9|geIA A[|eloJaWwWOoD ON o
(3 g1 wnwiuiw) sauoz sauoz sSau0z
seb a|geIA AjjeloJawwo) . seb 23l Jo souasaid oN seb @31y Jo aouasaid ON .
N 02528 = AdN NELLS = AdN N 0€2-$ = AdN
%¥8 = ¥l %EL =Yl - =yl
IN 08L'2$ = xedO IN 0€0°'8$ = XodO IN00Z'9$ = X2dO
N 0¥8'2$ = xedeDd IN 069'2$ = xode) N 009°2L$ = xadeD
ubredwe) Buljjg JesA G¢ :s|lam /€2 uBredwe) Buijjug JesA G — s|lom 0ge ubredwe) Buljjg JesA G¢ :s|lom 0091}
‘A9 Panold Jo1 Z'|L — sieah og 1o} JA/Joq GE ‘A9 panold Jo1 Z'L — sJeak og 40y JA/10q GE ‘A9 panoid Jo1 Z'|L — sieah og Joy JA/Joq Gg

1S0)D |IPM |ewioN - |esieaddy [njssaddng — awod3nQ



\ Jyaou

16 - . A 6LL 8L 211 9s1 4

-

96 -~ 08l Ll ezz zze

. €Ll 2Ll _
0/1 022 L2g coc

o’ S vlL L m o e6eh
691 612 —

6 | L
/891 /191 L6¢ 062 697 88¢ 18T
“ -I 7 " 1%4

G6

61 991 sou | 21z G8C 8T €8Z zgz L8z 082 6.2

o 982 -
€6l ¥6l 6L 961 mﬁmm:mzomENRNEN&N«R«,RNREN

88l 161 :
el 06 1R 0oL 651 ssk 5L SHE | 042 692 892 192 9oz lgoz ¥9ET €92

681 /8l gl
o8k 95} SSI YL €61 | 2 €92 192 092 652 'goz soz 95T SST

86z 762 2y |
vel
8L 8L 261 1L 0SL 6Vl 8bL €12 242 25T VST 8VC \gpz Lpz 95T LEZ

667 162 oo
Lyl 9Vl S¥L vbL €L LT €S2 0SC |L¥Z 4oz opg SET 0EZ

I 66 86
Zhl SEL ¥EL €€l ZEL L€ 0Lz BYZ 9YZ pyz ecz VET 622

Wl G2l 9z, sz1L 8z 621 ogl | B0C 80T epz gez €€C 8cT
Ovk veblgyy [z0) lery (whb GLL = L02 zye €T CET L2Z

&
mmrmmrw:wo;ﬁ:o: F:J Id vomommmomoommmw

<l Z1L €01 v0L SOL 90 £0) Vo g0z 22

- - N &

cg "M 10C

‘.
o

€l =
oLl /6 €6 0L ZOL N o




ADHINT OHSY @

sleaA
6 ¢ G¢ €¢ ¢ 6L L SL €L LWL 6 L G € |

o
<
(=}

0£0Z Aq aoe|d ul
‘Aed ||IM YV1SNT —3so2 auljadid oN -

S19)ud9d Buissasoud pue sa)Is [P Z}

o
e
o

o
N
(=}

juswido|anap ||om Jad aioe-Q9| .

[I9M/ING 0$ @ [eAsajul pues mojjeys
e ul 9)9|dwos pue dwind ase|dau
0} sueak g A19Ad JBAOYIOM BUQ -

o
@
o
wuw) ayey seo

o
<
S

(pyos

o
o
(=]

(ped Jad |jom |esodsip
llom Jad uononpoid se9 Z 0} dn) ped iad s||am Z| JO Xe|\ -

o
©
=}

(saeah g¢) 119Mm/93Y Sk suondwnssy

;
juswdolonaqg nNgs



ADHINIT DHSY @

Noseydm A 8seyd Il eseydm || seydm |aseydm “—wOU
N Buissasoud pue Bunyi seb josw sad g'0$ -

}so9o |esodsip Jajem |qq 49d G0'0$ -

(4473099 6€) dDL
2’1l 19A0 — p/joswiwi +00} e A1dAljap Jeak-gg .

g0z Aq pjyoswiw
+001 sayoeal — 0£0Z Ul J1e)s uoloNpoid -

}SOO UoIJONIISU0d ped NELS -

P/JOSLULL) [EMBIPUNAN

Jajinbe ojul uonyoalful-ay .

o
o
—

(

‘weiboud uonsjdwosas pue QM IIDM/IA-G .
auljadid 0} AianlleQg seo (wesboud Buiup Jesk-g) seseyd anlq .

o
N
—

a)ey seo juawdojanaq pjald |In4 jdaouo) juswdojanag

;

je1judlod judawdojaonag nwgs



Susitna Valley Natural Gas Proposed Development Plan Southcentral Alaska

Appendix D
Water Filtration Unit
Preliminary Design and Cost Estimate
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/7o ASRC CONSULTING
\{)) & ENVIRONMENTAL

AN ANHEG ERENDY COMMANY

TECHNICAL MEMORANDUM

To: Doshier, Ron; Shirzadi, Shawn

From: Shirzadi, Rysen

CC: Twogood, Christina; Zsolt, Liam; Curley, Pat

Date: 11/19/2025

Subject: Coalbed Methane (CBM) Produced Water Disposal Options
Project No.: 18322-01

Introduction

The disposal of water produced from coalbed methane (CBM) extraction is subject to federal and

state regulations, primarily focused on protecting surface water, groundwater, and soil resources.

e Discharge to Land/Subsurface: Allowed under Alaska Department of Environmental

Conservation (ADEC) land application regulations, contingent on meeting soil and

groundwater protection standards. APDES and UIC Class Il surface water and injection
standards do not apply.

While drinking water standards may not apply, each option is governed by distinct water quality

criteria and limitations to ensure environmental protection. Please refer to Table 1 Which

summarizes the component-specific standards for each disposal method.

Table 1. ADEC Component-Specific Standards

Component

ADEC

Total Dissolved Solids
(TDS)

No numeric limit statewide; site-specific. TDS >500-1,000 mg/L often triggers review for long-term
salt’/heavy metal accumulation. Must not alter natural conditions or harm aquatic life.

Sediment/Turbidity

It must not cause ponding, runoff, or sedimentation. BMPs required.

Dissolved Oxygen (DO)

Not applicable unless water reaches surface.

Dissolved Inorganic
Substances (Brine)

Must not exceed background groundwater limits. Often TDS and chloride-based limits apply. Sodium
Adsorption Ratio (SAR) may be assessed for soilimpacts.

Petroleum Hydrocarbons

No visible sheen. Hydrocarbon content must not impact vegetation, soil infiltration, or groundwater.

Temperature Temperature control is not regulated unless discharge reaches surface water or impacts groundwater
temperature.
pH Generally, the same:

6.5-8.5 SU to prevent groundwater impacts.

Other Toxic/Hazardous
Substances

Must not exceed groundwater protection levels (e.g., ADEC Table C cleanup levels).

ASRC Consulting & Environmental, LLC | 3900 C Street, Suite 701, Anchorage, Alaska 99503 | 907.339.6200 | asrcenergy.com




Denali P&G CBM/SBM Development Susitna Valley, Alaska

On November 18" 2025, source water from the well was delivered to 2401 Cinnabar Loop for
Testing. All testing was performed on November 18" and the results are below, Images from the
testing can be found in Appendix A.

Settleable Solids (mL/L) Imhoff Cone 6.00 6.50

TDS (mg/L) YSI Pro Quattro 20,091.50 20,169.50
TDS (mg/L) Hanna Pro oL oL

Turbidity (NTU) Oakton Turbidimeter 333.00 369.00
Turbidity Post Settling (NTU) = Oakton Turbidimeter 84.70 87.40
DO (mg/L) YSI Pro Quattro 9.10 10.07
pH Hanna Pro 7.01 7.01

pH pH Strips 6.80 6.20

pH YSI Pro Quattro 6.93 7.02
Conductivity (uS/cm) YSI Pro Quattro 25,191.00 25,304.00
Temp (°C) YSI Pro Quattro 15.30 15.30

Recommended Treatment Options

Flowrate: Approximately 5,000 bbl/day (210,000 gpd, ~145 gpm average).
Treatment design flow: 200-220 gpm to provide hydraulic and operational margin.

Influent water quality:

e TDS=20,091 mg/L

e Turbidity (disturbed) = 333 NTU
e Turbidity (settled) = 84.7 NTU

e Settleable solids 6.5 mL/L

e pH=7.0

Discharge method: Land infiltration under ADEC 18 AAC 72.

Regulatory drivers:

¢ No ponding, runoff, or surface erosion.

¢ Novisible sheen or hydrocarbon impacts on soil or vegetation.

e TDS and dissolved inorganics must not exceed groundwater background or cause long-
term salinity accumulation.

e pHbetween 6.5 and 8.5 SU.

Denali P&G 2 October 2025
18322 Rev. 0



Denali P&G CBM/SBM Development Susitna Valley, Alaska

e Groundwater at the compliance boundary must not exceed Table C cleanup levels.

Primary technical challenge: Influent TDS (~20,000 mg/L) is significantly above typical
groundwater background values and therefore requires desalination to protect groundwater.

The AES Remediation team never needed to control TDS in concentrated brines, so the existing
equipment would need to be modified to include a TDS removal step and ensure that the water
entering the TDS removal technology meets the needs of that technology.

The proposed treatment system includes a solids removal train, hydrocarbon removal, advanced
TDS reduction via reverse osmosis (RO), and land infiltration of the polished permeate.
Concentrate (RO brine) is collected and disposed of through a separate regulated pathway and
does not enter the land-application system.

Raw Water Transfer and Equalization

Produced water is pumped to an equalization tank providing 2-4 hours of residence time. The EQ
tank buffers hydraulic surges, allows sand and grit to settle, and provides consistent feed to
downstream treatment processes.

Coarse Solids Screening

A bar screen or inline basket strainer (3-6 mm) removes large debris, preventing downstream
fouling and protecting equipment.

Coagulation and Flocculation

Coagulantis injected in a rapid-mix tank, followed by 15-30 minutes of flocculation. This step
destabilizes fine colloidal clay and silt, forming larger floc particles suitable for removalin
clarification.

Primary Clarification

An inclined-plate clarifier provides separation of flocculated solids from the water column. Sludge
is collected in a cone bottom and periodically transferred to sludge handling equipment for
dewatering and proper disposal.

Multimedia Filtration

The clarified water passes through dual multimedia filters (sand/anthracite configuration). Filters
remove remaining turbidity to protect downstream membrane systems and ensure compliance
with ADEC’s no-sedimentation/ponding requirement at the land-application area.

Bag / Cartridge Filtration

A duplex bag or cartridge filter skid (10 um followed by 1-5 pm) provides fine polishing and serves
as critical pretreatment for the RO system.

Denali P&G 3 October 2025
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Denali P&G CBM/SBM Development Susitna Valley, Alaska

Oil and Grease Removal*

A coalescing-plate oil-water separator removes free and dispersed hydrocarbons. Oilis skimmed
to a waste-oil container. This ensures that discharged water does not create visible sheen or affect
soil/vegetation infiltration properties.

Granular Activated Carbon (GAC) Pre-Polish

Lead/lag GAC vessels remove trace hydrocarbons and organics and protect RO membranes from
fouling. This provides an additional barrier to meeting groundwater cleanup levels.

Reverse Osmosis — Pure Aqua Industrial BWRO RO-500

The Pure Aqua BWRO RO-500 industrial brackish water RO system serves as the core TDS-
reduction process.

e Configured for high-TDS feed (~20,000 mg/L).

e Produces low-TDS permeate meeting groundwater protection targets.

e Recovery expected at 75-85%, subject to vendor design.

e Permeate sent to land infiltration.

e Concentrate (high-TDS brine) isolated in a dedicated tank and transported or injected under
an appropriate, separate disposal permit.

RO Support Systems

Antiscalant dosing, cartridge prefilters, and a clean-in-place (CIP) system are included to maintain
membrane performance and reliability.

pH Adjustment*

Inline pH monitoring and chemical injection maintain final discharge pH between 6.5 and 8.5 SU,
consistent with groundwater protection expectations.

Final GAC Polish (Optional)

A single post-RO GAC vessel may be used for additional organic polishing to ensure robust
compliance with groundwater protection criteria.

Effluent Monitoring and Control

Effluent is monitored for flow, turbidity, conductivity (TDS), and pH. Sampling ports allow for
periodic laboratory analysis of TDS, SAR, hydrocarbons, and metals as required by ADEC.

*Unlikely to be required, possibly needed if source water properties change

Denali P&G 4 October 2025
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ROM Cost Estimate

Raw Water Pump(s) +
Equalization Tank (4x1000/m) +
transportation

Coarse Screen / Strainer (450/m)
+transportation

Coagulation/Flocculation Skid

Inclined Plate Clarifier

Sludge Handling (Tank &
Dewatering) 1 x 1000/m +
transportation

Multimedia Sand Filters (2
vessels)

Bag/Cartridge Filter Polishing
Skid

Coalescing Oil-Water Separator*
GAC Pre-Polish (Lead/Lag)

RO System (Pure Aqua BWRO
RO-500)

RO Chemical Feed & CIP System

RO Concentrate (Brine) Storage &
Transfer

$100,000 - $250,000

$10,000 - $40,000

$75,000 - $200,000

$150,000 - $300,000

$50,000 - $150,000

$150,000 - $250,000

$20,000 - $75,000

$75,000 - $200,000

$75,000 - $200,000

$400,000 -

$1,000,000**

$50,000 - $150,000

$75,000 - $200,000

Pumps + ~25,000-40,000 gal tank,
mixer, instrumentation, Frac Tanks

Inline bar screen / basket strainer
for ~200 gpm

Rapid-mix tank + floc basin +
mixers + chemical feed system

Inclined plate settler sized for 200-
220 gpm

Sludge tank + transfer pump +
geobag or small filter press

Two or more vessels for ~200-220
gpm load

Duplex filters 10 pm > 1-5 pym
Separator sized for ~200 gpm,
skimmer system

GAC vessels for ~200-220 gpm flow
High-TDS configuration (~20,000
mg/L TDS feed) for ~200-220 gpm /

~200,000-300,000 gpd permeate

Antiscalant dosing, CIP tank/pump,
instrumentation

Storage tank + pump for reject
brine management + Trucking away
Concentrate

pH Adjustment Skid* $25,000 - $75,000 Metering pumps, day tanks, pH
probe, static mixer
Denali P&G 5 October 2025
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Denali P&G CBM/SBM Development Susitna Valley, Alaska

Final GAC Polish (if used) $50,000 - $150,000 Vessel for final polishing of
organics post-RO

Effluent Monitoring & Control $10,000 - $50,000 Flow meter, turbidity, conductivity
System (PLC/SCADA/Analyzers) (TDS surrogate), pH, sample ports,
data logging

*Unlikely to be required, possibly needed if source water properties change
**Quote requested on 11/17/2025, no response as of 11/19/2025

Allin, to develop a skid like this would cost between $1.5 -3 MM, with the RO system making up the
majority of the cost.

Conclusion

Given the measured water quality (TDS approximately 20,000 mg/L, high turbidity, and neutral pH),
surface discharge under an ADEC permit will only be feasible with an advanced treatment train that
combines solids removal, hydrocarbon control, and high recovery desalination. We recommend a
treatment system built around a Pure Aqua Industrial Brackish Water Reverse Osmosis BWRO RO-
500 series unit, preceded by clarification and filtration designed to consistently deliver low turbidity
feed to the RO system.

The RO-500 trains are rated for 200,000 to 900,000 gallons per day of brackish feedwater and can
be configured for higher TDS applications with appropriate pretreatment, antiscalant dosing, and
membrane selection. The front end of the system (equalization, coagulation and flocculation,
inclined plate clarification, multimedia filtration, bag filtration, and coalescing plate oil removal) is
sized for approximately 200 to 220 gpm and will reduce settleable solids and turbidity from the
observed 6.5 mL/L and 333 NTU into a range suitable for RO operation. The RO-500 module then
provides the necessary TDS reduction to approach background conditions in the receiving water,
with the permeate directed to final pH and DO conditioning and then to the permitted surface
discharge, and the brine reject routed to a separate regulated disposal pathway such as Class Il
UIC or trucking.

This configuration aligns with ADEC expectations that surface discharges not alter natural
conditions or harm aquatic life, while recognizing that high salinity brine is a separate waste stream
that cannot be managed through the same discharge point.

Denali P&G 6 October 2025
18322 Rev. 0



Denali P&G CBM/SBM Development Susitna Valley, Alaska

References

Alaska Department of Environmental Conservation (ADEC). (2025). Permit fees — Effective October
1, 2023. Alaska Department of Environmental Conservation.
https://dec.alaska.gov/water/wastewater/fees

Alaska Department of Environmental Conservation (ADEC). (n.d.-a). Industrial wastewater
discharge. https://dec.alaska.gov/water/wastewater/industrial-wastewater/

Alaska Department of Environmental Conservation (ADEC). (n.d.-b). Mixing zones. Division of
Water. https://dec.alaska.gov/water/water-quality/mixing-zones/

Alaska Department of Environmental Conservation (ADEC). (n.d.-c). Oil and gas wastewater
permitting (APDES Individual Permits). https://dec.alaska.gov/water/wastewater/oil-gas/

Alaska Department of Environmental Conservation (ADEC), Oil and Gas Section. (n.d.).
Wastewater Discharge Authorization Program. Alaska Department of Environmental
Conservation. https://dec.alaska.gov/water/wastewater/oil-gas

Alaska Department of Environmental Conservation (ADEC). (n.d.-d). Updated onsite wastewater
regulations (18 AAC 72). https://www.rural.dec.alaska.gov/commish/newsroom/23-15-
updated-onsite-wastewater-regulations/

Alaska Department of Environmental Conservation (ADEC). (n.d.-e). Wastewater discharge
permits. https://www.rural.dec.alaska.gov/water/wastewater/permit-entry

Alaska Department of Natural Resources (DNR). (n.d.). Definitions (Division of Oil and Gas). Alaska
Department of Natural Resources. https://dog.dnr.alaska.gov/About/Definitions

Code of Federal Regulations. (n.d.-a). 78 AAC 70.240 - Mixing zones.
https://www.law.cornell.edu/regulations/alaska/18-AAC-70-240

Code of Federal Regulations. (n.d.-b). 78 AAC 72.275 - Disposal systems.
https://www.law.cornell.edu/regulations/alaska/18-AAC-72-275

U.S. Environmental Protection Agency (EPA). (2023). UIC permit fact sheet for permit AK1/024-A,
Nanushuk Processing Facility, Pikka Unit, North Slope, Alaska (November 2023). U.S.
Environmental Protection Agency.

U.S. Environmental Protection Agency (EPA). (n.d.-a). Class Il oil and gas related injection wells.
U.S. Environmental Protection Agency. https://www.epa.gov/uic/class-ii-oil-and-gas-
related-injection-wells

U.S. Environmental Protection Agency (EPA). (n.d.-b). Underground Injection Control (UIC) in
Region 10 - AK, ID, OR, and WA. https://www.epa.gov/uic/underground-injection-control-
region-10-ak-id-or-and-wa

Denali P&G 7 October 2025
18322 Rev. 0



Denali P&G CBM/SBM Development Susitna Valley, Alaska

Appendix A - Pictures from Laboratory Testing

Exhibit b. - Turbidity Measurements 1 and 2, Pre and Post Settling
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Exhibit c. - Pre and Post Settled Source Water in Imhoff Cones
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Exhibit d. Settleable Solids from Test 1 and Test 2

Exhibit e. pH measurements from Test 1 and Test 2
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ASRC Consulting & Environmental Services, LLC (ACES) is a subsidiary of ASRC Energy Services,
LLC (AES). AES is a wholly owned subsidiary of the Alaska Native corporation Arctic Slope Regional
Corporation (ASRC). With over 2,000 employees and more than 40 years of experience serving
Alaska and working in the Arctic, AES has the expertise to handle every phase of an energy project
regardless of scale or location. ACES is considered a Small Disadvantaged Business and Small
Business Administration 8(a) program when subcontracting on a federal government contract and
will count toward the prime contractor’s Small Disadvantaged Business subcontracting goal.
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Appendix E
Water Disposal Option Analysis
Based on
Alaska State Agency Requirements
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/7o ASRC CONSULTING
\{)) & ENVIRONMENTAL

AM ARNEG ERENDY COMMANY

TECHNICAL MEMORANDUM

To: [Client Name, Title]

From: [Your Name, Title]

CC: [Reviewers, Stakeholders if any]

Date: [Month Day, Year]

Subject: Coalbed Methane (CBM) Produced Water Disposal Options

Project No.: 18322-01

Introduction and Available Disposal Options

The disposal of water produced from coalbed methane (CBM) extraction is subject to federal and
state regulations, primarily focused on protecting surface water, groundwater, and soil resources.
Based on research, the three primary options for disposal are:

e Discharge to Land/Subsurface: Allowed under Alaska Department of Environmental
Conservation (ADEC) land application regulations, contingent on meeting soil and
groundwater protection standards.

o Discharge to Surface Water: Allowed under the Alaska Pollutant Discharge Elimination
System (APDES) Individual Permit, requiring compliance with stringent water quality
standards and federal antidegradation policies.

e Underground Injection (UIC Class Il): Specifically designed for oil and gas wastewater
disposal, permitted by the Environmental Protection Agency (EPA) Region 10, and focused
on non-endangerment of Underground Sources of Drinking Water (USDWSs).

While drinking water standards may not apply, each option is governed by distinct water quality
criteria and limitations to ensure environmental protection. Please refer to Table 1 Which
summarizes the component-specific standards for each disposal method.
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Table 1. Component-Specific Standards for each Disposal Method

Component

ADEC

APDES

UIC Class Il

Total Dissolved Solids
(TDS)

No numeric limit
statewide; site-specific.
TDS >500-1,000 mg/L
often triggers review for
long-term salt/heavy
metal accumulation. Must
not alter natural
conditions or harm
aquatic life.

No numeric limit statewide;
must not alter natural
conditions or harm aquatic
life. Must not contaminate
groundwater. Often limited
to <500 mg/L for
groundwater protection.

No specific numeric TDS limit but must
be non-endangering to USDWs.

Sediment/Turbidity

It must not cause
ponding, runoff, or
sedimentation. BMPs
required.

Must not reduce water
quality by more than 5 NTU
(natural condition) in clear
water or 10% increase in
naturally turbid waters.

Not regulated directly. Solids must not
cause plugging or pressure issues in the
formation.

Dissolved Oxygen (DO)

Not applicable unless
water reaches surface.

27 mg/L for spawning;
25 mg/L for growth &
migration of aquatic life.

Not applicable; injection zone is
anaerobic.

Dissolved Inorganic
Substances (Brine)

Must not exceed
background groundwater
limits. Often TDS and
chloride-based limits
apply. Sodium Adsorption
Ratio (SAR) may be
assessed for soil impacts.

No universal numeric limits.
Na+, Cl-, SO42- may be
regulated to protect aquatic
life. Discharge must not
cause toxicity or salinity
stress to aquatic organisms.

Brines are allowed only if injected into a
permitted Class Il well. Must not migrate
to USDWs.

Petroleum No visible sheen. <10 pg/L total aromatic Typically prohibited unless formation is
Hydrocarbons Hydrocarbon content hydrocarbons (TAH), isolated. Must not affect USDWs.
must not impact <15 pg/L total aqueous
vegetation, soil hydrocarbons (TAgH), No
infiltration, or visible sheen or film.
groundwater.
Temperature Temperature control is Must not exceed 20-C for Not regulated unless it impacts injection
not regulated unless fish-bearing streams or safety or formation integrity.
discharge reaches surface | cause temp increases >10C
water or impacts above natural.
groundwater temperature.
pH Generally, the same: Must be between 6.5 and 8.5 | No specific EPA numeric standard but

6.5-8.5 SU to prevent
groundwater impacts.

SU. No sharp diurnal
fluctuations allowed.

must be compatible with formation and
casing/cement.

Other Toxic/Hazardous

Must not exceed

Must meet aquatic life

Must not endanger underground sources

Substances groundwater protection criteria from Alaska Water of drinking water.
levels (e.g., ADEC Table C Quality Standards and EPA
cleanup levels). CWA 304(a) criteria.
Includes metals (As, Hg, Pb),
ammonia, and others.
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Beyond component-specific standards, other factors restrict the composition and operation of the

disposal options:

e Land/Subsurface Disposal (ADEC): Designed to protect soil and shallow groundwater.
Limits are often site-specific based on hydrogeology.

e Surface Water (APDES Permit): Must meet aquatic life protection standards. May require
Whole Effluent Toxicity (WET) testing to ensure the entire effluent, not just individual

components, is non-toxic.

e Underground Injection (UIC Class Il - EPA): Focuses on isolation from drinking water
aquifers (USDWs).

o Injected fluids must be compatible with the formation.
o Hazardous waste is strictly prohibited.
o Corrosive fluids and solids can be restricted.

o Well construction must meet rigorous EPA Class Il standards.

Mixing Zone Option for Surface Water Discharge

A mixing zone can be applied for as part of an APDES permit application for discharge to surface
waters. A mixing zone is a limited area or volume of the receiving water where the initial dilution
occurs, and where water quality criteria are allowed to temporarily exceeded, provided that toxic
substances do not cause mortality or morbidity in the immediate vicinity of the discharge.

The client will need to provide detailed site-specific and effluent data to support the mixing zone
request. Key data requirements include:

o Effluent Characterization: A full suite of parameters (as listed in Section 2) must be
sampled. Typically, this requires 3-6 samples over time, ideally covering seasonal
variability.

¢ Ambient Water Quality Data: Background water quality of the receiving water body (e.g.,
TDS, pH, metals) collected upstream or away from the influence of the discharge.

¢ Flow Data: Accurate effluent flow data and receiving water flow data (e.g., 7Q10 low flow
for ariver).

Denali P&G 3 October 2025
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Hydrologic/Hydraulic Modeling: Modeling of the receiving water body (e.g., CORMIX) to
predict the size, shape, and pollutant concentrations within the proposed mixing zone
under critical flow conditions.

The mixing zone is not a separate permit but a component of the final APDES permit. The estimated

time for ADEC to approve a mixing zone (as part of the final APDES permit) is 6-12 months.

This timeline is highly variable and depends on:

Quality and Completeness of Data Submitted: Submitting a robust and complete
application is essential.

Complexity of the Receiving Water: A simple flowing river is often easier to model than a
stagnant lake or an estuarine environment.

Public Interest/Environmental Sensitivity: High public interest or discharge into sensitive
environments (e.g., critical habitat) may require more extensive review.

Consultation Triggers: Whether federal consultations, such as those under the
Endangered Species Act (ESA) or Historic Preservation (SHPO), are triggered which can
extend the review timeline due to required coordination with federal and state agencies.

Evaluation of Disposal Options: Short- and Long-Term
Feasibility, Cost, and Risk

When evaluating disposal options, it is important to consider both the short and long-term of each

method. Each option varies in terms of permitting complexity, capital and operational costs,
environmental and regulatory risks, and technical feasibility.

Land/Subsurface Disposal: Short term, this option is the easiest and quickest to permit,
making it ideal for small, short-duration projects with lower capital costs and manageable
environmental risk. However, long-term use can become less feasible due to land area
requirements, potential soil degradation, and increase risk of ground water contamination.
Potential system replacement and ongoing maintenance can raise long-term costs.

Surface Water Disposal: Short term use can be challenging and costly due to strict water
quality standards, permitting, and the need of advanced treatment systems. This can make
it less feasible for high-volume discharges over a 12-month timeframe. Long term can be
feasible, but it can involve high and continuous operational costs, regulatory risks, as well
as intense monitoring. Permitting and treatment costs may balance out over 20 years, but
UIC injections are often more financially and operationally favorable for sustained disposal.
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e UIC Class Il: This option is not practical for short-term use due to a lengthy permitting
process, high upfront costs, and long construction timelines. However, long term use is the
industry standard for disposing of high-volume produced water. The initial costs will be
high, and overtime operational costs are low and stable. Strong regulatory controls and
monitoring can make it a cost-effective and reliable solution over the life of the project.

Another thing to note is that the project area may have sensitive groundwater aquifers, glacial
sediments, and interconnected surface waters. Working with ADEC and possibly EPA Region 10 for
permitting while UIC wells may fall under AOGCC jurisdiction.

Conclusion

Selecting the right water disposal method is critical to project success. The three options, ADEC
land/subsurface discharge, APDES surface water discharge, and UIC Class Il injection offers trade-
offs in terms of permitting timelines, upfront and operational costs, environmental risk and long-
term viability.

For small-scale or short-term projects, land/subsurface disposal under ADEC presents the fastest
and most cost-effective path (provided site conditions are favorable). Surface water discharge is
known to be more complex and costly upfront but may be feasible with advanced treatment and
sufficient lead time for permitting purposes. UIC Class Il injection is the industry standard for long-
term, high-volume disposal due to its lower operational costs over time and its regulatory
reliability. It is not practical for short-term use.

Given the project area's sensitive groundwater, glacial soils, and surface water connections, early
engagement with ADEC, EPA Region 10, and AOGCC are strongly recommended to align permitting
pathways and avoid delays. Identifying the preferred disposal method early will help optimize
capital planning, ensure regulatory compliance, and reduce long-term operational risk.
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ASRC Consulting & Environmental Services, LLC (ACES) is a subsidiary of ASRC Energy Services,
LLC (AES). AES is a wholly owned subsidiary of the Alaska Native corporation Arctic Slope Regional
Corporation (ASRC). With over 2,000 employees and more than 40 years of experience serving
Alaska and working in the Arctic, AES has the expertise to handle every phase of an energy project
regardless of scale or location. ACES is considered a Small Disadvantaged Business and Small
Business Administration 8(a) program when subcontracting on a federal government contract and
will count toward the prime contractor’s Small Disadvantaged Business subcontracting goal.
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Hampton,

Waechter, &
Associates, LLC

I—IW A Coalbed Methane Specialists

Coal Desorption Report

For

Pioneer Natural Resources, Inc.
(formerly Evergreen Resources, Inc.)

Alaska Core Holes:
Kashwitna Lake #1 (Sec 7, T 20 N, R 4 W, Mat-Su Borough) 2 9 1
Sheep Creek #1 (Sec 20, T 22 N, R 4 W, Mat-Su Borough) 29 10
910
102

9 5
08

06 Houston Pit #1 (See 20, T 18 N, R 3 W, Mat-Su Borough) 2

20

L0

0
5
3
5 Little Su #1 (Sec 36, T 19 N, R 1 E, Mat-Su Borough) 2 9

5 7 Slats #1 (Sec 17, T 17 N, R 2 E, Mat-Su Borough) 29 10
Willow Fishook #1 (See 3, T 19 N, R 4 W, Mat-Su Borough)

1
0
4

Hampton, Waechter & Associates, LLC
Coalbed Methane Desorption Specialists
11 Inverness Way South
Englewood, CO 80112

RECEIVED (303) 825-7140

www.hwa-cbm.com
FEB 26 2018

AOGCC

February 2005
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Appendix G
ASRC CONSULTING AND ENVIRONMENTAL SERVICES
Drilling Cost Estimate
for 2027 Appraisal Program

Denali Petroleum and Gas, LLC December 2025
18322.01 25-223 Rev. 0



Susitna Valley Natural Gas Proposed Development Plan Southcentral Alaska

This page intentionally left blank.

Denali Petroleum and Gas, LLC December 2025
18322.01 25-223 Rev. 0












Susitna Valley Natural Gas Proposed Development Plan Southcentral Alaska

Appendix H
Grant Lake Corporation Road, Pad and Water Disposal
proposal
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Appendix |
NuTech Energy Alliance
Trail Ridge Unit 1 Analysis
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