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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 (km2) 

Volume
cubic centimeter (cm3 or cc) 0.06102 cubic inch (in3) 
cubic foot (ft3) 28.32 cubic decimeter (dm3) 
cubic foot (ft3) 0.02832 cubic meter (m3) 

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 δ13C.
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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 Oil 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 (δ13C range of –63 to 
–56 per mil) and chemically dry (C1/C1–5 > 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).  
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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 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). 



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

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. 
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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 (Ro)), 
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 (δ13C range of –63 to –56 per mil) 
and chemically dry (C1/C1–5 > 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 Ro, 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 (δ13C 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 

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; 
Wahrhaftig 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 (BCFG) in this assessment. 
The assessment area contains an estimated minimum of 
8,000,000 acres, mode of 8,500,000 acres, and maximum 
of 9,000,000 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 F95, 
3,989 BCFG at F50, and 10,069 BCFG at F5; 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. 
F95 represents a 95-percent chance of at least the amount tabulated; other fractiles are defined similarly]

 Assessment unit name
Total undiscovered gas resources (BCFG)

 F95 F50 F5 Mean

Cook Inlet Coal-Bed Gas 1,581 3,989 10,069 4,674
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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 F95, 3,989 BCFG at F50, and 10,069 BCFG at F5; 
the mean estimate is 4,674 BCFG (table 2). 
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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).

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.

Assessment of Undiscovered Oil and Gas Resources of the 
Susitna Basin, Southern Alaska, 2017

U.S. Department of the Interior
U.S. Geological Survey

Fact Sheet 2018–3017
ver. 1.1, May 2018

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 

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.
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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 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. 

Assessment 
input data Minimum Median Maximum Calculated 

mean
Susitna Tertiary Sandstone Microbial Gas AU

Number of gas fields 1 40 264 47.9
Sizes of gas fields 

(BCFG)
3 10 2,500 40.7

AU probability 0.86 - - -
Beluga Mountain Subthrust Oil AU

Number of oil fields 1 3 15 3.4
Sizes of oil fields 

(MMBO)
0.5 1.5 20 2.1

AU probability 0.27 - - -

Total petroleum system and 
assessment units

AU 
probability

Accumulation 
type

Total undiscovered resources
Oil (MMBO) Gas (BCFG) NGL (MMBNGL)

F95 F50 F5 Mean F95 F50 F5 Mean F95 F50 F5 Mean
Susitna Total Petroleum System

Susitna Tertiary Sandstone 
Microbial Gas AU

0.86 Gas - - - - 0 1,310 4,651 1,675 0 0 0 0

Beluga Mountain Subthrust 
Oil AU

0.27 Oil 0 0 10 2 0 0 21 4 0 0 0 0

Total undiscovered 
conventional resources

- - 0 0 10 2 0 1,310 4,672 1,679 0 0 0 0

https://doi.org/10.3133/fs20183017

(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 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]

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]
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 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 Alaska is a forearc 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:

(1) 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. Isotherms 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 gas in place is derived for the basin.

Typical Bulk Density of Coal
Anthracite Coal : 50 - 58 (lb/ft3), 800 - 929 (kg/m3)
Bituminous Coal : 42 - 57 (lb/ft3), 673 - 913 (kg/m3)
Lignite Coal : 40 - 54 (lb/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 a ton of coal is equal to 40 cubic feet of
coal.  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 a section) 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 a quarter section.  Some of the open slots in 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 major
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 resources in 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 coal provinces, with only a small fraction of
the identified coal resource having been produced from some dozen underground and strip mines in
these two provinces. Alaskan coal resources have a lower sulfur content (averaging 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 development, 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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The relatively 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, Tuscaloosa, University of Alabama, p. 1 - 21.

Note: this reference estimates Alaska’s CBM resources at an average value of:
(1,000 TCF/5,526 billion tons) = 181 scf (standard cubic feet) of methane per ton of coal.  That value
is equal 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 Alaska is less than the SBM
resources I predicted for onshore portions of Cook Inlet basin in 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







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

I have explored for and developed several dry gas accumulations in Cook Inlet
Basin, Alaska and the San Joaquin Valley of California.  Each of them is now
depleted. The largest field I 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 a large 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 gas in the basin originated from coal beds that
make up approximately five percent of the stratigraphic column.  The deepest
wells were drilled to explore for oil, 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  0 0               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 methane in
the ground water.

Denali has identified portions of the Susitna Basin as an area for likely production
of at least 137 TCF of dissolved gas.  That gigantic resource can be confirmed
with the initial set of wells to 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
a conservative 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 gas fields in 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
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Appendix D  
Water Filtration Unit  

Preliminary Design and Cost Estimate 
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OUR PURPOSE: TO FIND SUSTAINABLE SOLUTIONS FOR A SUSTAINABLE FUTURE 
ASRC Consulting & Environmental, LLC | 3900 C Street, Suite 701, Anchorage, Alaska 99503 | 907.339.6200 | asrcenergy.com 

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.  

• 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 II surface water and injection 
standards do not apply. 

Water Quality Standards and Limitations 

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 soil impacts. 

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

Property Method Test 1  Test 2 
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 (µS/cm) YSI Pro Quattro                                         25,191.00                               25,304.00  
Temp (°C) YSI Pro Quattro                                                 15.30                                        15.30  

 

Recommended Treatment Options 

Design Basis 

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: 

• TDS ≈ 20,091 mg/L 
• Turbidity (disturbed) ≈ 333 NTU 
• Turbidity (settled) ≈ 84.7 NTU 
• Settleable solids ≈ 6.5 mL/L 
• pH ≈ 7.0 

Discharge method: Land infiltration under ADEC 18 AAC 72. 

Regulatory drivers: 

• No ponding, runoff, or surface erosion. 
• No visible sheen or hydrocarbon impacts on soil or vegetation. 
• TDS and dissolved inorganics must not exceed groundwater background or cause long-

term salinity accumulation. 
• pH between 6.5 and 8.5 SU. 
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• 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. 

Process Description 
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 

Coagulant is 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 removal in 
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 µm followed by 1–5 µm) provides fine polishing and serves 
as critical pretreatment for the RO system. 
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Oil and Grease Removal* 

A coalescing-plate oil–water separator removes free and dispersed hydrocarbons. Oil is 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. 

• Configured for high-TDS feed (~20,000 mg/L). 
• Produces low-TDS permeate meeting groundwater protection targets. 
• Recovery expected at 75–85%, subject to vendor design. 
• Permeate sent to land infiltration. 
• 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 
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ROM Cost Estimate 

Component ROM Equipment 
Cost (USD) 

Notes 

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

$100,000 - $250,000 Pumps + ~25,000-40,000 gal tank, 
mixer, instrumentation, Frac Tanks 

Coarse Screen / Strainer (450/m) 
+transportation 

$10,000 - $40,000 Inline bar screen / basket strainer 
for ~200 gpm 

Coagulation/Flocculation Skid $75,000 - $200,000 Rapid-mix tank + floc basin + 
mixers + chemical feed system 

Inclined Plate Clarifier $150,000 - $300,000 Inclined plate settler sized for 200-
220 gpm 

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

$50,000 - $150,000 Sludge tank + transfer pump + 
geobag or small filter press 

Multimedia Sand Filters (2 
vessels) 

$150,000 - $250,000 Two or more vessels for ~200-220 
gpm load 

Bag/Cartridge Filter Polishing 
Skid 

$20,000 - $75,000 Duplex filters 10 µm → 1-5 µm 

Coalescing Oil-Water Separator* $75,000 - $200,000 Separator sized for ~200 gpm, 
skimmer system 

GAC Pre-Polish (Lead/Lag) $75,000 - $200,000 GAC vessels for ~200-220 gpm flow 

RO System (Pure Aqua BWRO 
RO-500) 

$400,000 - 
$1,000,000** 

High-TDS configuration (~20,000 
mg/L TDS feed) for ~200-220 gpm / 
~200,000-300,000 gpd permeate 

RO Chemical Feed & CIP System $50,000 - $150,000 Antiscalant dosing, CIP tank/pump, 
instrumentation 

RO Concentrate (Brine) Storage & 
Transfer 

$75,000 - $200,000 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 CBM/SBM Development  Susitna Valley, Alaska 

Denali P&G 6 October 2025
18322   Rev. 0 

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

Effluent Monitoring & Control 
System (PLC/SCADA/Analyzers) 

$10,000 - $50,000 Flow meter, turbidity, conductivity 
(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 

All in, 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 II 
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.  
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Appendix A – Pictures from Laboratory Testing 

 

 

 

 

 

 

 

 

 

 

 

Exhibit a. – YSI Pro Quatro Results for Source Liquid 

 

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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About ASRC Consulting & Environmental, LLC 

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  
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Alaska State Agency Requirements 
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OUR PURPOSE: TO FIND SUSTAINABLE SOLUTIONS FOR A SUSTAINABLE FUTURE 
ASRC Consulting & Environmental, LLC | 3900 C Street, Suite 701, Anchorage, Alaska 99503 | 907.339.6200 | asrcenergy.com 

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: 

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

• 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.  

• Underground Injection (UIC Class II): 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 (USDWs).  

Water Quality Standards and Limitations 

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 II 
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. 

≥7 mg/L for spawning; 
≥5 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 II well. Must not migrate 
to USDWs. 

Petroleum 
Hydrocarbons 

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

<10 μg/L total aromatic 
hydrocarbons (TAH), 
<15 μg/L total aqueous 
hydrocarbons (TAqH), No 
visible sheen or film. 

Typically prohibited unless formation is 
isolated. Must not affect USDWs. 

Temperature Temperature control is 
not regulated unless 
discharge reaches surface 
water or impacts 
groundwater temperature. 

Must not exceed 20∘C for 
fish-bearing streams or 
cause temp increases >1∘C 
above natural. 

Not regulated unless it impacts injection 
safety or formation integrity. 

pH Generally, the same:  
6.5–8.5 SU to prevent 
groundwater impacts. 

Must be between 6.5 and 8.5 
SU. No sharp diurnal 
fluctuations allowed. 

No specific EPA numeric standard but 
must be compatible with formation and 
casing/cement. 

 

Other Toxic/Hazardous 
Substances 

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

Must meet aquatic life 
criteria from Alaska Water 
Quality Standards and EPA 
CWA 304(a) criteria. 
Includes metals (As, Hg, Pb), 
ammonia, and others. 

Must not endanger underground sources 
of drinking water. 
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Other Compositional and Operational Limitations 

Beyond component-specific standards, other factors restrict the composition and operation of the 
disposal options: 

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

• 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. 

• Underground Injection (UIC Class II – 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 II 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. 

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

• 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 a river). 
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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. 

APDES Permit and Mixing Zone Approval Timeline 

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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• UIC Class II: 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 II 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 II 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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About ASRC Consulting & Environmental, LLC 

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 F  
Pioneer Natural Resources, LLC  

Coal Desorption Report 
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Appendix G  
ASRC CONSULTING AND ENVIRONMENTAL SERVICES 

Drilling Cost Estimate  
for 2027 Appraisal Program 
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Appendix H  
Grant Lake Corporation Road, Pad and Water Disposal 

proposal 
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Appendix I  
NuTech Energy Alliance  

Trail Ridge Unit 1 Analysis 
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