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SECTION 3.0
DESCRIPTION OF THE AFFECTED ENVIRONMENT

3.1 INTRODUCTION

3.1.1 Plan Area

The ASDP Area encompasses approximately 890,000 acres of federal, state, and private lands in the
central Arctic Coastal Plain of Alaska’s North Slope. This area includes the Colville River Delta and the
portions of the Ublutuoch River, Judy Creek, Fish Creek, Kalikpik River, and Kogru River drainages in
the easternmost part of the NPR-A. The village of Nuigsut and Colville Village are the only permanent
populated centers within the Plan Area. The existing oil production infrastructure includes APF-1 and
sales pipeline and a gas line to Nuiqgsut. The area studied by this EIS is generally bounded on the west by
152°30'0" west longitude, the south by 70°0'0" north latitude, the east by the Colville River, and the north
by the Beaufort Sea Coast, as shown in Figure 1.1.1-1.

The Arctic Coastal Plain, extending from sea level south to approximately 600 feet in elevation (BLM
2000) is treeless, generally flat to gently rolling, and spotted with shallow lakes and ponds. The Plan Area
lies within two different and complex hydrologic regimes, the Colville River Delta and the area west of
the Colville River Delta. The delta area is relatively flat, tundra-covered terrain, with local relief produced
by a complex network of lakes interspersed with low-lying ridges and channels associated with the
ephemeral and distributary nature of deltaic systems.

The area west of the Delta is characterized by a few dominant streams, such as Fish and Judy creeks, and
periglacial features associated with low relief and poor drainage, such as thaw-lakes, marshes, and
polygon- patterned ground (BLM 1998aa). This area drains into Harrison Bay and the Beaufort Sea
through the Kalikpik and Kogru rivers and through Fish Creek and its major tributaries—Judy Creek and
the Ublutuoch (Tingmiaksiqvik) River, and consists of thousands of shallow thaw-lakes. It is dominated
by ice wedge polygons covered by wet tundra that is treeless. Surface elevations in the area range from
approximately 20 to 120 feet.

Water resources in the Plan Area consist largely of surface-water streams, lakes, and ponds; groundwater
is very limited. Climate and permafrost are the dominant factors limiting water availability (BLM 1998a).
Surface water and groundwater resources are described in detail in Section 3.2.2.

3.1.2 Existing Infrastructure in the Plan Area
3.1.21 Nuigsut and Colville Village

Nuigsut

Nuigsut is a second-class city of approximately 450 people situated along the west bank of the Nigliq
Channel within the Colville River Delta, as shown in Figure 1.1.1-1. Nuigsut encompasses approximately
9 square miles of land within the NSB and is approximately 20 miles south of the Beaufort Sea Coast and
8 miles southwest of APF-1 at CD-1.
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Public utilities provide essential services to the residents. Nuigsut has an airstrip and a complete road and
street grid. Electricity and potable water delivery service have been extended to each home and public
building. The village recently completed a piped water and sewer delivery project. Financed by the NSB
Capital Improvements Program, the project included a wastewater treatment plant and a water treatment
plant with connections to all homes and buildings in Nuigsut. Communication services include a local
telephone network with long-distance capability and a cable television distribution system (PAI 2002a).

During construction of the original APF-1, a common carrier pipeline was constructed that transports
natural gas from APF-1 to Nuigsut. The pipeline crosses approximately 13.7 miles—=8.8 miles above
ground and 4.9 miles buried—of land managed by the State of Alaska and Nuigsut (Joint Pipeline Office
2003).

A 4,300-foot airstrip owned and operated by the NSB serves Nuiqgsut year-round. In addition, for as many
as 5 months a year (commonly mid-December through April), Nuigsut is connected to the road system.
Since 1991, ice roads have connected the Colville River Delta to the Kuparuk and Prudhoe Bay road
system. From there, access to Deadhorse and the Dalton Highway is possible (PAI 2002a). In addition, a
spur road, historically constructed during different years by either CPAI or the NSB, connects the village
of Nuigsut to the ice road network for APF-1. Additional detail about Nuiqsut is presented in Section 3.4.

Colville Village

Colville Village is the site of the Helmericks’ family home on Anachlik Island, on the northeast side of
the Colville River Delta. The site was established in the mid-1950s and consists of several homes, a
lodge, an airstrip, aircraft hangars, warehouses, a barn, workshops, and other outbuildings. Additional
detail about Colville Village is presented in Section 3.4.

3.1.2.2 Existing Alpine Facilities

The existing oil production infrastructure for APF-1 is on the Colville River Delta between the Nigliq and
Sakoonang channels and approximately 8 miles north of Nuigsut. Production pads CD-1 and CD-2
(Figure 1.1.1-1) began oil production in November 2000 and 2001, respectively.

Infrastructure at the existing CD-1 production pad fully supports the ongoing drilling and production
operations, including activities at the CD-2 site. Facilities and equipment currently installed include
processing facilities, production wells, camp facilities, sanitation utilities (water and wastewater), a
drilling mud plant, an airstrip, a maintenance complex, warehouse buildings, disposal wells, an
emergency response center, communications, power generation, and various mobile equipment (Wiggin
and Dotson 2002).

The CD-2 production pad is a satellite, approximately 3 miles to the west. Access to the site is by a gravel
road, of which approximately 5,000 feet nearest CD-1 is coincident with the edge of the airstrip.
Currently at CD-2, a temporary camp provides support for ongoing drilling operations.

Pipelines consist of a gathering pipeline that transports unprocessed produced oil and water from CD-2 to
APF-1 at CD-1 and a 34-mile-long oil sales pipeline from APF-1 connecting to the Kuparuk River
oilfield. Pipelines are elevated above the tundra by VSMs, except at the main channel crossing of the
Colville River, where the oil sales pipeline is underground.
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3.1.2.3 Hazardous Materials

Hazardous materials and solid waste have been introduced into the Plan Area through activities associated with
Department of Defense (DOD) facilities and oil and gas exploration. In addition, population centers in the area
introduce, store, and maintain hazardous materials, hazardous waste, and solid waste. The following sections
provide information on potential hazardous material sites within the Plan Area.

Department of Defense Sites

The Kogru Distant Early Warning (DEW) line station (Figure 3.1.2.3-1) is near the Kogru River. It was built
as part of a defensive advance warning radar system in the 1950s, one of 18 sites constructed across northern
Alaska at approximately 50-mile intervals. The Kogru station is also known as POW-2, POW-B, and 2nd Point
from Barrow. It was classified as an intermediate station and consisted of a single five-module operation and
living building, support facilities with Doppler-type radar fences, and a runway (OHM 2000).

The Kogru station was active from 1957 through 1963. Investigative and cleanup activities have been per-
formed intermittently since 1985. Between 1995 and 1999, the following buildings were demolished: the shop
building, radar tower, AST for fuel, fuel pump house, living and operations building, and warehouse. Ap-
proximately 525 cubic yards of soil contaminated by petroleum, oils, and lubricants (POL) were excavated and
placed in 1-yard Supersacks. Waste streams were sampled for characterization and disposal options, and mate-
rials were removed and transported offsite for disposal. Materials removed included: soil contaminated by POL
and polychlorinated biphenyl (PCB), creosote-treated wood, lead-based paint chips, PCB-containing equip-
ment (transformers and electrical equipment), and nonregulated demolition debris (OHM 2000). After removal
actions had been completed, the gravel pads were fertilized and seeded. According to the remediation report,
current concerns at the site include additional debris and an exposed landfill.

A Naval Arctic Research Laboratory (NARL) remote research camp was located at Putu, which lies east of
Nuigsut near the west bank of the Colville River’s main channel. The site was used from the late 1950s to the
1970s. The building was removed and little evidence of the site remains (PAI 2002a).

Oil and Gas Exploration Activities

Oil and gas exploration activities within the Plan Area have included winter seismic exploration surveys and
oil and gas exploration drilling. Figure 3.1.2.3-1 shows the location of exploration wells within the Plan Area.

Navy and U.S. Geological Survey Exploration Sites

The Navy began oil and gas exploration in the NPR-A in 1944 and continued through 1953. During that time,
44 test wells were drilled and three small oil fields were discovered—Umiat, Simpson, and Fish Creek (USGS
professional paper 1399). One of the early Navy test wells is within the Plan Area; Fish Creek 1 was drilled in
1949.

Cleanup operations conducted by the USGS in 1981 indicate Fish Creek 1 was used as a disposal site for
stockpiled debris. Typically, disposal sites were stripped of tundra overburden, excavated, filled with stock-
piled metal debris, and compacted. The sites were then backfilled with 2 feet or more of fill and covered with
the stockpiled tundra overburden. Seed and fertilizer were spread at the Fish Creek 1 site.

A second period of exploration was conducted within the NPR-A from 1974 through 1982 by the Navy (1974
and 1975) and the USGS (1976 through 1982). During this period, 28 exploration wells were drilled and
14,770 line miles of seismic survey were collected and interpreted (USGS professional paper 1399). Typically,
reserve pits and flare pits were used to contain drilling waste. (Reserve pits are no longer used on the North
Slope.) Four exploration wells drilled during this period are within the Plan Area: Atigaru Point (1977), North
Kalikpik (1978), South Harrison Bay (1977), and West Fish Creek (1977). These sites were included in the
USGS cleanup and revegetation program between 1977 and 1979. The ADEC has approved closure of the in-
active reserve pits for these four sites.
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Other Oil and Gas Exploration Sites

Additional exploration wells have been drilled within the Plan Area at the locations shown in Figure 3.1.2.3-1.
The earliest well, Colville 1, was drilled in 1966 by Sinclair Oil and Gas. Subsequently, wells were drilled by
Gulf Oil Corporation, Texaco Inc., Amerada Hess Corp., ARCO Alaska Inc., CPAI, and Anadarko Petroleum
Corporation.

Other Hazardous Materials and Solid Waste within the Plan Area

Established winter travel routes servicing North Slope communities and recreational trails cross the Plan Area.
Fuel storage areas and inevitable small spills are likely along these corridors. Solid waste and human waste
also could have been introduced to these corridors.

The facilities associated with the village of Nuigsut are described in Section 3.1.2.1. A brief overview of po-
tential hazardous materials associated with the village includes, but is not limited to, the following:

e Bulk fuel storage areas and fueling systems

e Home heating systems

e Transportation—all-terrain vehicles, snowmobiles, boats, airplanes, and automobiles
e Permitted Class III landfill

e  Wastewater treatment plant

e PCBs within transformers and electrical equipment

3.2 PHYSICAL CHARACTERISTICS

3.21 Terrestrial Environment

3.211 Physiography

The North Slope of Alaska encompasses three physiographic provinces: Arctic Coastal Plain, Arctic Foothills,
and Brooks Range. The Arctic Foothills region becomes pronounced at roughly 90 miles inland; therefore, the
Plan Area, which extends approximately 40 miles inland from the coast (Figure 3.2.1.1-1), is situated entirely
within the Arctic Coastal Plain province.

The tundra-covered Arctic Coastal Plain rises toward the south at an average of approximately 10 feet per mile
(Wahrhaftig 1965) and is generally characterized by periglacial features associated with flat topography, poor
drainage, and underlying permafrost. Thaw-lakes and polygonal surface patterns on interlake ice wedges are
the dominant terrain features (BLM and MMS 1998a). Ice wedges, which produce the polygonal surface pat-
terns, progressively become larger as winter contraction fractures in the surface soils fill with water during the
brief summer thawing period, then freeze again during winter. As this seasonal process repeats, the polygons
grow and become the most recognized surface features over the entire North Slope.

The Colville River is the dominant feature along the eastern boundary of the Plan Area. The river makes the
transition from a meandering channel form to a highly channelized delta before emptying into the Beaufort
Sea. Other creeks and rivers in the Plan Area are highly meandering and are fed by numerous small creeks,
many of which are beaded, or consist of small lakes connected by short channel segments.

Tundra Lowlands

The lowlands associated with the Arctic Coastal Plain compose a vast treeless tundra. Abundant thaw-lakes
and marshy thaw-lake basins, generally only a few feet deep, cover 25 to 30 percent of the landscape. Lakes
are generally elongated perpendicular to the prevailing winds from the erosive action of eddy currents (BLM
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and MMS 1998a). The lakes become more rounded and generally smaller farther inland or south. Features
providing relief are limited to riverbank bluffs, some hundreds of feet high, and scattered pingos, low mound-
like features formed in the centers of drained lakes as the water-saturated soil freezes inward from the basin
sides.

Coastal Zones

The coastal area along the Arctic Ocean is generally low and flat and is frequently separated from the mainland
by barrier islands and alongshore spits. These spits support little vegetation, and lagoons typically develop be-
hind them. The coast is characterized by low-relief, fine-grained soils, and mudflats, resulting in rapid erosion
(relative to the coarse-grained beaches of the Chukchi Sea) of the fine soil material prevalent in the eastern
NPR-A (BLM 1981).

The Beaufort Sea continental shelf is relatively narrow, extending for 35 to 50 miles offshore and to depths of
600 feet before steeply dropping off into the Arctic Ocean Basin. The surface circulation of the Beaufort Sea is
dominated by a clockwise gyre in the Arctic Ocean Basin. The prevailing current places ocean ice against the
coastline in the Plan Area for most of the year. Currents along the coastline can be highly variable, moving
easterly or westerly, depending primarily on local wind patterns (State of Alaska 1975). Because the extreme
tidal fluctuations are approximately 1 foot, tides are generally not a significant contributor to currents.

Ocean areas are covered by pack ice for as long as 9 months of the year, which constrains shipping to the
summer season (typically from July through September). Even during these months, prevailing northeast
winds and currents can cause pack ice to block areas of coastline for weeks.

3.21.2 Geology

The Plan Area is situated at the transition between two major geologic structures, the Colville Basin and the
Barrow Arch (Figure 3.2.1.2-1). Formation of the Colville Basin, Barrow Arch, and the associated Brooks
Range was initiated during mid-Cretaceous compression of the Arctic Alaska Plate. The compressional regime
was produced by the combined forces of terrane accretion at the southern margin of the Arctic Alaska Plate
and rift-zone expansion in the marine basin bordering the plate to the north. The resulting deformation formed
the Brooks Range thrust-fault belt and the foreland Colville Basin and Barrow Arch (Moore et al. 1994). Pres-
ent day seismic activity and deformation of Quaternary sediments are evidence of the continuation of the
Brooks Range Orogeny. Although Alaska is seismically active, the North Slope has not experienced an earth-
quake exceeding a magnitude of 5.3 since 1968 (http://www.giseis.alaska.edu).

Mississippian to Quaternary age lithologies underlying the Plan Area comprise a 6- to 7-mile-thick wedge of
limestone, shale, and sandstone deposited in marine, deltaic, and floodplain environments, respectively (Gyrc
1985). Figure 3.2.1.2-2 presents a stratigraphic column of the Plan Area. Oil exploration on the North Slope
has historically targeted the proven accumulations of Ellesmerian-derived oil at the crest of the Barrow Arch.
However, the 1994—1995 discovery of the approximately 500-MMbbl Alpine Field (BLM 2003b) in a previ-
ously unrecognized Jurassic Sandstones reservoir has redirected exploration efforts to members of the Beau-
fortian Sequence. The Beaufortian Sequence lies between drilling depths of 6,000 and 11,000 feet in the Plan
Area and consists of the Kuparuk Sandstone, Jurassic Sandstones, and the Middle Jurassic Simpson Sandstone
(BLM 2003Db). Estimates of petroleum resource potential in the Plan Area are not currently available. Oil and
gas fields on the North Slope are identified in Figures 3.2.1.2-3 and 4F.4.4-1.

Petroleum Potential

Directional drilling technology, westward expansion of Prudhoe Bay infrastructure, and the elevated probabil-
ity of petroleum presence in area lithologies have decreased the minimum field volume necessary for, and risk
associated with commercial oil field development within the Plan Area. A detailed review of past development
and forecast of future exploration is presented by the BLM (BLM and MMS 1998a, BLM 2003b).
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The assessment of oil and gas resources requires the integration of geological interpretations, seismic mapping,
petrophysical analyses of potential reservoir rocks, geochemical descriptions and predictions of where oil and
gas could be generated, and identification of where or how it migrates and where it is still preserved. Similar
approaches to engineering and economic factors help to define the size, number, and distribution of potential
prospects that may become viable oil or gas discoveries. Statistical methods are useful in incorporating the
degree of inherent uncertainty and subjectivity in these data.

The potential for oil resources is reported as a range from the 5 percent probability of occurrence, which is
physically possible, though highly unlikely, to the 95 percent probability of occurrence, which indicates a
much smaller potential oil value, but is quite likely to occur. Where the range of resources is large, the mean
value is reported.

Recoverable resources are considered to exist in a number of pools or accumulations that are drilled and tested
during exploration. A size rank for undiscovered pools shows a lognormal distribution. These pools can in-
clude oil, gas, mixed oil and gas, and condensate resources. They could also be distributed anywhere within the
area analyzed. The area analyzed in this case is the 13.2 million acres assessed as part of the Northwest NPR-A
IAP/EIS, a recent planning effort of the BLM, and includes all portions of the Plan Area within the NPR-A.
The predominant exploration target of the ASDP across this area is the Beaufortian Barrow Arch East play.
Modeling predicts the existence of approximately 141 prospects in this play, distributed unevenly across the
13.2 million acres that were assessed. Approximately 11 of the 25 largest prospects are predicted to be oil
pools; gas, condensate, and mixed pools compose the others.

Current geologic analyses by the BLM suggest that the northernmost portion of the NPR-A, along a subsurface
trend known as the Barrow Arch, has the highest potential for oil and gas resources. This area with high geo-
logic potential comprises approximately 1.87 million acres.

Of the approximately 1.87 million acres that have high geologic potential for oil and gas resources, approxi-
mately 1.51 million acres are close enough to existing infrastructure and have sufficient volumes of modeled
resources in discrete prospects (or accumulations) to have economic potential. Of this total, approximately
680,000 acres are in the Plan Area west of the Nigliq Channel. The BLM does not have data to adequately
model the Plan Area east of the Nigliq Channel. The mean resource value in the Plan Area can be apportioned
as a fraction of the entire area with high economic potential. There could be a pool larger than the Alpine Field
in the 1.51 million acres. As modeled, subsidiary pools would be smaller than the Alpine Field and would re-
flect a lognormal distribution. The size distribution for individual pools, however, might not be proportionately
distributed geographically. Larger pools could be disproportionately under- or over-represented in the Plan
Area. Statistically, there is no inference that the largest or any of the larger pool sizes are found in the Plan
Area.

Geologic and geophysical mapping identify numerous potential prospects for exploration. These efforts show
that the discrete prospects are not evenly distributed across the northern NPR-A or the Plan Area. The small
prospects lack sufficient resources to offset development costs. The mapping also shows that prospects occur
at different stratigraphic levels. Some prospects overlie one another, a placement that is economically fortui-
tous because it creates potential for multiple exploration targets to be developed from a single surface facility.

At oil prices of $30 bbl, modeling conducted by the BLM as part of its Northwest NPR-A TAP/EIS, which also
covers the Plan Area, suggests as many as 16 fields in the 1.51 million acres with potential economically re-
coverable oil could have sufficient resources to offset development costs and could be considered economi-
cally viable. Apportioning these resources across these 1.51 million acres in the northern NPR-A suggests that
there could be as many as seven similarly promising fields in the Plan Area within the boundaries of the NPR-
A. If each of these fields can be developed from a single separate pad, then four pads could be developed, in
addition to the three currently proposed by CPAI (CD-5, CD-6, and CD-7) in the NPR-A portion of the Plan
Area. Given that some of these fields could be accessible from the same pad, modeling suggests that two pro-
duction pads, in addition to the three currently proposed, could be used to develop these fields. Finally, in the
statistically unlikely case in which a pool in this area contains more than approximately 100 MMbbl of recov-
erable oil, it could be necessary to use two pads to recover oil from the pool.
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As indicated by past exploratory drilling of state leases in the northeast Colville River Delta and depending on
the results of additional exploratory drilling, the ADNR envisions the possibility of two production pads in
addition to the existing development and the applicant’s proposed project on state lands in the northeastern
Plan Area. Each pad would tap accumulations in the range of 40 to 50 MMbbl of oil, which are similar to the
CD-3 and CD-4 accumulations. Both potential pads would probably tap the Jurassic Nuigsut Sandstone, a res-
ervoir slightly older than the Alpine Sandstone Field. Development of the northeastern-most part of the Plan
Area, however, is problematic because it is dependent on finding a means of producing the low American API
gravity oil within this formation without damaging the formation with drilling fluids. If operators can solve
this engineering problem, reserves in the area could contain enough recoverable oil to warrant two additional
pads on these state lands.

3.21.3 Permafrost

The Plan Area is underlain by a continuous layer of frozen ground extending from approximately 4 to
1,100 feet below the ground surface (Gyrc 1985, Lachenbruch et al. 1982). Above this interval, material is fro-
zen on a perennial basis only; below this interval, geothermal heat precludes maintenance of freezing tem-
peratures (Washburn 1973).

Permafrost is constantly equilibrating to the current thermal regime. Adjustments in the active layer to thermal
disequilibrium could manifest as landforms unique to the periglacial environment. Permafrost-related land-
forms are categorized in accordance with their mechanism of formation as either aggradational or degrada-
tional. Aggradational features such as ice wedges, ice wedge polygons, pingos, palsas (pingos that form in peat
bogs), and frost blisters form when depth of winter freezing exceeds the depth of summer thaw (net energy
loss). The formation of aggradational features relates to an increased ability of the surface material to insulate
the permafrost layer. Insulation capacity could be augmented by the placement of fill, insulation board, or
geotextiles. Alternatively, degradational features such as thermokarst lakes (filling depressions caused by
melting ground ice), depressions, beaded drainage, and retrogressive thaw slumps occur when depth of sum-
mer thaw exceeds the depth of winter freeze (net energy gain) (Ferrians 1994). Degradational features could
form when the ability of surface material to retard heat flow is compromised by clearing, excavation, place-
ment of subsurface infrastructure, or infiltration of water in excess of normal volumes.

3.21.4  Soils

Sediments overlying the Plan Area consist of alluvium and marine and eolian sand and silt. In low energy de-
positional environments, the mineral soil column is typically overlain by a thick organic soil horizon. A gen-
eral decrease in grain size is evident along the topographic gradient descending from the Brooks Range,
extending laterally from fluvial systems and radially inward from lake shore to center (Jorgenson and Pullman
2002).

The Soil Taxonomy classification system of the National Cooperative Soil Survey (NCSS) recognizes two soil
groups in the Plan Area: Inceptisols and Histosols. Most soil types in the Plan Area are members of the Incep-
tisol group, which is characterized by relatively minor modification of the parent material by soil forming pro-
cesses. Soil formation is depressed in an arctic climate because of cold and often anoxic conditions in the soil
environment. Inceptisols occur on topographic highs throughout the Plan Area and exclusively along the Col-
ville River.

The remaining soil type occurring in the Plan Area belongs to the Histosol soil group and is characterized by
soils dominated by organic materials. Histosols occupy topographic lows throughout the Plan Area. Because of
their downgradient location, soils situated in topographic lows experience poor drainage and greater organic
material input. In these low areas, production of organic material often exceeds the rate of decomposition, al-
lowing organic material to accumulate as thick peat layers (Nowacki et al. 2001). Distribution of soil types in
the Plan Area is presented in Figure 3.2.1.4-1; descriptions of soil types occurring in the Plan Area are pre-
sented in Table 3.2.1-1.
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TABLE 3.2.1-1 DESCRIPTION OF SoIL TYPES OCCURRING IN THE PLAN AREA

Soil . Landscape oy
Soil Type i Description

Group yp Position P

Inceptisol | Histic Pergelic | topographic high | Thick mat of partly decomposed organic matter overlying a
Cryaquept mottled dark gray layer of silt loam or loam over gray loamy

material

Inceptisol | Pergelic fluvial systems Thin organic mat overlying gray stratified silt loam and fine
Cryaquept sand over very gravelly and sandy stream deposits

Histosol Pergelic topographic low Fibrous sedge and acidic peat; proximal to the coast, lenses
Cryofibrist of storm-deposited sand could occur in the peat horizon

3.21.5 Sand and Gravel

A common denominator in nearly all oil and gas development is the need for granular mineral materials such
as gravelly sand or sandy gravel. These materials are used for construction of roads, pads, and airfields. On
Alaska’s North Slope, the presence of permafrost creates special engineering and geotechnical problems af-
fecting construction and maintenance of gravel infrastructure. The presence of large amounts of near-surface
ice in the form of wedges, masses, and intergranular ice requires that development activity not disturb the
thermal regime of the ground surface.

The surface materials of the Plan Area include marine silts, sands, and clays; beach and deltaic deposits; thaw-
lake deposits; alluvium and fluvial-lacustrine deposits; eolian sands and upland silts; and sandstones and
shales. Gravels are found specifically in active and inactive floodplains and low terraces (BLM and MMS
1998a). Because sand and gravel have economic value, BLM regulations (43 Code of Federal Regulations
[CFR] 3600) provide for the sale of mineral materials defined generally as common varieties of sand, stone,
gravel, clay, and other materials (BLM and MMS 1998a).

There was concern as early as 1974 (BLM and MMS 1998a) that in certain areas of the Arctic Coastal Plain,
sand and gravel resources would become scarce. Roads in the Kuparuk River Unit (KRU) and Prudhoe Bay
Unit (PBU) have had the benefit of good-quality gravel sources that have been relatively inexpensive to de-
velop. West of the Colville River, however, the Plan Area is characterized by an apparent scarcity of suitable
gravel for road, pad, and airstrip construction (PN&D 2002).

Gravel Mine Sites

Existing and potential gravel sites within the Plan Area include the ASRC Mine Site and the Clover Potential
Gravel Source (Figure 2.2.3-1). Use of these sites would require developing ice roads and pads to support
mining and transportation of the gravel. Other gravel sites currently unknown could also be used for FFD.

ASRC Mine Site

The ASRC Mine Site is approximately 9 miles southeast of CD-1 on the east side of the Colville River across
from Nuigsut (Figure 2.2.3-1). The site contains sandy gravel to gravelly sand with interbedded layers of silt.

The ASRC site is permitted (Department of the Army Permit: Colville River 17, 4-960869) and has an ap-
proved reclamation plan that would be revised before reopening the mine. The permitted area is 152.9 acres
(67.0 acres for the Phase 1 permit area and 85.9 acres for the Phase 2 permit area). Phase 1 was developed in
1998 and 1999, with a total of approximately 1.03 million cy of sand and gravel excavated and hauled for use
by the Alpine Development Project (CD-1 and CD-2). Overburden soils were shot, hauled, and temporarily
stockpiled outside the pit on ice pads. Before break-up each season, the stockpiled overburden was placed back
into the pit area.
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Ultimately, the 1998 and 1999 Phase 1 mining pits were developed as two lakes with adjoining canals, creating
a 9-acre waterfowl nesting island. The lakes include 7.5 acres of very shallow littoral zones (less than 1.5 feet
deep) and 10 acres of shallow littoral zones (6 feet to 1.5 feet deep) for wildlife habitat (TMA 2000). Moni-
toring of the reclamation plan is ongoing.

Estimated sand and gravel reserves for Phase 2 are 1.9 million to 2.5 million cy (PN&D 2002).

Clover Potential Gravel Source

The Clover Potential Gravel Source is on the western edge of the Colville River Delta (Figure 2.2.3-1). The
site was identified from exploratory well cuttings and was further investigated during the winter seasons of
2000-2001 and 2001-2002. Exploratory borings identified sandy gravel and gravelly sand beneath approxi-
mately 5 to 20 feet of overburden soils (silts and silty sands). The approximate footprint of the site is 77 acres
(2,100 feet by 1,600 feet) (DM&A 2002), and the quantity of sand and gravel resources is estimated at 2.5
million cubic yards. Development of the mine site would require a permit and reclamation plan.

3.2.1.6 Paleontological Resources

The paleontological record of the Plan Area ranges in age from the Paleozoic through Cenozoic. The
record comprises fossils of both micro- and macro-organisms and plant remains, encompassing a variety
of depositional environments from nonmarine to marine.

Fossils in the plan area are known from a total of at least 38 paleontological localities. Pleistocene fossils
including mammoth, mastodon, horse, bison, muskox, caribou, lion, wolf, and bear are common
throughout the area, most notably along the river drainages. From the late Cretaceous Prince Creek
Formation, at least 25 localities have been reported, mostly in the Ocean Point area (Lindsay 1986,
Gangloff 2002). Fossils in the Prince Creek Formation have been found ranging from 3 km northwest of
Ocean Point to 4 km south of Kikak. These localities include dinosaur-rich bonebeds and microvertebrate
sites documented thus far and also include associated microflora. In particular, there have been reported
findings of dinosaurs including Ceratopsidae, a small theropod, Hypsilophodontidae, Hadrosauridae, a
pachycephalosaur, Troodontidae, Dromaeosauridae, and Ornithomimosauridae. Other vertebrate fossils
found include tetrapod, theropod, and ornithopod dinosaur footprints, as well as mammals including
Multituberculata, Placentalia, and Marsupalia. Various invertebrates including clams, and wood and plant
fossil debris have also been found in the Prince Creek Formation of the plan area. (Lindsay 1986,
Gangloff 2002).

In the Mesozoic/Cenozoic Schrader Bluff formation, one locality has been reported with bivalves,
brachiopods, ostracodes, gastropods, and foraminifera (Lindsay 1986). In the Pliocene and later
Pleistocene deposits, one locality has been reported in the Colville Formation with gastropods and
pelecypods, eight localities in the Gubik Formation with a sea otter, seal, mollusks, gastropods, bivalve,
and scallop, and six localities in unnamed formations with mammoths, musk oxen, mollusks, gastropods,
pelecypods, ostracods, barnacles, and wood. (Lindsay 1986).

The Ocean Point site (Figure 3.1.2.3-1) within the Plan Area on the Colville River marks a globally
significant find of dinosaur fossils in upper Cretaceous strata. These fossils are notable in several respects.
The specimens are well preserved by varying degrees of mineralization and have been subsequently
entombed in permafrost. The combination of these preservation mechanisms allows extraction of
biomolecular material previously unattainable in fossils of this age. Additionally, the Ocean Point fossils
represent the northernmost occurrence of dinosaurs in North America. Discoveries at the Ocean Point site
have challenged widely accepted theories concerning dinosaur physiology and extinction (Gangloff 1998,
Phillips 1990).
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3.2.2 Aquatic Environment
3.2.21 Water Resources

Climatic Factors

Snowmelt and ground blizzards are two primary climatic factors that influence the hydrologic balance in
the Plan Area and on the North Slope in general. A little more than half of the total annual precipitation
occurs as snow (USDA 1996). Snowmelt contributes the majority of the annual runoff and helps maintain
a saturated layer of surface soils. Prevailing winds blow cold air off the largely frozen Arctic Ocean, often
creating blizzard conditions, drifting and compacted snow (Sloan 1987). These ground blizzards
redistribute the snow based on minor terrain features and exposures.

Water resources are also affected by low rainfall amounts throughout the summer that are interspersed
with heavier rainstorms usually in the foothills during July and August. Summers, which are short and
relatively cool near the coast, can be somewhat longer and warmer inland. Freeze-up usually begins first
on the Arctic Coastal Plain and then proceeds southward toward the foothills. Because winters are long,
most small streams and small lakes are frozen to the bottom much of the year. The onset of snowmelt and
subsequent runoff often begins earlier in the foothills and moves north as the summer season progresses
(BLM 1998a)

Subsurface Water (Groundwater)

Subsurface water resources are controlled by their general proximity to large surface water bodies
(including lakes, streams, and rivers) and by association with permafrost. In general, usable subsurface
water in the Plan Area is limited to distinct and unconnected (isolated) shallow zones. This limited
availability is due to the presence of permafrost, which is almost continuous throughout the North Slope
(Williams 1970).

Permafrost forms a confining barrier that prevents percolation and recharge from surface water sources
and restricts the formation of usable subsurface water resources to (1) unfrozen supra-permafrost material
or taliks (thawed zones) beneath relatively deep lakes or (2) hyporheic zones in thawed sediments below
major rivers and streams. Water in the deeper taliks has a longer residence time in the ground than does
the water in the hyporheic zones because it is not as mobile. Groundwater also occurs in saline zones
within the permafrost, or deeper zones (from 700 to 2,165 feet deep on the North Slope [Rawlinson
1993]) beneath the permafrost, but this water is of poorer quality because of the high concentrations of
dissolved solids.

In the Plan Area, shallow supra-permafrost water also occurs seasonally within the active zone above the
impervious permafrost. The thickness of the active layer is typically 1.5 feet, but ranges from 1 foot under
dense organic mats to 4 feet in coarse-textured soil (Rawlinson 1993, Gyrc 1985).

Shallow Subsurface Water

Larger lakes with depths greater than approximately 6 to 7 feet generally do not freeze to the bottom in
the winter, allowing an unfrozen zone, or talik, to remain beneath the lake (Sloan 1987). Also, because of
irregular water depths, changes in channel morphology, and heterogeneity in the channel sediments, a
discontinuous thawed hyporheic zone probably exists beneath the Colville River Delta (Walker 1983).
Some of these hyporheic zones toward the mouth of the Delta likely have high saline concentrations
because of the proximity to seawater. Although the boundary between fresh and saline groundwater is
unknown, it probably migrates inland during low-flow periods, and seaward during flooding periods
(Williams and Van Everdingen 1973).
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The thawed hyporheic zone below the Colville River or the taliks associated with larger lakes could be
suitable for pumping water when the channel-bottom or lake-bottom sediments consist of porous
materials, such as sands or gravels. For example, during construction of the TAPS, shallow water wells
(galleries) were installed in the bed of the Sagavanirktok River. Although those wells in the lower river
generally provided adequate supply, others in the upper river did not. Nelson and Munter (1990) describe
thawed zones beneath deep river pools of arctic rivers as a series of discrete units separated by permafrost
barriers. Apparently, the barriers resulted from the riverbed freezing below shallow riffles, which
suggested that the water supply was directly related to the size of the pool in the river (Sloan 1987).

Groundwater within Permafrost

Groundwater within the permafrost or intra-permafrost water occurs in discontinuous confined locations,
where often the presence of dissolved salts depresses the freezing point of the water. The saline quality of
the groundwater makes it unsuitable for drinking water and potentially harmful to vegetation when
discharged on the tundra surface. The available volumes of this type of groundwater source are likely
limited because of the poor water quality of the source and the nature of its formation.

Deep Groundwater

Deep wells drilled through the permafrost in the vicinity of Prudhoe Bay have encountered highly
mineralized groundwater at depths of 3,000 to more than 5,000 feet, but little data on deepwater sources
in the Plan Area exist (Sloan 1987, BLM 1998a). Although there are no water well data in the area,
geophysical data suggest that the depth to the base of permafrost and subpermafrost water could be
significantly shallower in the Plan Area. On the basis of knowledge about Prudhoe Bay wells and other
regional studies, groundwater beneath the permafrost, or subpermafrost water, in the Plan Area is likely
brackish to saline (Williams and Van Everdingen 1973) and, therefore, not a usable water resource.

Recharge

Snowmelt provides the major source of water for recharge to the shallow water-bearing zones that occur
below large lakes and major streams and to the annual thaw zones that occur beneath ponds and marshy
areas of the Colville River Delta. Deeper groundwater zones beneath the permafrost, however, are not as
readily recharged. Subpermafrost water could be recharged from areas to the south in the Arctic Foothills
and the Brooks Range and has much longer residence time in the ground. It is also possible that the
subpermafrost water could represent stagnant water zones that were cut off from recharge and
groundwater movement as a result of the formation of permafrost during the Pleistocene.

Springs

Landsat-imagery analysis has located numerous groundwater springs on the North Slope by identifying
the large overflow icings (aufeis) created downstream during the winter. However, none of these springs
were located in the Plan Area (Sloan 1987).

Lakes
Lakes and ponds are the most prevalent features of the Plan Area (Figure 3.2.2.1-1). Unlike streams,
which have large volumes of water present only during break-up, some of the larger lakes have the most
readily available water source on the North Slope (Sloan 1987). Because shallow water bodies freeze to
the bottom during most winters, the depths of lakes are a major factor in classifying lakes and determining
year-round water sources.

In general, the melting of ice-rich permafrost can cause surface subsidence, often creating thaw-lakes,
ponds, or beaded stream channels. Sellman et al. (1975) concluded that most lakes and ponds on the
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Arctic Coastal Plain originated from thawing the shallowest, ice-rich permafrost layer. They found that in
permafrost near the coast, the upper 10 to 12 feet contained as much as 80 percent segregated ice. Any
disturbance of the vegetation, or water and wind erosion could initiate melting of the upper ice-rich zones
and trigger the development of thaw-lakes.

Recharge of lakes in the Plan Area occurs through three mechanisms: melting of winter snow
accumulations within a lake drainage basin, overbank flooding from nearby streams, and rainfall
precipitation (Michael Baker Jr. Inc. 2002¢). Some lakes are completely replenished by these processes
within 1 year; water volumes in other lakes have much longer residence times, perhaps as long as 25
years. Of the three mechanisms, the first two are by far the most important in terms of the volume of lake
recharge.

Shallow lakes and ponds (less than 6 to 7 feet deep) dominate the Arctic Coastal Plain in the Plan Area,
and are typical of those found throughout the Arctic Coastal Plain. They are generally cold (32°F to 38°F)
throughout the ice-free season, although some shallow clear arctic lakes have been documented to reach
summer temperatures as high as 68°F (BLM 1998a). The shallow ponds and lakes begin freezing up in
September and freeze to the bottom by mid-winter. They become ice-free in late June or early July,
approximately one month earlier than the deep lakes (Walker 1983).

There are many deep lakes (greater than 6 to 7 feet deep) that are relatively large in area occurring
throughout the southern and western areas of the Plan Area and exhibiting physical complexity (complex
shoreline features such as bays, spits, lagoons, islands, and beaches, as well as extensive shoal area) and
habitat diversity. As a result, the hydrodynamics and thermal conditions of the deep lakes are often more
complex than the smaller lakes. These deeper lakes also provide an overwintering area for fish and
aquatic invertebrates and provide the most readily available winter water supply.

Lakes larger than 10 acres are also numerous, covering 16 percent of the Colville River Delta surface.
These larger lakes are generally 11 to 15 feet deep, but can exceed 30 feet. Because they have greater
masses of ice and water to warm and melt at break-up, these lakes remain covered by ice into early July,
much later than the smaller lakes (Walker 1978). The physical characteristics of nine representative lakes
in the Plan Area are summarized in Table 3.2.2-1.

TABLE 3.2.2-1 PHYSICAL CHARACTERISTICS OF REPRESENTATIVE LAKES
IN THE PLAN AREA
Lake Number Esti_m_ated Volume Area (acres) Maximum Depth
(million gallons) (ft)
L9312 300 100 14
L9313 160 69 12
L9310 211 61 o4
L9282 1800 480 28
L9342 65 25 12
L9283 76 72 10
L9275 730 376 18

Note: Lake data provided by CPAI in Michael Baker Jr. Inc. 2002e

Recent Lake Studies

Ongoing and future oilfield activities in the Plan Area use ice roads and pads for access and transportation
during the winter. Each season, millions of gallons of fresh water are withdrawn from regional lakes to
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construct ice roads and pads. Water withdrawals for construction could begin as early as December and
continue through April. The ice roads are usually completed by mid-winter, however, water withdrawals
for ice road and pad maintenance continue throughout the exploration season. In addition to ice road and
pad construction, freshwater lakes are used as potable water supplies for temporary rig and exploration
camps and as sources of make-up water for exploratory drilling operations (Michael Baker Jr. Inc. 2002¢).

Recently, a number of studies focusing on lakes in the Plan Area have been conducted. These include
Reanier & Associates (2000) study for PAI which consisted of the measurement of lake depths and a
limited number of in situ water quality parameters for 32 lakes identified as potential water sources for ice
road and pad construction. In addition, volume estimates were produced for each lake.

Two lake investigations specifically dealing with overwinter water use and lake recharge were conducted
during the winter of 2000-2001. The programs were initiated separately by BP Exploration (Alaska), Inc.
(BPXA), and PAI. Both studies were developed in coordination with the BLM. The BPXA study sought
to investigate whether winter water withdrawals had a measurable effect on water quality and to quantify
water surface elevation changes caused by pumping. The BPXA study concluded that, within the
limitations of the methodology used, there was little evidence that water quality changed as a result of
pumping. The study further concluded that water surface elevation changes in pumped lakes were well
within the range of changes seen in reference lakes, and that changes in water surface elevations were
highly correlated with changes in ice thickness (Oasis 2001).

The winter 2000-2001 PAI study was designed to monitor water levels and water quality at both pump
and reference lakes, determine the amount of free water under the ice, and assess the amount of recharge
to the lakes in the summer. From the data collected, the PAI study concluded that water level decreases
caused by pumping did not advance the freezing rate of the study lakes and that water levels depressed by
pumping returned to pre-pump levels before freeze-up. In view of in situ and analytical water quality
results, the study concluded that pumping did not appear to cause significant degradation of water quality
in the study lakes (Michael Baker Jr. Inc. 2002¢).

Michael Baker Jr. Inc. (2002¢) conducted monitoring and recharge studies of lakes in the Plan Area that
were designed to evaluate the magnitude and impacts of water withdrawn for ice road and pad
construction during exploration activities at these lakes. The studied lakes included five pump lakes:
L9911, L9817, M9912, M9922, and M9923; and four reference lakes: L9807, 1.9823, M0024, and
M9914. Site visits were conducted so that lake conditions during pre-pump, post-pump, post-break-up,
and pre-freeze-up periods were measured. On the basis of the measurements, the investigators concluded
that none of the nine study lakes were affected by overbank flooding in 2002. The melting of winter snow
accumulations within the drainage basin of each lake was therefore the dominant mechanism of recharge
in the study lakes (Michael Baker Jr. Inc. 2002¢)

MIJM Research (2000a and 2000b) conducted extensive surveys of 94 lakes in the eastern NPR-A within
the Plan Area and an additional 109 lakes within the Colville River Delta. During the surveys, the
researchers observed the presence of fish and measured lake cross-sections, lake area, and general water
quality parameters. From the physical data, they reported maximum lake depths and calculated lake
volumes, including the maximum extractable or permittable volume.

Surface Water Hydrology

Drainages in the Plan Area

The Plan Area is dominated by the Colville River drainage basin, the largest river on the North Slope, and
several smaller but still significant streams, which are either tributaries to the Colville River or flow
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directly to Harrison Bay of the Beaufort Sea. Among the latter are Fish Creek and the Kogru and Kalikpik
rivers. Also within the Plan Area are Judy Creek and the Ublutuoch River, which are major tributaries of
Fish Creek (Figure 3.2.2.1-2). A summary of general hydrologic data for the major drainages in the Plan
Area is provided in Table 3.2.2-2.

TABLE 3.2.2-2 SUMMARY OF GENERAL HYDROLOGIC DATA FOR DRAINAGES
IN THE PLAN AREA
. NUMBER OF LAKES
Mean Drainage .
Stream or . - (Proportion of
Tributary to Elevation Area .
Channel 2 Drainage as Lake
(ft msl) (mi®)
Area)

Colville River
Niglig Channel Harrison Bay NA 20,920 NA
East Channel
Kogru River Harrison Bay NA NA NA
Kalikpik River Harrison Bay 110 431 107 (25%)
Fish Creek® Harrison Bay 134 1,827 116 (22%)
Ublutuoch River? Fish Creek 114 248 20 (15%)
Judy Creek ® Fish Creek 196 666 92 (18%)
Inigok Creek Fish Creek 186 270 57 (21%)
Kikiakrorak River® Colville River 310 379 17 (4%)
Kogosukruk River® Colville River 402 543 5(1%)

Notes:

“Data from URS Corporation 2003; all others from BLM 1998a

®The Kikiakrorak and Kogusukruk Rivers are tributaries of the Colville River, immediately south of the Plan Area
mi’ = square mile

msl = mean sea level

NA = not available

Colville River

The Colville River is the longest river (370 miles) and has the largest drainage basin (20,920 square miles) on
the North Slope of Alaska. The drainage basin extends from the Brooks Range to the Arctic Ocean (Jorgenson
et al. 1996) and is located within three physiographic regions: the Arctic Coastal Plain (10 percent of basin),
the Arctic Foothills (64 percent), and the Brooks Range (26 percent) (Walker and McCloy 1969). No glaciers
occur within the drainage basin.

Flow in the Colville River is controlled by some large tributaries that are upstream and outside the Plan Area.
These include the Etivluk, Chandler, and Killik rivers in the upper basin and the Kogosukruk, Kikiakrorak, and
Itkillik rivers in the lower basin. The last three rivers join the Colville River approximately 28 and 24 miles
southwest and only 4 miles southeast of the village of Nuigsut, respectively. The Itkillik enters the Colville
River just upstream and south of the head of the Colville River Delta.

Colville River Delta

The Colville River Delta is more than 25 miles long and covers approximately 250 square miles
(Jorgenson et al. 1994) or approximately 1.2 percent of the entire Colville River drainage basin. Most of
the water reaching the Delta is carried to the ocean through two main channels: the East Channel and the
Nigliq Channel. The East Channel is significantly larger than the Niqliq Channel and also distributes into
a number of smaller channels, including the Sakoonang, Tamayagiaq, and Ulamnigiaq channels (Figure

3-14 Alpine Satellite Development Plan Draft EIS January 2004



3.2.2.1-3). From infrequent observations made before 1967, Arnborg et al. (1967) estimated that
approximately 80 percent of the annual discharge at the head of the Delta flowed into the East Channel
and its distributaries, and the remaining 20 percent flowed into the Nigliqg Channel. More recently,
Jorgenson et al. (1996) reported that 38 percent of the peak flow discharge in 1995 was in the Nigliq
Channel. The proportion of flows in the East and Nigliq channels is not constant throughout the year or
over the long term because the geometry of channel conditions continues to evolve through time as a
result of natural erosion and sedimentation processes in the Delta.

In general, the channels of the Colville River Delta are braided and broad and have high width-to-depth
ratios. The East Channel is some 3,000 feet wide, with depths ranging from 15 to 25 feet (measured from
typical summer water surfaces) but exceeding 40 feet at a few locations (Ray and Aldrich 1996). The
Nigliq Channel is approximately 1,000 feet wide and 10 to 30 feet deep (Walker 1983, Ray and Aldrich
1996); maximum depths are approximately 40 feet. The Sakoonang, Tamayagiaq, and Ulamnigiaq
channels are narrower, on the order of 200 and 500 feet, respectively. The deepest parts of those channels
approach 30 feet (Ray and Aldrich 1996).

Fish Creek Basin

Much of the project area lies within the lower portions of the Fish Creek basin (Figure 3.2.2.1-2). Fish
Creek flows northeast and enters Harrison Bay just west of the Colville River Delta. The drainage basin is
relatively large (1,827 square miles) with portions of its headwaters in the Arctic Foothills, as well as the
Arctic Coastal Plain; 22 percent of the basin is covered with lakes (URS Corporation 2003). The Fish
Creek basin consists of three significant tributary basins: Inigok Creek (270 square miles), Judy Creek
(666 square miles), and Ublutuoch River (248 square miles) (URS Corporation 2003). Only the Judy
Creek basin has a significant portion of its headwaters in the Arctic Foothills (BLM 1998a). During flood
stage in lower Fish Creek, one main (East) channel and a minor (West) channel with multiple other
distributary channels are pathways for the river to Harrison Bay (Owens 2003).

Judy Creek and the Ublutuoch River enter Fish Creek approximately 26 and 10 miles, respectively,
upstream from its mouth (URS Corporation 2003). Because a portion of the Judy Creek headwaters
originate at a higher elevation in the Brooks Range than those of other streams, Judy Creek tends to break
up first (URS Corporation 2001, BLM 2001). Portions of the Ublutuoch River are entrenched, which
creates narrower floodplains and steeper riverbanks (BLM 2001).

The Fish Creek basin streams have relatively low gradients and highly sinuous channels over at least the
lower half of their stream courses. The Fish Creek and Judy Creek channel banks and beds consist of sand
and silt-sized material. Undercut stream banks and bank sloughing are common along the outside of
meander bends (URS Corporation 2003). Sand dunes form along portions of Fish and Judy Creeks (BLM
2001). In contrast to Fish and Judy creeks, the Ublutuoch River channel is incised within relatively steep
upper banks that are vegetated with dense brush. The lower portion of the channel has a relatively flat
bench, located approximately 10 tol5 feet below the top of the upper banks. A 2- to 3-foot-deep by 15- to
20-foot-wide low-water channel is located in the bottom of the otherwise vegetated channel. The low-
water channel has a riverbed composed of gravel and sand-sized material. Bank undercutting and
sloughing were not observed within the monitored section of the channel (URS Corporation 2003).

Kalikpik-Kogru River Basins (BLM 1998a)

The Kalikpik and Kogru rivers cross the northwest portion of the Plan Area only in the region considered
for FFD (Figure 3.2.2.1-2). Information about these streams is limited to general physiographic
information, and hydrological data are available. The Kogru River is a relatively small riverine estuary,
located at sea level, and was formed by coalescing thaw-lakes associated with coastal erosion and rising
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sea level during the Holocene. The Kalikpik River basin (431 square miles) borders the Fish Creek basin
to the south, and its overall drainage patterns, lake density (25percent), and northeast flow directions are
similar to those of the lower Fish Creek basin. No hydrologic data are available for the Kalikpik River.

River Discharge Processes

Although hydrologic data for North Slope streams are sparse, all streams for which data are available
share distinctive stream flow characteristics. Flow typically is nonexistent or at least not measurable
through much of the winter. Stream flow begins in late May or early June as a rapid flood event termed
“break-up.” Combined with ice and snow damming, break-up can inundate extremely large areas in a
matter of days. More than half of the annual discharge for a stream can occur during a period of several
days to a few weeks (Sloan 1987). Most streams continue to flow throughout the summer but at relatively
low discharges. Rainstorms can produce increases in stream flow but seldom are sufficient to cause
flooding. Stream flow ceases at most streams shortly after freeze-up in September.

Long-term continuous discharge data are generally not available for streams in the Plan Area, including
the Colville River, its channels, and the Fish Creek basin streams. However, long-term hydrographic data
exist for streams to the east that have similar size and physiography as the Plan Area drainages. One such
drainage is the Kuparuk River. Figure 3.2.2.1-4 (Figure H.1 in URS Corporation 2001) is a composite
hydrograph of the Kuparuk River that demonstrates the distinctive seasonal flow characteristics of
streams on the North Slope, such as the streams within the Fish Creek basin.

Colville River

Walker and McCloy (1969) described the seasonal distribution of flow in the Colville River as follows:

e  Winter is an approximately 33-week period of little flow.

e Spring is an approximately 3-week period characterized by increasing flow, break-up of the
ice cover, and flooding.

e  Summer is an approximately 12-week period of low flow during dry periods and higher flow
during rainy periods.

e Fall is an approximately 4-week period of low, stable flow.

The USGS gaged the Colville River at Nuigsut from June 9 to September 30, 1977. The gaging station
was located just downstream of the confluence with the Itkillik River and upstream of the junction of the
East and Nigliq channels. The maximum average daily flow of 277,000 cubic feet per second (cfs) was
recorded on the first day. As shown by Figure 3.2.2.1-5, flow continued to decrease throughout the
remainder of the summer to a low of 9,800 cfs at the end of the gaging season (USGS 2003).

The USGS recently established a continuous recording gaging station on the Colville River at Umiat
(approximately 75 miles upstream from Nuigsut) in August 2002. Although several discharge
measurements have been made, the rating curve is not fully developed and discharge data are not yet
available (USGS 2003).

Continuous water-surface elevations and discharge data were also collected for the Fish Creek basin streams
in 2001. The data collection began during break-up in June and ended during the first stages if freeze-up in
early September. Figures 3.2.2.1-6 through 3.2.2.1-8 demonstrate that water surface elevations and peak
discharge do not correlate well during break-up but are closely related afterwards. The figures also show
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that Judy and Fish creeks both experienced increases in discharge during the latter part of the summer
associated with August rainfall events. These events produced much smaller peak flows than those that
occurred during break-up.

Flooding Regime

The mechanism that produces floods on North Slope rivers is influenced by the type of physiographic
region drained, the size of the drainage area, and the frequency of the event being considered. Snowmelt
flooding occurs annually in all North Slope rivers. For rivers having drainage basins entirely within the
Arctic Coastal Plain, snowmelt flooding nearly always produces the annual peak discharge. The flooding
regime is more complex for those basins with a significant portion of their drainage area in the Brooks
Range and Arctic Foothills in addition to the Arctic Coastal Plain. Basins that drain the Brooks Range and
Arctic Foothills can experience summer floods from large rainstorms. On these rivers, rainfall floods are
less frequent than snowmelt floods, but could produce larger, less frequent floods. In 27 years of data on
the Sagavanirktok River near Sagwon, the two largest floods resulted from rainfall.

Colville River Delta

Although historical hydrologic data for the Colville River Delta are in general limited, break-up studies
have been conducted on the Delta since 1992 (Michael Baker Jr. Inc. 2002). These monitoring efforts
have been developed to further the understanding of the hydrologic characteristics associated with spring
break-up flooding events and provide data needed for the design of production pads and other oil field
facilities adjacent to the Nigliq, Sakoonang, Tamayagiaq, and Ulamnigiaq channels. Reports by Michael
Baker Jr. Inc. (2002c, 2002d, 2001b), summarize the observations and measurements made during recent
spring break-ups of the last few years. These studies have continued during 2003, but have not yet been
summarized in a report (Jon Wolf, Michael Baker Jr. Inc. 2003, pers. comm.). Additional studies
concerning break-up of the Colville River Delta and modeling of flood stages in the vicinity of the
proposed CD-3 and CD-4 satellites have also been prepared by Michael Baker Jr. Inc. (2002a, 2002b,
2001a, 1998).

The Michael Baker Jr. Inc. studies focused on measuring the change in water surface elevations through
the 1- to 2-week break-up period at representative locations in various distributary channels and near the
head of the Colville River Delta. Water surface elevations were measured on an approximate daily basis
from direct observations of temporary staff gages at each monitoring site, high-water marks left on the
staff gages, or surveyed level loops of water levels or high-water marks. Further, peak discharges were
estimated by using the USGS slope-area method (Dalrymple and Benson 1984).

During 2002, the peak water surface at the gaging station adjacent to CD-3 occurred between 1:35 p.m.
on May 25 and 11:45 on May 26 at an elevation of 9.60 feet British petroleum Mean Sea Level (BPMSL).
Measured peak water surface elevations in the immediate vicinity of the proposed CD-3 development
were compared to water surface elevations predicted by the two-dimensional surface water model
developed for the Colville River Delta (Michael Baker Jr. Inc. 2002b, 2001a, 1998; Shannon & Wilson
Inc. 1996). From a linear interpolation between the water surface elevations predicted for the 2- and 10-
year open-water floods, it was estimated that the peak water surface elevations observed during spring
2002 at the CD-3 location will likely be equaled or exceeded on average approximately once every 7
years.

Peak water-surface elevations near the proposed CD-4 production pad were monitored during the 2000
and 2001 spring break-ups. The peak water-surface elevation was estimated to be between 10.5 and 11.0
feet BPMSL, and to have an average return period of approximately 20 years (based on predicted water
surface elevations) during 2000. During 2001, the peak water-surface elevation was estimated at 10.2 feet
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BPMSL and to have an average return period of 7 years (based on predicted water surface elevations)
(Michael Baker Jr. Inc. 2002c).

During break-up 2002, peak water-surface elevations and peak flows were estimated for four of the
proposed crossings on the Sakoonang, Tamayagiaq, Ulamnigiaq and West Ulamnigiaq channels (Figure
3.2.2.1-3). The break-up data summarized in Table 3.2.2-3 indicate that discharges are greater in the
Sakoonang and Tamayagiaq channels.

TABLE 3.2.2-3 SUMMARY OF 2002 PEAK FLOW HYDROLOGIC CONDITIONS FOR
CHANNEL CROSSINGS NEAR CD-4
Estimated | Width of Maximum Average
Estimated Discharge Flow at Debth at Velocity at
Time of Peak at Peak Peak Peall(o Water Peak
Channel | Peak Water | Discharge Water Water Surface Water
Surface (cfs) Surface Surface Elevation Surface
Elevation Elevation | Elevation (ft) Elevation
(cfs) (ft) (fps)
(Sgr';‘;‘;?:;g) ?éel\/?;;nmg' 10,500 9,800 450 11.6 2.7
(Tgfg:;’iiggij? ;?rzgmi”g’ 10,700 10,700 630 12.1 2.0
tJC'fg”SrS"I?]S“g) g?rmar?/orning, 7,700 6,900 690 19.0 18
‘S{Zﬁ;nigiaq g?rm;omi”g' 2,200 2,200 210 7.7 2.4

Source: Michael Baker Jr. Inc. 2002d.

Note:

All values are based on cross sections survey in 2001 by Kuukpik/LCMF Inc.
fps = feet per second

Since 1996, peak water-surface elevations have been measured and peak discharges have been estimated in
various distributary channels near the Delta coastline. These data are summarized in Table 3.2.2-4.

TABLE 3.2.2-4 SPRING PEAK WATER-SURFACE ELEVATIONS NEAR THE COLVILLE
RIVER DELTA COASTLINE
Elevation Peak Discharge Inti (:\(/::Irzefn::ak
Year Location (feet, at Head of Delta Discharae
BPMSL) (cfs) 9
(years)
West Ulamnigiag Channel
adjacent to proposed CD-4 5.8 300,000 ~4
pad location
2002 East Ulamnigiaq Channel 56
near TBM FIOSO '
Monument 28 3.7
Monument 35 5.5
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TABLE 3.2.2-4 SPRING PEAK WATER-SURFACE ELEVATIONS NEAR THE COLVILLE
RIVER DELTA COASTLINE (CONT’D)

. . Recurrence
Elevation Peak Discharge
. Interval of Peak
Year Location (feet, at Head of Delta Discharae
BPMSL) (cfs) g
(years)
West Ulamnigiaq Channel
adjacent to proposed CD-4 71 300,000 ~4
pad location
2001 —
East Ulamnigiaq Channel 74
near TBM FIOSO '
Monument 28 3.8
Monument FIORD M1 5.77 580,000 25
TBM FIOSO 6.32
2000 Helmericks House 7.39
Helmericks Hangar 7.24
N. End Helmericks Runway 7.10
1999 Monument 28 2.85 203,000 <2
Monument FIORD M1 3.00£0.1
1998 Monument 28 4.51 +0.47 213,000 =2
Monument 35 4,22 +0.08
1997 Monument 28 3.97 173,000 <2
Monument 35 4.73
1996 Monument 28 4.3 160,000 <2
Source: Michael Baker Jr. Inc. 2002d
Notes:

Monument 28 is located approximately 2.0 miles upstream from the mouth of the Nigliq Channel.

Monument 35 is located approximately 3.0 miles upstream from the mouth of the East Channel.

Monument FIORD M1 is located approximately 2.3 miles upstream from the mouth of the Fiord Channel.

TBM FIOMILES is located approximately 3.5 miles upstream from the mouth of the Fiord Channel.

TBM FIOSO is located approximately 4.2 miles upstream from the mouth of the Fiord Channel.

Recurrence intervals are based on the report titled Colville River Flood-Frequency Analyses, Update (Baker andHydroconsult
2002).

The results of these studies during the last few years have indicated that fluctuations in river stage at the
head of the Delta during the short break-up period have amounted to more than 9 feet. The fluctuation in
stage decreased in a seaward direction to approximately 5 to 8 feet in the mid-Delta areas (near CD-3) to
less than 4 feet near the Delta mouth (near CD-4). Further, the timing of the peak discharges typically
occurs after the timing of the peak water-surface elevations.

Head of Colville River Delta

Long-term records of flow do not exist for the Colville River. However, on the basis of more than 40
years of observations made by the Helmericks family (J. Helmericks 1996, pers. comm.; Michael Baker
Jr. Inc. 2002c¢, 2002d), rainfall events were not observed to have produced over-bank flooding. On the
basis of the information provided by the Helmericks and the size of the drainage basin, it is likely that the
spring snowmelt period yields the largest floods in the Colville River.

A few years of observation in the 1960s and 1970s and more frequent observations from 1992 to 2002
indicate that the peak break-up discharge for the Colville River at the head of the Delta typically occurs
between mid-May and mid-June (Table 3.2.2-5). On the basis of these data, the median date of peak
break-up discharge is around May 31. Generally, the main channels are ice-free within a few days before
or after the peak discharge. Although in some years ice does not clear completely from the channels for as
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long as 2 weeks after the peak discharge (Ray and Aldrich 1996), the timing of the peak discharges
typically occurs after the timing of the peak water-surface elevations. For example, in 2002, at the head of
the Colville River Delta, the peak discharge of 300,000 cfs occurred with a river stage of approximately
14 feet mean sea level (msl) on May 27, 2002, 3 days after the peak water-surface elevation of

approximately 17 feet with a discharge of 230,000 cfs (Michael Baker Jr. Inc. 2002c).

TABLE 3.2.2-5

CoLVILLE RIVER DELTA, 1962-2002

SuMMARY OF BREAK-UP DATA OBTAINED AT THE HEAD OF THE

Approximate Peak Water Peak Break-Up | Date of Peak Number of
Year Date Water Surfaf:e Discharge Water Surface Days Between
Began to Elevation (cfs) Elevation First Water
Flow (ft BPMSL) and Peak Flow
2002 May 23 16.9 300,000 May 24 1
2001 June 5 17.4 300,000 June 10 5
2000 June 8 19.3 580,000 June 11 3
1999 May 22 14.0 203,000 May 30 8
1998 May 21 18.1 213,000 May 29 8
1997 May 20 15.1 177,000 May 29 9
1996 May 15 17.2 160,000 May 26 11
1995 May 8 15.7 233,000 May 16 8
1994 May 16 13.0 159,000 May 25 9
1993 - 20.0 379,000 May 31 -
1992 - 14.7 188,000 June 2 -
1977 - 19.9 407,000 June 7 -
1973 May 25 - - June 8 11
1971 May 23 - - June 2 10
1964 May 28 - - June 3 6
1962 May 19 13.2 215,000 June 14 26

Source: Michael Baker Jr. Inc. 2002c.

A review of the 16 available years on record summarized above show that the estimated peak break-up
discharge at the head of the Delta has ranged from a low of 159,000 cfs in 1994 to as much as 580,000 cfs
in 2000, and has averaged approximately 270,000 cfs. Peak water-surface elevations have ranged from a
low of 13.0 feet in 1994 to 20.0 feet in 1993, with an average peak water-surface elevation of
approximately 16.5 feet. Flow velocities at the head of the Colville River Delta during the 2-year spring
peak discharge are on the order of 5 to 6 feet per second (fps) (Baker and HydroConsult 2002).

Although break-up flows on the Colville River only last approximately 3 weeks, they represent
approximately half the total annual flow (Baker and HydroConsult 2002). For the smaller basins
originating only on the Arctic Coastal Plain, the break-up flows represent a much higher proportion of the
total annual flow. In 1971 an estimated 55 percent of the annual flow of the Colville River occurred
during an 18-day period of spring break-up (Walker 1972). In 1962, however, break-up flooding occurred
during a 30-day period (Arnborg et al. 1967), during which 45 percent of the total flow was recorded only
between the 6 days from May 24 to May 30. Although data for other years are sparse, these two years are
representative of the type of flow volumes during typical break-up flooding.

Fish Creek Basin

The hydrologic conditions on Fish Creek, Judy Creek, and the Ublutuoch River were recently investigated
during 2001 and 2002 (URS Corporation 2001, 2003). These water bodies were monitored to provide
hydrologic and hydraulic information for engineering and environmental assessments. Noncontinuous
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water-surface elevations and discharge data were collected during the 2001 and 2002 spring and summer
seasons.

During spring break-up, monitoring sites were established at six locations along Fish Creek (River Miles
[RMs] 0.7, 11.7, 18.4, 25.1, 32.4, and 43.3), four locations along Judy Creek (RMs 7, 13.8, 21.8, and
31.0), and two locations along the Ublutuoch River (RMs 13.5 and 13.7) (Figure 3.2.2.1-1). The
monitoring consisted of recording snow and ice conditions and water surface elevations. During this time,
discharge measurements were made periodically at various stations along each stream. During the
summer, monitoring of the water surface elevations and discharge continued for each creek at four of the
stations. Data for these four stations are summarized in Table 3.2.2-6. Further, additional channel cross-
sectional data were collected to understand the effect of ice and snow on water surface elevations, the
magnitude and timing of flood peak, and the magnitude of the observed riverbed movement (URS
Corporation 2003).

Flood Frequency Predictions

Peak discharge data collected at the head of the Colville River Delta and data from two nearby rivers
(Kuparuk and Sagavanirktok rivers) were used to estimate the flood magnitude and frequency of the
Colville River (Shannon & Wilson 1996; Michael Baker Jr. Inc. and HydroConsult 2002). Local
traditional knowledge and certain unpublished historical information were also used. The flood-peak
discharge estimates for head of the Colville River are presented in Table 3.2.2-7. Also, Michael Baker Jr.
Inc. (2002d, 1998), and Shannon and Wilson Inc. (1997) predicted water surface elevations based on
similar analyses for the Colville River Delta, including the CD-4 pad location. Estimates of the peak
water-surface elevations at CD-4 for 10-, 50-, and 200-year floods are provided in Table 3.2.2-8. Earlier
analyses indicated that at the time of the peak discharge of the 50-year flood, most of the Delta is under
water. Observations of flooding on the Delta indicate that floodwaters often cover up to an estimated 65
percent of the Delta (Walker 1983). In 1992 (less than a 2-year flood event) and 1993 (approximately a 5-
year flood event), floodwaters covered an estimated 43 percent and 58 percent, respectively, of selected
portions of the Delta (Jorgenson et al. 1994).

Similarly, other than the data collected in 2001 and 2002 (URS Corporation 2001, 2003), no other
historical flood-peak discharge data are available for Fish Creek, Judy Creek, and the Ublutuoch River.
Flood frequency and magnitude were estimated for various locations along these streams by using
historical data collected on other rivers in the region and the 2001 and 2002 data recently collected. URS
Corporation (2003) estimated flood-frequency discharges by assuming that the average flood-peak
discharges observed in 2001 and 2002 were equal to the mean annual flood (the 2-year event), and by
adjusting the regional flood frequency curve to reflect this relationship. The flood-peak discharge
estimates for the Fish Creek basin streams are presented in Table 3.2.2-7.

On the basis of the flood-frequency analyses performed by URS Corporation (2001, 2003) for the Fish
Creek basin streams, the annual peak discharge associated with snowmelt events, for a given return
period, is greater than the annual peak discharge associated with rainfall events. Similarly, for a given
magnitude of annual-peak discharge, it is more likely that the flood-peak will occur as the result of
snowmelt rather than rainfall.

It should be noted that for both the Colville River channels and the Fish Creek basin streams, the peak flows
usually occur after the peak water-surface elevations. The current models for estimating peak flow during
break-up do not account for channel ice or ice jams, both of which have the potential to significantly alter the
water surface elevations.
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TABLE 3.2.2-7 FLOOD PEAK DISCHARGE ESTIMATES FOR STREAMS IN THE PLAN AREA

. Drainage Discharge (cfs)
Location Area (mi’) 2 10 50 100 500

yr yr yr yr yr
Colville R at Head of Delta 20,920 240,000 470,000 730,000 860,000 1,300,000
Fish Creek at RM 0.7 1,827 17,500 32,100 46,700 53,000 72,000
Fish Creek at RM 25.1 1,461 14,100 26,100 38,300 43,600 59,800
Fish Creek at RM 32.4 783 7,700 14,700 22,100 25,400 35,900
Judy Creek at RM 7.0 647 6,400 12,300 18,600 21,500 30,500
Judy Creek at RM 13.8 593 5,800 11,400 17,300 19,900 28,400
Ublutuoch River at RM 8.0 233 2,400 4,800 7,600 8,900 13,100
Ublutuoch River at RM 13.7 222 2,200 4,600 7,200 8,500 12,600

Sources: Colville River (Michael Baker Jr. Inc. 2002c), all others (URS Corporation 2003).

TABLE 3.2.2-8 CD-4 WATER SURFACE ELEVATIONS
Elevation (ft BPMSL)
Location 10 Year 50 Year 200 Year
CD-4 pad location 10.5* 14.2 16.4
North end of proposed road 8.6* 13.0 15.6

Note: *Node at proposed location is dry, and water surface elevation is from the nearest node in the nearest channel.

Storm Surges on the Fringe of the Colville River Delta

A storm surge is coastal flooding caused by the piling up of seawater against the shore, as a result of wind
stress and atmospheric pressure differences caused by a storm. Along the northern coast of Alaska, storm
surges usually occur during late summer and fall (August to October). Of particular concern and also
difficult to forecast is the potential effect of storm surges during spring break-up or the effect, if any, that
a simultaneous storm surge during break-up would have on river stage and discharge because of a sea
level rise at the river mouth.

The frequency of major storm surges is low, but several have been recorded within the last century
(Reimnitz and Maurer 1979). The two worst cases of surge flooding on record occurred in October 1963
and September 1970. Along the fringe of the Colville River Delta, two storm surge drift lines (identified
by local residents as related to the 1963 and 1970 storms) had elevations of 5.0 and 6.6 feet above msl,
respectively (Jorgenson et al. 1993). Estimates of storm surge heights at the Delta fringe for frequency
intervals of 10, 50, and 100 years are 6.5, 9.2, and 10.6 feet, respectively (Jorgenson et al. 1993).

Because strong and sustained westerly winds are rare during spring break-up of rivers discharging into the
Beaufort Sea, the probability of a storm surge occurring simultaneously with break-up is very low.
Frequency analyses of observed storm surges and hindcast analyses of the strongest westerly storms
suggest 6 feet as the 100-year storm surge. This estimate is based on surges resulting from storms that
occurred only during August through October. There are no recorded observations of strong westerly
storms during the months of May and June, when the spring break-up occurs (URS Corporation 2001).

January 2004 Alpine Satellite Development Plan Draft EIS 3-23



Channel Bed and Stream Bank Stability

Observations of bed conditions on the Colville River channels and the Fish Creek basin streams suggest
that bed load transport can be significant and the bed channel forms might not be stable under normal
high-flow conditions. URS Corporation (2001, 2003) recently conducted studies of bed load transport and
the stability of the beds of the Fish Creek basin streams. Bed load was measured twice during 2002 break-
up season only on Fish Creek (RM 25.1). URS Corporation (2003) estimated 351 and 423 tons per day
were transported on May 25 and May 26, 2002, respectively, during a flow of approximately 8,900 cfs
(the approximate peak flow of 2002).

During break-up 2001, URS Corporation collected samples of the bed material on Fish Creek, Judy
Creek, and the Ublutuoch River. These data are summarized in Table 3.2.2-9. In general, the bed material
in Fish and Judy Creeks is more fine-grained and more mobile than in the Ublutuoch River. As an
example, the unstable bed conditions of two gaging station locations along Fish Creek (at RMs 25.1 and
32.4) are shown by Figures 3.2.2.1-9 and 3.2.2.1-10. The figures indicate that while the channel width
remained the same, during break-up between June 8 and June 14, 2001, the Fish Creek bed was scoured
up to 7 feet in certain sections of the channel and it aggraded up to 2 feet in other sections. In contrast,
very little bed change was measured on the Ublutuoch River at RM 13.7. In fact, during the time of the
peak water-surface elevation and discharge on the Ublutuoch River, the water was flowing on snow
within the channel.

TABLE 3.2.2-9 BED MATERIAL ON FISH CREEK, JUDY CREEK,

AND THE UBLUTUOCH RIVER

St Riverbed Elevation Change
ream | piver Mile | Bed Material D50 (ft) During Break-Up (ft)
Course
2001 2002
25.1 i 0.00041
Fish Creek sand with some 5t07 1t03
32.4 silt 0.00012
Judy Creek | 7.0 zﬁ‘t”d with some | 4 55057 5 2
U_blutuoch 13.7 gravel with some 0.02300 not mobile not mobile
River sand

Source: URS Corporation 2003

Ice Conditions

Freeze-Up and Winter Conditions on Rivers, the Colville River Delta, and Harrison Bay

From November through May or June, 90 to 100 percent of the Beaufort Sea off the planning area is
covered with sea ice (MMS 1996). The formation of first-year sea ice, signaling the start of freeze-up
along the Beaufort Sea coast could start as early as September or as late as December. During the first
part of freeze-up, near-shore ice is susceptible to movement and deformation by modest winds and
currents. Movement could be a mile or more per day, and deformation could take the form of ice pileups
and ride-ups on beaches and the formation of offshore rubble fields and small ridges. Ice ride-ups occur
when a whole ice sheet slides in a relatively unbroken manner over the ground. Ride-ups larger than 160
feet are not very frequent. By late winter, first-year sea ice is approximately 6 to 7 feet thick. In waters 6
to 7 feet thick, the ice is frozen to the seafloor and forms the bottom-fast-ice subzone of the land-fast-ice
zone. The land-fast-ice zone could extend from the shore out to depths of 45 to 60 feet. The ice in water
depths greater than approximately 6 or 7 feet is floating and forms the floating fast-ice subzone
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(consisting of floating ice unattached to land). As the winter progresses, extensive deformation within the
land-fast-ice zone generally decreases as the ice thickens and strengthens and becomes more resistant to
deformation (BLM 1998a).

Seaward of the land-fast-ice zone is the stamuhki, or shear, zone. This zone is a region of dynamic
interaction between the relatively stable ice of the land-fast-ice zone and the mobile arctic pack ice. This
interaction results from the formation of ridges and leads—or areas of open water. The plowing action of
drifting ice masses could cut linear depressions, or ice gouges, into the seafloor sediments. The dominant
orientation of these gouges generally is parallel to the coast. In the Beaufort Sea, the region of most
intense ridging and gouging occurs in water depths of approximately 50 to 100 feet. In water depths of
less than 30 feet, the maximum gouge depths generally are less than 1 foot (Weeks et al. 1984). Ridges
with keels deep enough to become grounded help to stabilize the land-fast ice.

Break-Up on Harrison Bay and the Beaufort Sea

Along the Beaufort Sea coast, break-up generally begins approximately mid-July but could occur in mid-
June or late August (MMS 1996). River ice begins to melt before sea ice and, during the early stages of
break-up, water from rivers could temporarily flood ice that has formed on deltas. The floodwater will
drain through openings in the ice, and the force of the water could be great enough to scour depressions
on the seafloor; these depressions are called strudel scours. As break-up proceeds, there is an increase in
open-water areas as the ice moves farther offshore. During the summer and fall, shifting winds and
currents can move the pack ice toward or away from the coast; in some years, the pack ice could remain
along or very near the coast. Movement of the pack ice along the coast could cause some individual
pieces to become grounded in shallow waters, where they could remain for the summer.

Impact of Ice on Flooding during Break-Up

Colville River Delta

Ice jams in the Delta channels can lead to significant flooding on the Delta during periods of low to
moderate discharge. In 1966, although no measurements of discharge or water surface elevations were
recorded at the time, an ice jam in the vicinity of the Putu Channel (near the present location of Nuigsut)
caused water to flow over the bank for up to 4 miles east of the East Channel. Also at this time, ice floes
were deposited up to 1 mile east of the East Channel (J. Helmericks 1996, pers. comm. in PAI 2002).

The ice floes moving downriver at break-up can be large; however, full jamming of the main channel,
which would cause a significant diversion to other channels, is highly unlikely because of the relatively
low velocities and deep flow conditions. Jorgenson et al. (1996) reported dimensions of ice floes stranded
at the head of the Delta to be 7.5 to 13.5 feet wide, 12 to 26 feet long and 2.5 to 5.5 feet thick. The largest
floes observed in the river at break-up were estimated to be 80 to 120 feet wide and 130 to 150 feet long.
In general the impact of ice jams on the peak water-surface elevation is considerably more during small
floods (such as a 2-year flood) than it is during large floods (such as a 50-year flood). The greater impact
results because the proportion of ice to water is greater during the smaller floods.

Fish Creek Basin Streams

In Fish Creek and Judy Creek, observations made during the 2001 spring break-up indicate that snow and
ice will influence the shape and size of the channel cross-section, cause ice jams, and affect hydraulic
roughness. As a result, discharges at the outset of spring break-up can result in higher water-surface
elevations than similar discharges later in the summer. The magnitude of this increase gradually declines
during the short (4- to 8-day) break-up season, when snow and ice melt from the channel system. It is also
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noteworthy that at times the peak water-surface elevation can be affected by snow and ice in the channel,
although the peak discharge, which could occur 1 to 2 weeks later, might not be affected by snow and ice
in the channel (URS Corporation 2001).

The effect of snow and ice on water surface elevations in Fish Creek and Judy Creek during the 2001
break-up is summarized in Table 3.2.2-10. The data indicate that for Fish Creek at RM 25.1 on June 7,
2001, the water surface elevation was approximately 3.7 feet higher than it would have been at a similar
discharge during the summer. On June 8, 9 and 10, the differences were approximately 2.1, 1.9, and 0.8
feet, respectively. By June 11, the observed water-surface elevation was equal to that which would be
expected during a similar discharge later in the summer. Similarly for Fish Creek at RM 32 .4, from June 8
until 10, the water surface elevation was approximately 3.2 feet higher than it would have been at a
similar discharge during the summer. Then on June 11 and 12, the differences were approximately 2.2
and 0.5 feet, respectively. By June 14, the observed water surface elevation was equal to that which
would be expected during a similar discharge later in the summer. For Fish Creek at RM 7.0 on June 8,
2001, the water surface elevation was approximately 1.2 feet higher than it would have been at a similar
discharge during the summer. On June 9 and 10, the differences were approximately 0.5 and 0.1 foot,
respectively. By June 11, the observed water-surface elevation was equal to that which would be expected
during a similar discharge in the summer (URS Corporation 2001)

For the Ublutuoch River, snow and ice conditions were much different than for Fish and Judy Creeks at
the beginning of the 2001 break-up. The Ublutuoch River channel was entirely blocked by snow and ice
at RM 13.7. From the start of flow until June 21, the water gradually cut through the snow and ice until it
reached the permanent channel bed. During this time, the snow and ice had a dramatic impact on the
channel hydraulics. The shape, size, and elevation of the channel cross section, the hydraulic roughness,
and the energy slope were all affected by the snow and ice. The most significant effect was the change in
the elevation of the riverbed. During the period that snow and ice affected the water surface elevation, the
riverbed was physically higher than it was during the summer. The peak water-surface elevation and
discharge occurred sometime between June 9 and 10. At that time, flow was being conveyed on snow,
approximately 8.4 feet above the permanent riverbed. As a result, the peak water-surface elevation was
dramatically higher than it would have been if the same discharge would have occurred during summer
(URS Corporation 2001).

TABLE 3.2.2-10 SUMMARY OF BACKWATER EFFECT CAUSED BY ICE AND SNOW IN THE

FisH CREEK BASIN STREAMS DURING 2001 BREAK-UP

Fish Creek at RM 25.1 Fish Creek at RM 32.4 Judy Creek at RM 7
Backwater | Estimated | Backwater | Estimated | Backwater | Estimated
Effect (ft) Flow (cfs) Effect (ft) Flow (cfs) | Effect (ft) Flow (cfs)
6/7/01 3.7 3100
6/8/01 2.1 4700 3.2 700-1400 1.2 3900
6/9/01 0.5 4400
6/10/01 0.8 5400 0.1 3800
6/11/01 0.0 6000 2.2 2100 0.0
6/12/01 0.5 1900
6/13/01 0 3200

Source: URS Corporation 2001.
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In general, backwater elevations are usually greatest when water begins to flow over snow and continue
to decrease with time and increased flows. It is not uncommon for water surface elevations to drop as
flows increase. Conversely during ice jams, water surface elevations will increase without a
corresponding increase in flows.

Channel and discharge conditions during break-up in the Ublutuoch River channel were observed to be
significantly different from Fish Creek or Judy Creek. At the onset of break-up, the lower Ublutuoch
channel was entirely blocked by snow and ice. From the start of flow at the beginning of June, the water
gradually cut through the snow and ice during the 2- to 3-week period, until it reached the permanent
channel bed. The shape, size, and elevation of the channel cross section, the hydraulic roughness, and the
energy slope were all significantly affected by the snow and ice. Most noteworthy was the change in the
riverbed elevation, which was physically much higher than it was during the summer. The peak water-
surface elevation and discharge occurred sometime between June 9 and 10. At that time, flow was being
conveyed on snow, approximately 8.4 feet above the permanent riverbed (URS Corporation 2001).

3.2.2.2  Surface Water Quality

No marine or fresh water in the Plan Area is impaired by pollutants, according to the ADEC. Therefore,
no actual or imminent persistent exceedances of water quality criteria or adverse impacts to designated
uses, as defined in the state’s water quality standards, has been documented. Most freshwater bodies are
soft, dilute calcium-bicarbonate waters. Near the coast, however, sodium chloride (salt) concentrations are
more common than bicarbonate concentrations (BLM 1998a).

Water chemistry in lakes and ponds in the Plan Area is highly variable and dependent on the distance
from the Beaufort Sea, frequency of flooding, and whether the lakes and ponds are tapped (connected to
river channels most of the year) or perched (isolated from rivers channels most of the year) (CPAI 2002).
Water bodies close to the Beaufort Sea are saline from storm surges and sea spray. As storm surges push
seawater up the Colville River channels, fresh water in tapped lakes mixes with saltwater. Average
salinity measurements are typically highest in river channels (12.5 parts per thousand [ppt]), intermediate
in tapped lakes (7.2 ppt), and lowest in perched lakes (1.0 ppt) (Moulton 1993). The differences in salinity
are magnified by the variability of dissolved minerals.

Winter freeze and summer thaw cycles, along with snowmelt, are major controlling factors in water
quality. In winter, surface waters less than 6 feet deep on the North Slope generally freeze solid on the
North Slope, but water bodies as shallow as 5 feet deep in the Colville River Delta could remain partially
unfrozen. During winter freezing, major ions and other impurities are excluded from downward-freezing
ice and forced into the underlying sediment. Snowmelt and water flow during the spring remove the ice
cover of lakes, allowing the wind to mix the water column. Recharge of lakes through sheet flow during
spring counteracts the effects of water loss and ion concentration caused by evaporation in the summer.
The net result of this flow regime in deeper lakes is to preserve their existing water chemistry from the
input of snowmelt waters.

Turbidity

Turbidity, or a measure of water clarity, varies seasonally in the Plan Area with the transport of sediment
by the Colville River during flooding. Most fresh waters in the project area have low suspended-solid
concentrations and, therefore, low turbidity for the majority of the year. Later in summer, suspended-
sediment concentrations in the Colville River decrease to as low as 3 parts per million (ppm) (BLM
1998a). During spring break-up, the Colville River carries suspended sediment from the foothills of the
Brooks Range and has a higher turbidity than any of the smaller rivers originating within the Arctic
Coastal Plain. Most of the annual sediment load is carried between May and October, with approximately
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75 percent flowing to the Delta in early summer (May and June) from the beginning of break-up to the
end of break-up flooding (ARCO Alaska Inc. 1997). Extrapolation of 1977 water quality sample results
for suspended solids shows that sediment transport ranged from 438,000 tons per day in June to a few
hundred tons per day during the low-flow period in July (USGS 2003).

Alkalinity and pH

Alkalinity and pH are important parameters in controlling the susceptibility of fresh waters to acid rain or
acid snowmelt. Alkalinity is a measure of the acid-buffering capacity of the water. The pH is a measure of
how acid the water is. A pH of 7 indicates a neutral balance of acid and base; a pH below 7 indicates acid
water. The State of Alaska considers a pH range within 6.5 to 9.0 necessary to protect aquatic wildlife
(ADEC 2002).

Fresh waters in Alaskan coastal tundra are only weakly buffered (BLM 1998a). In ponds, alkalinities
during snowmelt are approximately twofold lower than the midsummer alkalinities of 20 milligrams/liter
(mg/L) as calcium carbonate (CaCQOs). Lake alkalinities also are low, on the order of 25 mg/L. as CaCOs.
Alkalinities in individual coastal rivers of the Colville River Delta are higher, ranging between lows of 15
to 20 and highs of 65 to 80 mg/L as CaCO; in summer and reaching even greater alkalinity values at
lower flow rates. Winter alkalinities in unfrozen pools are on the order of 150 to 200 mg/L as CaCO:s.

In ponds, pHs are depressed to below pH 7 as snowmelt runoff enters them. The pond pHs then rapidly
increase to between 7 and 7.5 after snowmelt (Prentki et al. 1980). The initial low pH is due to acidity of
snow on the North Slope, which has a median pH of 4.9 (Sloan 1987). This low pH, which is below the
pH 5.5 expected for uncontaminated precipitation, is thought to be a result of sulfate fallout from arctic
air masses industrially contaminated from pollution sources in Eurasia (BLM 1998a). In lakes, pHs are
near neutral, approximately pH 7 (O'Brien et al. 1995). In tundra brown-water streams (so called because
of the color caused by tannins) and some foothill streams, pHs can be lower because of the presence of
naturally occurring organic acids. In tundra lakes, creeks, and rivers of the Colville River system, pHs are
higher, seasonally ranging between 6.5 and 8.5 (Kogl 1971).

Oxygen

The measurement of dissolved oxygen refers to the amount of gaseous oxygen dissolved in the water.
Two measurements are typically provided for dissolved oxygen levels: the absolute concentration in mg/L
(or ppm) and the percent of saturation. The concentration of oxygen required to reach a level of 100
percent saturation varies according to pressure, temperature, and salinity. The absolute concentration of
dissolved oxygen in arctic waters tends to be higher than in other waters because the solubility of oxygen
increases with decreasing water temperature. This generality applies to clear-water streams and clear-
water (larger) lakes in the Plan Area. Summer concentrations of dissolved oxygen in Colville River
system lakes, creek, and rivers range from 8 to 12 mg/L by weight (Kogl 1971).

Colored-water streams, ponds, and lakes in the Arctic, however, generally have lower dissolved oxygen
concentrations. Oxygen-saturation values in Plan Area ponds during the summer months generally fall
below 100 percent, although a range between 60 and 118 percent has been observed (Prentki et al. 1980).
Oxygen values can be much lower (less than 10 percent saturation) in vegetated shorelines or in water
pooled on wet tundra (BLM 1998a). In these locations, chemical processes in the underlying sediment
deplete oxygen from the water as rapidly as the water can take up oxygen from the air.

In winter, in deeper lakes of the Arctic Coastal Plain, waters remaining beneath the ice tend to become
supersaturated with oxygen (Prentki et al. 1980, O'Brien et al. 1995). During ice formation, dissolved
oxygen is excluded from the freezing ice into the water column. Exclusion adds more oxygen than
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underwater respiration removes. In Ikroavik Lake near Barrow, for example, saturation was 120 to 140
percent in December but was measured at 174 percent by early June when 5.2 feet of ice had formed in
the 7.9-foot-thick water column. Oxygen concentrations at these levels are higher than the upper limit of
approximately 125 percent saturation at which fish are able to survive. In general, however, the
occurrence of supersaturated dissolved oxygen concentrations is less common in Plan Area lakes than a
decreasing oxygen concentration.

The winter oxygen regime typically decreases in lakes where such factors as bathymetry can inhibit
mixing. For example, in Lakes M9906, M9913, M9907, and M9915 near CD-1, the dissolved oxygen
concentration decreased throughout the winter (URS Corporation 2001). The amount of oxygen that can
be held by the water is a function of temperature, salinity, and pressure (gas solubility). Gas solubility
decreases with increasing salinity and conductivity and with decreasing pressure. During monitoring in
2001, there was a notable decrease in dissolved oxygen between February and March (levels dropped to
less than 1 mg/L in all four lakes), when the most significant increase in ice thickness and corresponding
increase in conductivity occurred.

Late-winter measurements of oxygen in unfrozen pools in smaller rivers indicate significant residual
oxygen (9 mg/L) and 70 to 99 percent saturation (BLM 1998a). The Colville River, with deep, connected
channels in its delta, also maintains adequate (for fish utilization) to supersaturated winter oxygen
concentrations (USGS 2003).

Potability

Potable water is defined as fresh water free from microorganisms, parasites, and any other substances at a
concentration sufficient to present a potential danger to human health. The primary source of potable
water for the Plan Area would be surface water. Treatment according to State of Alaska Drinking Water
Regulations, 18 Alaska Administrative Code (AAC) 80, is required for any potable drinking water
system. Secondary standards provide specific parameters that define contaminant concentrations, which
must not be exceeded. Additionally, water must have a generally agreeable taste and odor to be
considered potable.

Surface water bodies in the planning area generally do not meet potable water standards without
treatment. Ponds and local streams are highly colored from dissolved organic matter and iron (BLM
1998a). The ADEC Division of Environmental Health advises that surface waters in Alaska are likely to
be contaminated with intestinal wastes from birds, animals, and man, and should be treated before
consumption (ADEC 2003). Fecal contamination from avian, caribou, and lemming populations is the
primary source of water quality reduction below drinking water standards for fecal coliform in small
water bodies in the planning area (BLM 1998a). Larger lakes and rivers with higher water volumes tend
to be less contaminated with fecal coliform; however, fecal contamination could occur locally in areas
surrounding long-term campsites and cabins because of inadequate sewage disposal. Low concentrations
of fecal coliform colonies were detected in less than 5 percent of discrete water quality samples taken in
the Colville River near Umiat and Nuigsut from 1953 through 1981; no fecal coliform was detected in the
remaining samples (USGS 2003).

Sources of Oil and Hydrocarbons in the NPR-A

Naturally occurring surface oil seeps are well documented on the North Slope. There are several known
seeps in the Plan Area (BLM 1998a), including those at Oil Lake and Fish Creek. The peat that underlies
the North Slope carries substantial hydrocarbon content. This content is evidenced by (1) natural sheens
that occur in ponds or flooded footprints in the tundra or in the foam on the downwind shoreline of lakes
on windy days and (2) elevated hydrocarbon levels in sediments with peat. These phenomena result from
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the naturally occurring oil seeps and are not the result of industrial activities. The Colville River drainage
includes coal and oil shale outcrops, the oil seeps, and peat. An oil seep at Umiat along the Colville River
led to Navy exploration at that site in 1944 (USGS 2001).

Trace Metals

Pond, lake, and river waters on the North Slope are, in general, low in trace metals compared to most
temperate-zone fresh waters (Prentki et al. 1980). However, the water quality conditions of the Colville
River do not always meet water quality criteria set by the ADEC. Naturally occurring copper, zinc,
cadmium, and lead have commonly been found at concentrations above the criteria established to protect
aquatic life from toxic effects (ADEC 2002, USGS 2003). These metals come from the soils in the
undeveloped watershed. The variations in water quality are part of the natural environment for fish and
wildlife in the Colville River Delta and do not result from man-made disturbances (USACOE 1998).

Organic Nutrients

Primary nutrients required for algae productivity and availability of food for fish are nitrogen and
phosphorus. The nutrient regimes of the freshwater and marine environments reflect and respond to
seasonal climatic extremes (Schell 1975). In the summer, relatively high concentrations of nutrients exist
in the Colville River until the water reaches Harrison Bay, where phytoplankton communities consume
most of the nitrate. Nitrogen concentrations are generally higher in the spring than in the fall because
freezing concentrates nutrients in the water bodies. Another source of organic nutrients is regeneration of
ammonia (a preferable source of nitrogen compared to dissolved organic nitrogen) through the conversion
of dissolved organic nitrogen by heterotrophs under the winter ice (Schell no date).

Although low concentrations of nitrogen are the limiting factor in phytoplankton productivity in coastal
marine water, fresh water in the rivers is primarily phosphate limited. Even though the Colville River is
able to support an abundant fishery, phosphate concentrations in freshwater bodies are generally very low
(Schell 1975). In the seawater, however, phosphate concentrations are usually higher.

Nutrient levels in lakes and ponds are much lower than in the Colville River. Samples taken in 1971 had
nitrate and nitrite concentrations that were almost undetectable in lake and pond water (Alexander et al.
1975). Phosphate concentrations were also much lower in lakes and ponds than in the Colville River.

Estuarine Water Quality

Many small bays along the coastline in the Plan Area appear to be old thaw-lakes that have since
connected with the Beaufort Sea. The Kogru River is an example of a coastal area where thaw-lakes
apparently have joined together to form a bay approximately 18 miles long. Water quality in these
estuarine waters changes seasonally because of ice cover, wind-driven mixing and storm surges, and
freshwater drainage during spring break-up.

Salinity

The basic characteristics of the bays and coastal waters are summarized in reports by Barnes, Schell, and
Reimnitz (1984) and in reports for the Outer Continental Shelf Environmental Assessment Program
(USDOC, NOAA, OCSEAP, 1978, 1984, 1987, 1988). These reports explain that all of the NPR-A bays
and lagoons are very shallow, and all are shoreward of the 10-meter isobath (line of equal bathymetry or
water depth). The circulation in this shallow water during the summer is wind-driven and rapid.
Circulation is very slow under the winter ice cover. Summer values of salinity in Harrison Bay and
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Simpson Lagoon vary in the wide range of 10 to 26 ppt, dropping rapidly to fresh water as the river
channels in the Delta are approached (Schell et al. 1971).

As the flow from the Colville River decreases in early fall and storm surges associated with westerly
winds occur, fresh water left in the Delta channels from the summer flow is gradually replaced by
seawater (Schell et al. 1971). The denser salt water flows inward along the channel bottom with
accompanying outflow of fresh water into Harrison Bay on the surface. The principal result of the
saltwater intrusion is to create isolated marine environments in separate channels. Historically, marine
water intrusion has occurred during winter with salt water reaching as far upstream as Ocean Point;
however, recent measurements upstream in the Colville River reveal that this phenomenon does not occur
every year.

Turbidity

The rivers on the North Slope of Alaska are partly or wholly frozen for 6 to 9 months of the year, with the
result that almost all of the yearly flow is restricted to short spring and summer periods. The great
seasonality of the water and suspended sediment flow regimes is reflected in the fact that 43 percent of
the annual flow and 73 percent of the total inorganic suspended load of the Colville River were
discharged during a 3-week period at spring break-up (late May to early June) (Telang et al. 2003).
Suspended sediment samples taken along the Colville River in 1970 showed an increase in suspended
load and percent sand and mud as the gradient of the river decreases abruptly at the mouth of the Nechelik
Channel. This sharp decrease is indicative of a high rate of sediment deposition within the Delta (Dygas et
al. 1971).

Marine Water Quality

Salinity

When seawater freezes, only the water molecules form ice; the salt is cast-off as brine into the underlying
water column. The brine does not drain or flush out of the shallow bays; instead, it collects on the sea
floor, gradually raising the salinity level from 32 to more than 100 ppt in some seafloor depressions
(Schell 1975; Newbury 1983). Where the access to open seawater is relatively unrestricted the circulation
of less saline water into the bay and the draining of hypersaline water from shallow, near-shore, under-ice
waters is quite rapid. A combination of tidal pumping and density currents accounts for the rapid
exchange rate (Schell 1975).

Turbidity

Turbidity values in the near-shore Alaskan Beaufort Sea are dependent on wind- and wave-induced
turbulence that resuspends bottom sediment and material discharge from the Kuparuk and Colville rivers.
Therefore, in the winter, under-ice turbidity of marine waters is at its lowest outside the area of ice
gouging and strudel scours, a phenomenon that could resuspend bottom sediment. The highest turbidity
values are found during spring break-up and periods of heavy precipitation when river discharge is high,
resulting in turbid plumes that are discharged into the near-shore coastal waters. The farther offshore, the
less influence will be felt on turbidity values from coastal erosion and the Colville River discharge of
sediment. Suspended sediment concentrations in the near-shore waters could range from 30 to more than
300 mg/L (MMS 2002). In the winter, suspended-sediment concentrations could range from
approximately 2 to 70 mg/L.
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3.23 Atmospheric Environment

3.2.31

Climate and Meteorology

The Plan Area is in the Arctic Coastal Zone, the northernmost of three climate zones on the North Slope.
Winters are long and cold and summers are short and cool. The climate is one of the harshest
environments in North America, where snow might fall even in August. The average daily temperature
falls below freezing more than 200 days per year in Nuiqsut. The temperatures are warmer than those
farther inland on the North Slope; precipitation is less and consists predominantly of snow, although the
maximum precipitation is in August. Snow cover has a large seasonal cycle and varies substantially from
year to year. Seasonal snow cover on the North Slope can begin in late September to early October and
might not disappear until May through mid-June. Interannual variations in the timing of snowmelt are due
to changes in the incoming long-wave radiation. Climatic conditions for the three climate zones on the

North Slope are shown in Table 3.2.3-1.

TABLE 3.2.3-1

CLIMATIC CONDITIONS IN ALASKA NORTH OF THE BROOKS RANGE

Arctic Foothills Arctic Inland Arctic Coast
Distance to the ocean (miles) 93-186 41-93 <12
Elevation (feet) 984-3,281 164-1,312 <164
Air Temperature (°F)
Mean annual +16.5 9.7 +0.7 9.7 +0.7
Degree-Day (°F-day)
Freeze 7,232 9,572 8,906
Thaw 1,472 1,706 788
Precipitation (inches)
Snow 6.1 5.0 4.5
Rain 6.6 4.1 3.4
Annual total 12.8 9.0 7.8
Seasonal Snow Cover
Average starting date 27 Sep. 1 Oct. 27 Sep.
Range 11 Sep. to 15 Oct. 19 Sep. to 12 Oct. 4 Sep. to 14 Oct.
Average duration (days) 243 236 259
Range (extreme) 226 to 261 198 to 260 212 to 288
Average maximum thickness (inches) - 16.9 12.6
Range (extreme) - 28to 70 10 to 83
Thaw season
Average starting time 28 May 25 May 6 Jun.
Range (extreme) 18 May to 15 Jun. 28 Apr. to 6 Jun. 26 May to 19 Jun.
Average length (days) 122 129 106
Range (extreme) 104 to 139 105 to 167 77 to 163

Source: Derived from BLM and MMS 1998a, from Table I11.A.3.a-1
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Average snow depth from January through April is 10 inches in Barrow and 15 inches in Umiat, which is
in the foothills. The USGS collected snow data in the NPR-A from 1977 to 1979 and from 1982 to 1983.
Snow depths ranged from 0.85 to 1.4 feet during this period of record. Annual average snow depths at
several monitoring stations on the coastal North Slope are shown in Table 3.2.3-2. Snowfall is greatest in
October in the Arctic Zone but can occur during each month of the year.

The annual mean temperature is approximately 10°F in the Plan Area. Temperatures on the North Slope
are typically below freezing from mid-October into May. Construction work and oil exploration are
conducted in many areas in winter because both the ground and the streams are frozen hard enough to
allow the use of heavy equipment. February is the coldest month, with an average temperature of
approximately -21°F. July is the warmest month, with an average temperature of 46°F. The average
monthly temperature recorded during the monitoring year 2002 at an air quality monitoring station at
Nuigsut, the only community in the Plan Area, was 13.5°F. The temperature climate summary from
Nuigsut is shown in Table 3.2.3-3 for the period of April 1999 through December 2002.

Prevailing winds blow cold air off the frozen Arctic Ocean and are strongest during winter, often creating
blizzard conditions. Southerly winds could break this pattern on occasion. Strong winds alter snowpack
and redistribute snowfall. In the summer, strong winds could increase evaporation in ponds and lakes. The
annual mean wind speed in the region is approximately 12.8 miles per hour (Table 3.2.3-2). Nuigsut
typically exhibits bimodal wind direction climatology dominated by northeasterly through easterly
directions approximately 45 percent of the time and west-southwesterly through westerly directions the
remainder of the time (SECOR International Inc. 2003). Recent quarterly data collected at the Nuigsut Air
Quality Monitoring Station indicated a mean 10-meter wind speed of 5.1 meters per second (11.4 miles
per hour) and a maximum hourly average wind speed of 14.5 meters per second (32.4 miles per hour).
Dominant winds were northeasterly through easterly and west-southwesterly through westerly. These data
are typical of the bimodal wind direction climatology at Nuigsut demonstrated every quarter since
monitoring began at the Nuigsut station (SECOR International Inc. 2003).

Plume dispersion and diffusion is a function of turbulence in the near-surface layer of the atmosphere.
When the lower atmosphere is in thermal equilibrium (that is, warm air on top, cold air on bottom) and
wind speeds are low, there is less plume dispersion and conditions are termed “stable.” When wind speeds
are higher, conditions become more neutral, and plume dispersion improves. With additional surface
heating from the sun, conditions shift to unstable because the warm air near the ground rises and turns the
lower atmosphere over. Table 3.2.3-4 summarizes the frequency distribution of stability class for the Plan
Area. As expected, the table shows the Plan Area is dominated by neutral stability conditions and good
plume dispersion.

Western Beaufort Coastal Plain

The Western Beaufort Coastal Plain encompasses approximately 77 percent of the Plan Area and lies
within the northeastern portion of the NPR-A. The Western Beaufort Coastal Plain is characterized by a
flat to gently rolling coastal landscape dominated by thaw-lakes and meandering floodplains of Keolok
Creek, Kalikpik River, and the area of Fish and Judy creeks (Figure 3.3.1.2-1; Jorgenson et al. 2003).
Southeast of the Judy Creek floodplain, the coastal plain is gently rolling with many rather shallow lakes.
Wet and moist meadows are found in low-lying areas and swales, and tussock tundra occurs on upper
slopes and broad ridges. A gently rolling coastal plain region extends from Fish Creek to the Meade
River. Abundant lakes have formed in depressions created by distinctive linear dunes and wet and moist
meadows occur in low-lying basins and swales. tussock tundra occurs on upper slopes, and dry and moist
dwarf shrub communities are found on exposed dune ridges. Southeast of Teshekpuk Lake and south of
the Kogru River the coastal plain is relatively flat with abundant but usually small thaw-lakes. Wet and
moist meadows occur in low-lying areas and swales while tussock tundra is found on upper slopes and
broad ridges (Jorgenson et al. 2003).
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TABLE 3.2.3-4 FREQUENCY DISTRIBUTIONS OF ATMOSPHERIC STABILITY CLASS
MEASUREMENTS AT NuiQsuT 1999-2001

Stable Category Frequency %
Extremely Unstable (A) 5
Unstable (B) 4
Slightly Unstable (C) 12
Neutral (D) 67
Slightly Stable (E)
Stable (F)

Source: SECOR International, Inc. 2003

Climate Change on the North Slope

Carbon dioxide (CO,) is associated with greenhouse gas emissions, along with other gases such as
methane. Greenhouse gases are vital to life on earth because they help to maintain ambient temperatures.
However, excess greenhouse gas emissions augment this effect and contribute to overall global climatic
changes, typically referred to as global warming. CO, emissions are a product of fossil fuel combustion
and tropical forest destruction, human activities that contribute to global climatic changes. Large
quantities of greenhouse gas emissions could decrease the amount of infrared or heat energy radiated by
the earth back to space and upset the heat balance. Global warming could ultimately contribute to a rise in
sea level, destruction of estuaries and coastal wetlands, and changes in regional temperature and rainfall
pattern, with major implications to agricultural and coastal communities.

Global temperature is predicted to rise 3° Centigrade (C) (5°F) in the next 100 years, and could even rise
higher. Computer models indicate that such increases in temperature will not be equally distributed
globally, but are likely to be accentuated at higher latitudes, such as in the Arctic, where the temperature
increase could be more than double the global average. Warming during the winter months is expected to
be higher than during the summer. Northern areas would also likely experience increased precipitation
(BLM and MMS 1998a).

Temperatures in Alaska and throughout the Arctic appear to have fluctuated over the last few centuries.
Changes in permafrost are an important indicator of climate change. Temperature data for the permafrost
in Alaska have been collected from borings over the last two decades. Using oil exploration wells
distributed in the Arctic Coastal Plain and the foothills, Lachenbruch and Marshall (1986) measured the
temperatures of permafrost to depths of more than 600 feet and showed that the mean surface temperature
is likely to have warmed 2° to 4°C during the last few decades to a century. However, the Alaska Climate
Research Center (2003) reports no increases over 5°F during the last three decades at any of Alaska’s
first-order weather stations for the period of 1971 to 2000.

3.2.3.2 Existing Ambient Air Quality

The proposed project will be in an area that is in attainment of the National Ambient Air Quality
Standards (NAAQS) and the Alaska Ambient Air Quality Standards (AAAQS) for all criteria pollutants
(shown in Table 3.2.3-5). The air quality in the Colville River Delta is generally good as a result of few
pollution sources and good dispersion conditions created by frequent high winds. Particulate entrainment
tends to occur more in the summer months, however, from sandbars along the riverbeds in the Colville
River Delta, resulting in temporary increases in concentrations of airborne particulates. Existing onshore
air quality in the NPR-A Plan Area is relatively pristine, with concentrations of regulated air pollutants
considerably lower than the NAAQS and state air quality standards. Emission sources in the NPR-A

3-36 Alpine Satellite Development Plan Draft EIS January 2004



Planning Area consist mainly of diesel-fired generators in small villages, snowmobiles, and small
amounts of local vehicle traffic. Existing emissions sources at the Alpine APF production and drilling
areas outside of the NPR-A Plan Area include the following:

e  Gas-fired turbines and heaters

e Incinerators

e Emergency flares

e Standby diesel-fired power generators
e Portable diesel engines and heaters

e Storage tanks

e Fugitive hydrocarbon emissions

e Mobile sources (vehicle traffic and aircraft)

Most of these emission sources are subject to federal New Source Performance Standards (NSPS) under
existing air quality permit conditions administered by the ADEC, with specific requirements for
controlling criteria pollutants. Additionally, the sludge incinerators are subject to the National Emission
Standards for Hazardous Air Pollutants (NESHAP) for the control of mercury. These existing emission
sources do not significantly affect the air quality or visibility, nor do they interfere with the attainment of
the NAAQS or AAAQS. There are no federally protected Class I wilderness areas or national parks
within 100 km of the Plan Area.

At Nuigsut, existing emission sources consist of diesel-fired electric generators and home heaters, open
burning, occasional small aircraft, and vehicle traffic. Regional sources of emissions consist of oil and gas
production facilities 30 to 70 miles east of the proposed project area, including Kuparuk, Milne Point,
Prudhoe Bay, North Star, Endicott, and Badami.

Additional emission sources will result from the installation of the following new equipment within the
Plan Area and are discussed in Section 4:

e Five drillsite heaters, 20 million Btus per hour (MMBtu/hr), gas-fired (one at each satellite
pad)

e Two emergency generators, 500 kW, liquid fuel-fired, installed at CD-3 and CD-6, assuming
Alternative A is implemented and all sites except CD3 are road accessible. If not road acces-
sible, then one emergency generator would be added at each of the five sites.

e  One power generator, 1.2 MW, gas-fired (CD-6)
e  One Frame 5 turbine, 36,700 horsepower, gas-fired (ACX3)
e  One heater, 30 MMBtu/hr, gas-fired (ACX3)

Background air quality in the area surrounding the proposed facilities was obtained from ambient air
quality monitoring stations in the vicinity of the Plan Area. Two stations were operated at the KRU, one
immediately downwind of major combustion sources at APF-1. The other monitoring site, at Drill Site-1F
(DS-1F), was isolated from KRU emission sources, so data collected from DS-1F are representative of
background or regional air quality in the KRU area. Data from APF-1 air quality monitoring station
reflect impacts from nearby emission sources. Both stations indicate that concentrations of air
contaminants are below the NAAQS and state air quality standards, as shown by Table 3.2.3-5.
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The Ambient Air Quality Monitoring Station has operated at Nuigsut since 1999 as a permit condition of
the Alpine Development Project, issued by the ADEC. The condition required collection of at least 1 year
of ambient nitrogen oxides (NOy), sulfur oxides (SOx), particulate matter less than 10 microns in
diameter (PM,), and dispersion meteorological data. Data collected at Nuiqgsut are representative of
background or regional air quality in the satellite development area. The data indicate that air quality is
also in compliance with both the NAAQS and the AAAQS for all pollutants and averaging periods,
except the PM, 24-hour standard (Table 3.2.3-6). In this case, particulates measured higher on one day in
1999 as a result of wind-generated dust from the dried exposed banks of the Nigliq Channel.

3.2.3.3 Noise

The operation of equipment during exploration, drilling, facility construction and production and the use of
aircraft for transportation of personnel and materials contribute noise to the environment. The Plan Area is re-
mote and sparsely populated with few existing sources of man-made noise. Existing sources of noise include:

e  Vehicle operations (Autos, trucks, off-road vehicles [ORVs] and snow mobiles) and commu-
nity noise (generators and other small equipment motors) within the village of Nuigsut.

e Autos, trucks, ORVs and snow mobiles used for subsistence hunting and travel among vil-
lages and between villages and hunting camps.

e Boat operations (outboard motors)

e Aircraft operations at Nuiqsut

e Vehicle operations at CD-1 and CD-2

e Equipment operations at CD-1 and CD-2
e Aircraft operations into CD-1

e Aircraft operations at Colville Village

o Incidental aircraft and boat operations into the regional by recreationists and scientific re-
searchers.

e Incidental aircraft operations transiting the Plan Area.

Background noise in Nuiqsut, the only community located in the Plan Area is limited to general community
noise, vehicle operations and occasional aircraft operations. The primary non-anthropogenic noise source is the
wind. The Noise Control Act of 1972 (and amendments, Quite Community Acts of 1978, 42 USC 4901-4918)
directs individual states to regulate environmental noise and directs governmental agencies to comply with
noise standards (statutes and regulations) set by local communities. The State of Alaska and the NSB have not
established specific community noise regulations that would govern the noise environment of Nuigsut. In the
absence of a standard set by the community, EPA guidelines recommend that an Ldn (day-night sound level)
of 55 dBA be used as a community noise standard. The level has been determined by EPA to be sufficient to
protect the public from the effects of broadband environmental noise in typically quite outdoor and residential
areas (EPA 1972). A second standard, Leq' of 70 dBA or less over a 40-year period is recommended by EPA
for protection against hearing loss in the general population from nonimpulsive noise. As a reference, the noise

! Leq is the equivalent steady sound level that, if continuous during a specific time period, would represent the same total acoustic energy as the

actual time varying sound.
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generated in a variety of everyday situations that humans could experience is given in Table 3.2.3-7 “Acousti-
cal Scale — Typical Noise Sources.”

EPA has also published guidelines for noise emissions form certain types of construction equipment including
equipment transporters, portable air-compressors and medium- and heavy-duty trucks. The Federal Aviation
Administration has established noise standards for over-flight and airport noise although no standards have
been established for civilian helicopters.

No ambient noise data is available to determine existing community noise levels. However based on the rural
character of Nuigsut and its separation from CD-1 and CD-2 facilities all ambient noise in the community ex-
cept for aircraft operations it is assumed that ambient noise within the community is community generated (by
the sources listed above).

At its closest, Nuigsut is approximately 9.5 miles from CD-1 (which includes the processing facility, APF-1)
and CD-2. Power generation and other equipment at CD-1 and CD-2 could have noise emission adjacent to
this equipment in the range of 85 — 110 dBA. Table 3.2.3-8 “Typical Oil Field Noise Sources” lists the typical
noise emissions form a variety of equipment typically found in North Slope oil field operations. These noise
levels are attenuated as distance from the noise source increases. At 1,000-ft. equipment noise emission of 85 —
110 dBA are likely to be 70 dBA or less. They would not contribute any noise at a distance of 9.5 miles to the
community noise level in Nuigsut.

Residents of Nuigsut are periodically exposed to aircraft noise both from aircraft operations at the Nuigsut air-
strip and from overflights of the community. Passing fixed wing aircraft single- engine) would emit a noise
level of 66 — 76 dBA (flying at 1,000 feet) and helicopters typically have noise emission of between 68 to 78
dBA (flying at 1,300 feet). During takeoff and landings aircraft, especially jet aircraft have much higher noise
emissions, however, these higher noise levels occur for a short period of time.

While there is little ambient noise in areas away from oil production facilities and population centers, residents
of Nuigsut and other North Slope communities who undertake subsistence harvest activities have expressed
concern about the disturbance and flight of subsistence resources (caribou and birds for example) in response
to noise generated by construction activities, facility operations, and aircraft operations. As noted previously,
noise emissions from fixed place facilities attenuate rapidly with distance from the facility so aside from the
area in close proximity to Nuiqsut, CD-1 and CD-2 ambient noise levels are low. Noise from aircraft opera-
tions could occur anywhere in the Plan Area but is concentrated near Nuigsut, CD-1 and Colville Village
where airstrips are located. Helicopter flights between facilities on tour of the Plan Area extend short duration
higher-level noise emissions into more remote areas.

A noise monitoring program conducted at the Gas Handling Expansion (GHX) Project in the Prudhoe Bay Oil-
field during 1989-91 evaluated the effects of project-related noise on water bird populations, particularly nest-
ing Canada Geese and brood-rearing Brant that inhabit the area annually during May-September (Anderson et
al. 1992). The effects of noise from the GHX facility were evaluated by looking for differences in abundance,
distribution, and habitat use that could be attributed to avoidance of noise, utilizing different testing method-
ologies. The study determined that the GHX compressors and turbines contributed to background noise levels
mostly at lower frequency ranges at 31.5 — 63 Hz. Noise levels on the shore of Prudhoe Bay increased from
1989 to 1991, from an average Leq of 52.2 dBA to 54.9 dBA, largely due to gravel-hauling traffic. Effects to
the 17 species of waterbirds in the study area, however, did not appear detrimental. Shifts in waterbird distri-
bution that was attributable to avoidance of increased noise in 1991 were apparent only during pre-nesting,
when flocks were located significantly farther from the GHX site in 1991 than in 1989.

Another study was conducted to address the issue of whether noise from the CPF-3 facility caused a significant
impact to waterfowl in the designated wetlands adjacent to the facility (Hampton et al. 1988). During 1985-86,
the ambient noise level within the study area was measured at 32 dBA. Hearing sensitivity of birds is known to
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be between 2 and 3 kHz (Hampton et al. 1988). During 1985 construction activities the sound levels averaged
74 dBA, and waterfowl were observed in the study area within 500 meters of the planned site for CPF-3. The
estimated average noise level the birds were exposed to in 1985 was 42.4 dBA. During 1986 the noise level
ranged from 95 to 105 dBA with installation of one large and 12 portable generators at the pad. Heavy equip-
ment and pipefitting increased the noise level to a range of 107 to 128 dBA. Waterfowl were seldom observed
with 500 meters of the facility and roads during construction, with the majority of waterfowl observed at least
100 meters from the CPF-3 pad. However, a greater number of birds utilized habitats in the study area during
1986 than 1985 but at a greater distance from the construction area. It was not conclusive whether the water-
fowl responded adversely to the construction noise in 1986 by moving away from the noise source, or if the
displacement was due to increased arctic fox predation or other causes. No changes in adult survival within the

study area were in evidence during 1986.

TABLE 3.2.3-7 ACOUSTICAL SCALE — TYPICAL NOISE SOURCES

Noise Source

Decibel (dBA)

Turbo jet engine (aircraft) 150
Sonic boom; threshold of pain 140
Pipe organ 130
Jet takeoff at 200 feet 125
Riveter, chipper 120
Night club 115
Motorcycle at 20° 110
Power mower 105
Physical discomfort 100
Freight train at 50 feet 95
Propeller plane fly-over at 1,000 feet 90
Electric mixer 85
Freeway traffic at 50 feet; garbage disposal; 80
Noisy office 75
Average traffic at 100 feet’; vacuum cleaner 70
Air conditioning unit 60
Normal conversation at 12 feet 50
Light traffic at 100 feet; refrigerator 45
Average residence 40
Library 35
Whisper 20
Leaves rustling; threshold of good hearing 10
Threshold of excellent youthful hearing 0

Source: Plog, Barbara A. et al. 1988
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TABLE 3.2.3-8 TYPICAL OIL FIELD NOISE SOURCES

Source Noise Level Distance from Source
(meters)
CPF-2 (operating) 88 to 105 Om
CPF-2 (flare) 78 to 82 50 m
CPF-3 (construction) 95 to 105 Om
Drill Rig 82 to 92 25m
Production Module 88 to 105 Om
Pickup truck 67 to 75 Om
Semi truck 73 to 85 Om
Gravel truck 93 to 102 Om
Helicopter (206B) 115 10m

3.3 BIOLOGICAL RESOURCES

Section 3.3 describes the existing flora and fauna of the Plan Area. This section identifies species that
occur in the Plan Area and the habitats they use, summarizes the life histories of important species, and
explains their relationship to proposed facilities. This section also addresses the overall North Slope
context in which these species occur.

In addition, Section 3.3 identifies federally listed Threatened or Endangered species that occur in the Plan
Area; these species are addressed in detail in Section 3.3.6. There are no species in the Plan Area that are
listed as threatened or endangered by the State of Alaska.

Further, this section also describes species on the BLM’s Sensitive Species list. Species are placed on this
statewide list if (1) their populations are known to be declining or (2) very little is known about them and
no formal surveys have been done yet to determine the extent of their range. These BLM Sensitive
Species are not federally listed as Threatened or Endangered; the primary goal of the BLM’s Sensitive
Species policy is to prevent the need to list the species in the future. The BLM Sensitive Species for
Alaska are listed in Appendix E.

The animals and plants in the Plan Area occur across the North Slope and in many other parts of Alaska.
These species, their habits, and their habitats have been described in detail in recent EISs, environmental
assessments, and planning documents with particular bearing on the North Slope including the Plan Area.
These documents are incorporated by reference and include the following. Relevant information from
these documents (and/or references cited in these documents) and other sources is included in the
remainder of Section 3.3 and subsequent sections that address biological resources and impacts to those
resources.

e Northeast NPR-A Final IAP/EIS (BLM and MMS 1998a)
e Northwest NPR-A Draft IAP/EIS (BLM and MMS 2003b)

e EIS for Final Environmental Impact Statement: Renewal of The Federal Grant for the TAPS
ROW (BLM 2002)

e CRU Satellite Development Environmental Evaluation Document (EED) (PAI 2002a)
e Alpine Development Project EED (ARCO et al. 1997)
e Alpine Environmental Assessment (PAI 2002b)
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e Liberty Development and Production Plan, Final EIS (MMS 2002)

e Beaufort Sea Oil and Gas Development/Northstar Project (USACE 1999)

e Arctic Refuge Coastal Plain Terrestrial Wildlife Research Summaries (Douglas et al. 2002)
e Environmental Report for the TAPS ROW Renewal (TAPS Owners 2001a)

e The Natural History of an Arctic Oil Field (Truett and Johnson 2000)

e Cumulative Environmental Effects of Oil and Gas Activities on Alaska’s North Slope (NRC
2003)

Furthermore, extensive field studies sponsored by CPAI over several years on a variety of taxa (including Bur-
gess et al. 2000, 2002a, 2002b, 2003a, 2003b, 2003¢; Johnson and Stickney 2001; Johnson et al. 2000a, 2000b,
2001, 2002a, 2003a, 2003b, 2003c; Jorgenson et al. 2003; Lawhead and Johnson 2000; Lawhead and Prichard
2002; MJM Research 2001, 2002; Moulton 2001, 2002b; Reanier and Associates 2000; URS 2001) have pro-
vided much useful information on the biology of the Plan Area.

3.3.1 Vegetation and Wetlands

3.311 North Slope

The North Slope is bounded on the north by the Beaufort Sea and on the south by the crest of the Brooks
Range. The North Slope includes three physiographic provinces that have unique vegetation, topography, ge-
ology, and soils: the Arctic Coastal Plain, the Arctic Foothills, and the Brooks Range (Wahrhaftig 1965).
These provinces are described in BLM and MMS (1998a), TAPS Owners (2001a), and Nowacki et al. (2001).

The ASDP Area lies entirely in the Arctic Coastal Plain. The Arctic Coastal Plain, also referred to as the Beau-
fort Coastal Plain by Nowacki et al. (2001), is a flat undulating plain that extends from the Beaufort Sea coast
southward to the foothills of the Brooks Range. This region is dominated by many lakes and poorly drained
soils. Permafrost is continuous across the Arctic Coastal Plain, except under large rivers and large thaw-lakes.
The permafrost creates an impermeable layer that impedes drainage and perches the water table at or near the
surface, resulting in poorly drained saturated soils. For these reasons, nearly the entire region supports wet-
lands. The Arctic Coastal Plain is characterized by a network of polygonal ground and oriented-thaw-lakes that
follow a cyclical pattern of formation and drainage in response to the degradation of ice-rich permafrost (Bill-
ings and Peterson 1980; BLM and Ducks Unlimited [DU] 2002).

These large-scale permafrost-related landscape features, and smaller-scale permafrost-related features
such as strangmoor ridges, frost scars, and naturally induced thermokarst, are important in creating the
relief that determines vegetation patterns on the Arctic Coastal Plain (Peterson and Billings 1978). These
processes are detailed further in Billings and Peterson (1980); Peterson and Billings (1980); and BLM and
DU (2002). Nowacki et al. (2001) describe the dominant vegetation on the Arctic Coastal Plain as wet
sedge tundra in drained lake basins, swales, and floodplains; tussock tundra and sedge-Dryas tundra on
gentle slopes; and low willow thickets on well-drained riverbanks.

Many investigations of the vegetation of Alaska’s North Slope have been conducted over the years. For a
history and bibliography of these efforts, see Talbot (1996) and the Northeast NPR-A Final IAP/EIS
(BLM and MMS 1998a).

3.3.1.2 Plan Area

The vegetation of the Plan Area has been mapped most recently by the BLM in cooperation with DU,
USFWS, and the NSB (BLM and DU 2002) and by Jorgenson et al. (1997, 2003). The BLM and DU
(2002) digitally mapped the entire NPR-A from 1994 to 1996 by using Landsat Thematic Mapper
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imagery and field verification to assess, measure, and document vegetation classes. A portion of the
Northeast NPR-A Plan Area was mapped most recently from 2001 to 2002 with the use of an ecological
land survey approach that inventoried terrain units (surface geology, geomorphology), surface forms
(primarily ice-related features), and vegetation characteristics (Jorgenson et al. 2003). The vegetation of
the Colville River Delta was mapped from 1992 to 1996 (Jorgenson et al. 1997) using the same ecological
land survey approach as in the Northeast NPR-A study. To present the vegetation classes for the entire
Plan Area, the BLM and DU (2002) earth cover classes were linked with similar Jorgenson et al. (1997,
2003) vegetation classes. Figure 3.3.1.2-1 presents the vegetation classes mapped for the entire Plan Area
(Jorgenson et al. 1997, 2003; BLM and DU 2002). Table 3.3.1-1 presents the comparison of vegetation
classes with earth cover classes. Plant species likely to occur within vegetation classes are described in
Table 3.3.1-2.

USFWS National Wetlands Inventory (NWI) Maps (Harrison Bay A-2, A-3, A-4, A-5, B-1, B-2, B-3, B-
4, B-5, C-3, C-4, C-5) show that wetlands and deepwater habitats cover approximately 99 percent of the
Plan Area. The USFWS defines wetlands as possessing one or more of the following three characteristics:
(1) predominantly supports wetland vegetation; (2) has predominantly undrained hydric soil; and (3) is
saturated with water or covered by shallow water at some time during the growing season of each year
(Cowardin et al. 1979). The USACE defines wetlands as areas that are inundated or saturated by surface
or ground water at a frequency and duration sufficient to support, and under normal circumstances do
support, a prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands
generally include swamps, marshes, bogs, and similar areas such as tundra. Table 3.3.1-3 presents
Cowardin et al. (1997) wetland/upland classifications for the Jorgenson et al. (1997, 2003) vegetation
classes and corresponding BLM and DU (2002) earth cover classes mapped in the Plan Area.

The BLM maintains a list of sensitive plant species for BLM lands in Alaska. This list was developed in
coordination with the Alaska Natural Heritage Program (AKNHP) and includes species of plants with
declining populations or species for which there is very little information and for which no formal surveys
have been conducted to determine the extent of their range. In addition, the AKNHP maintains a database
of Alaska’s rare vascular plants to assist federal and state personnel and other interested parties in
identifying and managing these species (Lipkin and Murray 1997). Ten species of plants classified as
sensitive by the BLM’s Alaska office and rare by the AKNHP could occur in the Plan Area (Lipkin 2003).
These plant species, their global and state rank, the habitat they are likely to occur in, and their occurrence
in the Plan Area are presented in Table 3.3.1-4. No threatened, endangered, or candidate plant species are
known to occur within the Plan Area (USFWS 2003).

The Plan Area can be divided into four ecodistricts that have unique physiographic characteristics and
repeating assemblages of terrain units, surface forms, and vegetation: Colville River Delta, Lower
Colville Floodplain, Western Beaufort Coastal Plain, and Beaufort Sea Coast (Jorgenson et al. 2003)
(Figure 3.3.2.2-1). The following discussion summarizes the vegetation of the Plan Area by these
ecodistricts, as defined and described in Jorgenson et al. (1997, 2003). The classification and areal extent
of Jorgenson et al. (1997, 2003) vegetation classes with corresponding BLM and DU (2002) earth cover
classes mapped in the Plan Area are presented in Table 3.3.1-1.

Colville River Delta

The Colville River Delta is the largest and most complex delta on the Arctic Coastal Plain of Alaska. It
encompasses approximately 15 percent of the Plan Area and is characterized by migrating distributary
channels; numerous lakes, ponds, and oxbows; natural levees; sand dunes; sand bars; and mudflats
(Figure 3.3.1.2-1; Walker 1976, 1983). The outer portion of the Delta is dominated by tidal action, storm
surges and sedimentation from the Colville River. Salt-killed and halophytic vegetation are common.
Some of the largest areas of coastal salt marsh on the North Slope are present in the Colville River Delta
(Jefferies 1977). The inner portion of the Colville River Delta is less affected by coastal processes, but
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still includes some salt-affected areas. Coastal barrens occur on river bars, low and tall shrubs grow on
slightly higher areas with frequent sedimentation, and dwarf shrub communities occur on well-drained
river terraces with marshes in channel ponds.

Lower Colville Floodplain

The Lower Colville Floodplain includes the portion of the Colville River floodplain south of the Colville
River Delta. The Plan Area boundary follows the western border of the Lower Colville Floodplain west of
Ocean Point but includes this ecodistrict to the northeast (Figure 3.3.1.2-1). This region occupies
approximately 2 percent of the Plan Area. Barrens occur on river bars, low and tall shrubs grow on areas
of frequent sedimentation, alder (Alnus crispa) occurs on the floodplain, and dwarf shrub is uncommon.
Higher in the floodplain, wet meadows occur on poorly drained soils that are occasionally flooded and on
abandoned floodplain deposits that are rarely flooded (Jorgenson et al. 2003).

Beaufort Sea Coast

The Beaufort Sea Coast encompasses approximately 6 percent of the Plan Area and includes portions of
the Central and Western Beaufort Sea Coast ecodistricts as defined by Jorgenson et al. (2003). The
Central Beaufort Sea Coast includes the salt-affected coastal area at the mouth of Fish Creek near the
Colville River Delta. The Western Beaufort Sea Coast includes the salt-affected coastal area between the
Ikpikpuk River and Fish Creek (Figure 3.3.1.2-1). Salt marshes along the Beaufort Sea coast are often
only a few meters in extent because of the unstable and erosion-prone shoreline (Macdonald 1977). In
addition to salt marshes, the Beaufort Sea Coast area is characterized by coastal barrens along beaches
and mudflats, coastal wet meadows on mudflats, and coastal lakes and ponds. Thaw-lakes and drained
basins are particularly abundant in the Western Beaufort Sea Coast (Jorgenson et al. 2003).

3.3.1.3  Wildlife Habitats

Several wetland habitats were identified in the Northeast NPR-A Final IAP/EIS ROD (BLM and MMS 1998b)
as important to fish, waterfowl, and shorebirds because of the high value or scarcity of these habitats in the
region. These wetlands include fish-bearing lakes and streams, riparian shrub habitats, and the following
classes described by Bergman et al. (1977): shallow and deep Arctophila ponds (Aquatic Grass Marsh), deep
open lakes (Deep Open Water), basin-complex wetlands (Young and Old Basin Wetland Complexes), and
coastal wetlands (Salt Marsh, Salt-killed Tundra, and Tidal Flat). Wildlife habitat types developed and de-
scribed in more detail by Jorgenson et al. (1997, 2003) are presented in Figure 3.3.1.3-1, with vegetation and
wetland class equivalents in Table 3.3.1-3. These habitat classes have been evaluated for wildlife-habitat rela-
tionships within the Plan Area. Habitat preferences of species or species groups are presented in the following
descriptions of wildlife resources within the Plan Area.

3.3.2 Fish

This discussion incorporates, by reference, the descriptions of the fish resources of the Plan Area included in
the Northeast NPR-A Final IAP/EIS (BLM and MMS 1998a) and the Colville River Unit Satellite Develop-
ment Environmental Evaluation Document (PAI 2002a). This section uses these descriptions, augmented by
other fish- and habitat-related information from historical and ongoing research pertinent to this review. Up to
and including 1985, Slaybaugh et al. (1989) identified approximately 15 studies that had been conducted in the
region of interest. Since then at least 14 additional studies (for example, Moulton 1994, 1996a, 1996b, 1998,
1999a, 1999b, 2000, 2001, 2002; Hemming 1995; MJM Research 2001, 2002) have been conducted on habi-
tats, species descriptions, distributions, and collection sites and methods. These papers and additional studies
form the basis for the following discussion. Inupiat names for fish are noted in Table 3.3.2-1, parenthetically
after the English name in the subsection titles in Section 3.3.2.4, Fishes of the Plan Area, and after the first
mention of the English names of those fish if appearing before Section 3.3.2.4.
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TABLE 3.3.1-3

COMPARISON OF VEGETATION CLASSES, HABITAT CLASSES, AND
NATIONAL WETLANDS INVENTORY CLASSES FOR THE PLAN AREA

Vegetation Class?®

Habitat Class?

National Wetlands
Inventory Class”

Water Brackish Water (tidal ponds) E10WL

Water ,\D/;(:gir?pen Water with Islands or Polygonized L1UBH: PUBH

Water Deep Open Water without Islands L1UBH; PUBH

Water Nearshore Water E10WL

Water River or Stream R10WV; R20WH; R30WH
Water lgzsgoomi(z)epf'l’\l/l\;\:gitﬁr with Islands or PUBH: L1UBH

Water Shallow Open Water without Islands PUBH; L1UBH

Water Tapped Lake with High-water Connection PUBH; L1UBH

Water Tapped Lake with Low-water Connection E10WL

Riverine Complex

Riverine Complex

R30OWH; R3USD; PEM1/SS1A; PEM1B

Fresh Grass Marsh

Aquatic Grass Marsh

L2EM2H; PEM2H

Fresh Sedge Marsh

Aquatic Sedge Marsh

L2EM1H; PEM1H

Deep Polygon
Complex

Aquatic Sedge with Deep Polygons

POWH; PEM2H; PEM1F; PEM1/SS1B

Young Basin Complex

Young Basin Wetland Complex (Ice-poor)

POWH; PEM2H; PEM1H; PEM1/SS1B;
PEM1B

Old Basin Complex

Old Basin Wetland Complex (lce-rich)

POWH; PEM1H; PEM1F; PEM1/SS1B

Wet Sedge Meadow
Tundra

Nonpatterned Wet Meadow

PEM1F

Wet Sedge Meadow
Tundra

Patterned Wet Meadow

PEM1/SS1B; PEM1/SS1F

Salt-killed Wet

Salt-killed Tundra E2US/EM1P
Meadow
Halophytic Sedge Wet Salt Marsh E2EM1P
Meadow
Halophytic Grass Wet Salt Marsh E2EM1P
Meadow
Moist Sedge-Shrub Moist Sedge—Shrub Meadow PEM1/SS1B

Tundra

Tussock Tundra

Moist Tussock Tundra

PEM1/SS1B; PEM1B

Dryas Dwarf Shrub

Tundra Upland and Riverine Dwarf Shrub Upland
Cassiope Dwarf Shrub |14 and Riverine Dwarf Shrub PSS4B

Tundra

Halophytic Willow

Dwarf Shrub Tundra Salt Marsh E2SS1P

Open and Closed Low .

Willow Shrub Moist Sedge—Shrub Meadow PSS1B

Open and Closed Low |y oine Low and Tall Shrub PSS1A; PSS1B
Willow Shrub
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TABLE 3.3.1-3 COMPARISON OF VEGETATION CLASSES, HABITAT CLASSES, AND
NATIONAL WETLANDS INVENTORY CLASSES FOR THE PLAN AREA (CONT’D)

V ion . National Wetlands Inven
egetatao Habitat Class® ational Wetla oLs entory
Class Class
Open and Closed
Low Willow Shrub Upland Low and Tall Shrub PSS1B
Open and Closed Tall Lo
Willow Shrub Riverine Low and Tall Shrub PSS1D
Open and Closed Tall
Willow Shrub Upland Low and Tall Shrub Upland
Dune Complex Dune Complex Upland; PEM1B; PEM1/PSS1B
Barren and Partially Barrens (Riverine, Eolian, or Lacustrine) Upland; L2USA; PUSD; R2USD;
Vegetated ’ ’ R3USD; E2USN
Barren and Partially Tidal Flat E2USN
Vegetated
Notes:

@ Habitat and Vegetation classes from Jorgenson et al. 2003

® National Wetland Inventory Classes correlated to the Local Ecosystem Types (Appendix 8 from Jorgenson et al. 2003),
relationship to Habitat and Vegetation classes could vary; coding based on Cowardin et al. 1979

E10WL = Estuarine subtidal open water/unknown bottom, subtidal

E2EM1P = Estuarine intertidal persistent emergent vegetation, irregularly flooded
E2SS1P = Estuarine intertidal broad-leaved deciduous scrub/shrub vegetation, irregularly flooded
E2USN = Estuarine intertidal unconsolidated shore, regularly flooded

E2US/EM1P=  Estuarine intertidal unconsolidated shore and persistent scrub/shrub vegetation, irregular flooded

L1UBH = Lacustrine limnetic unconsolidated bottom, permanent water

L2EM1H = Lacustrine littoral persistent emergent vegetation, permanent water

L2EM2H = Lacustrine littoral nonpersistent emergent vegetation, permanent water

L2USA = Lacustrine littoral unconsolidated shore, temporary water

PEM1B = Palustrine persistent emergent vegetation, saturated

PEM1F = Palustrine persistent emergent vegetation, semipermanently flooded

PEM1H = Palustrine persistent emergent vegetation, permanently flooded

PEM2H = Palustrine nonpersistent emergent vegetation, permanently flooded

PEM1/SS1A=  Palustrine persistent emergent and broad-leaved deciduous scrub-shrub vegetation, temporarily flooded
PEM1/SS1B=  Palustrine persistent emergent and broad-leaved deciduous scrub-shrub vegetation, saturated
PEM1/SS1F=  Palustrine persistent emergent and broad-leaved deciduous scrub-shrub vegetation, semipermanently| flooded
PSS1A = Palustrine broad-leaved deciduous scrub-shrub vegetation, temporarily flooded

PSS1B = Palustrine broad-leaved deciduous scrub-shrub vegetation, saturated

PSS1D = Palustrine broad-leaved deciduous scrub-shrub vegetation, seasonally flooded/well drained

PSS4B = Palustrine needle-leaved evergreen scrub-shrub vegetation, saturated

POWH = Palustrine open water/unknown bottom, permanently flooded

PUBH = Palustrine unconsolidated bottom, permanently flooded

R10WV = Riverine tidal open water/unknown bottom, permanent-tidal

R20WH = Riverine lower perennial open water/unknown bottom, permanently flooded

R2USD = Riverine lower perennial unconsolidated shore, seasonally flooded/well drained

R30OWH = Riverine upper perennial open water/unknown bottom, permanently flooded

R3USD = Riverine upper perennial unconsolidated shore, seasonally flooded/well drained

3-52 Alpine Satellite Development Plan Draft EIS January 2004



€6-€

SI3 yeiqueld Juswdojeraq ayjjeles auidiy

00z Aenuep

Jwy Xepul/gem—dyuse/Lus/npa’e)se|e’een MMM :82JN0S

sysodap |onelb

(sneewbAd
18]Sy pa||eo Aluawlioy)

)ynjedny] — ealy ue|d jo 1se] pUE SIBq pues Z¢S €9 -
eoaewbAd eiqfing
jlos Apues
Jo Auojs uo ‘syueq
BalYy UE|d JO 1SOM pUE ]SBd SEdIE [B}SE0) JBAI pUB Saloys 1S SOPO ejnsJiy s1enaipad Homasno| AlieH
aye| Ajjeioadsa
BIpPUN} 19M 0} ISION
oNY saunp pues 28/029 npuowiwiniq eisusysyy liegeniq
apea|\ pue Janry Ynuynsnboy| — ealy ue|d JO 1Sem pue yinos - ’ s ,puowiwinig
ynJjedny| — ealy ue|d JO }se] sionL Buoje ,2S SO epipJos sidonfxQ -
a)eJisgns AjjaAelo ¢ ’ ;
sjisodap jueqianu
uoibal yejeop Jaddn wouy pue ‘(jelwn pue smopeaw [loyanbuio
. 1S 6O suendys efjiusjod
Jo Jaaudn) ays 9J|IAj0D ‘el — ealy Ue|d JO 1Sem pue yinos Apues se yons Jejodwinoui
ajelysgns Apueg
aye Je|pueyn sabpu yoeaq LS ivO eioyoned eqeiq sselb-mopiym
pue mouleg — ealy Ue|d JO }1SeM pue }Sea Seale |e}Seo0) pue eipunj 2IS8|\| paJamoj} ma4
A syn|q |e}seod
[guo _
UEe Molieg — Baly Ue|d JO ]SOM pue }Ses Seale |BISEO Buipole uo eipuny 1S ¥O efejedosoul eqeiq
p S| V UB|d JO } pue |eilseod pue sebpu yoeag
aye Jojpue sobuid sselb-mopiym
ue Aeg soypnid — ealy Ue|d JO }SeM pue }ses mv_mmﬂ_hm vvwmuo -elpun Ajone.b IS ¥O ejeyideoqns eqeiq ue EmEm%%
p g soypnid \/ Ue|d JO} pue y |ejseod ‘snoaJeojes Aig puej 113
(s19194 9ye Jeau abuey sule|dpooy}
$3001g UJB)SES BY} WOJ) pue JaAlY apes|\ 8y} Buole says aAljoe Jo s|onelb LS/L1YOED | eueyseje “dss nzuey eod -
W04} UMOUY 0S|e) ¥8a1) Apnr pue %8319 ysi4 — ealy ue|d pue spues AiQg
(9. yndyaysa] Jo 1seaypou pue yuou) Aeg uosiieH ul Jajem mojjeys LS SOYO jouIqes uobodonsld sselb suIges
SIS Jusde[pe pue eale d9)eT 90YSaSIOH — Baly Ue|d JO YHON pue saioys Appnpy
Baly ue|d UIY}IAM 92Ua1ind2Q jeyiqeH yuey dHNMVY awieN o1J13uUaIdg aWeN uowwo?

VIAUY NVi1d FHL NI dN3DQ ATNOI LVHL NJIONOD 40 S3103dS NOILVLIIOIA

p-1eeanavl




TABLE 3.3.2-1

FisH SPECIES LIKELY To BE FOUND IN THE COLVILLE RIVER DRAINAGE,

NPR-A COASTAL STREAMS AND LAKES, AND NEARSHORE COASTAL ZONE

Common Name

Scientific name

Inupiat Name

/Anadromous Species

Arctic cisco Coregonus autumnalis Qaataq
Bering cisco Coregonus laurettae Tiipuqg
Rainbow smelt Osmerus mordax llhaugniq
Pink salmon Oncorhynchus gorbuscha IAmagqtuuq
Chum salmon Oncorhynchus keta Igalugruaq

IAmphidromous Species (som

e remain in fresh water year-round)

Dolly Varden Salvelinus malma Iqalukpik
Least cisco Coregonus sardinella Igalusaaq
Broad whitefish Coregonus nasus IAanaakliq
Humpback whitefish Coregonus pidschian Piquktuuq
Freshwater Species

IArctic grayling Thymallus arcticus Sulukpaugaq
Burbot Lota lota Titaaliq

Lake trout Salvelinus namaycush Iqaluagpak
Round whitefish Prosopium cylindraceum Savigunnaq
IAlaska blackfish Dallia pectoralis lluuginiq

Ninespine stickleback Pungitius pungitius Kakalisauraq
Slimy sculpin Cofttus cognatus Kanayuq
Northern pike Esox lucius Siulik
Longnose sucker Catostomus catostomus Milugiaq
Marine Species

Fourhorn sculpin Myoxocephalus quadricornis  |[Kanayuq

IArctic flounder

Liopsetta glacialis

Nataagnaq or Puyyagiaq

IArctic cod Boregogadus saida Igalugaq
Saffron cod Eleginus gracilis Uugaq
3.3.21 North Slope

The North Slope and Beaufort Sea experience subfreezing temperatures for nearly 9 months of the year,
and from October to May surface waters of the ocean and freshwater systems are frozen. By late winter,
ice cover could reach a thickness of 6 feet. Because rivers, streams, and lake systems of the North Slope
are relatively shallow, ice cover can decrease available freshwater habitat by as much as 95 percent (Craig
1989b). In June, rising air temperatures and increasingly longer periods of solar radiation bring about the
spring melt, and by mid-July fresh water and nearshore marine waters are usually ice free. As the summer
progresses, air temperatures and solar radiation raise water temperatures to their mid-summer highs. In
August, the process begins to reverse. Decreasing air temperatures and rapidly decreasing daylight result
in lower water temperatures. First ice typically appears in September, marking the onset of winter.
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The seasonal cycle also creates a nearshore marine habitat that is vital to the many migratory fishes of the
North Slope. In summer, river runoff coupled with the melting of coastal ice creates warm, brackish (low
to moderate salinities) conditions in nearshore areas, particularly near the mouths of rivers (Craig 1984).
Marine invertebrates migrate into this brackish nearshore band where they thrive in the warm, detritus-
laden shallows. In addition, freshwater invertebrates are washed downstream into the brackish coastal
zone. Many of the fishes that overwinter in freshwater habitats and river deltas disperse along the coast to
feed in this prey-rich environment that could extend several miles offshore. It has been estimated that, of
all the marine and freshwater habitat available to fishes during summer, coastal waters hold 90 percent of
the exploitable prey biomass (Craig 1989a). It is during this brief summer period that fish achieve most of
their yearly growth (Fechhelm et al. 1992; Griffiths et al. 1992) and accumulate fat and protein reserves
needed to survive the arctic winter (Fechhelm et al. 1995, 1996).

Freshwater species seldom use nearshore habitats. When they use these habitats it is predominantly as
migration corridors between freshwater systems along the coast.

During winter, the key element for survival in freshwater systems is the availability of unfrozen water
(Craig 1989a). By late winter, water bodies less than 6 feet deep freeze to the bottom, except in large river
deltas such as the Colville, where depths to 5 feet could be adequate to winter fish. Viable habitat is
limited to deep lakes and ponds and to the deeper channels and holes within streams and river channels.
Deeper waters also must be sufficiently large to sustain many fish for several months. Oxygen depletion
caused by overcrowding can result in extensive mortality (Schmidt et al. 1989). In standing waters, depths
of 7 feet are considered the minimum for supporting overwintering freshwater fish (PAI 2002a). The
Colville River (which does not flow during winter) is an exception to this. In addition, lakes between 5
and 7 feet deep within the Delta can winter fish in some years. The severity of the weather can affect the
amount of overwintering habitat. Colder winters or a lack of insulating snow cover can increase ice
thickness. Craig (1989a) estimated that an increase in ice thickness of only 12 inches could decrease the
volume of water at “an average overwintering site” by at least 20 percent; overcrowding can potentially
result. Severe winter ice could also freeze portions of the spawning grounds where the eggs of some
species are deposited.

Beaufort Sea fishes have adapted four basic life-history strategies that allow them to cope with the
seasonal cycles of the arctic. They could be anadromous, amphidromous, freshwater, or marine.

Anadromous fishes, such as salmon, are hatched and initially reared in freshwater river systems before
migrating to sea, where they spend most of their lives (Myers 1949, Craig 1989a). They return to fresh
water as adults only to spawn. The arctic form of anadromy is typically somewhat different from the
general case. For example, species like the Arctic cisco (Qaataq) return annually to overwinter in larger
river systems of the North Slope, but they remain in the lower reaches where waters are brackish rather
than occupy fresh water or the super-cold oceanic waters of the Arctic Ocean (Morrow 1980b).

Amphidromy is a variation of anadromy. In this strategy, fish cycle annually between freshwater habitats
in winter and coastal marine environments in summer (Myers 1949, Craig 1989a). Amphidromous fishes
spawn and overwinter in rivers and streams but migrate from these freshwater environments into coastal
waters during the ice-free summer mont