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PREFACE

The preliminary draft version of this report was published for review and comment by
residents of the city of Kivalina and officials of the Northwest Arctic Borough and
other regional, State, and Federal agencies with an interest in community
improvements at Kivalina. The technical information in this April 1998 final version
is essentially the same as in the preliminary draft, though the presentations of some
analyses are refined. The preliminary draft was distributed to every household in
Kivalina and became the primary documentation of the three community
improvement options offered in a special election. The special election, documented
in appendix M of this report, presented three options to voters: remaining at the
present village site, moving to a site on the Wulik River, or moving to a site on the
Kivalina River. Permanent Kivalina residents 18 years of age or more were eligible
to vote for one of these options. Voting took place on February 26, 1998, and the
results were certified on March 6, 1998. This report includes discussion of the voting
and the results. This final report also includes accounts of recent community

discussions, and additions and corrections provided by reviewers.
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SUMMARY

The U.S. Army Corps of Engineers conducted these studies to define problems of
sanitation and other living conditions at Kivalina, Alaska, and to propose solutions
under the authority of Section 22 of the Water Resources Development Act of 1974
(P.L. 93-251), as amended. A cost-sharing agreement between the Northwest Arctic
Borough and the Corps of Engineers, executed on June 3, 1997, called for
investigation of three basic options: improvements at the existing village site and
relocation to either the lower Kivalina River, 8 miles to the north, or the lower Wulik
River, about 3 miles east.

Kivalina, a Native Alaskan community of about 400 residents, is located about

. 80 miles north of the Arctic Circle on the Chukchi Sea coast of northwestern Alaska.

The village is on a low-lying barrier island that separates Kivalina Lagoon, a shallow
estuary, from the Chukchi Sea. Kivalina is 74 miles northwest of Kotzebue, the

" region’s transportation hub and seat of the Northwest Arctic Borough.

Field investigations and intensive interaction with residents from June through

August, 1997, led to development of an improvement plan at each of the three
alternative sites. Improvements proposed at the existing site included flood and
erosion protection in the form of a beach fill and dike. Landfill with erosion
protection on the Kivalina Lagoon side of the village was proposed for expansion of
housing and community facilities. The existing runway would have to be moved to
the northwest along the narrow barrier island to allow this expansion of community
buildings and roads. Part of the landfill would be developed for disposal of
wastewater collected from a new sewer system in the village.

The Kivalina River option includéd complete relocation of all community facilities
and residences to the north bank of the river at a site known locally as Imnakuk. A

-well-water supply system and sewage treatment lagoon would be developed to

provide year-round running water and flush toilets. A new road from the Imnakuk site

- to the open coast would allow transport of heavy and bulky cargoes delivered by

barge. A new airport would be constructed north of the new village.

The Wulik River plan included complete relocation of all community facilities and |

_residences to a site on the south bank of the river known locally as Igrugaivik. A

well-water supply system and sewage treatment lagoon would be developed to
provide year-round running water and flush toilets. A new road from the Igrugaivik
site to the end of the spit at Singauk Entrance, the narrow inlet by the existing village,
would allow transport of heavy and bulky cargoes delivered by barge. A new airport
would be constructed east of the new village. The road and the relatively easy
crossing of Singauk Entrance would allow a gradual shift of residences and facilities.

Residents of Kivalina at least 18 years of age voted on February 26, 1998, to indicate

- a preference among the three basic options for community improvement. A majority

of those voting preferred relocation to the Wulik River at Igrugaivik.
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CONVERSION TABLE FOR SI (METRIC) UNITS

This table is provided to help in the conversion of Standard International (metric)
units of measurement to inch-pound units. Many measurements in this report are
given in both types of units.

Multiply By: To obtain
Celsius degrees * Fahrenheit degrees
centimeters 0.3937 inches

kilograms 2.2046 pounds

kilometers 0.5399 miles (nautical)
kilometers 0.6214 miles (U.S. statute)
meters 3.281 feet

meters 1.0936 yards

* To obtain degrees Fahrenheit (°F) temperature readings from degrees Celsius (°C)
/D readings, use the following formula: °F = (9/5)(°C + 32).



GLOSSARY

Abbreviations, Acronyms, and Technical Terms

ADCRA = Alaska Department of Community and Regional Affairs
ADEC = Alaska Department of Environmental Conservation

ADF&G = Alaska Department of Fish and Game

ADOT&PF = Alaska Department of Transportation and Public Facilities
BIA = (U.S.) Bureau of Indian Affairs

cm = centimeter(s)

CHL = (U.S. Army Corps of Engineers) Coastal Hydraulics Laboratory
CRREL = (U.S. Army) Cold Regions Research and Engineering Laboratory
EPA = (U.S.) Environmental Protection Agency

ER = Engineering Regulation

ft = foot, feet

ft* = cubic foot, feet

ft*/s = cubic feet per second (flow rate

gal = gallon(s)

GPS = Global (satellite-based) Positioning System

H = horizontal

h =hour(s)

ha = hectare(s); 1 hectare = 2.47 acres

HDPE = high-density polyethylene (pipe)

IRA =Indian Reorganization Act

kt = knots (nautical miles per hour) = 1.1 statute miles per hour

1b = pound(s)

km = kilometer(s)

km? = square kilometer(s)

m = meter(s)

m? = square meter(s)

m’ = cubic meter(s)

m’/s = cubic meters per second (flow rate)

mi = mile(s)

mi = square mile(s)

mi/h = miles per hour

mo = month(s)

nm = nautical mile(s) = 1.1 statute mile

NEPA = National Environmental Policy Act of 1969

NHS = (Alaska Area) Native Health Service

NMFS = National Marine Fisheries Service

NWAB = Northwest Arctic Borough, Alaska

O&M = operation and maintenance

P.L. = Public Law

PAS = Planning Assistance to States

USCG = U.S. Coast Guard

USFWS =U.S. Fish and Wildlife Service

USGS = U.S. Geological Survey

V = vertical

VSW = Village Safe Water, a part of ADEC that also receives funds from EPA
WES = Waterways Experiment Station (of the U.S. Army Corps of Engineers)
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COMMUNITY IMPROVEMENT FEASIBILITY REPORT

KIVALINA, ALASKA

1. INTRODUCTION

1.1 Corps of Engineers Study Authority

The investigations documented in this report were conducted as part of the Planning
Assistance to States (PAS) program of the U.S. Army Corps of Engineers under the
authority of Section 22 of the Water Resources Development Act of 1974 (Public
Law 93-251), as amended. This law authorizes the Chief of Engineers to cooperate
with States to prepare plans for the development, utilization, and conservation of
water and related land resources of drainage basins located within the boundaries of
the State. Section 319 of the Water Resources Development Act of 1990 (Public Law
101-460) directs the Secretary of the Army to collect 50 percent of the cost of PAS
projects from non-federal entities. Guidelines for PAS work are provided by Engineer
Regulation 1105-2-100.

1.2 Cost-Sharing Agreement

An "Agreement between the United States of America and the Northwest Arctic
Borough (NWAB), Alaska, for a Feasibility Study of Community Improvements for
the City of Kivalina, Alaska," was executed on June 3, 1997. This agreement
established a total project budget of $400,000 and specified increments of the scope
of work, to include:

e Public and agency involvement
e Investigation of problems and solutions at the existing village site

e Investigation of problems and solutions at two relocation sites, one on the
lower Wulik River and another on the lower Kivalina River

e Comparison of alternative solutions



e Development of an implementation plan for recommended improvements
o Preparation of a project report

1.3 Native Health Service Water Supply Study

The Alaska Area Native Health Service (NHS) began a study of water supply options

for Kivalina in July 1997. This study was funded through the Alaska Department of

Environmental Conservation, Village Safe Water Program. The Native Health
Service effort consisted primarily of a geophysical survey aimed at location of
prospective well sites that could provide a year-round source of clean water to the
existing village or two alternative village relocation sites. The Corps of Engineers
provided logistical support in August 1997 for geophysical measurements contracted
by the city of Kivalina under the NHS project, in conjunction with other field
investigations documented in this report.

1.4 Previous Studies

The most significant previous study was completed by DOWL Engineers in 1994,
resulting in a report titled “City of Kivalina, Alaska, Relocation Study" (DOWL
Engineers 1994). This project was authorized and funded through the Alaska
‘Department of Community and Regional Affairs' Community Development Block
Grant Program and was directed by the Kivalina City Council. Findings and
conclusions of this report were applied directly toward this investigation and are
summarized later in this report.

The University of Alaska Anchorage senior engineering class of 1996 investigated
relocation of Kivalina to the lower Wulik River as part of their undergraduate course
of studies. A report was not published, but the materials produced by the class are on
file at the UAA School of Engineering.

1.5 Community Involvement

Leaders of the city of Kivalina participated in various meetings and negotiations of
the scope of work, budget, and schedule for this project, which led to the
aforementioned cost-sharing agreement between the Federal Government and the
Northwest Arctic Borough. An initial public meeting took place in Kivalina on June
23, 1997, at which representatives of the study team introduced the objectives of the
project to attendees and gathered practical advice related to pending field

2



measurements. Following a reconnaissance of fieldwork sites at Kivalina, technical
team members visited the borough offices in Kotzebue on June 25, 1997, to
coordinate future work with borough staff members.

A second public meeting took place at Kivalina on August 5, 1997, at the start of an
8-day program of intensive field measurements. Members of the technical team
described their planned measurements and analyses and heard the suggestions and
concerns of Kivalina residents. Leaders of the technical team continued to meet with
community leaders, in particular the Kivalina Relocation Committee, during the
August field measurement program. The technical team enlisted Kivalina residents
during this period to act as guides, river pilots, survey team members, and cooks.
Food for the technical team was purchased at the Kivalina Store, and the Kivalina
School provided housing. Additional documentation of the August fieldwork is
presented in appendix K of this report. A special meeting was held with the technical
team in Kivalina on August 7, 1997, at which elders of the community shared
recollections of Kivalina history, severe weather events, and related difficulties.

Meetings took place on July 8 and October 20, 1997, at the offices of the NANA
Corporation in Anchorage. At these meetings, representatives of the city, borough,
and various public agencies heard study progress reports from the technical team and
discussed related efforts. The draft version of this report was presented at a public
meeting in Kivalina on December 11, 1997, and copies were provided to residents
and interested agencies. A number of other meetings subsequently took place among
residents, borough representatives, and others to discuss information in the draft
report. Written comments on the draft report are published here in Appendix M,
Correspondence.



2. COMMUNITY SETTING

2.1 Physical Setting
21.1 Location of Study Area.

Kivalina is located at latitude 67° 44' N.,llongitude 164° 33' W., which is
approximately 80 miles north of the Arctic Circle on the Chukchi Sea coast of
northwestern Alaska (figure 1). Kivalina is 119 kilometers (km) or 74 miles (mi)
northwest of Kotzebue. The village is located at the southeastern tip of a barrier
island that separates Kivalina Lagoon from the Chukchi Sea. Two tidal inlets define
the island: Singauk Entrance, by the village, and Kivalik Inlet, 8.8 km (5.5 mi) to the
northwest. The Kivalina River empties into Kivalina Lagoon at its northern extreme,
and the Wulik River empties into the lagoon at its southern extreme. Travel to
Kivalina is accomplished by sea or by small plane from Kotzebue.

2.1.2 Climate.

Long, cold winters and cool summers characterize the climate at Kivalina. The fﬁ)
coastal location of Kivalina is responsible for generally breezy conditions, summer -
and winter. Temperatures range from 60 °F in summer to —17 °F in winter. About

8.6 inches of total precipitation falls each year, but this includes about 57 inches of

snow. Winds averaging 10 knots cause deep snowdrifts at Kivalina in winter.

2.1.3 Geology and Soils.

Kivalina is located in a coastal area of low topographic relief, consisting of gently
sloping, rubble-covered hills separated by broad expenses of tundra. Elevations range
from sea level to a few hundred feet. Bedrock of limestone and dolomite is found in
outcrops along river-cut bluffs of the Kivalina River. Marine deposits lie over
bedrock near the mouth of the Kivalina River. Pleistocene glaciers originating in the
mountains of the western Brooks Range covered the upper reaches of the Wulik and
Kivalina Rivers, but did not advance into the study area. Low-lying portions of the
study area are covered with unconsolidated Quaternary deposits of unknown
thickness, ranging in size from clay to gravel. The flood plains of both rivers are
broad and braided. The region has continuous permafrost, which may be encountered
within a few feet of the ground surface. Permafrost may be as deep as 600 feet in the ( J
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study area, but thaw bulbs may exist in the vicinity of the Wulik and Kivalina River
* channels. The report of Golder Associates (1997, appendix B) provides additional
background geology and results of a geophysical survey at prospective village
relocation sites.

2.1.4 The Wulik River.

A program of field measurements, analysis of data on file, and numerical modeling
were conducted as a part of this project to estimate flood elevations on the lower
Waulik River. The Wulik River flood analysis is documented in appendix E of this
report. The following paragraphs summarize the methods and results.

The U.S. Geological Survey has operated a discharge gauging station on the Wulik
River below Tutak Creek from September 1984 to the present. The gauging station is
located approximately 35 km upstream of the proposed new town site (Igrugaivik).
The flood of record occurred on August 17, 1994, with an instantaneous peak of
1,090 cubic meters per second (m’/s). A large flood event also occurred on July 26,
1996, with an instantaneous peak of 878 m*/s. Flood peaks in the intervening yeai‘s
were relatively low. Based on the 12-year record from the Tutak Creek gauge, the
estimated 100-year discharge is 1,780 m*/s (63,000 ft’/s). The drainage area at the
gauging station is 1,830 square kilometers (km?), resulting in a runoff of 0.60 and
0.48 m*/s per km? for the August 1994 and July 1996 flood events. The drainage area
at the proposed new town sites is 2,330 km”. Flood peaks of 1,390 and 1,120 m®/s are
estimated at Igrugaivik for the August 1994 and July 1996 flood events.

The analysis used the HEC-2 numerical riverflow model to estimate the 100-year
flood water surface elevation at Igrugaivik. Simulations assumed a concurrent wind-
induced coastal storm surge elevation in the Kivalina Lagoon of 3.4 m. The results of
the coastal storm surge analysis (appendix D) found this elevation to be slightly
conservative, but quite close to a more precise surge estimate of 3.2 m. The water
surface elevation in the lagoon had a much greater effect on flood elevations at
Igrugaivik than river discharge. The 100-year water surface elevation at Igrugaivik
due to these combined effects was estimated to be 3.6 m. The huge storage area of
the wide tidal marsh north of the lower Wulik River prevents increases in river
discharge in excess of the 100-year flow from causing substantial increases in water
surface elevation. Therefore, land in the vicinity of Igrugaivik with elevations above
4 m is not very likely to be inundated by floods of the Wulik River.
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2.1.5 The Kivalina River.

An analysis of flood flows and elevations for the lower Kivalina River was not
accomplished for this project. The riverbanks are steep, and the land contemplated for
village development is more than 10 m above the normal water surface of the river.
There appears to be no danger of flooding at this proposed village relocation site. A
flood frequency analysis should be accomplished, if this site is chosen for
development, to establish design criteria for boat launch facilities and other riverbank

- developments.

2.1.6 Oceanography.

The Chukchi Sea is bounded to the north by the shelf break of the Arctic Ocean and
to the south by the Bering Strait, a distance of more than 800 km. Its lateral extent
varies from a minimum of 85 km at the Bering Strait to a maximum of about 900 km
along the shelf break west of Point Barrow to Siberia. The basin has a relatively flat
bottom, with depths increasing gradually from 30 m in the east to 55 m in the west.
The major features of circulation in the Chukchi are influenced by bathymetric
features, seasonal wind stress, sea ice, fresh water inflow from rivers, and influx of
Pacific water through the Bering Strait. Weingartner (1994) summarized the
bathymetric and oceanographic features of the northeast Chukchi, north of Point
Hope. Aside from the gross features of weather patterns and flow volumes through
the Bering Strait, little of the information pertains to the southern Chukchi and the
region of Kivalina.

The southeastern Chukchi Sea, south of Point Hope, is characterized by shallow water
that nowhere exceeds 50 m. The village of Kivalina lies on the open Chukchi Sea
coast north of Kotzebue Sound, about halfway between Cape Krusenstern and Point
Hope. Kotzebue Sound, between Cape Espenberg and Cape Krusenstern at the
southeastern portion of this region, is a large, shallow estuary surrounded by smaller
bays and inlets. The City of Kotzebue, seat of the Northwest Arctic Borough, lies on a
sandy peninsula on the eastern side of the sound.

The Chukchi Sea is characterized as a microtidal environment. At Shishmaref, on the
south shore of the Chukchi Sea, mean high tides reach +0.76 m above mean sea level
(MSL) while the highest tidal debris is only + 0.975 m above MSL (Mason et al.
1997). Though tidal measurements have not been made at Kivalina, the range is
expected to be similar. Because the tides are minor, water surface elevations due to
atmospheric changes and wind stress can be quite significant. The presence of sea ice
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offshore tends to reduce the occurrence of storm surges throughout the area from
November to June. There have been occurrences of storm surge flooding on top of
shorefast ice in the Kotzebue area, but an ice cover generally dampens the transfer of
energy from the atmosphere to the ocean. Most storm surges along this coast occur in
August and September. In late October and early November, shorefast ice appears
along the entire coast, including eastern Kotzebue Sound. By late November, the
region is generally covered with pack ice (Wise et al. 1981).

Major storms generally enter the Chukchi from the southwest at the Bering Strait
(Mason et al. 1997). High intensity storms, most common during fall, may cause
winds of 40 to 70 knots. Waves generated by these winds have been observed at
Shishmaref to be as high as 5 m, and 3-m storm surge elevations have been recorded
at Kotzebue. In the initial phases of the storms, southwesterly winds may generate
large waves toward the northeast directly into Kivalina. In later phases, winds may
shift to the west, northwest, or north. Once the wind shift to the west and northwest
has occurred, Kivalina is relatively protected from extremely large waves. Strong
winds from these latter sectors may cause shifts in the predominantly northerly
coastal current, however. Bathymetric soundings show that the sea bottom off
Kivalina is relatively shallow and broad, with shore-parallel sand or gravel bars at a
depth of approximately 1.5 to 2 m. This condition protects the village from extremely
large waves, which are limited in height to about 0.8 of the water depth. The effects
of 'bréaking waves and runup are discussed in appendix D of this report.

2.2 Living Resources

The importance of biological resources is related, in this discussion, to their role in
local and regional ecosystems and their value to humans. Human values may be
related to consumption (i.e., subsistence or recreational taking) and to cultural values
(e.g., esthetic, traditional, religious, educational, and status as threatened or
endangered). The following discussion focuses on the biological resources in the
Kivalina area that: (1) are important in local subsistence use, or (2) are otherwise
identified as important by regulation. Examples of the second category are
endangered species and wetlands, both of which are given special consideration under
Federal law. The focus is further narrowed to address important resources that might
be affected, either adversely or beneficially, by a decision to move the village or to
alter land use around the village.

)
{
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2.2.1 Subsistence Resources.

General. Subsistence uses of natural resources are extensive and essential in
this remote village. The most comprehensive survey of subsistence uses (Burch 1985)
is 12 years old. That survey and more recently the ADF&G 1992 survey identify the
principal subsistence food sources and the variations in their use. Use patterns may
have changed in the years between the two surveys, but the relative importance of
subsistence resources remains.

Two hunting and fishing periods are crucial to the production of staple foods. The
first is early summer, when most of the dried fish (early to mid-June) and all of the
dried bearded seal meat and oil (mid-June to early July) are harvested. The second is
early fall (mid-September to early October). It is during the latter period that most of
the fish later consumed frozen as quagq are caught. The major harvest of caribou is in
early fall.

Despite the many changes that have come to Kivalina in the last 30 years, residents
still depend on traditional Native foods. The people of Kivalina tend to view the
subsistence year as a continuous flow of activities ordered by the migratory habits of
fish and game species (ADF&G 1985). Table 2-1 presents the estimated harvests
during four different subsistence years.

TABLE 2-1.--Kivalina total harvest of major food resources by species®

Species 1964-65 1965-66 1982-83 1983-84
Bear, grizzly 230 (0.1 %) 730 (0.2%) 0 (0.0%) 862 (0.2%)
Bear, polar 0 (0.0%) 800 (0.2%) 0 (0.0%) 1,325 (0.3%)
Beluga 15250 (4.1%) 31,150 (7.0%) 71,750 (16.4%) 74,850 (15.1%)
Caribou 60,563 (16.4%) 240,724 (54.1%) 80,337 (18.4%) 127,753 (25.9%)
Char 93,995 (25.5%) 28,140 (6.3%) 69,059 (15.8%) 68,467 (13.9%)
Cod 1 0(0.0%) 6,955 (1.6%) 9 (~) 4,299 (0.9%)
Moose 0(0.0%) 3,400 (0.8%) 5,100 (1.2%) 4,950 (1.0%)
Salmon® 1,425 (0.4%) 116 (-) 464 (0.1%) 2,107 (0.4%)
Seal, bearded 85,592 (23.2%) 68,406 (15.4%) 76,266 (17.5%) 33,103 (6.7%)
Seal, ringed 109,547 (29.6%) 59,078 (13.2%) 21,784 (5.0%) 11,776 (2.4%)
Walrus 0(0.0%)  5450(1.2%)  111,800(25.6%) 6,000 (1.2%)
Whale, bowhead 0 (0.0%) 0 (0.0%) 0(0.0%) 157,080 (31.7%)
Whitefish 2,500 (0.7%) 13 (-) 100 (~-) 1,608 (0.3%)
Totals 369,152 (100%) 444,962 (100%) _ 436,669 (100%) 494,180 (100%)

2 Flgures are for estimated whole body welghts not just edible pounds.
® All species included.
Source: Burch 1985.




Subsistence patterns reported 12 years ago apparently continue today. The people of
Kivalina harvested about 262,000 edible pounds of wild foods in 1992. This is the j
equivalent of about 3,600 pounds per household or 760 pounds per capita. Kivalina’s

1992 per-capita subsistence harvest was approximately 25 percent greater than that

reported for 1991 by the more populated and diverse regional center of Kotzebue, but

was similar to the per-capita harvests of several other small northern Alaska

communities with a marine mammal orientation (Magdanz et al. 1995).

Variability in annual harvest of different species is probably a function of several
factors, which were addressed by Burch (1985), but have been altered by recent
changes in the village (Magdanz et al. 1993). Those factors include relative
abundance of the resources near the village; availability of preferred subsistence
resources and other foods; non-biological conditions (sea ice, weather, snow cover,
and other weather-related conditions) that affect the villagers' ability to reach
subsistence resources; changes in regulations that affect use of animal products; and
changes in technology that affect transportation, food storage, and other aspects of
life in the village.

Subsistence Resources That Could Be Affected. Most marine mammals
would not be directly affected by land use changes at Kivalina or by a decision to a\:)
move the village. The marine mammals in the Kivalina subsistence harvest are from
large populations that do not depend upon habitat at the village or at a site where the
village might be relocated. Other species that use the Wulik and Kivalina Rivers,
Kivalina Lagoon, and the lands around them are more likely to be affected by
decisions about land use around Kivalina. Potentially affected subsistence species,
based on the Burch (1985) report, include moose, caribou, grizzly bear, polar bear,
salmon, Arctic char, whitefish, cod, and other fish.

The fish categorized as "char," "salmon," and "whitefish" in table 2-1 may represent

several species. Char are a group of fish species that include Arctic char, Dolly

Varden, lake trout, brook trout, and others. Char in the Wulik and Kivalina River

have been identified, by different professionals using various characteristics, as either

arctic char (Salvelinus alpinus) or Dolly Varden (Salvelinus malma). The species are

similar, and the characteristics separating the two have been debated for many years.

A generally accepted taxonomy lists the char of the Kivalina River as Dolly Varden

(Morrow 1980). Others (Alt 1978, DeCicco 1983, 1984) refer to them as arctic char.

The Alaska Department of Fish and Game, which for years listed the State record -
arctic char as a Wulik River fish, now lists the species in the Wulik River as Dolly )
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Varden (Ott and Scannell 1996). The Wulik and Kivalina char are locally referred to
as "trout."

Salmon includes chum, pink, coho, chinook, and sockeye salmon, all of which are
reported to occur in the Wulik River NWAB 1996). The Alaska Department of Fish
and Game (1978) identifies spawning populations of pink and chum salmon in both
the Wulik and Kivalina Rivers. Burch (1985) and Magdanz et al. (1993) both report
that most of the salmon reported in the subsistence catch were chums.

Whitefish includes at least four species in the freshwater systems around Kivalina:
humpback whitefish (Coregonus pidschain), round whitefish (C. cylindriceum),
Bering cisco (C. laurettae), and least cisco (C. sardinella) (Burch 1985). Burch
(1985) reports that humpback and Bering cisco represent almost all the catch, either
targeted or taken incidentally in the char and salmon fisheries.

Cod include two species, arctic cod (Boreogadus saidi) and saffron cod (Eleginus
gracilis), that are taken through the ice from the lagoon (Burch 1985). Other fish
reported in subsistence catches include grayling, burbot, sculpin, and smelt.

Burch (1985) reported that berry picking is an important summer activity for both the
food obtained and for the variety in activity it offers. He reported that blackberries
(crowberries, Empetrum nigrum), blueberries, low-bush cranberries, and
salmonberries were the most important species. Sourdock also is harvested and may
still be important in some diets.

2.2.2 Important Wildlife and Their Habitats.

Moose range through most of western Alaska, including the area around Kivalina. No
critical habitats for moose have been identified in the area of the lower Wulik and
Kivalina Rivers. ADF&G (1973) did not note any moose habitat of special
importance in the area, and the relatively low numbers killed locally indicate
relatively sparse populations. Moose generally prefer willow as food, but the dense
willow stands along both the Kivalina and Wulik Rivers showed very little indication
of moose browsing. Tracks were seen only occasionally in August 1997, and little of
the willow showed "brooming" that indicates winter browsing.

The region of the lower Wulik and Kivalina Rivers is listed as caribou winter range
(ADF&G 1973), but no critical habitats for caribou have been identified in the area.
Caribou use is apparent in the extensive trails, antlers and bone fragments at kill sites,
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and the harvest recorded in subsistence records. Burch (1985) reported that caribou
were a major part of the subsistence diet, with 500 to more than 1,000 taken in the
years he recorded. Magdanz et al. (1993) indicate that a kill of 500 caribou is
considered a poor year. The area around Kivalina is certainly important winter habitat
to the vast Western Arctic caribou herd, but the herd also occupies a huge area of
northern and western Alaska. None of the area around Kivalina is identified as
important calving habitat or is in a restricted migratory pathway required by the herd,
so none of the area is listed as "critical habitat."

Grizzly bear range throughout the area. They are not of particular importance in local
uses, and no specific denning or other critical habitats have been identified in the
area. Polar bear occasionally drift south with ice floes, but do not den or use other
critical habitat in the area.

Musk oxen were reestablished in the Cape Thompson area in 1970 and 1977. The
population in the area between Cape Thompson and the Noatak River has grown to
about 200. People from Kivalina harvest a small number of musk oxen (Ayres 1995).
Parts of the herd have ranged through the Kivalina area since soon after the herd was
reestablished. ADF&G (1973) reports summer and winter ranges in relatively small
areas south of the village. Those areas may deserve recognition as important habitats.

Waterfowl, including sea ducks, diving ducks, dabblers, swans, geese, and cranes
migrate through and nest in the area. ADF&G (1973) lists the entire area as migratory
and nesting habitat for waterfowl. Northwest Arctic Borough (1996) lists the flats
around the Kivalina and Wulik Rivers as important migratory waterfowl staging and
nesting areas.

Occurrence of marine mammals within this area is closely associated with the
presence of shorefast ice along the coast during the winter and the recurring polynya
(area of open water) between Kivalina and Point Hope. During the winter, ringed
seals use the shorefast ice for pupping. Densities of 2.3 ringed seals per nautical
square mile have been reported for this area. Bearded seals are present during the
winter in association with flaws, leads, polynyas, and open-water areas. Beluga
whales may be in the open leads along the coast as early as January and February due
to the presence of a persistent polynya. During the summer, gray whales feed in the
shallow water adjacent to the coast in this area. Spotted seals use the barrier island
beaches and coastline as haul-out locations during the summer and fall; specific high-
use locations have not been identified. (Northwest Arctic Borough 1996).
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Critical habitats associated with the marine mammals of the Bering Sea near Kivalina
appear to be associated with migratory routes used by gray and bowhead whales and
with leads, cracks, or other openings that form in the sea ice and are vital to survival
of all the marine mammals. Both habitats are extremely important to the marine
mammals and to the people of Kivalina. However, neither habitat is particularly
vulnerable to the types of impact that might be associated with the alternative actions
considered in this report.

2.2.3 Endangered Species.

Several whale species that might occur in the Chukchi Sea near Kivalina are listed as
endangered species. Several other listed species might be found in the Kivalina area.
Spectacled eider (Somateria fischeri) is not known to nest near the Kivalina area, but
may move through the area. Steller's eider (Polysticta stelleri) nests in various sites in
western Alaska; none are known to nest in the immediate vicinity of Kivalina, but
they may move through the area.

2.2.4 Wetlands.

Most of the vegetated lands around Kivalina are wetlands, which are given special
consideration in accordance with the Clean Water Act of 1977. Wetlands near the
lower Wulik and lower Kivalina Rivers have been mapped by the National Wetlands
Inventory.

2.2.5 Critical Fish Habitats.

Char. Northwest Arctic Borough et al. (1996) reported that 60,000 to 140,000
char overwinter in the Wulik River each year. Historically, the variation may have
been even greater (DeCicco 1984). A smaller but regionally important number of char
overwinter in the Kivalina River. These overwintering char are largely stocks from
other river systems of the region, so protection of this resource is important to the
freshwater fisheries in the entire region. These fish spend the winter in deeper pools
of the rivers where there is enough dissolved oxygen to maintain them and enough
water depth to protect them from freezing. The overwintering areas have been defined
as the mainstream of the lower reaches of both rivers, starting about 3 or 4 miles
upstream from the mouth and continuing another 15 or 20 miles (Alt 1978, DiCicco
1983, Ott and Scannell 1994). These areas are essential to the char stocks of the
Waulik and Kivalina Rivers and to the stocks of the region. The wintering areas are
critical habitats.
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Most overwintering char migrate out from the Wulik and Kivalina Rivers after
breakup, during June in most years, to continue their complex migratory pattern that
may take them into various other freshwater systems of the region. A thousand or so
overwintering fish apparently stay in the Wulik, and a smaller number remain in the
Kivalina to spawn in the late summer or early autumn. Alt (1978) and DiCicco (1983)
identified principal spawning areas in the Wulik and Kivalina Rivers. They reported
the spawning in the middle and upper reaches of the Wulik River, more than 15 miles
upstream from its mouth, and in tributaries to the middle and upper river. Principal
spawning areas for the Kivalina River were reported in Grayling Creek, the river
above Grayling Creek, and in tributaries above Grayling Creek.

The spawning population varies considerably each year, but is roughly 1,000 char in
the Wulik. Spawning habitat for this species typically is gravel one-fourth inch to

2 inches in diameter near the center of the stream, in water at least 1 foot deep
(Morrow 1980). Spawning depths in the Wulik River would be appreciably deeper to
protect eggs from desiccation and freezing. Char eggs hatch over the winter. The
newly hatched young remain in the gravel of the spawning bed until the yolk sac is
absorbed, and emerge as fry about 1 inch long. The young typically remain in the
river of their origin for 3 or 4 years, then begin their cycle of migration to salt water
and possibly other streams. During their residence in the rivers, these char require
riffles and other feeding habitat, and most critically, spring-fed pools for wintering
habitat. The young may winter in smaller pools than those used by larger char. Char
reach maturity at about 7-9 years. In northern Alaska, they spawn only every second
or third year (Morrow 1980).

Critical habitat for char in the Wulik and Kivalina Rivers can be expected to include:

1. Any pools that do not freeze during the winter and that receive sufficient
flows to maintain dissolved oxygen. These pools are essential to
overwintering char and to the well-being of the entire char population in
these rivers.

2. Spawning gravels that are acceptable to spawning char, that do not freeze,
and that receive enough flow to maintain dissolved oxygen levels all
winter.

Char also require riffles and other feeding habitat, adequate passage for their seasonal
migrations, and good water quality, but wintering and spawning habitat probably are
the most limiting.
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Other Fish. Most other fish in the Wulik River require habitat about like that
required by char. Grayling need pools or spring-fed areas for overwintering, gravel
for spawning where it will not freeze, and shallow riffles for food production. All the
salmon require spawning gravels in areas that do not freeze. Pink salmon spawn in
the lower 6 miles of the Wulik River, downstream from Simik Hill to the mouth of
the river. Chum salmon spawn in the lower 15 miles of the river and in the upper
Kivalina River and its tributaries from Kitingirak Gap downstream to Simik Hill. A
few sockeye spawn below the forks of the Wulik (Northwest Arctic Borough 1996).

Young of chums and pinks migrate out to the lagoon and, presumably, to the Bering
Sea during their first summer. Juveniles of the other salmon species have about the
same requirements as the young char. Whitefish, too, require wintering habitat,
spawning gravels, and shallows that produce aquatic invertebrates for food.

The two species of cod that regularly appear in the subsistence fishery are species that
commonly use brackish water or make excursions into fresh water. Both use the
lagoon for a period just after freezeup and are taken in the local fishery. Habitat
requirements are not known, but it might be assumed that the fish are in the lagoon to
feed. They feed on a variety of invertebrates and small fish.

Planning Measures To Avoid or Minimize Impacts. The Northwest Arctic
Borough (1996) Coastal Zone Management Plan lists the following activities or
results from development that could cause significant adverse impacts:

Surface runoff from disturbed areas or erodible soils,
Removal of streamside vegetative cover,
Alteration of water flow, temperature, or water quality,
Increased turbidify or sedimentation above seasonal ambient levels,
Interference with free movement and timely migration of adult or juvenile
fish w1th1n or between seasonal use areas,

f. Alteration of the physical integrity of spawning, rearing, or overwintering

‘0 Ao TP

areas,
g. Induced thickening of ice cover on overwintering areas by ice roads, snow
removal, or vehicular traffic compaction,
h. Reduction in abundance of preferred food organisms,
i. Disturbance of the hydrologic equilibrium of watercourses,
j. Blasting in or adjacent to aquatic habitats,
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k. Thermal degradation of permafrost from vegetation clearing or stripping )

of the insulating organic mat, ( ’)
1. Disturbance of streambanks, flood plains, or adjacent uplands which

induces hydraulic or thermal erosion,
m. Disposal of overburden within stream flood plains, and
n. Discharge of effluents from sewage treatment facilities, mining operations,

or processing facilities.

To avoid impacts and to minimize unavoidable impacts, the coastal zone management
plan defines areawide policies that restrict or place special limitations on activities in
the coastal zone. The plan also identifies Important Resource Areas and specific
limitations to protect those areas. The North Kivalina Coast, which includes the coast
along Kivalina Lagoon and the lower Wulik and Kivalina Rivers, is one of the
Important Resource Areas. Specific limitations are identified to protect subsistence
uses, marine mammals, and nesting waterfowl between June 1 and July 15.

A more restrictive category is established for Sensitive Use Areas, one of which is the
Waulik River Dolly Varden Overwintering Area. The restrictions are related to mining
and gravel extraction in the active flood plain, wastewater discharge, and flow

maintenance. ‘i)
2.3 Community Profile

2.3.1 History.

The vicinity of Kivalina has long been a stopping-off place for seasonal travelers
between the arctic coastal areas and Kotzebue Sound communities. Kivalina was
founded in 1905, when a school was built on an island opposite the mouth of the
Waulik River. The original population consisted of a number of survivors of the
aboriginal Kivalinarmiut Society, as well as refugees from Shishmaref.
Archaeological and cultural resources are present in Kivalina and the surrounding
areas (Northwest Arctic Borough 1996), but a search of the Alaska Heritage Resource
Survey data base did not identify any historical or archaeological sites in the village
of Kivalina or in any of the alternative location sites.

2.3.2 Native Culture.

The culture of Kivalina residents is Inupiaq Eskimo, whose values are expressed in
this pledge: )
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With guidance and support from Elders, I teach my children these
Inupiaq values: respect for Elders, sharing, love for children,
cooperation, respect for others, hard work, respect for nature, avoid
conflict, hunter success, spirituality, domestic skills, family roles,
humility, humor, knowledge of language, knowledge of family tree,
and responsibility to tribe.

Most Kivalina residents are devout Episcopalians, and Protestant Christian teachings
are now intertwined with more ancient Inupiaq traditions and values. All living
residents of Kivalina have had educational opportunities, and most have traveled to
urban areas within and outside Alaska. Kivalina has for at least two decades had
regular access to radio and television. A significant number of residents have college-
level education. The democratic values of the rest of the United States and the
ubiquitous culture transmitted by modern media are also strong influences among
Kivalina residents.

2.3.3 Demography.

Kivalina had 421 residents according to a housing survey conducted in August 1997,
which is 72 residents (21 percent) more than the population certified in December
1996 by the Alaska Department of Community and Regional Affairs (appendix A).
The 1990 census indicates that 97 percent of residents are (Inupiaq) Eskimo. A
projection of the growth rate from 1970 to 1996 by the U.S. Census predicts a
population of 562 residents in 20 years. Significant community improvements, as
discussed in this report, will probably draw about 10 percent more residents to the
community. A target population of 600 residents is accordingly applied for facility

_ design in subsequent chapters of this report.

2.3.4 Local Government.

City of Kivalina. The city of Kivalina was incorporated in 1969 under the
laws of the State of Alaska as a second class city with an elected mayor, elected city
council, and appointed city administrator. The city operates a variety of public
services, funded in part by a 2-percent local sales tax.

Native Village of Kivalina. The Corporate Charter of the Native Village of
Kivalina was ratified under the auspices of the U.S. Department of Interior, Office
(now Bureau) of Indian Affairs. The charter designates the village as a "Federal
Corporation chartered under the Act of June 18, 1934, as amended by the Act of
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May 1, 1936." The Indian Reorganization Act (IRA) of 1934 was amended in 1936 to
include Alaska. The charter declares the corporation to have the following powers: j

ov—

e To own, hold, manage and dispose of all village property;
e To make contracts;
e To sue and be sued;

e To borrow money from the revolving Indian credit fund and to use it
under a loan contract;

e To enter into any business or activity that will better the condition of the
village and its members; and,

e To do such other things as may be necessary to carry on the business and
activities of the Village.

The constitution and bylaws of the village, ratified February 7, 1940, begin with the
following preamble:

"...We, a group of Eskimos having the common bond of living together in the (D
Village of Kivalina, Territory of Alaska, in order to have better life and

greater security, make for ourselves this Constitution and By-Laws, by

Authority of the act of Congress June 18, 1934, as amended by the acts of

June 15, 1935, and May 1, 1936..." | '

The Constitution specifies members of the village as "all persons whose names are on
the list of native residents, made according to the Instruction of the Secretary of the
Interior for organization in Alaska," and all children of any members.

An administrator and a council of seven, known as the IRA Council, manage the
village corporate affairs. The IRA Council has influence essentially equal to that of
the city of Kivalina government with regard to major decisions affecting the
community.

2.3.5 Regional Government - Northwest Arctic Borough.

The Northwest Arctic Borough (NWAB) was incorporated as a home rule borough
under the laws of the State of Alaska. Kivalina and 10 other communities distributed ; )
over a land area of 39,000 square miles are represented by the NWAB. It is the
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second-largest borough in Alaska, extending roughly 175 miles north to south and
250 miles east to west. The borough includes a coastline of more than 300 miles and a
number of significant river drainages. The borough has 641 residents, more than

90 percent of which are Inupiaq Eskimo (NWAB, undated brochure). Subsistence
lifestyles dominate all borough communities except Kotzebue, which has become a
transportation hub and business center for the surrounding region. Borough offices

are located in Kotzebue.

2.3.6 Native Corporations.

NANA. The NANA Regional Corporation, formed in 1971, is a merger of the
original Alaska Native Claims Settlement Act (ANSCA) Regional Corporation for the
area with 10 of the 11 original village corporations (all except Kotzebue). Under
ANCSA, regional and village corporations received settlements of cash and land.
NANA has 8,500 Inupiaq Eskimo shareholders.

Maniilaq Association. Maniilaq Association is a nonprofit entity that
provides health, social, and planning services to the region. Maniilaq oversees
services including hospital and dental care, counseling, substance abuse treatment,
emergency shelter, village government assistance, vocational training, and housing
assistance. With headquarters in Kotzebue, Maniilaq serves the region through a
network of community clinics, adult education programs, and tribal operations.

2.3.7 Public Facilities.

The Wulik River provides water through a surface transmission line, which is treated
and stored in a 600,000-gallon and a new (1997) 750,000-gallon tank. Water is hauled
from this point for most purposes. One third of Kivalina homes have running water
for the kitchen. Four honeybucket disposal bunkers are located in the city. A new
landfill and an adjacent honeybucket dumpsite were completed in 1996, which are
intended to allow abandonment of the bunkers in the city proper.

2.3.8 Housing.

An August 1997 housing survey indicates a total of 80 residences exist in Kivalina.
these houses have 1 to 3 bedrooms and as many as 15 occupants. Most homes have
more than 5 occupants. Appendix A presents housing statistics based on the 1990
census.
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2.3.9 Kivalina School.

The Northwest Arctic Borough School District provides public education in all 11
borough communities. The McQueen School at Kivalina serves approximately 109
students from pre-kindergarten to 12th grade. The school employs one principal
(currently Mr. Tom Hanifan), 7 teachers, and 13 staff. The school has nine
classrooms, a wood shop, darkroom, gymnasium, library, and modern computer and
video equipment. The Chukchi Campus of the University of Alaska Fairbanks,
through its Kotzebue facilities, offers post-secondary courses at Kivalina.

2.3.10 Transportation.

The major means of transportation are plane, barge, small boat, all-terrain vehicles,
motorcycles, and snowmachines. There are no roads outside the village. A State-
owned 914-m (3,000-ft) airstrip serves daily flights of small planes from Kotzebue.
Fuel and bulk cargoes are delivered by barge each summer. Coastal barges in many
years have been able to navigate Singauk Entrance and offload cargo in Kivalina
Lagoon at the village. Barges must occasionally land on the open coast at the village,
when the inlet is shallow. Strong onshore winds preclude navigation of the inlet or
landing on the open coast, sometimes causing delays in cargo deliveries.

2.3.11 Economy and Employment.

Subsistence fishing and hunting dominate the activities of most Kivalina residents,
and high levels of unemployment and poverty are chronic. The Native craft industry
has recently expanded. Carvings and jewelry are produced from ivory, whalebone,
and caribou hooves. The major employers are the school, city government, Maniilaq
Association, the village council, local airlines, and local stores. Six residents hold
commercial fishing permits. The 1990 census indicated a median household income
of $28,000 and 32 percent of household incomes below the poverty level. Of 168
potential workers, 56 percent were unemployed in 1990.

The single most significant economic impact on the region has been the development
of the Red Dog Mine, whose port site is only 18 miles down the coast from Kivalina.
The mine began operations in 1991, mining lead and zinc ore at the headwaters of the
Waulik River. The mine is owned and operated by Cominco, a Canadian-owned
corporation. The Alaska Industrial Development and Export Authority, a State-owned
corporation, has participated in financing, building, and operating a haul road to the
coast and a port facility for lightering ore to large ships anchored offshore. The
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construction, operation, and recent expansion of the Red Dog Mine have provided
employment opportunities for Kivalina residents, whose transportation by air to the
mine's private airstrip is provided by Cominco. Few Kivalina residents are actually
employed at the mine at any one time, however, and periods of employment tend to
be measured in weeks.

The arctic char of the Wulik River are noted in sport fishing literature for world-class
fishing, and records have been set with Wulik River catches. The Kivalina River also
has a notable run of these prized sport fish. One camp on the Wulik River now
provides guide services to small groups of fishermen who fish both rivers. Tourism
focused on sport fishing may prove to be a profitable enterprise at Kivalina in coming
years, perhaps worthy of advertised guide services and one or more riverside lodges.

2.3.12 Land Ownership.

Land ownership in the study area is either by NANA Corporation, the State of
Alaska, or individuals in the form of ANCSA Native allotments. The State of Alaska
owns the island land at the site of the airstrip for a distance of 6,700 feet from the
edge of the village. This and Federal Aviation Administration clearance rules are
presently the primary constraints to expansion of housing at Kivalina. Native
allotments are scattered along Kivalina Lagoon and the Wulik and Kivalina River
banks. Maps excerpted from Bureau of Land Management files, presented in
appendix C, show allotments affecting choices for village relocation.
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3. PROBLEMS AND OPPORTUNITIES

3.1 Summary of DOWL 1994 Report

The city of Kivalina contracted with DOWL Engineers of Anchorage, Alaska, using
funding from the Alaska Department of Community and Regional Affairs, to
determine solutions to a range of problems at Kivalina (figure 2). Among these
problems were inadequate sewage, substandard seasonal water.supply, overcrowded
residences, risk of storm surge flooding, and coastal erosion.

The study compared alternative solutions to these problems, including moving the
existing airstrip to allow village expansion, filling in land on the Kivalina Lagoon to
allow village expansion, constructing a bridge across Singauk Entrance for access to
more land for village expansion, and relocating the village to one of eight alternative
sites. Relocation sites, suggested by Kivalina residents, included these:

e Imnaaquuq, on the lower Kivalina River;

o Sivutchiaq, on the lower Kivalina River 1 mile upstream of Imnaaquug; o
o Ikpikruaq, on the east shore of Kivalina Lagoon, north-northwest of Kivalina; . )
e Sivu, 14 miles upstream on the Wulik River;

o Kirjiktuuraq, at the mouth of the Wulik River on the Chukchi Sea coast;

e Ushag, south of Kivalina on the Chukchi Sea coast;

e Igrugaivik, on the lower Wulik River; and

e Kuugruag, on the lower Wulik River immediately upstream of Igrugaivik.

Options were compared according to criteria including lack of storm surge, water
supply, sewage disposal, construction material source, soil conditions, barge access,
distance from current site, access to ocean, access to Wulik River, access to Kivalina
River, least cost, use of the existing airport, lack of permit requiremenfs, lack of
community disruption, availability of funding sources, and potential for a crosswind
runway. A weighted rating value scheme for the above criteria was applied with
substantial community input. The report recommended relocation to Kuugruaq on the
Wulik River, based on the high score this option received, but stated some
reservations with regard to potential flooding and prospective land ownership
conflicts. Igrugaivik was recommended as second choice. Relocation costs were
estimated to be on the order of $50 million. )
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FIGURE 2.--Kivalina, Alaska, September 5, 1997.

3.2 Housing Shortage

Housing data provided by the city of Kivalina and Maniilaq in August 1997 (not
counting housing provided for teachers by the school district) indicates 354 people
occupy 68 separate residences at an average occupancy of 5 persons per residence.
The average number of bedrooms in the residences is two. The maximum occupancy
recorded was 17 persons living in one 3-bedroom residence, but other high
occupancies of 15, 14, 12, and 10 persons living in 2- and 3- bedroom residences
were also recorded.
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The DOWL repd_rt (1994) presented measurements of 95 structures at Kivalina. Fifty- )
eight of these were occupied residences at the time of the investigation, most with

750 to 1,000 square feet in floor space. Figure 2 shows the present density of

buildings at Kivalina, all located within the 27 acres area now available to the city.

Few options exist for constructing additional housing. Clearly, Kivalina residents are

pressed into crowded housing conditions far below any acceptable standard. Arctic

winters cause these living conditions to be extraordinarily unhealthy from trapped air

and heating and cooking fumes and unsafe with regard to fire hazards.

3.3 Water Supply

Two storage tanks (692,000 gallons and 508,000 gallons), filled during the short

summer season, currently provide the community water supply. Water is pumped

2-1/2 miles from the surface of Wulik River through a surface transmission line to the

tanks. Pumping is done at low tide to avoid brackish water, which can reach this

intake point at high tide. The worst problem with the present water supply system is

that the storage tanks can't be replenished when the Wulik River is frozen, which is

all but 3 months of the year. The water supply is not adequate for fire fighting in any

month. Hauling water for home use is an extreme hardship in winter for most ~
residents. Water hauling involves significant personal hazards during frequent winter )
high winds and cold temperatures. Without running water, most homes cannot

maintain healthy standards of cleanliness, a situation exacerbated by extremely

crowded housing. No liquid waste disposal system is now in place except in the

school buildings and at the community washateria. The water supply could not

support flush toilets anyway. Improvements to the water supply system at Kivalina

must have a high priority among goals for health and safety.

3.4 Waste Disposal

3.4.1 Human Waste.

Honeybuckets are at best an expedient solution to sanitation, but they have been a

way of life for generations of rural Alaskans. The problem of providing flush toilets

that function in Alaskan winters is expensive, but this not an insurmountable
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