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RESURRECTION CREEK LANDSCAPE ANALYSIS

EXECUTIVE SUMMARY

INTRODUCTION

This landscape analysis was initiated as result of human and natural
influences which have significantly affected the Resurrection Creek
watershed association. The assessment area includes the Resurrection
Creek watershed, the Bear Creek watershed, and segments of land along
Turnagain Arm to the east and west of the mouth of Resurrection Creek (see
Map A). Itis within U.S.D.A. Forest Service (USFS) mandates to manage to
provide for human use of the land while protecting ecological integrity. The
two primary issues which were catalysts for landscape analysis are the
effects of placer mining on the aquatic ecosystem, and the effects of
extensive infestation of spruce bark beetle.

This landscape analysis used “Ecosystem Analysis at the Watershed Scale: a
Federal Guide to Watershed Analysis” (BLM 1995) for developing the report.
It is different, however, in two ways. The “watershed association” includes
areas not within the Resurrection Creek drainage, but adjacent to it. This
landscape analysis also included a public comment program, the results of
which are in a separate document, the Comment Analysis Report.

Landscape analyses are commonly described as occurring on two “levels.”
Level 1 is a low-intensity assessment, which uses existing documents and
assembles them into a coherent analysis of the watershed. Level 2 goes
further, collecting original data on streams, habitats, soils, and water quality,
among other topics. This document is a Level 1 analysis, as it is based
entirely on existing documents. Many of the documents were recently
assembled by USFS staff for the respective resource areas.

This document is divided into sections which parallel the suggested structure
in the Federal Guide to Watershed Analysis (BLM 1995). These sections are
as follows:

Watershed characterization;

Key issues and questions;
Current conditions;

Reference conditions;

Synthesis and interpretation; and
Recommendations.
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The following core topics are discussed within each of these sections:

Erosion processes;

Hydrology;

Stream channel;

Water quality;

Aquatic species and habitats;
Vegetation;

Terrestrial species and habitats; and
Human uses.

WATERSHED CHARACTERIZATION

The Resurrection Creek watershed association is located in the north-central
Kenai Peninsula in south-central Alaska, and contains the community of
Hope. Resurrection Creek, Bear Creek, and Porcupine Creek all flow into the
Turnagain Arm of Cook Inlet. The watershed association encompasses
111,734 acres (174 mi2) within the Western Kenai Mountains ecosection,
which is a subsection of the Kenai Mountains ecosection. Most of the land
within the Resurrection Creek watershed association (98 percent) is National
Forest System land. The remaining lands are private, state, state selected,
and borough owned. There are 121 active mining claims, comprising an area
of 3,367 acres within the watershed association.

The entire watershed is underlain by Cretaceous metasediments of the
Valdez Group. Placer gold deposits, first discovered in the late 1800s, are
present within the watershed association. Lode gold production has been
small. Soils in valley floors are developed mostly on deposits left by
departing glaciers, and on alluvium. Soils are typically greater than 40 inches
deep.

The climate of the study area is dominated by marine storm systems. Its
proximity to the Gulf of Alaska, as well as its high latitude, make the climate
cool and generally moist. Hope has a mean annual precipitation of 22.2
inches due to the rain shadow of the Kenai Mountains. Streamflow is
dominated by spring snowmelt; hence, peak flow events in the watershed
association typically occur in late spring and early summer.

There are approximately 251 miles of streams (1.6 stream miles/mi?) within
the watershed association. Resurrection Creek (24 miles) and Palmer Creek
(11 miles) are the longest creeks in the watershed association. The
Resurrection Creek watershed contains a variety of stream channel types,
which are typical of watersheds in south-central Alaska. Water quality
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generally remains well within State of Alaska water quality standards,
although past mining activities may have contributed contaminants to surface
and ground water.

Anadromous species known to use Resurrection Creek include coho, pink,
chinook and chum salmon: anecdotal reports suggest that occasional
occurrences of sockeye salmon may also occur. Pink salmon are also known
to use the lower portion of Bear Creek. Resident fish include Dolly Varden,
whitefish, sculpin, stickleback, and possibly rainbow trout. Pinks are by far
the most abundant species, having what are considered to be
moderate-sized runs. Insects found in Resurrection Creek and other creeks
within the watershed are those typically found in cobble-dominated streams.
Wood frogs are the only amphibian species in the watershed association.

Vegetation in the watershed association is typical of the transitional zone
between boreal forests or northern latitudes and the northernmost coastal
temperate forests that are generally found farther to the south. Plant
communities range from dwarf-scrub and grasslands typical of alpine areas to
a variety of forested uplands and wetlands on the side slopes and alluvial
valley bottoms of the different subwatersheds. Interspersed among the
forested types, often in riparian areas, on floodplains, alluvial terraces, or in
tide flats are various freshwater and estuarine wetlands composed of
graminoid herbaceous types, tall and low scrub types, and aquatic
herbaceous types.

Terrestrial habitats range from barren snow and ice, steep rocky slopes, and
alpine tundra and meadow that provide summer range for mountain goat and
other species, to a variety of forested upland habitats and wetlands on the
side slopes and alluvial valley bottoms of the different watersheds. These
habitats support diverse arrays of large and small mammals, including
moose, bear, wolverine, wolves, snowshoe hare, and red-backed voles.
Portions of the watershed association function as major migration corridors
for moose and caribou as well as the predators they sustain. A variety of
migratory and resident birds, including sparrows, thrushes, warblers,
goshawks, woodpeckers, and eagles, are also found in the watershed
association.

The heritage resources of the watershed include both prehistoric and historic
remains, and a variety of historic properties and property types that are either
on or are eligible for the National Register of Historic Places ( NRHP). The
historic mining resources constitute the majority of the known significant
heritage resources in the watershed. Only two Alaskan Native related sites
are known from within the watershed boundaries. Prehistoric use of the
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watershed was probably related to the presence of sheep and caribou, and
possibly anadromous fish runs. Russian mining exploration on the Kenai
Peninsula during the late 18" and early 19" centuries was minimal.

KEY QUESTIONS

During the initial stages of this analysis, a set of “key questions” was
developed (by the Analysis Team) from existing basic background
information to help frame the issues to guide and define the analysis. This
included existing information on watershed conditions, land allocations and
current management direction. Many of the questions concern the status of
each resource, how this compares with reference conditions, and what
processes are at work. Key questions were developed for each key topic.

CURRENT CONDITIONS
Mining and Development

The presence of gold placer and lode deposits has played a critical role in the
development of this area over the last century, with lasting effects on the
aquatic and terrestrial habitats. It was not until 1974 that USFS Mining
Regulations were published and required operators to submit plans in order
to mine on USFS-managed lands. The Hope Mining Company (HMC)
received its first approved mining plan of operations in 1985. Because of the
current low value of gold, and because of the concentrations present in the
watershed association, large scale development of these deposits is unlikely.
Recent placer mining-related activities in the Resurrection Creek watershed
have used various types of equipment, including bulldozers, backhoes,
trommels, screening plants, and sluices. Currently, suction dredges are the
most common piece of equipment used for placer mining.

HMC currently maintains approximately 60 unpatented federal mining claims
that cover approximately 1,000 acres of land, by far the largest groups of
claims in the watershed association.

In recent years, recreation and tourism have become an important part of the
local economy, with use of the trails and cabins in the backcountry, and
campgrounds in the developed areas, becoming increasingly popular.

Erosion Processes

Erosion processes are not well understood in the watershed association,
although mass wasting does not appear to be a significant component of
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Hydrology

sediment delivery to major streams. Snow avalanches occur in most of the
tributary watersheds during winter and spring, carrying sediment with them,
and often reaching streams. Sediment movement on high elevation, steep
valley sideslopes and headwalls is thought to be high.

Soils have only been mapped in the lowest portions of the watershed, along
Palmer and Resurrection Creek valleys. Generalized dominant soil types
include typic cryorthods and dystric cryocrepts. Typic cryorthods are soils on
mountain sideslopes, and footslopes developed on glacial till.

Road density is 0.2 miles/mi? within the watershed association; in the most
developed areas, it is 0.9 miles/mi?. This is a relatively low road density and,
for the most part, roads are located away from major stream courses. No
complete assessment of road surface erosion has been conducted.

A total of 29.5 miles of trail are present. Some localized erosion occurs on
the trails, but has not been formally assessed.

Virtually all snow melts from the watershed over the spring and summer.
Spring and summer streamflow relate directly to the total amount of snowfall
received by the watershed. In addition, the snowpack insulates the ground,
allowing greater baseflows in the winter. Snowfall amount affects the water
quality of surface runoff as a result of contributed sediment from the channel
banks during high snowmelt runoff flows.

During the summer and fall, elevated flows may occur in response to 1- to
3-day rain storms that occur in the region. High flows also occur during
snowmelt periods and combination rainfall and snowmelt events. The
non-flashy nature of the watershed association, along with its moderate
annual precipitation and peak precipitation, keeps high flows relatively low.
However, ice jams regularly cause flooding. The frequency and magnitude of
this process in the Resurrection Creek watershed is poorly understood.

Channel changes related to mining have likely increased local flooding, as
the channels are cutoff from the floodplain and are entrenched. This means
a probable increase in flood peak sizes downstream from the mined areas,
particularly floods associated with heavy rains. While approximately

50 percent of the forested land within the watershed has been affected by the
spruce bark beetle, it is unlikely that this has had a significant effect on
hydrology. The percentage of forested land in the watershed association is
small, and tends to be in the lower areas which receive less precipitation.
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However, localized increases in runoff within beetle-impacted forested areas
due to reductions in evapotranspiration are possible.

Approximately 250 miles of mapped perennial stream channel exist in the
watershed association; most of these are high-gradient tributary streams.
The mainstem of Resurrection Creek is classified mainly as moderate- to
low-gradient floodplain channel. A wide variety of placer mining operations
from the 1890s up to the present have disturbed these sections of the creek
from about river mile (RM) 2.0 to RM 6.5. This disturbance is associated with
approximately 4 mi® of highly disturbed floodplain/riparian area. Mining has
also significantly altered the lower portion of Palmer and middle portions of
Bear Creeks.

Stream Channel

Water Quality

Channel disturbance from placer mining has simplified channel structure,
reduced large woody debris (LWD), coarsened bed material, cut off the main
channel from the floodplain, and eliminated much of the riparian vegetation.
Additionally, these conditions have likely led to entrenchment of Resurrection
Creek, although there are no data to confirm this. Because of the loss of
fines and nutrients in riparian soils, natural revegetation of mined areas is
likely to be extremely slow.

Spruce bark beetle infestation will likely lead to a short-term increase in LWD
recruitment in those areas where spruce trees are present in the riparian
zone. This increase is likely to be followed by a long-term decrease in
recruitment, since so many spruce trees will have died. Notably, much of the
riparian forest contains a mix of species, and is unlikely to be significantly
affected either way. Only in the uppermost reaches, where Lutz spruce is the
dominant riparian forest type, might there be significant short- and long-term
effects.

Water quality within the landscape analysis area is generally well within
Alaska State water quality standards, although past mining operations may
have caused some contamination particularly through increased turbidity and
sediment loads. Concentrations of heavy and trace metals were measured at
several locations upstream, within, and downstream of active mining sites in
the watershed and wash water. Concentrations in excess of State water
quality levels were measured on five occasions. Manganese concentrations
exceeded standards within wash water on Resurrection and Palmer Creeks
in 1980. In the same year, lead concentrations surpassed standards within
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wash water and downstream of mining on Resurrection Creek. Notably,
water quality sampling has been extremely limited.

Aquatic Species and Habitat

Vegetation

Anadromous and resident fish are present in the watershed association. Five
species of anadromous salmonids are present. Pink salmon are the most
numerous species inhabiting Resurrection Creek, and their plentiful numbers
have given rise to a yearly fishing derby held in Hope. In even-numbered
years, which are the most productive for pink salmon, returns are estimated
to be between 20,000 and 35,000. Chum salmon are much less numerous,
with about 200 returning yearly. Coho peak counts on Resurrection Creek
range from 100 to 500 returning adults per year. Chinook salmon are the
largest salmon that spawn and use waters of Resurrection Creek for rearing
juveniles. Chinooks range from less than 100 to 500 returning adults per
year.

Resident fish include Dolly Varden, whitefish, sculpin, stickleback, and
possibly rainbow trout. While Dolly Varden are known to be present, there is
no information about their population status in the Resurrection Creek
watershed. Rainbow trout may exist above impassible barriers. However,
the anadromous form of rainbow trout, steelhead trout, does not occur here.
There are no population data on rainbow trout.

Surveys conducted in the summers of 1990 and 1991 observed that chinook
and coho salmon fry primarily reared in side channels or protected margin
waters of the main channel. Much of this habitat is not available during winter
low flows, indicating that winter rearing habitat is likely the primary limiting
factor in Resurrection Creek.

Distribution and structure of plant communities have developed in response
to existing land uses, climate, wildfire, past and present spruce bark beetle
infestations, and other natural processes. Because human land use activities
have influenced only about 1 percent of the area within the entire watershed
association, the distribution of plant communities has not been adversely
influenced by human uses within these watersheds with a few exceptions.
Fire, existing and past spruce bark beetle infestations, avalanches,
landslides, and other natural processes appear to be the major determinants
of the current patterns and distribution of the various cover types. Fire effects
in this area are mostly human-caused.
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Prior to European settlement, fire frequency was likely lower than it is now,
ranging from return intervals of somewhere between 100 to more than 600
years. Large stand-replacing fires occurred at long intervals usually ranging
between 250 and 500 years. These occur under extreme events of low fuel
moisture, high temperature, low relative humidity, and high winds. It is
possible that spruce bark beetle infestations were instrumental in
predisposing forest landscapes to large fires. Historically, most ignitions in
the region resulted in fires of small area and ecological impact because fuel
moisture limited the intensity, size, and severity of burns.

Terrestrial Species and Habitats

Within the watershed association, there are three management indicator
species (moose, caribou, and brown bear) and five other species of concern
(bald eagle, northern goshawk, wolverine, harlequin duck, and northern
red-backed vole) to characterize existing conditions.

Moose are dependent on early seral vegetation types, including young willow,
birch, cottonwood, and aspen stands for winter forage; winter range habitat is
considered the primary population limiting factor. The continuing spruce bark
beetle infestation has altered the habitat structure and function across the
watershed association area. Dead or dying spruce forest types are likely to
be replaced by early seral phase vegetation communities favorable to moose.
Dead and dying spruce have contributed to increased fuel loading that
provides opportunities for using prescribed burns to promote early seral
vegetation type habitat favored by moose.

The nearness of large nest trees to food sources is the primary limiting factor
for the bald eagle population. Eighty-two percent of all bald eagle nests on
the Seward Ranger District are in mature cottonwood trees with an average
diameter of 31 inches and within one-quarter mile of an
anadromous-fish-bearing stream. There is a significant lack of such trees in
the watershed association, in part due to past mining activities.

Harlequin ducks nest along the rapids of inland mountain streams, such as
those in the watershed association. Nests are located near the waterline
adjacent to rapids but near shallow, quiet pools used for rearing. Placer
mining has disrupted potential nesting and rearing habitat and reduced food
sources. However, there are no existing data on habitat quality or brood
production.

Brown bears have large home range requirements and are generally
intolerant of human activities and development. According to a habitat
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Human Uses

model, development in the watershed association has reduced their available
spring and summer habitat to 44 and 39 percent of historical habitat,
respectively.

After caribou were extirpated from the Kenai Peninsula, they were
re-introduced in the 1960s. Habitat within the watershed association,
productivity, and age structure of the herd were likely affected by wildfires
during the early 1900s. Current habitat use is unknown but will be quantified
once a winter range study, already underway, has been completed.

The wolverine is a scavenger and opportunistic forager with a low biotic
potential and large home range requirement. Similar to the brown bear, it is
sensitive to human activities and development. Recreational uses and
hunting may be population-limiting factors. Little is known about wolverine
populations in and their use of the watershed association.

An uncommon forest raptor, the northern goshawk feeds in the understory on
squirrels, birds, and snowshoe hares. The spruce bark beetle infestation is
altering habitat structure in old-growth stands favored by the northern
goshawk by accelerating the rate of spruce tree mortality, canopy closure,
and understory cover.

The northern red-backed vole is the most abundant and widely distributed
microtine in south-central Alaska. Results of recent population studies
indicate that vole densities vary in different vegetation types; some
beetle-infested areas may need to be maintained to ensure that reservoirs of
these small mammals are provided over time.

Current human uses are diverse. Mining, both commercial and recreational,
occurs along Resurrection Creek and its tributaries and along Bear Creek.
Recreation in the form of camping, hiking, and motorized sports, is
concentrated along stream, trail, and road corridors.

Development has focused on the State lands in the lowermost portions of the
watershed. Housing and road building have been conducted on a relatively
limited scale.

Subsistence uses of the watershed, while not official, include the harvest of
special forest products (e.g., mushrooms, berries, moss), hunting of game,
fishing, and use of forest for building materials and firewood.
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The management of heritage resources by the USFS is legislated by Acts of
Congress and Executive Orders, which mandate inventories of heritage
resources, and preservation and interpretation of all types of heritage
resources for the benefit of the public. Of the 111,734 acres that comprise
the total area of the Resurrection Creek watershed association, about 2,372
acres, or about 2 percent of the total area, were surveyed for heritage
resources prior to 1992 (CNF GIS data). Archaeological surveys in the past
10 years have added about 3,000 acres to this amount, for a total survey
area of approximately 5,400 acres within the watershed, or almost 5 percent
of the total area. These surveys have been project-related, for the most part,
and so are discontinuous in nature. There are two prehistoric sites and more
than 40 known historic sites, including sites associated with Russian
settlement in the region.

REFERENCE CONDITIONS

For each of the resource study areas, data on reference conditions is
extremely limited. Reference conditions can only be inferred in some cases
by knowledge of general effects of human development and natural
landscape changes during the last 150 years or so.

Undisturbed or slightly disturbed reaches can indicate reference conditions
for streams. These show that channel changes have been significant,
leading to significant changes in channel form, complexity, and streamflow.
This has in turn led to a decrease in available habitat for fish, aquatic insects,
and terrestrial species that use riparian habitat.

Changes in plant communities have been inferred from trends of recent
infestations of spruce bark beetle and human development. Much of the
forested portion of the watershed has changed significantly since European
settlement, although some of this change is within the natural variability of
forest conditions.

Due to the relatively recent settlement of the project area, many heritage
resources now of concern did not exist 100 years ago. In addition, each year
more properties with historic features reach the 50-year mark, and are
therefore added to the list of management responsibilities.

SYNTHESIS AND INTERPRETATION

This section combines the information obtained from the various resource
areas. The interconnected nature of many watershed functions necessitates
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collaboration among resource analysts. The following main conclusions were
developed in the synthesis process:

m  Placer mining has disrupted channel form and function, limited available
salmonid habitat, and decreased flood routing times through affected
reaches;

m  Spruce bark beetle infestation has led to increased risk of fire and a
short-term increase in LWD recruitment potential;

m  Recreation has had small-scale effects on surface and streambank
erosion;

m  Mining and road building do not appear to have had an effect on mass
wasting;

m  Water quality is affected by mining operations on a short-term basis;

m  The spruce bark beetle negatively affected habitat for some species, and
positively affected habitat for others; and

m  The human activity of mining has directly and cumulatively created
cultural resources whose eligibility for the NRHP must now be
considered.

These conclusions focused the development of recommendations for
restoration and management of the watershed association.

RECOMMENDATIONS

Three main restoration and management components were identified: aquatic
habitat restoration, vegetation restoration and management, and heritage
resources/human uses management. Where appropriate,
restoration/-management recommendations included options that varied by
level of effort and by tasks. A summary of the recommendations for
management and restoration is presented in Table 1.

The aquatic restoration/management recommendations were the most
involved. Two options were developed, provided mainly as points for
discussion. The options represent points on a continuum of options
available; their components are meant to demonstrate potential management
tools. A major element common to both options is completion of several
surveys deemed necessary to make decisions about restoration alternatives.
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These surveys include channel, riparian, and fisheries surveys. Any
restoration activity would have to be conducted in accordance with the
heritage resource management plan, another component of the
recommendations.

The next major area of recommendations concerns fuels management and
wildlife habitat. While the USFS is currently conducting activities to reduce
fuels loading, additional options are presented here to further reduce the risk
of large wildfires. Two options are presented, which vary in level of effort
required. The first option focuses on lowering fuels levels and providing fire
breaks in the developed areas in the lower watershed (around the community
of Hope). The second option includes treatments in the upper watershed as
well, around those areas where human activities increase the risk of wildfire.
Various types of fuel-reducing activities would occur around cabins and
campsites. Treatments would be conducted in a way that minimizes visual
and recreational impacts.

Hardwood management, a subset of the vegetation management, was
deemed important enough to consider separately. The large birch stands
near Hope and upstream represent potential fire hazards and at the same
time opportunities for enhancing wildlife habitat. Recommendations involving
two levels of intensity are presented. The highest priority is to reduce fire risk
in the vicinity of Hope. The second priority would be to increase size class
diversity of birch in the large stand created by fires in the 1920s. Third in
priority would be to increase diversity of birch size class in the upstream
stand, in the vicinity of the Palmer Creek/Resurrection Creek confluence.
Aspen, while constituting a tiny fraction of the cover types in the project area,
should be expanded due to their value as moose browse. The more
intensive management recommendation would include treatment of the upper
birch stand and aspen stands, as well as treatment of the Hope area and
adjacent birch stand.

The third area of recommendations concerns human uses and heritage
resources. Several components of restoration or management were
identified. For recreational gold panning, the first option would establish a
registration process for miners in which they acknowledge and accept
responsibility for acceptable mining practices, and provide signage that
instructs miners to avoid the stream bank and warns of safety issues. The
second option would include the above, but would ban suction dredging (also
part of aquatic restoration recommendations).

A key component in watershed restoration will be the inclusion of a plan to
protect heritage resources, including cultural landscapes. A mechanism is
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needed to preserve historically significant heritage resources while allowing
as complete a restoration of the stream channel as desired. The first
objective would be to complete an inventory of heritage resources. One way
of achieving this would be to partner with interested entities for
documentation and interpretation of heritage resources, and rehabilitation of
historic buildings. The USFS could develop collaborative stewardship
relationships with interested parties for protection and interpretation of
heritage resources. In addition to bringing the USFS into closer compliance
with NHPA section 110 and Executive Order 11593, completing a heritage
resource inventory would also proactively make compliance with section 106
much easier, as resources and their eligibility for the NRHP would already be
known for specific project areas. The USFS would establish an interpretative
walking tour of heritage resources, and rehabilitate and/or maintain historic
cabins in the watershed association. Two options, of lesser and greater
intensity, are presented here as well.

Also included in the human uses/heritage resources recommendations are
several low-cost options to protect viewsheds, enhance specific recreational
opportunities, and to improve accessibility to recreation resources.
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RESURRECTION CREEK LANDSCAPE ANALYSIS, WATERSHED
CHARACTERIZATION

1.0 INTRODUCTION

The Resurrection Creek watershed has experienced a wide variety of
changes within historical times, due to both natural and anthropogenic
causes. Itis the U.S. Forest Service’s (USFS) mandate to maintain and
protect public resources and beneficial uses of National Forest System land.
In order to respond to damaged resources and degraded land, and to enable
future decision-making regarding the uses of the watershed and its
resources, the USFS has initiated a landscape-level assessment. A
landscape analysis is broader than a watershed analysis, and includes public
involvement. It is an appropriate way to gather existing information and
examine the interrelationships between physical, biological, and chemical
processes. The present study follows the steps in the federal guide to
watershed analysis (BLM 1995). In this document, the following steps will
help characterize the watershed, its important issues, and potential solutions.
The steps are as follows:

Watershed characterization;
Key issues and questions;
Current conditions;
Reference conditions;

Synthesis and interpretation; and
Recommendations.

N o

This document will follow these steps, and make recommendations for
restoration activities and management direction which will provide direction
for future management. This document addresses the core topics listed in
the guide to watershed analysis (BLM 1995):

Erosion processes;
Hydrology;

Stream channel;

Water quality;

Vegetation;

Species and habitats; and
Human uses.

This document relies heavily on existing documentation; portions of a
watershed analysis already completed by the USFS were used extensively.
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Additionally, input was sought from the public on key issues, so that those
concerns identified by the public would be included in the analysis as
appropriate. Public comments are listed and discussed in a separate
document, the Comment Analysis Report, in Appendix A.

2.0 LANDSCAPE CHARACTERIZATION

The Resurrection Creek watershed is located in the north-central Kenai
Peninsula in south-central Alaska near the community of Hope (see Appendix
A, Map A inset), and encompasses 103,230 acres (161.2 mi®) within the
Western Kenai Mountains ecosection, a subsection of the Kenai Mountains
ecosection. Topography consists of rounded, frost-churned mountaintops
separated by valleys shaped by alpine glaciers, characteristic of the Western
Kenai Mountains ecosection (Davidson 1996). Resurrection Creek flows into
Turnagain Arm of Cook Inlet; the watershed comprises 19 delineated
subwatersheds (see Map A), with three subwatersheds draining into
Turnagain Arm adjacent to the mouth of Resurrection Creek. These are Bear
Creek (4,096 acres), Turnagain B (3,351 acres), and Turnagain C (1,057
acres). Although these subwatersheds are not considered to be within the
Resurrection Creek watershed, for practical purposes they have been
included in this analysis as part of what is referred to as the Resurrection
Creek watershed association, which has a total area of 111,734 acres (174.5
mi?).

The Resurrection Creek watershed is north in aspect, and exhibits a
dendritic, but elongated drainage pattern with major streams contained within
U-shaped valleys characteristic of a glacially formed landscape.

2.1 Land Ownership

Most of the land within the Resurrection Creek watershed association

(98 percent) is National Forest System land. The remaining lands are
private, state, state selected, and municipally owned (see Table 2), and occur
within the vicinity of the community of Hope. There are 121 recorded mining
claims, composing an area of 3,367 acres within the watershed association
(Chugach National Forest GIS data). Of these claims, 114 are placer claims,
six are lode claims, and one is a mill site claim. These claims are in the
vicinity of lower Resurrection Creek, Bear Creek, Palmer Creek, and their
tributaries.
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2.2 Geology, Minerals, and Soils

221 Geology

Bedrock geology for the entire watershed is composed of Valdez Group. The
Valdez Group is a sequence of sedimentary rocks which underwent alteration
during the Upper Cretaceous period, when the Kenai Mountains were
uplifted. Itis predominantly composed of interbedded greywackes and
shales, and slates (Nelson 1985). Infiltration through the bedrock is slow,
and generally flows along joints and fractures within the rock. The surficial
geology includes extensive quaternary deposits left behind by receding
glaciers (glacial outwash) or by rivers and streams (alluvium) within the
mainstem valley bottom, and morainal deposits spread throughout the
watershed. Numerous alluvial fans have formed where high-gradient
tributary streams flow down into the lower gradient Resurrection Creek valley.
Infiltration through these alluvial deposits can be rapid.

The distribution of geologic formations by subwatershed is shown in Table 3.
Undifferentiated quaternary deposits include floodplains, alluvial fans,
landslide debris, and river terraces.

2.2.2 Minerals

Extensive placer gold deposits present in the watershed association were first
discovered in the late 1800s, when the U.S. Geological Survey (USGS) first
examined the mineral resources of the Hope area in 1895, the year the town
was established. Thirty-five subsequent field examinations by the USGS
occurred from 1898 through 1941. Claim staking from 1894 to 1896 in
Resurrection, Bear, and Palmer creeks launched a rush to the Turnagain Arm
field. In 1885, 69 claims were located in the Turnagain Arm mining district in
the vicinity of Hope and Sunrise. In 1895, only 108 claims were located in the
Sunshine district; by 1896, about 3,000 people had moved into the Turnagain
Arm area, and about 2,000 to 2,500 people moved into Sunrise. A second
rush of miners into the area took place during 1898.

Following the initial rush around the turn of the 20" century and the initial
surge of gold production, mining activity and production decreased quickly.
This was due to the fact that the deposits that could be easily worked
profitably by hand methods were exhausted. Further, the higher-grade
deposits, which were usually confined to the channels of the present day
stream courses, were by this time of much smaller size. Substantial
quantities of lower-grade stream placer and low-grade glacial deposits
remained, but these required the development of hydraulic mining systems
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and considerable capital investment. In 1908 there were approximately 50
people working on claims in the area. By 1931, only 20 people worked mines
in the Moose Pass and Hope mining districts and the adjacent town of
Sunrise had dwindled to a population of two people by 1930. During the
1930s, 60 to 70 people lived between Hope and Moose Pass, and in the
summer an additional 25 miners came into the area.

In 1896, lode gold claims were located in Bear, Palmer, and Sawmill creeks,
and the majority of the lode discoveries in the vicinity were made by the late
part of the 19" century. Gold production from lode claims has been small,
with only sporadic production over the years from the same properties. The
longest somewhat continuous production has come from the Hirshey-Lucky
Strike Mine, discovered in 1911, on Palmer Creek, which produced 5,500
ounces. Other gold mines and small producers located in the Palmer Creek
drainage are the Teddy Bear, Swetman-New Hope (408 0z), Sunshine Mine,
Downing (150 oz), Robin Red Breast, Kenai Star, Robinson & Bowman, and
Nearhouse mines (102 oz). In the Bear Creek drainage were the Mighty,
Gold Stamp, Coon and Plowman, Taylor, and Lucky Lode mines.

2.2.3 Soils

Soil development in the project area is mainly a product of climate and recent
geologic history. Following recession of glaciers, a veneer of glacial deposits
was left behind. These deposits, along with material from weathered
bedrock, called colluvium, form the substrate on which soils have developed
(Davidson 1989). There are also inclusions of shallow soils over bedrock.
Soils developed on glacial till are typically medium-textured, with significant
inclusions of rocks and gravel, and these soils are usually deeper than 40
inches. In places, a somewhat compacted, water-restricting layer is present.
In other areas, soils are fine-textured, and may retain moisture. Other soils
are saturated due to excessive amounts of subsurface or surface runoff from
upslope. Hydric surface vegetation is often a good indicator of a
water-restricting layer or excessive runoff.

Soils in valley floors are developed mostly in deposits of glacial outwash or by
alluvium. These soils are also typically deeper than 40 inches, have a matrix
of fine to coarse sand, and contain well-sorted gravels and cobbles. Almost
all of these soils are well or excessively drained. Fine-textured soils in valley
bottoms have developed on deposits in protected areas, pools, and in the
floodplains (Davidson 1989). Soil types are discussed in more detail in
Section 4.2.
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2.3  Hydrology

2.3.1 Climate

Marine storm systems dominate the climate of the study area. The area’s
proximity to the Gulf of Alaska, as well as its high latitude, make the climate
cool and generally moist. However, the watershed association lies in the rain
shadow of the Kenai Mountains, making it relatively dry, compared to the
Seward area.

Hope has a mean annual precipitation of 22.2 inches (based upon a National
Weather Service data from between 1979 and 1995 [Figure 1]). Up to 65
percent of the total precipitation falls as snow at higher elevations. Across
the watershed association as a whole, precipitation falls primarily as snow
between late October and early April.

Average maximum winter snowpack is about 23 inches at Hope, 25 inches at
1,200 feet elevation (Pass Creek), and 36 inches at 2,250 feet elevation.
These maximum snowpacks average around 30 percent water. Average
recorded snowpack within the watershed association on April 1 is 32 inches,
with a snow water equivalent (SWE) of 9.3 inches, at an elevation of 1,200
feet; 36 inches, with a SWE of 10.0 inches, at an elevation of 1,500 feet; and
40 inches, with a SWE of 12.3 inches, at an elevation of 2,250 feet. The
maximum annual snowpack most frequently occurs around the beginning of
April.

Thunderstorms and flashy rainfall events are rare. Storms generally last 1 to
3 days; the maximum daily precipitation recorded at Hope (between 1979 and
1995) is 3.2 inches. The largest storms carrying the most precipitation (60
percent of the annual precipitation) occur August through December. April
and May are the driest months, with an average monthly precipitation of less
than an inch per month.

The mean annual temperature at Hope is 36.7 °F, with a mean daily
maximum temperature of 45.1 °F, and a mean daily minimum temperature of
28.4 °F. Temperatures in the watershed association all generally decrease
with elevation. Temperature extremes at Hope are —31 °F and 82 °F. Mean
annual temperature for the entire watershed association is about 30 °F.

Annual evapotranspiration (loss of water by evaporation from the soil and
transpiration from plants) averages around 16 inches per year, less than the
average precipitation throughout the watershed association (estimated from
Patrick and Black 1968). Few wind data are available. Strongest winds
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generally occur in the winter, often from the north. Wind velocities of up to 50
miles per hour (mph) are probable at lower timbered parts of the watershed,
and velocities in excess of 100 mph are probable on high mountain ridges.

2.3.2 Runoff Patterns

Streamflow is dominated by the patterns of snowmelt. Figure 2 shows how
snowpack melt affects the runoff. Bankfull discharge at the USGS gage on
Resurrection Creek is approximately 800 cubic feet per second (cfs).
Normalized by area, this is 5.4 cfs per square mile. Peak flow events in the
watershed association typically occur between May and October. Annual
snowmelt peak flows generally last from early June to mid-July. Summer
rainstorms can increase snowmelt peaks flows; 1- to 3-day peak flow events
also occur in August through October in response to heavy rainfall events.
This is usually well after the snowmelt peak.

The record peak instantaneous flow at Resurrection Creek (between 1967
and 1986) was 3,380 cfs (VanMaanen et al. 1988), or 22.7 cfs/mi’>. The
minimum daily discharge recorded was 38 cfs, or 0.26 cfs/mi®.. The 10-year
flood is approximately 2,400 cfs (16.1 cfs/mi?).

2.4  Stream Channel Types and Proportions

A total of 25 mapped creeks and associated tributaries account for 251 miles
of streams (1.6 stream miles/mi?) within the watershed association.
Resurrection Creek (24 miles) and Palmer Creek (11 miles) are the longest
creeks in the watershed association.

A total of 32 lakes throughout the watershed association cover an area of
80.4 acres. Mapped lakes range in size from 0.2 to 20.7 acres.
Approximately 50 acres of settling ponds from past mining operations are
located in riparian areas along Resurrection Creek. Some of these ponds
have been enhanced or altered by beavers. Most of the ponds are not
accessible, or have limited access to fish.

The Resurrection Creek watershed contains a variety of stream channel
types that are typical of watersheds in south-central Alaska. Stream
segments have been assigned stream class values based on fish habitat
within the streams. Segments are assigned to one of three classes (USFS,
Alaska Region, 2001):

m Class |: Streams with anadromous or adfluvial lake and stream habitat.
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m Class ll: Streams with resident fish populations. Class Il streams are
generally steep (often 6 to 15 percent gradient), but can also include
streams from O to 5 percent gradient without anadromous fish.

m Class lll: Streams with no fish populations that have potential water
quality influence on downstream aquatic habitats.

Table 4 shows stream segment distribution by stream class value. Nearly all
the Class | segments occur within Resurrection (19 miles) and Palmer (5
miles) creeks. The majority of mainstem Resurrection Creek consists of C
channel types (Rosgen 1996), with segments of both B and G where
gradients are steeper, and/or the channel incises into bedrock and/or course
alluvium. Tributaries to Resurrection Creek are almost entirely A channel
types, with B channel types occurring where the larger tributaries flow onto
the broad valley bottoms of Resurrection Creek.

2.5 Water Quality

Streams in the Resurrection Creek watershed are classified “fishable,
swimable, and drinkable” (Class 1A) under the Alaska State Water Quality
Standards (18AAC70). Table 5 summarizes the water quality standards.
Resurrection and Palmer creeks are also ranked as medium and lower
priorities, respectively, in Alaska’s Clean Water Actions Plan (ACWA) (ADEC
2001). The ACWA is a unified state approach to better manage and protect
the quantity and quality of Alaska’s water and aquatic habitat. The ACWA
Waters List is designed to address the full range of water-related problems in
Alaska, not just water pollution; for example, streambank degradation and the
threat of excessive water withdrawals from fish spawning areas to be
examined, addressed and funded.

Although conventional water quality parameters appear to be within the
ranges of state standards, land uses within the watershed, especially those
adjacent to streams, have altered some water quality parameters (Tables 6
and 7). Mining activities adjacent to the stream have increased heavy and
trace metal concentrations in some areas. Urbanization of Hope has likely
resulted in the increase of stormwater runoff and corresponding non-point
pollution. Recreational activities such as hiking have likely resulted in
increased turbidity levels in areas where trails cross streams.

2.6 Vegetation

Vegetation in the watershed association is typical of the transitional zone
between boreal forests or more northerly latitudes and the northernmost
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coastal temperate forests that are generally found farther to the south.
Topography, climate, and glacial deposits found in the Kenai Mountains, left
from recent glacial epochs, have created a mosaic of vegetation and plant
communities typical of the region. Most of the watershed association is within
the western Kenai Mountains subsection with the balance within the
Turnagain Arm subsection of the Kenai Mountains ecosection. Climate in the
Kenai Mountains is transitional between maritime and continental climate.

In the watershed, the highest elevations on the tops of mountains, which are
covered by snow and ice or steep rocky side slopes, support no or very little
vegetation. Where soils have developed in glacial deposits and microclimate
is more favorable, plant communities range from dwarf-scrub and grasslands
typical of alpine areas to a variety of forested uplands and wetlands on the
side slopes and alluvial valley bottoms of the different watersheds. On
steeper slopes and drainages, avalanches may play an important role in
vegetation dynamics and patterns.

A variety of plant community types can be found across the watershed
association. These are influenced by human and natural disturbances, such
as fire and the current spruce bark beetle (Dendrocthonus rufipennis)
infestation, and are distributed along topographic, climatic, elevational, and
other gradients. DeVelice et al. (1999) have identified 197 plant community
types in Plant Community Types of the Chugach National Forest:
South-Central Alaska, which includes this watershed association. These
community types are based on observations from at least three study plots.
Their classification follows the nomenclature and protocol in the Alaska
vegetation classification developed by Viereck et al. (1992). Each of these
community types is described in the document. In addition, information is
provided on the number of study plots for each community type as well as
species richness, cover, and constancy. Photographs of selected Alaska
vegetation classification community types present on the Chugach National
Forest also are presented along with keys for identifying the various
community types. These community types have not been precisely mapped
within the watershed association.

Thirteen consolidated cover types have been mapped using aerial photos.
These cover types were consolidated from a larger number of timber types
and entered into the forest GIS database. The 13 consolidated cover types
are alder, aspen, birch, cottonwood, muskeg meadow, grass and alpine,
black spruce, hemlock, hemlock-spruce, mixed hardwood-softwood, sitka
spruce, white spruce, and other brush. According to the Resource
Information Management Data Dictionary for the Chugach National Forest
(August 2001), hemlock-white spruce and hemlock-sitka spruce were
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combined to form hemlock-spruce. Aspen-white spruce, birch-white spruce,
cottonwood-sitka spruce, cottonwood-white spruce, cottonwood-birch-white
spruce, aspen-hemlock, birch-sitka spruce, and birch-hemlock were
combined and called mixed hardwood-softwood. Cottonwood-balsam poplar
and cottonwood-birch were combined to form cottonwood. Aspen-birch and
aspen types were combined and called aspen. Natural grassland and alpine
high meadow were combined and called grass and alpine. Other brush is not
defined in the cover type descriptions but presumably represents various tall
and low scrub community types identified by DeVelice et al. (1999), including
those dominated by willows, sweet gale, salmonberry, and dwarf birch.

As previously noted, plant community distribution is dependent upon
elevational gradients and other factors. This is especially true of high alpine
vegetations which are predominantly dwarf scrub and heath types, composed
of assorted ericaceous shrubs, dwarf willows, and birches, mostly present at
higher elevations above approximately 1,500 feet. Needleleaf evergreen,
broadleaf deciduous, and mixed forest communities are confined to lower
elevations below about 1,500 feet (DeVelice, R.L., personal communication,
2001). Interspersed among the forested types often in riparian areas, on
floodplains, alluvial terraces associated with beaver ponds, or tide flats, are
various freshwater and estuarine wetlands composed of graminoid
herbaceous types, tall and low scrub types, and aquatic herbaceous types.

2.7 Aquatic Species and Habitats

Anadromous species known to use creeks within the watershed include coho,
pink, chinook, and chum salmon. Resident fish include Dolly Varden,
whitefish, sculpin, stickleback, and possibly rainbow trout (Seaberg, S.
Alaska Department of Fish and Game, personal communication, September
17, 2001). Although there are no existing data for sockeye in Resurrection
Creek and angling reports indicate that sockeye salmon were not caught,
there are anecdotal reports of sporatic occurrences of adult sockeye salmon
migrating into Resurrection Creek (Johansen, E. Seward Ranger District,
personal communication, December 2001).

Chinook salmon distribution extends to river mile (RM) 18.0 of Resurrection
Creek, with juvenile chinook observed rearing up to the headwaters of
Resurrection Creek (Johansen, E. Seward Ranger District, personal
communication, December 2001). Chinook are also known the spawn and
rear up to RM 0.5 of Palmer Creek (ADFG 1986).

Coho, pink, and chum salmon spawning and rearing distribution has been
verified only up to RM 6.0 in Resurrection Creek; however, it is likely that
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spawning and rearing occurs farther upstream. Anadromous salmon are
known to spawn and rear up to RM 0.5 of Palmer Creek, and the lower
reaches of Gold Gulch, Bedrock, Wildhorse, Cannonball, Wolf, White,
Caribou, and Cripple creeks. Anadromous salmon also are found up to RM
1.0 of Bear Creek and RM 0.5 of Porcupine Creek. Although Bear and
Middle creeks do not support coho spawning, they likely provide rearing
habitat for juveniles (Wenger et al. 1993).

Resident fish distributions are more extensive, and occur up to RM 19.0 in
Resurrection Creek and RM 8.0 in Palmer Creek. Resident Dolly Varden are
also found in Hungry, American, Abernathy, Afanasa, Pass, Fox, East, Coeur
d’Alene, and two unnamed creeks.

The abundance of the salmon is not well known. Escapement surveys in the
1970s showed a pink run between 20,000 and 50,000 returning pinks. Peak
counts of returning chum, coho, and chinook range from less than 100 to 500
each. The abundance of Dolly Varden in Resurrection Creek is unknown
(Seward Ranger District, unpublished report).

Habitat and fry surveys conducted in 1991 and 1993 identified side channels
as typically having greater channel complexity and higher densities of rearing
juvenile salmonids (Wenger, unknown; Wenger et al. 1991). Side channels
typically had larger pool/riffle ratios than main-channel reaches regardless of
whether they were disturbed by placer mining. Additionally, juvenile salmon
appeared to prefer pools with cover whereas resident fish (Dolly Varden)
appeared to have no preference for covered pools (Wenger et al. 1991).
Although settling ponds are required to construct gravel berms at outlets to
prevent access, Dolly Varden and coho were captured in six settling ponds
within the Hope Mining Company claims. These fish likely enter the ponds
during high flows through either the upstream inlet of the pond or by
navigating the outlet channels (Wenger et al. 1991).

As described in previous sections, channelization and the loss of riparian
habitat have reduced channel complexity in streams within the watershed.
Channel complexity provides the habitat with the diversity necessary for the
success of salmonids. The loss of large woody debris (LWD), the primary
structuring element for juvenile salmonid summer and winter rearing habitat,
has reduced the amount of suitable rearing habitat available. The loss of
riparian vegetation reduces the future recruitment of LWD into the stream,
maintaining and perpetuating the reduction in suitable rearing habitat.
Additionally, the loss of riparian vegetation increases bank erosion, reducing
the quality of available spawning gravels. Mining practices may have led to a
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change in dominant substrate size that has resulted in the reduction of gravel
sizes required for successful spawning.

No indigenous amphibians reside within the watershed creeks. However, the
wood frog (Rana sylvatcia) uses the creek for rehydration, breeding, and egg
development. Insects found in Resurrection Creek and other creeks within
the watershed are those typically found in cobble-dominated streams
(Seaberg, S. Alaska Department of Fish and Game, personal communication,
October 1, 2001). These typically include stoneflies (Plecoptera), mayflies
(Ephemeroptera), fly larvae (Diptera), and wingless aquatic insects
(Collembola). Aquatic insects typically associated with pools, ponds, or slow
moving water include water striders (Gerridae), whirligig beetles (Gyrinidae),
mosquito larvae (Culicidae), and springtails (Collembola) (Wallace and
Anderson 1996).

2.8 Terrestrial Species and Habitats

Terrestrial habitats in the watershed association are typical of those provided
by the plant community types in this transitional zone between boreal forests
or more northerly latitudes and the northernmost coastal temperate forests
that are generally found farther to the south. The mosaic of wetland and
upland habitats provides a diverse array of some of the highest quality habitat
on the Seward Ranger District (SRD) for nearly 200 species of wildlife
commonly found on the Kenai Peninsula, including several management
indicator species.

Habitats range from barren snow and ice, steep rocky slopes, and alpine
tundra and meadow that provide summer range for mountain goat and other
species, to a variety of forested upland habitats and wetlands on the side
slopes and alluvial valley bottoms of the different watersheds. These habitats
support the diverse array of animal populations of large and small mammals,
migratory and resident birds, small mammals, and other species. Early seral
or stand initiation type habitats provide feeding habitat for moose and
snowshoe hare, and nesting habitat for neotropical migrants, such as
sparrows and warblers (Oliver 1981). Old growth forest habitats provide
nesting habitat for goshawks and woodpeckers, thermal and hiding cover for
large mammals, and travel corridors for moose, bear, wolverine, and wolves.
Broadleaf forest types, such as mature birch in the stem exclusion phase,
support populations of other species of migratory songbirds, including several
species of thrushes and warblers. Salmon runs in the lower reaches of the
watershed association are an important seasonal source of food and support
populations of many terrestrial species of wildlife, including brown and black
bear and a host of others.
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Portions of the watershed association function as major migration corridors
for moose and caribou as well as the predators they sustain. Moose move
into lower elevation winter range habitats within Resurrection Pass, Palmer
Creek, Turnagain Arm, and Six Mile areas. The Kenai Mountain caribou herd
migrates seasonally from west to east through the upper watershed.

Wildfire, spruce bark beetle infestations, other natural processes, and human
activities affect wildlife habitat. Wildfires and spruce bark beetle infestations
appear to have been and continue to be the major factors that influence the
structure, distribution, and functions of wildlife habitat throughout the
watershed association. Spruce bark beetle have infested 100 percent of the
forest types with a spruce component or about 50 percent of all forested
stands in the watershed, according to information in the Chugach National
Forest GIS database. Red-backed vole populations appear to be increasing
in beetle-infested spruce stands as a result of changes in feeding and hiding
cover. These changes in red-backed vole populations, which is a keystone
prey species for a number of predators, are likely to contribute to increases in
the populations of coyote, lynx, hawk, owl, and mustelids that prey on them.
Human activities and development, particularly placer mining, have also
affected wildlife habitat. Although placer mining has significantly altered
habitat in some areas, cumulatively habitat alterations caused by human
activities are relatively minor (about 1 percent of the total area within the
watershed association), and these are primarily limited to areas in and
around Hope.

2.9 Management Indicator Species and Species of Concern

Although there are no federally listed threatened or endangered species or
species listed as sensitive by the USFS in this area, there are several
management indicator species, state of Alaska species of special concern,
and other species of ecological interest and concern within the area.
Management indicator species are brown bear, moose, mountain goat, dusky
Canada goose, and black oystercatcher. State of Alaska species of special
concern include the Kenai brown bear, olive-sided flycatcher, gray-cheeked
thrush, Townsend’s warbler, and blackpoll warbler. In addition to these
management indicator and state species of concern, there are several other
species of ecological interest and concern as a result of existing habitat
alterations or the vulnerability of these species’ habitat to alteration or their
sensitivity to human activities. Species of ecological interest and concern are
the northern goshawk, bald eagle, harlequin duck, wolverine, pine martin,
marbled murrelet, amphibians, and bats.
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There are few available data for management indicator and other species of
concern in the watershed association. The Alaska Department of Fish and
Game (ADFG) conducts annual fall counts for moose and periodic surveys
for mountain goats and caribou. Seward Ranger District biologists conduct
annual northern goshawk, bald eagle, owl, and neotropical migratory bird
surveys. In addition, the USFS conducts periodic surveys of moose winter
range conditions, amphibian occurrence, and small mammal relative
abundance.

Lacking population data on these various management indicator species and
other species of concern, a habitat capability index (HCI) model has been
developed to evaluate past, present, and future habitat conditions, trends,
and value for these species. The HCI estimates potential habitat value based
on the relative value and abundance of a plant community type to provide
feeding, cover, and reproduction habitat functions. Index values used to
estimate habitat potential range from 1 for optimum to O for none. This model
has been used to describe habitat conditions at the watershed level, unless
noted otherwise, relative to conditions across south-central Alaska for three
broad time periods:

m  Pre-European settlement;
m  Current conditions (1999); and
m  Future conditions (2100).

2.10 Human Uses

2101 Heritage

The cultural use of the Resurrection Creek watershed spans a period of
about 10,000 years. The cultural resources of the watershed include both
prehistoric and historical remains, and a variety of historical properties and
property types that are either on or are eligible for the National Register of
Historic Places (NRHP). The historical mining resources constitute the
majority of the known significant cultural resources in the watershed. Only a
small portion of the watershed has been inventoried, although required by the
National Historic Preservation Act (NHPA) and Executive Order 11593.
Archaeological surveys have until very recently been limited to support for
particular projects, as required by Section 106 of the NHPA.

Only two Alaskan Native-related sites are known from within the watershed
boundaries. One of the two known sites, SEW-291, is on the Turnagain Arm
coast just east of the current town of Hope (AHRS 2001). This site was
occupied during the early historical period, and may have been inhabited
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during late prehistoric times, as well. The other is SEW-762, a prehistoric site
in the alpine uplands in the vicinity of Bear Creek in the northern part of the
watershed. The latter site has not yet been radiocarbon dated, but observed
features and artifacts are diagnostic of prehistoric occupation (Chugach
National Forest Heritage Program files, IS&A 01-#, 2001).

Early cultural use of the watershed is also inferred from known sites in nearby
ecologically similar areas. The Beluga Point site, on a coastal point opposite
SEW-291 on the north side of Turnagain Arm, appears to have been used
intermittently as a sheep hunting camp since the early Holocene, (beginning
approximately 11,000 years ago) over a period of about 8,000 years (Reger
1998). Several other similar sites have recently been found on other points
along the north coast of Turnagain Arm (AHRS 2001). Early Holocene sites
are characterized by core and blade technology. An undated site with
diagnostically similar microcore and blade technology is known from the
Quartz Creek watershed, southeast of the Resurrection Creek watershed,
and is believed to have been inhabited about the same time as Beluga Point
(Yarborough 1983).

Prehistoric use of the watershed was probably related to the presence of
sheep and caribou, and possibly anadromous fish runs. Moose would most
likely not have been a subsistence prey for humans, as these ungulates are
recent immigrants to the Kenai Peninsula, having begun to move into the
area towards the end of the late 19" century, contemporary with the end of
the Late Holocene Little Ice Age.

Russian mining exploration on the Kenai Peninsula during the late 18" and
early 19" centuries was minimal. Although there have been anecdotal
accounts of Russian prospecting and mining tools found in the mountains of
the northern Kenai Peninsula, documentation only exists regarding one
Russian prospector, Lt. Peter Doroshin, who prospected along the Kenai and
Russian Rivers south of the Resurrection Creek watershed (Barry 1997,
Johnson 1912). After Alaska’s purchase by the United States in 1867, the
fur-trade continued to drive the economy until the 1890s. In 1890, Alexander
King returned to Kenai with four pokes of gold, the result of two years of
prospecting in the Resurrection Creek area (Barry 1997). He returned to the
Resurrection Creek to stake a claim in 1893. Other prospectors staked
claims that same year and over the next two years, beginning the gold rush to
the northern part of the Resurrection Creek watershed. Mining for gold and
other related minerals, especially silver, continued until World War Il, with
prospecting, mining, and population expansion in the mining districts reaching
a peak in the first third of the 20" century. Mining came to a halt in the early
1940s with the Preference Rating Order of 1941, and the Limitation Order
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L-208 of 1942 (Barry 1997). Although L-208 was revoked July 1, 1945,
mining never recovered its pre-war economic importance in the Resurrection
Creek watershed area. The early 20" century is considered to be a key
period of historical significance for the Resurrection Creek watershed, to
which the majority of the historical mining remains are linked.

210.2 Contemporary Uses

Forestry has altered the landscape, initially in the form of clearing and logging
for mining operations, and later through forest management by the USFS.
Natural processes of plant distribution, fire, and disease have been altered, in
good ways and bad, by this intervention.

Mining has made dramatic changes to the stream channels and even altered
their course (see Sections 4.4 and 5.3). The evolution of mining techniques
has included the use of hand tools, petroleum products, and large-scale
hydraulic removal of material from the streambed and banks.

Recreational use of the watershed has increased dramatically over the last
20 years. A range of motorized vehicles, pack animals, and people use the
trails and roads for a full complement of wilderness activities. Residents of
Hope operate businesses that provide everything from lodging to guide
services. The USFS maintains roads, trails, campgrounds, and cabins for
visitors.

Permanent human residence has made its mark on the watershed as well.
Roads allow access to cleared and developed areas, mostly in Hope at the
lower end of the drainage. Businesses and homes have been built over the
years, and utility corridors provide them with electricity. A primitive airstrip is
maintained for small planes.

3.0 KEY QUESTIONS

Landscape analysis is a broad-level ecosystem analytical tool intended to
provide context and information regarding the effects and impacts that
management decisions may have on the ecosystem. Its purpose is to guide
land management decisions and to facilitate the implementation of the
ecosystem management objectives of the Northwest Forest Plan. Landscape
analysis also serves as a basis for developing project-specific
recommendations and determining restoration and monitoring needs within
the analysis area. During the initial stages of this analysis, the analysis team
developed a set of “key questions” from existing basic background
information to help frame the issues to guide and define the analysis. This
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included existing information on watershed conditions, land allocations and
current management direction. The key questions developed for this analysis
follow.

Erosion Processes

What are the dominant erosion processes in the watershed and how do
they affect aquatic habitat?

What effects have recreational uses (e.g., camping, gold panning) had on
erosion and soil productivity?

What effects has mining, both commercial and recreational, had on
surface erosion and mass wasting?

Have roads played a significant role in erosion and mass wasting?

What effects have recent treatments had on erosion and mass wasting?
What role does windthrow play in erosion, and how is spruce bark beetle
infestation affecting it?

Hydrology

What are the patterns of precipitation and runoff in the watershed
association?

What effects has the spruce bark beetle infestation had on runoff
processes?

Have roads or mining had an effect on runoff processes?

What is the flood history? How have floods affected habitat and
infrastructure?

Stream Channel

How has placer mining affected channel form and processes?

What are current placer mining practices like, relative to past operations?
How has the channel substrate (and bedload) changed over time, and in
what reaches?

What role has large woody debris (LWD) played in channel structure and
form?

What role do ice-jam floods play in the form and processes of
Resurrection Creek?

How has spruce bark beetle infestation affected LWD contribution and
runoff? How will it effect LWD recruitment?

How has recreational use affected bank erosion and sediment
deposition?
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Water Quality

Which water bodies are used as a resource, by whom, and for what
activities (e.g., fishing, swimming, drinking water, fish use)?

What are current water quality (WQ) conditions (dissolved oxygen [DO],
temperature, total suspended soils [TSS]/turbidity, metals, arsenic)?

Is water quality degraded, if so, by which parameters and which user
groups (e.g., WQ criteria for drinking water vs. fish use vs. swimming)?
What are the causes (input variables) of WQ degradation (e.g., erosion,
gold panning, tailing piles, vegetation removal)?

What is the vulnerability of water bodies to potential changes in input
variables?

Aquatic Species and Habitats

What is the anadromous and resident fish distribution and relative
abundance?

Where are migration, spawning, and rearing habitats located for each
species?

What are current habitat conditions?

What were the past fish habitat conditions?

Where are areas of limiting habitat (e.g., is there a limited area important
for a life stage for a specific species)?

What barriers to migration are present?

Terrestrial Species and Habitats

What is the distribution and abundance of sensitive plants, plants of
conservation concern, plant and animal indicator species, and animal
keystone species?

What are the current habitat conditions for these species? How many
acres occur in each habitat type? What percent occurs in each
vegetative structural stage within each habitat type, and how is it
distributed? What is the distribution and abundance of key habitat
components such as old growth, thermal and hiding cover, snags,
downed logs, and travel corridors?

What was the likely historical (pre-European settlement) relative
abundance and distribution of these species?

How has spruce bark beetle infestation affected the abundance and
distribution of these species?

What is the distribution of exotic plants?

How have exotic plants been imported into the watershed association?
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Vegetation

m  What is the current structure and distribution of plant communities and
how have these been affected by spruce bark beetle infestation?

m  How will plant community structure and distribution be affected by the
spruce bark beetle infestation?

m  What is the role of fire in the ecosystems of the watershed association?

m  What are the successional processes in the watershed association and
how have these changed since European settlement?

m  What was the pre-European settlement plant community structure and
distribution?

m  How have land management activities and human use influenced the
existing plant community structure and distribution?

Human Uses

m  What heritage resources are present in the watershed, and where are
they?

How have heritage resources been affected by mining?

How have past management efforts affected heritage resources?
What subsistence uses are there in the watershed?

How have past management efforts affected subsistence use?

What cultural landscapes are present in the watershed?

Are there adequate services and infrastructure for recreational users?

4.0 CURRENT CONDITIONS

This portion of the landscape analysis discusses the state of various
resources within the watershed association. Itis meant as a summary of all
that is known to date about the core landscape analysis topics.

4.1 Land Allocation and Mining Claims

Land allocations are set forth in each national forest’'s management plan.
These plans are meant to be updated every 10 to 15 years. The Chugach
National Forest has recently finished updating its management plan (USFS
2001). A summary of the land allocations for this watershed are presented in
this section.

The presence of gold deposits has played a critical role in the development of
the watershed and the effects of development on the aquatic and terrestrial
habitats. Robert Mathison and his three sons operated the Mathison Mining
Company on Resurrection Creek beginning in 1899, and gradually expanding
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their operations. They made a profit of $7,000 in 1909, $9,000 in 1910, and
$15,000 in 1911. In 1908 only 50 men worked the gravels in the vicinity and
10 claims produced enough gold to be notable. In 1909, Resurrection Creek
placers were one of the major producers on the Kenai Peninsula By 1921, the
operation at the Mathison Mining Company was idle and operations ceased
completely in 1926 or 1927. Carl Clark, Frank Church, and A. Biswagner
worked the old Mathison property by 1931 and continued to work the property
until approximately 1942 (the advent of World War Il). The level of mining
that took place after 1942 is not well known since written documentation is
lacking, but mining in the 1960s has been mentioned. It was not until 1974
that USFS mining regulations were published and required operators to
submit plans in order to mine on USFS-managed lands. Hope Mining
Company (HMC) received its first approved mining plan of operations in
1985.

The USGS divided the Chugach National Forest into distinct mineralization
“tracts.” The Resurrection Creek tract (which includes areas outside of the
project area) is defined by the presence of identified gold from placer and
“Chugach-type” lode gold deposits, as well as “Cyprus-type” deposits outside
the Resurrection Creek watershed (Nelson and Miller 2000). There are
seven areas within the tract that are highly favorable for mineral development
and production. The remainder of the tract is considered moderately
favorable for mineral development and production. In addition to containing
many past-producing mines and prospects, geologic data support some
potential for the presence of undiscovered resources (Nelson et al. 1994,
Bliss 1989). Nelson and Miller (2000) also predict that much of the future
gold production on the Chugach National Forest will come partly from the
Resurrection Creek tract. They predict that future production will be mostly in
areas which have produced gold in the past. Sherman and Jansons (1984)
produced an estimate of Chugach-type gold reserves in the Resurrection
Creek tract of about 3,100 kg. Development of these deposits is unlikely
unless the value of gold increases substantially.

The HMC currently maintains approximately 60 unpatented federal mining
claims that cover approximately 1,000 acres of land near and along
Resurrection, Palmer, Bear, Bedrock, Cripple, Gold Gulch-Rimrock,
Turnagain, Wildhorse, and Willow creeks (USFS GIS Database).

Seasonal mining activities have been conducted on various claims held by
HMC. There are several log cabins, a plywood cabin, plywood outhouses,
plywood sheds, semi-permanent ATCO buildings, truck body van storage

sheds, a plastic tarp building, barrels, fuel tanks, steel, pipe, resident motor
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homes, and other miscellaneous items in approximately ten camps (Huber
and Peterson 2000).

Approximately 13 claims are historically tied to the old placer operations in
Resurrection Creek. Hope Mining Company has had a mining plan of
operations for conducting exploration and mining on areas of the claims since
1985 (Huber and Peterson 2000). Mining operations are conducted by
leasees on HMC claims, rather than by HMC itself. HMC conducts testing
and secures permits and plan of operations approval. Since 1985, HMC
mining proposals have addressed up to 17 separate mining areas. Most of
the mining has been conducted along Resurrection Creek by re-working
previously mined areas and mining some areas of virgin gravel.

Mining activities approved through plans of operations in the Resurrection
Creek watershed consist of mechanized placer mining using various
equipment such as dozers, backhoes, trommels, screening plants, and
sluices. These operations apparently have occurred over the past several
decades at various scales. In their current approved mining plan of
operations, HMC may conduct small scale prospecting and placer mining
using suction dredges, hand fed sluices, and pans. There is approval for use
of heavy equipment but no mining of this level is presently occurring.
Additionally, HMC offers package deals geared to the tourist desiring to stay
in a “real placer mine” and pan/sluice for gold. The current low price of gold
(under $280/ounce; Goldprices.com) is not encouraging to commercial
mining but would probably not deter recreational mining.

Present mining-related activities in the Resurrection Creek Watershed consist
of mechanized placer mining using various equipment such as dozers,
backhoes, trammels, screening plants, and sluices. These operations
apparently have occurred over the past decade at various scales. In their
mining plan of operations, HMC also has provided for small-scale prospecting
and placer mining using small suction dredges, hand-fed sluices, and pans.

Several lode gold mines are located in Palmer Creek’s upper basin, mostly
dating back to the early 1900s. Some local milling and cyanide processing
were used for these mines. Palmer Creek’s most successful lode mine was
the Hirshey & Carlson Mine, located near the head of the subwatershed.
There are reportedly three adits all in excess of 2,000 feet that produced a
total of 5,545 ounces of gold and 4,699 ounces of silver. A 1984 report
prepared by the Bureau of Mines (Jansons et al. 1984) estimated total placer
gold production within Resurrection and Palmer creeks since 1895 at 30,000
to 40,000 ounces, with 2,000 to 3,000 of those produced since 1980.
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41.1 Mining Claimants Rights and Obligations

The term “valid claim” often is used in a loose and incorrect sense to indicate
only that the ritualistic requirements of posting of notice, monumentation,
discovery work, recording, annual assessment work, payment of taxes, etc.,
have been met. This overlooks the basic requirement that the claimant must
discover a valuable mineral deposit. Generally, a valid claim is a claim that
may be patented.

4.1.1.1 Mining Claims

A mining claim, however, may lack the elements of validity and in fact be
invalid, but it must be recognized as a claim until it has been finally declared
invalid by the Department of the Interior or Federal courts. A claim
unsupported by a discovery of a valuable mineral deposit is invalid from the
time of location, and the only rights the claimant has are those belonging to
anyone to enter and prospect on National Forest lands.

4.1.1.2  Rights

By location and entry, in compliance with the 1872 mining law, a claimant
acquires certain rights against other citizens and against the United States.

A valid mining claim creates a possessory interest in the land, which may be
bartered, sold, mortgaged, or transferred by law, in whole or in part, as any
other real property. A locator acquires rights against other possible locators
when the locator has complied with the applicable Federal and State laws.

The claimant has the right to dispose of all locatable minerals on which the
claimant has a valid claim. Rights to common-variety mineral materials
depend upon the status of the claim on July 23, 1955, and on subsequent
actions taken under 30 U.S.C. 613. Pre-1955 claims may have “surface
rights.” This means the claimant would have exclusive possession of the
surface the mining claim. There are no mining claims in the Resurrection
Creek drainage with surface rights.

The claimant has a number of other rights including:

m Reasonable access to the claim;

m  Right to use the surface for prospecting, mining, and processing (but not
exclusive possession);

m Right to the use of timber as necessary for the mining operation; and
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m  Right to clear timber as necessary for mining (claimant cannot sell the
timber).

4.1.1.3 Obligations

In order to successfully defend rights to occupy and use a claim for
prospecting and mining, a claimant must meet the requirements as specified
or implied by the mining laws, in addition to the rules and regulations of the
USFS. They require that a claimant:

Comply with provisions of 36 CFR 28 Subpart A;

Discover a valuable mineral deposit;

Pay annual maintenance fees;

Record location notices and other required filings in the appropriate

Bureau of Land Management office;

m  Comply with applicable laws and regulations of Federal, State and local
governments;

m  Maintain claim corners and boundaries;

m Be prepared to show evidence of mineral discovery; and

m  Not use the claim for any purposes other than prospecting, mining, or

processing operations and uses reasonably incident thereto.

Additionally, claimants can exercise certain rights acquired under the 1872
Mining Law only under an approved plan of operations. On National Forest
lands, such plans are approved by the USFS. Any minerals operations that
may cause surface disturbance require at the least, a notice of intent.
Operations that may cause significant surface disturbance require an
approved plan of operations. Requirements for a notice of intent and plan of
operations are found in 36 CFR 228 Subpart A, Locatable Minerals
regulations.

In addition, a claimant must recognize the lawful rights of other users of the
National Forest.

41.2 Rights and Obligations of the United States

The United States has, through Congress, the right to control the disposition
of resources on the public lands and to develop all necessary rules and
regulations. In regard to mining claims on National Forest System lands, the
USFS and the Department of the Interior may exercise the rights discussed in
FSM 2814.11-16.

Hart Crowser, Inc.

Page 22

12556-01 January 31, 2002



The general authority of the Secretary of the Interior with respect to public
lands, is described in Cameron vs. United States, 252 U.S. 450 (1920) where
the court said:

“By general statutory provisions the execution of the laws regulating the
acquisition of rights in the public lands and the general care of these lands is
confided to the Land Department, as a special tribunal; and the Secretary of
the Interior, as the head of the Department is charged with seeing that this
authority is rightly exercised to the end that valid claims may be recognized,
invalid ones eliminated, and the rights of the public preserved.... The power
of the Department to inquire into the extent and validity of the rights claimed
against the Government does not cease until the legal title has passed “

The USFS and the Department of the Interior may exercise rights which
include:

m  Right to regulate prospecting and mining activities (16 U.S.C. 551, and 36
CFR 228 Subpart A);

m  Right to manage and dispose of vegetative surface resources;

m Right to manage and dispose of common varieties of mineral materials;
common varieties may be sold and are not locatable;

m  Right to enter and cross claims, includes the right of the United States to
manage and protect National Forest resources’ and

m  Right to authorize uses by third parties, if it will not conflict with prior rights
of a claimant.

4.1.21 Obligations

m  The USFS must respect claims and claimants’ property by using
precautions to avoid damage to claim corner markers, excavations, and
other mining improvements and equipment.

m  The USFS must allow mining claimants to obtain timber.

m  Prevention of such violations regarding uses of National Forest System
lands and resources includes an obligation to ensure that unauthorized
uses of mining claims are eliminated, including unlawful use of buildings
and other structures and the taking of common varieties of mineral
materials.

USFS officers should provide bona fide prospectors and miners reasonable
alternative access routes, exploration methods, special use permits, and
operating plan provisions in order that they may carry out necessary
mineral-associated activities without violation of laws and regulations.

Hart Crowser, Inc.

Page 23

12556-01 January 31, 2002



4.2 Erosion Processes

Erosion processes are not well understood in the watershed association.
However, mass wasting does not appear to be a significant component of
sediment delivery (Davidson 1989). Landslides may be initiated if two or
more slope stability factors are reduced. In addition, recent field investigation
revealed that roads and road building appear to cause few if any landslides
(Kalli and Blanchet 2001, unpublished report). Very limited evidence of past
landslides was observed.

However, in high-latitude watersheds such as the Resurrection Creek
watershed, avalanches are a significant source of sediment. Avalanches
occur in most of the tributary streams during winter and spring. In higher
altitude portions of the watershed, areas of near-surface bedrock appear to
be greatly influenced by the rapid mechanical disintegration associated with
frost riving and frost shattering, with fragment size related to the bedding and
jointing characteristics of the local bedrock (Thorson 1987). Sediment load
from high elevation, steep valley sideslopes, and headwalls is expected to be
high.

Ample evidence of snow avalanches was observed by previous investigators.
Snow avalanches occur regularly in both the mainstem valley and tributary
streams during winter and spring. These avalanches may scour below the
snow, picking up soil; in addition, rock fragments that have fallen on the snow
surface from upslope sources may be incorporated in the avalanche debris.
In this way, these avalanches provide a source of colluvial sediment along
the streams. Additionally, frost-thaw action also moves sediments downslope
into the stream channels. This action occurs as saturated or partially
saturated soil freezes, which raises the surface, and lowers in the downslope
direction during the thaw cycle. Both mechanisms are perceived to be a
significant source of sediment transport within the watershed association
(Kalli and Blanchet 2001, unpublished report). However, no quantification of
these sources has been completed. The sediment delivered from these
processes supplies tributaries of Resurrection Creek with mostly coarse
sediment; the processes are not likely to have a significant direct effect on
anadromous habitat in the mainstem, because an extensive swath of forest
acts as a buffer in these areas.

Other types of mass wasting which may be present include debris flows and
debris avalanches. The watershed has a high percentage of steep slopes;
almost 50 percent of the watershed is greater than 41 percent slope. This
indicates a significant potential for mass wasting. The actual prevalence of
mass wasting depends on vegetation, geology, hydrology, and human use of
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the landscape. Because the watershed contains few signs of these types of
mass wasting, it is likely a minor source of sediment.

4.21 Soils

Only the soils of the lower portions (below the treeline) of Resurrection Creek
and Palmer Creek valley have been mapped (Davidson 1989). Mapped soils
total only 12 percent of the watershed association. However, the areas
mapped overlap most areas of existing development and use. A list of soils
present in the watershed is provided in Table 5.

Generalized dominant soil types include typic cryorthods and dystric
cryocrepts, which represent 56 and 40 percent of the mapped area,
respectively. Typic cryorthods are soils on mountain sideslopes, and
footslopes developed on glacial till. They are deep, well drained, and have
moderate to slow permeability. Dystric cryocrepts have moderate depth, are
well drained, and have moderately rapid permeability. For both soil types,
management considerations include susceptibility to erosion on steep or long
yarding paths, skid trails, and off-road vehicles (ORV) roads and trails.

422 Surface Erosion

Two main types of erosion are possible in primarily undeveloped,
well-vegetated watersheds: surface erosion (by overland flow) and
streambank erosion. Stream bank erosion and surface erosion are both
uncommon within the watershed due to its well-vegetated character.
However, no studies which quantify the amount of surface erosion have been
conducted.

When vegetation is removed, and the topsoil is removed, surface erosion risk
is greatly increased. Thus, the amount of surface erosion occurring in
watersheds in south-central Alaska is thought to be correlated with roads and
other forms of development.

There are a total of 33.3 miles of roads (0.2 miles/mi?) within the watershed
association. Palmer Creek Road is the longest at 13.2 miles (Table 7).
Roads only occur within the lower reaches of the watershed association in
the Palmer Creek, Resurrection Creek Flats, Bear Creek, Turnagain B, and
Turnagain C subwatersheds. Within this group of subwatersheds the road
density is 0.9 miles/mi®. As a reference, Cedarholm and Reid (1987)
reported that when roads approach 2 to 3 miles/mi?, fine sediment begins to
have an effect on salmonids habitat. However, even the portion of the
watershed association with the higher road density is not close to this
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threshold. Itis thus unlikely that fine sediments are having detrimental effects
on salmonids spawning gravels.

A total of 29.5 miles of trails are present in the watershed association. These
are mostly foot and horse trails, which cause a minor amount of erosion. The
trails are concentrated in the Palmer Creek and Resurrection Creek Flats
subwatersheds. Given the limited extent of trails, and relatively small amount
of erosion, trails do not appear to be a significant source of sediment in the
watershed association. Notably, local erosion can cause small areas of loss
in soil productivity. Additionally, even localized erosion can be a
management concern, resulting in increased maintenance costs.

Anecdotal evidence indicates that portions of the Resurrection Creek Pass
trail have become severely eroded. Other areas may be subject to erosion.
However, no systematic survey of trail condition and surface erosion have
been conducted. Surface erosion and loss in soil productivity has been
reported in and around the two campgrounds in the watershed association.

The community of Hope lies adjacent to and primarily on the east side of
Resurrection Creek. Habitations in the town of Hope are buffered from the
creek by more than 500 feet, except on the downtown street at the creek’s
mouth. However, connectivity between building sites and roads within the
town and Resurrection Creek is unknown. Several homes and the Hope
school are located within 500 feet of Bear Creek. While buffer zones of 300
feet are generally deemed sufficient to filter out all sediment (Johnson and
Ryba 1992), studies conducted thus far have focused on fully-vegetated
buffer strips. No measurements have been taken thus far to determine the
effects of development on sedimentation within the watershed association.
However, given the limited amount of development compared to the size of
the watershed, it is unlikely that this development has caused significant
sedimentation of either Bear or Resurrection Creek.

Of the prevalent channel types within the watershed association, stream bank
sensitivity is listed as high concern for only one, channel type MM2 (see
Section 4.4, Stream Channel). High terraces along the mainstem have been
undercut in a number of locations and are a source of erosion and sediment
to Resurrection Creek (Kalli and Blanchet 2001, unpublished report).

4.2.3 Effects of Spruce Bark Beetle on Erosion Processes
While large swaths of forested land have been affected by the spruce bark

beetle, there has been no obvious immediate effect on erosion processes.
Theoretically, the loss of root strength associated with dying trees would lead
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to some instability in steep, spruce-forested terrain. However, based on
limited field observations, there has been no increase in mass wasting in the
last 30 years. Surface erosion due to wind-thrown trees theoretically could
cause sedimentation. However, due to the relatively thick layer of duff in
forest soils, and the understory of vegetation, this process is unlikely to cause
a significant amount of sedimentation.

4.3 Hydrology

4.31 Surface Water

There are a total of 78 acres of lakes and 252 miles of mapped stream in the
watershed association. The lakes are mostly in Fox Creek, East Creek, and
Palmer Creek subwatersheds. When lakes are large or are in lower
elevations of watershed, they can influence the runoff by mitigating flows and
sediment transport. However, given that the lakes (all in the Resurrection
Creek watershed) are small and widely dispersed, they are not likely to have
a significant effect on runoff patterns within the watershed.

4.3.2 Groundwater

Many of the residential buildings within the watershed use shallow wells for
their water supply (Blanchet, D., Chugach National Forest, personal
communication 2001). The well-sorted, coarse alluvium in the valley floor is
the main aquifer for these purposes. Little is known about aspects of
groundwater in other portions of the watershed association. The long,
avalanche-swept, well-vegetated valley sideslopes convey infiltrated
meltwater from the snowpack to forested areas below, as indicated by distinct
vegetation cover types.

4.3.3 Wetlands

A total of 2,744 acres, or 2.5 percent of the watershed association, is mapped
as wetlands (Table 8). Wetlands within the Resurrection Creek watershed
concentrate along stream channels (riverine) and within forested areas
generally lower on hillslopes, where springs and groundwater saturation
persist. These latter wetlands (palustrine forested) are often small in size and
difficult to identify from aerial photography. They are likely underrepresented
on National Wetlands Inventory (NWI) maps of the watershed. Estuarine
wetlands are prevalent adjacent to the mouths of Resurrection and Bear
creeks.
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4.3.4 Runoff

Streamflow produced by the watershed association is directly related to the
amount of precipitation received by the watershed. Map A (Appendix A)
shows the generalized precipitation distribution across the watershed
association. While there are no flow records for tributaries to Resurrection
Creek, the levels of precipitation can provide some indication of gross runoff.
Figure 3 shows the amount of approximate average annual precipitation
zones by subwatershed. Runoff responds to rainfall directly. Although the
watershed is not flashy in nature, major storms generally last 1 to 3 days,
which is sufficient time to concentrate flows within the drainage. Rainfall
amount affects water quality of surface runoff as a result of contributed
sediment from the channel banks during high flows. Rainfall in the area is
chemically neutral and influences the overall pH of the streams within the
watershed association.

The duration of rainfall is important because the Resurrection Creek
watershed association has time to respond to the large, 1- to 3-day storm
events that occur in the area. The watershed can store a considerable
amount of water, but after a day of rainfall, many of the thin soils begin to
saturate, and the creek begins responding to the storm event with increased
runoff and streamflow. Short duration, high intensity storms are relatively
rare within the watershed association, and the flow response from such
events is limited by high initial infiltration. Smaller rainstorms in June and
July can combine with snowmelt peak runoff to create large flood events,
particularly following heavy snowfall winters.

Since virtually all snow melts from the watershed over the spring and
summer, streamflow is directly related to the total amount of snowfall
received by the watershed. The snowpack insulates the ground, contributing
to low flows in the winter. This occurs because shallow groundwater remains
liquid under the insulation of the snowpack. Runoff does not respond to
snowfall directly, but the volume of accumulated snow in the spring has a
direct effect on the size of the snowmelt peak, which is usually the peak flow
for the year. Snowfall amount affects water quality of surface runoff as a
result of contributed sediment from the channel banks during high flows.

Storm frequency and intensity has a limited effect on stream sedimentation,
as most sediment is picked up along the stream banks. Sediment supply to
the stream tends to increase as flows are rising due to the availability of new
sediments along the stream banks. Sediment concentrations drop off sharply
as peak flows decline since the availability of stream bank sediments has
been greatly reduced during the rising limb (hysteresis effect).
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Other aspects of climate may or may not influence streamflows and
sedimentation in the watershed association. These factors include maximum
and minimum air temperature, evapotranspiration, and wind. Too little is
known to speculate about the influence of these factors, although they are
worth discussing.

The maximum air temperature in the spring and summer directly affects the
snowmelt rate and, therefore, the size of the snowmelt peak. The timing of
maximum air temperatures directly affects the timing of the snowmelt peak.
Maximum snowmelt peaks are generated by a combination of a large winter
snow pack, low maximum temperatures in April and May, and high maximum
temperatures in June and July. High maximum temperatures also increase
evapotranspiration rates during the late spring and summer, which can
reduce the overall runoff, although this influence is moderate. Stream
sedimentation increases markedly for higher snowmelt peak years.

Minimum temperatures have limited direct effects upon hydrologic processes.
In the spring when temperatures fluctuate above and below freezing, a
stronger diurnal flow effect is seen than when the minimum temperature is
above freezing. Cold minimum temperatures in the winter decrease flow
rates. Minimum temperatures may have an influence on ice-jam floods,
however. Ice-jam floods occur during early freeze-up of rivers, and during
early thaws. A pattern of low minima followed by a warming trend is
necessary for either situation. The timing and location of the minima play a
critical role.

Water lost to evapotranspiration influences the amount of surface runoff
during warm summer months. Losses are primarily by transpiration from
vegetation, and evaporation from vegetation and other surfaces after rainfall.
The percent of exposed surface water within the watershed is small, and
evaporation from surface water has a limited effect upon streamflows.
Evapotransporation losses can have a small effect on water quality later in
the summer, causing increases in chemical parameter concentrations if the
weather is warm and rainfall and snowmelt runoff (dilution) is low.

Wind does not play a significant role in production, timing, or quality of
surface runoff. Wind may produce localized effects upon snowpack
distribution and depths; however, these will have little impact upon overall
streamflows within the watershed association. Due to the small area of
exposed surface waters with the watershed association, the effects of wind
upon evaporation are also very limited.
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Elevated flows may occur in response to 1- to 3-day storms that occur in the
region, and during snowmelt periods and combination rainfall and snowmelt
events. The non-flashy nature of the watershed association along with its
moderate annual precipitation and peak precipitation keeps high flows
relatively low. The 10-year event on Resurrection Creek is 2,400 cfs, or
16.1cfs/mi®. Due to these moderate peak flows, the effects upon water
quality will not be as severe as in other local watersheds with higher
precipitation.

Ice jams are another cause of flooding. The frequency and magnitude of this
process in the Resurrection Creek watershed is poorly understood. However,
extensive research has been conducted in the Midwest and Northeast states.
These floods occur as a result of either early freezing or thawing of the river
water. Ice on the surface of the water unexpectedly cracks and breaks up; it
then clogs the channel, forming a dam. Water levels may rise and flow over
the banks at the site of the jam. Additionally, when the ice jam finally breaks,
a flood wave may be sent downstream. This flood wave can possess
extraordinarily high stream power. Ice within the flow can scour channel beds
and banks, and batter riparian vegetation. lce jams form at constrictions,
confluences, sharp bends, and where there is a substantial decrease in
channel slope. While anecdotal evidence indicates these floods occur a few
times a year, it is difficult to know how important these floods as
channel-forming events, without further study. Because streambanks are
frozen when these events occur, their effect on bank erosion appears to be
quite limited. These events very likely hasten the downstream movement of
large organic debris.

Physical changes to Resurrection Creek’s channel allow floods to pass
through the mined area more rapidly and with less attenuation. This means a
probable increase in flood peak sizes downstream from the mined areas,
particularly, in floods associated with heavy rains. However, even with these
effects, the flood peaks measured on Resurrection Creek by the USGS below
the mining are still quite small. The largest flood during the 18 years
Resurrection Creek was monitored (1967 to 86) was 3,380 cfs, or a unit
runoff of 22.7 cfs/mi®.. Compared with other Kenai Peninsula streams, this is
a very low value for flood unit runoff.

It is unlikely that Bear Creek has experienced mining-related increases in
flood peaks, since the creek has not been isolated from its floodplain by
mining. However, some mining-related increases in stream sedimentation
have been measured during mining operations with inadequate settlement
systems. Likewise, some increase in sediment loads may occur during peak
flow events due to mining-related disturbances of the stream channel.
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4.3.5 Effects of Spruce Bark Beetle on Hydrology

Because approximately 50 percent of the forested land within the watershed
has been affected by the spruce bark beetle, it is possible that runoff has
been affected. This could happen through change in the evapotranspiration.
The simplified hydrologic cycle is represented by the following equation:

Precipitation — Evapotranspiration = Runoff + Infiltration

With trees effectively removed, the decrease in evapotranspiration could
theoretically lead to increased runoff. Anecdotal remarks by local residents
indicate this may be occurring in some areas. However, given that the
die-out of spruce trees is gradual, and that understory growth accelerates in
response to the overstory removal, it is unlikely that there would be a
widespread and significant effect of dying trees on runoff. An unpublished
report by the USFS (Kalli and Blanchet 2001, unpublished report) suggests
that an increase in runoff of 1 to 2 percent is possible. Furthermore, the
report suggests that any significant increase in runoff would have reached its
peak in the mid- to late 1980s, and has since likely subsided.

Using the data in the GIS, a graph of forested area affected by the spruce
bark beetle, by subwatershed, was developed (Figure 4). This figure
indicates that the Resurrection Creek Flats is not only the most forested but
also the most affected by infestation. While there are no specific data on the
effects of either spruce bark beetle infestation or burning, Figure 4 allows us
to speculate on the potential for these effects. Most of the subwatershed
contains a very small portion of forested land. Virtually all forested land in
Abernathy Creek is infested with spruce bark beetle. Other subwatersheds
which are heavily infested include Gold Gulch-Rimrock and Willow Creek.

4.4 Stream Channel

Approximately 250 miles of mapped, perennial stream channel exist in the
watershed association. This number does not include ephemeral channels
that flow only during the snowmelt season.

Approximately 64 percent of all mapped streams fall within the “high gradient
confined process group” (HC) of the Tongass Stream Channel Classification
Guide (Paustian et al. 1992). Table 9 shows how the various groups are
represented in the watershed association; and miles of stream by channel
type in each subwatershed. Table 10 shows descriptions of stream type
codes. The HC streams are mostly distinguished by having a gradient of
greater than 6 percent, and very incised channels. Their substrate is
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predominantly bedrock. These streams have a high sediment transport
capacity. Another group of streams that is well-represented is the “moderate
mixed-gradient control process group.” These streams account for 24
percent of all mapped streams in the watershed association. The substrate
of these streams is typically boulders and/or bedrock, which limit the erosion
and depositional activities of streams.

Most tributaries to Resurrection Creek fall into the HC group. Within this
category, at least half of the streams are classified as “deeply incised upper
valley” channels. These stream channels are typical of low order streams
which occur high in the watershed. These streams typically are transport
reaches, that is, sediment entering these reaches is transported quickly out
from the reach downstream. The remainder of the high-gradient streams are
very high-gradient (greater than 15 percent) streams typical of the uppermost
reaches of the watershed. It is logical that these streams make up a majority
of the streams in the watershed; low order streams typically are much more
numerous in watersheds that have a dendritic drainage pattern (such as
Resurrection Creek).

The most critical reaches, in terms of providing fish habitat, are not as
common. The “floodplain process group” contains a variety of stream
channel types which vary by incision and bankfull width. In the project area,
the narrow low-gradient and low-gradient flood plain channels are the most
important, and they form almost 16 miles of stream channel along the lower
mainstem of Resurrection and Palmer creeks.

A wide variety of placer mining operations from the 1890s up to the present
have disturbed Resurrection Creek from about 2 miles to 6.5 stream miles
upstream from the mouth. This disturbance is associated with approximately
4-mi? of highly disturbed floodplain/riparian area. Figure 5 is a series of aerial
photographs taken in 1998 that shows this disturbed area. Both hydraulic
mining and larger scale heavy equipment have been used to mine the creek
and its associated riparian area. Additionally, recreational gold panning and
associated camps are popular on a quarter-mile section of Resurrection
Creek directly upstream from the Resurrection Pass trailhead bridge.
Recreational gold panning has damaged streambanks and riparian soils.

Palmer Creek is Resurrection Creek’s largest tributary, joining Resurrection
Creek 5.4 stream miles upstream from its mouth. The lower 0.5 mile of
Palmer Creek and its associated riparian area have been highly disturbed by
placer mining. Both hydraulic and heavy equipment operations have worked
in the area over the past 100 years. Upper sections of Palmer Creek have
had some recent, small-scale suction dredging operations.
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Past and present placer mining operations have heavily impacted Bear
Creek’s channel. This activity includes hydraulic mining, some heavy
equipment mining, and extensive suction dredging. Nearly 3 miles of Bear
Creek’s channel, starting 2 miles upstream from its mouth, have been
affected to some extent. Several suction dredging and sluicing operations
are currently active on the creek, with miners camping adjacent to the creek.
Figure 6 illustrates a reworked section of the Bear Creek streambed. Along
much of Bear Creek, there is virtually no floodplain. Where some floodplain
exists, it has been extensively altered by hydraulic mining, heavy equipment
operation, suction dredging, and sluicing. Much of the channel substrate in
the affected sections is either bedrock or very coarse substrate. Riparian
vegetation has been eliminated in some areas, and the sediment load has
likely increased as a result of mining activities. Bear Creek flows through a
tightly confined valley before reaching a broad alluvial fan. Little mining
activity has occurred on the alluvial fan.

Mining has affected 4 of the 6 miles of lower Resurrection Creek. The upper
end of the project area has 1.5 total miles of tailings piles on both sides of the
channel. The channel is very confined by these long linear tailings piles. The
grain size composition of these tailings ranges between cobble- to truck-sized
boulders with an average-sized piece similar to a baseball. For the most part,
there does not appear to be any erosion of these lateral tailings piles. The
confining nature of these mining tailings keeps the stream from developing
any meanders or side channels. What floodplain this reach of stream had
historically is now covered with mine spoilings for a total of 1.5 miles. Side
channels, floodplains, and meanders are critical habitat components in a
healthy salmon stream. This constriction can give rise to higher flows and a
larger average substrate size. The smaller-sized particles are deposited in
areas where there are lower steam velocities.

A total of approximately 9 miles of stream has been impacted by mining
activity; representing about 4 percent of the total stream length. The
disturbed portions of Resurrection Creek make up about 40 percent of the
low-gradient unconfined floodplain in the watershed association. This
disturbance has included adjacent riparian and floodplain areas.

One measure of the effects of mining on stream channels is channel
complexity, calculated as the ratio of mainstem, side channel and side slough
channel lengths to valley bottom lengths. Channel complexity may be
determined from aerial photo interpretation. A complex stream is
characterized by meanders, multiple channels and side sloughs, while an
simplified stream would be characterized by straight and/or channelized
channels with limited connectivity to its floodplain.
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LWD is also an important measure of channel function. LWD plays a critical
role in many stream systems by the way it traps or slows down movement of
sediment. In addition, LWD allows for the creation of pools on the
downstream side, which also dissipates stream energy, causing less scour.
Within the project area, no known data concerning LWD have been recorded;
however, qualitative estimation is sufficient for this analysis. Based on visual
inspections of Resurrection Creek by USFS personnel and authors of this
report, there is a noticeable absence of LWD in the reaches disturbed by
mining. Additionally, the disturbance of the streambanks and other areas
adjacent to the stream channels has caused there a lack of recruitable wood
in the disturbed reaches. Furthermore, loss of fines in riparian soils, while not
quantified, is likely sufficient to greatly slow down natural revegetation, and
thus future LWD recruitment, in areas with mining-related disturbance.

Another important aspect of stream channel is substrate size. Due to the
high-energy nature of Resurrection Creek, the substrate particles are
naturally coarse. With the additional effects of hydraulic and other mining,
the median diameter of substrate particles is likely to have increased.
However, no reliable data documenting substrate size within Resurrection
Creek have been collected. The current substrate in the disturbed reaches is
cobble- to boulder-size.

Additional considerations with LWD are the potential effects of the spruce
bark beetle infestation. Because almost 50 percent of the spruce trees have
been affected, it is likely that there will be a short-term increase in LWD
recruitment in areas where spruce trees lie within the riparian zone. The
increase is likely to be followed by a long-term decrease in recruitment, since
so many spruce trees will have died. Both the short-term increase and the
long-term decrease are likely to be minimal, however, because the majority of
forest stands in the riparian zone are diverse, containing cottonwood and
hemlock, as well as spruce trees. Notably, the riparian zone of approximately
the upper third of Resurrection Creek consists of white spruce-dominated
forest. Virtually all of this forest type is affected by the spruce bark beetle.
Therefore, the effects of beetle infestation may be more significant in these
reaches.

4.5 Water Quality

Water quality data prior to mining disturbances within the watershed could not
be located, and likely do not exist. However, stream channel and hydrologic
characteristics indicate that water quality in Resurrection, Palmer, and Bear
creeks were sufficient to support salmonids. The creeks were likely highly

Hart Crowser, Inc.

Page 34

12556-01 January 31, 2002



oxygenated, and pH balanced, with low temperatures. Changes in land use
and riparian corridors have the greatest potential to affect water quality.

Urbanization has been shown to degrade water quality (May 1998).
However, since no water quality monitoring occurred before urbanization
began, it is impossible to know to what extent urbanization has degraded
water quality, if at all. However, USGS collected water quality data in
Resurrection Creek at two stations, one in the town of Hope and the other 1.8
miles downstream from Hope. Water quality data were recorded at Hope on
10 occasions between July 1950 and September 1959 (Table 11). Water
quality data were recorded downstream of Hope on 25 separate occasions
between June 1968 and May 1971 (Table 13). The water quality data
collected indicate no violations of state standards established for growth and
propagation of fish, shellfish, other aquatic life, and wildlife as established by
the Alaska Department of Environmental Conservation (ADEC 1999).
Urbanization prior to 1971 has not appeared to degrade water quality in
Resurrection Creek.

Mining operations can impact water quality in several ways. The physical
actions of mining reroutes a portion of the stream water to shaker boxes to
wash the gravel. The sediment-laden wastewater discharges into settling
basins or directly into the stream. Improperly sized or maintained settling
basins are not able to settle out large volumes of sediment, possibly leading
to increased turbidity in the streams. Mining operations also result in the loss
of riparian vegetation removal, decreasing stream shade and possibly
increasing stream temperatures. A loss of riparian vegetation also increases
streambank erosion, likely increasing turbidity.

Conventional water quality parameters were measured in Resurrection and
Palmer creeks and adjacent settling ponds during 1980 to evaluate the
effects of placer mining operations on water quality. Although degraded
water quality was measured in settling ponds adjacent to the creeks, water
quality degradation was not always observed downstream of the settling
ponds. Increases in turbidity were measured below most mining locations,
but were generally within state standards. Temperature, dissolved oxygen,
specific conductance, and pH were also all within water quality standards.
This is likely due to the relatively small amount of settling pond discharge
entering into the creeks. This would cause dilution of the water discharging
from the ponds. However, large quantities of sediment from setting ponds
inundated during periods of high flows have been observed flowing into
Resurrection Creek (Blanchet 1981). It should be noted that during this
sampling, stream flows were abnormally high due to an extremely high snow
pack and above average summer rainfall. During summers with lower than
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average flows, mining operations may have a negative impact on
conventional water quality parameters such as temperature, dissolved
oxygen, and turbidity.

Concentrations of heavy and trace metals were measured at several
locations within upstream, within, and downstream of active mining sites in
the watershed and wash water (13). Concentrations in excess of state water
quality levels were measured on five occasions within the watershed.
Manganese concentrations exceeded standards within wash water on
Resurrection and Palmer creeks in 1980. Lead concentrations surpassed
standards within wash water and downstream of mining on Resurrection
Creek in 1980. Lead levels surpassing state standards were also measured
in Palmer Creek above but not below the mining site (Table 12) (Blanchet
1981).

Water samples collected for heavy and trace metals analysis in 1994 in
Resurrection Creek reported no detectable levels of arsenic, copper, lead, or
zinc (Table 12). Water samples collected for heavy and trace metals analysis
in 1994 in Bear Creek reported no detectable levels of copper, lead, or zinc.
However, arsenic levels were detectable, with a slightly elevated
concentration at the downstream location (Table 12) (Kalli and Blanchet
2001, unpublished report).

Although mining operations have been shown to degrade water quality, water
quality in the Resurrection Creek watershed appears to meet state water
quality standards and the requirements for fish production and survival.

Most water quality sampling programs were associated with evaluating the
effects of mining operations. Other variables such as urbanization, trail
erosion and shade reduction may contribute to water quality degradation.
However, the contribution of these other variables is currently unknown.

4.6 Vegetation

Plant community structure and distribution have been affected by past and
present human uses, wildfire, insect epidemics, disease, and other physical
and natural processes, as well as land use management (e.g., timber
harvesting and prescribed burns).

Among the most influential human uses are development in and around the
community of Hope, past and ongoing recreational and commercial mining,
and roads that serve Hope and provide access to forest lands within the
watershed. Wildfire, the existing spruce bark beetle infestation, and
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predominance of rock and ice within the higher elevations are the primary
factors influencing the distribution and structure of vascular plant
communities. Human uses, land use management, and natural processes
have influenced timber and fuels management.

4.6.1 Plant Communities

As noted in the Watershed Characterization section on plant communities
(Section 2.6), there are 13 consolidated plant cover types identified within the
watershed (see Appendix A, Map B). These include different needleleaf,
broadleaf, and mixed forest; tall, low, and dwarf scrub; graminoid
herbaceous, forb herbaceous, and aquatic herbaceous plant community
types described by DeVelice et al. (1999). Their distribution and structure in
space and time has developed in response to existing land uses, climate,
wildfire, past and present spruce bark beetle infestations, and other natural
processes. Because human land use activities have influenced only about 1
percent of the area within the entire watershed association, the distribution of
plant communities does not appear to have been significantly adversely
influenced by human uses within these watersheds, with a few exceptions.
Fire, existing and past spruce bark beetle infestations, avalanches,
landslides, and other natural processes appear to be the major determinants
of the current patterns and distribution of the various cover types within the
watershed association shown (see Table 13).

Residential and commercial development (human uses) have had low to
moderate impacts on existing plant community structure and distribution
within a small proportion of the entire watershed association area. Impacts
outside developed areas have been low. Within developed areas, human
uses have had moderate impacts on vegetation by replacing or altering
spruce and hemlock-dominated forest plant community types. Alterations
have resulted not only from vegetation removal activities, but also from
human-induced wildfires and prescribed burns. In areas where vegetation is
altered rather than permanently removed, plant communities tend to shift to
early seral types, such as those encompassed within the other brush, alder,
birch, aspen, cottonwood, and mixed hardwood-softwood cover types.
Except where roads have been built up near Palmer Creek, Resurrection
Creek, and other creeks to serve residents, access mining operations, and
provide recreational access to forest lands and forest campgrounds or where
cabins have been developed, impacts have largely been confined to the
lower third of the watershed association around Hope and Palmer Creek.
This includes those areas below the Gold Gulch-Rimrock Creeks and Willow
Creek watersheds.
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