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1 - GENERAL DESCRIPTION OF THE LOCALE

1.1 - General Setting

The location of the proposed Susitna Hydroelectric Project is within
the east-to-west-flowing section of the Susitna River approximately 140
miles (230 km) north-northeast of Anchorage, Alaska, and 110 miles
(180 km) south-southwest of Fairbanks, Alaska (Figure E.1.1). Two pro-
posed dams would generate electrical power for the railbelt region of
Alaska; that is, the corridor surrounding the Alaska Railroad from
Seward and Anchorage to Fairbanks. The two proposed damsites, Watana
and Devil Canyon, are 152 (246 km) and 184 {300 km) river miles up-
stream from the river's mouth at Cook Inlet. The nearest settlements
(Gold Creek, Canyon, Chulitna) are along the Alaska Railroad, .approxi-
mately 12 miles (18 km) from Devil Canyon.

The project site is within the south-central region of Alaska. This
region is geographically bounded by the Alaska Range to the north and
west, the Wrangell Mountains to the east, and the Chugach Mountains and
the Gulf of Alaska to the south. Topography is varied and includes
rugged, mountainous terrain; plateaus; and broad river valleys.

Mount McKinley, the state's single most significant geographical fea-
ture, is located on the region's northwest border. Denali National
Park, Denali State Park, and the diversity of landscapes and resources
offer a wide variety of recreational opportunities. Spruce-hemlock and
spruce-hardwood forests, wetlands, and tundra are the predominant vege-
tative types. A wide variety of wildlife and fish species are present,
including moose, caribou, bear, and salmon.

Approximately 50 percent of Alaska's population lives in south-central
Alaska. Anchorage is the state's largest city with a civilian popula-
tion in 1980 of 174,400. Fairbanks, north of the present site and out-
side south-central Alaska, is the state's second largest urban center
with a population of 30,000. The region's economy is based on support
services, commercial fishing, mining, forestry, petroleum, and
tourism.

South-central Alaska contains the most highly developed transportation
system in the state interconnected by paved highways and gravel secon-
dary roads. An extensive airport system ranging from the international
level to gravel strips and water bodies permit plane access into more
remote areas. The Alaska Railroad and ferry systems also serve large
portions of the region.

Air quality in the region is good. All areas outside Anchorage and
Fairbanks meet all the National Ambient Air Quality Standards. Thus,
the area is classified as attainment, and any facility which exceeded
threshold levels for pollutant emissions would be subject to the re-
quirements of the Prevention of Significant Deterioration program under
the Clean Air Act.
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1.2 - Susitna Basin

1.2.1 - Physiography and Topography

The 19,400-square-mile (50,440 kmz) Susitna River basin is
bordered by the Alaska Range to the north, the Chulitna and
Talkeetna Mountains to the west and south, and the northern
Talkeetna plateau and Gulkana uplands to the east. This area is
largely within the Coastal Trough province of south-central
Alaska, a belt of lowlands extending the length of the Pacific
Mountain System and interrupted by the Talkeetna, Clearwater, and
Wrangell Mountains.

The basin has distinct and diverse combinations of Tandforms and
waterforms. The deep V-shaped canyon of the Susitna River and
tributary valleys the Talkeetna Mountains., and upland plateau to
the east are the dominant topographic forms. Elevations in the
basin range from approximately 700 feet (210 meters) to over
6000 feet (1800 meters). Distinctive landforms include tundra
highlands, active and post-glacial valleys, and numerous lakes.

In the vicinity of the proposed impoundments (Figure E.1.2)}, the
river cuts a narrow, steep-walled gorge up to 1000 feet (300
meters) deep through the Clarence Lake Upland and Fog Lakes
Uptland, areas of broad, rounded summits 3000 to 4200 feet (900 to
1260 meters) in elevation. Between these uplands, the gorge cuts
through an extension of the Talkeetna Mountains, where rugged
peaks are 6900 feet (2070 meters) high. Downstream from its
confluence with the Chulitna and Talkeetna rivers, near
Talkeetna, the Susitna traverses the Cook Inlet-Susitna Lowland,
a relatively flat region generally Tless than 500 feet (150
~meters) 1in elevation. A portion of the proposed transmission
facilities, between Healy and Fairbanks, would follow the narrow
valley of the Nenana River through the northern foothills of the
Alaska Range, traverse the Tanana-Kuskokwim Lowland in a flat
region generally less than 650 feet (200 meters) in elevation
(the Tanana Flats), and then parallel a ridge on the edge of the
Yukon-Tanana Upland.

1.2.2 - Geology and Soils

The regional geology of the Susitna Basin area has been exten-
sively studied and is documented. The upper Susitna Basin lies
within what is geologically called the Talkeetna Mountains area.
This area is geologically complex and has a history of at Tleast
three periods -of major tectonic deformation. The oldest rocks
exposed in the region are volcanic flows and limestones which
were formed 250 to 300 million years before present (m.y.b.p.)
and which are overlain by sandstones and shales dated approxi-
mately 150 to 200 m.y.b.p. A tectonic event approximately 135 to
180 m.y.b.p. resulted in the intrusion of Targe diorite and
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1.2 - Susitna Basin

granite plutons, which caused intense thermal metamorphism. This
was followed by marine deposition of silts and clays. The
argillites and phyllites which predominate at Devil Canyon were
formed from the silts and clays during faulting and folding of
the Talkeetna Mountains area in the Late Cretaceous period (65 to
100 m.y.b.p.). As a result of this faulting and uplift, the
eastern portion of the area was elevated and the oldest volcanics

~and sediments were thrust over the younger metamorphics and sedi-
ments. The major area of deformation during this period of
activity was southeast of Devil Canyon and included the Watana
area. The Talkeetna Thrust Fault, a well-known tectonic feature
which has been identified in the literature, trends northwest
.through this region. This fault was one of the major mechanisms
of this overthrusting from southeast to northwest. The Devil
Canyon area was probably deformed and subjected to tectonic
stress during the same period, but no major deformations are
evident at the site.

The diorite pluton that forms the bedrock of the Watana site was
intruded into sediments and volcanics about 65 m.y.b.p. The
andesite and basalt flows near the site have intruded the pluton.
During the Tertiary period (20 to 40 m.y.b.p.) the area surround-
ing the sites was again uplifted by as much as 3000 feet (900
meters). Since then, widespread erosion has removed much of the
older sedimentary and volcanic rocks. During the last several
million years, at least two alpine glaciations have carved the
Talkeetna Mountains into the ridges, peaks, and broad glacial
plateaus seen today. Postglacial uplift has induced downcutting
of streams and rivers, resulting in the deep, V-shaped canyons
that are evident today, particularly at the Vee and Devil Canyon
damsites. This erosion is believed to be still occurring, and
virtually all streams and rivers in the region are considered to
be actively downcutting. This continuing erosion has removed
much .of the glacial debris at high elevations, but very little
alluvial deposition has occurred.

The resulting landscape consists of barren bedrock mountains,
glacial till-covered plains, and exposed bedrock cliffs in can-
yons and along streams. Climatic conditions have retarded the
development of topsoil. Soils are typical of those formed in
cold, wet climates and have developed from glacial till and out-
wash. They include the acidic, saturated, peaty soils of poorly
drained areas; the acidic, relatively infertile soils of the
forests; and raw gravels and sands along the river. The upper
basin is generally underlain by discontinuous permafrost.
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1.2 - Susitna Basin

1.2.3 - Hydrology

The entire drainage ar%f of the Susitna River is about 19,400
square miles (50,440 km¢), of which the basin above _Gold Creek
comprises approximately 6160 square miles (16,016 km2) (Figures
E.1.3 and E.1.4). Three glaciers in the Alaska Range feed forks
of the Susitna River and flow southward for about 18 miles (29
km) before joining to form the mainstem of the Susitna River.
The river flows an additional 55 miles (88 km) southward through
a broad valley, where much of the coarse sediment from the gla-
ciers settles out. The river then flows westward about 96 miles
through a narrow valley with the constrictions in the Devil Creek
and Devil Canyon areas creating violent rapids. Numerous small,
steep-gradient, clear-water tributaries flow to the Susitna in
this reach of the river. Several of these tributaries cascade
over waterfalls as they enter the gorge. As the Susitna curves
south past Gold Creek, 12 miles (19 km) downstream from Devil
Canyon, its gradient gradually decreases. The river is joined
about 40 miles (64 km) beyond Gold Creek 1in the vicinity of
Talkeetna by two major rivers, the Chulitna and Talkeetna. From
this confluence, the Susitna flows south through braided channels
about 97 miles (155 km) until it empties into Cook Inlet near
Anchorage, approximately 318 miles (509 km) from its source.

(a) Flows

The Susitna River is typical of unregulated northern glacial
rivers with high, turbid summer flow and low, clear winter
flow. Runoff from snowmelt and rainfall in the spring
causes a rapid increase in flow in May from the Tow dis-
charges experienced throughout the winter. Peak annual
floods usually occur during this period. Approximately 80
percent of the annual flow occurs between May and September.
At Gold Creek, average flows approach 6000 cubic feet per
second (cfs) in October, the start of the water year. The
flow rapidly decreases in November and December as the river
freezes. Low flows of about 1000 cfs occur in March and
April. At breakup, flows are over 13,000 cfs in May and
peak at about 27,700 cfs in June. Flows gradually decrease
to 24,000 c¢fs in July, 22,000 cfs in August, and 13,000 cfs
in September.

Associated with the higher spring flows is a 100-fold in-
crease in sediment transport which persists throughout the
summer. The large, suspended sediment concentration in the
June-to-September time period causes the river to be highly
turbid. Glacial silt contributes most of the turbidity of
the river when the glaciers begin to melt in late spring.

Rainfall-related floods often occur in August and early
September, but generally these floods are not as severe as
the spring snowmelt floods.




1.2 - Susitna Basin

As the weather begins to cool in the fall, the glacial melt
rate decreases and the flows in the river gradually decrease
correspondingly. Because most of the river suspended sedi-
ment is caused by glacial melt, the river also begins to
clear. Freeze up normally begins in October and continues
to progress up river through early December. The river
breakup generally begins in late April or early May near the
mouth and progresses upstream with breakup at the damsite
occurring in mid-May.

Water Quality

The Susitna River is a fast-flowing, cold-water glacial
stream of the calcium bicarbonate type containing soft to
moderately hard water during breakup in summer, and moder-
ately hard water in the winter. Nutrient concentrations
(namely, nitrate and orthophosphate) exist in low-to-
moderate concentrations. Dissolved oxygen concentrations
typically remain high, averaging about 12 mg/1 during the
summer and 13 mg/1 during winter. Percentage saturation of
dissolved oxygen generally exceeds 80 percent and averages
near 100 percent in the summer. Winter saturation levels
decline slightly from the summer levels. Typically, pH
values range between 7 and 8 and exhibit a wider range in
the summer compared to the winter. During summer, pH
occasionally drops below 7, which is attributed to organic
acids in the tundra runoff. True color, also resulting from
tundra runoff, displays a wider range during summer than
winter. Values have been measured as high as 40 color units
in the vicinity of the damsites. Temperature remains at or
near 0°C during winter, and the summer maximum is 14°C.
Alkalinity concentrations, with bicarbonate as the dominant
anion, are low-to-moderate during summer and moderate-to-
high during winter. The buffering capacity of the river is
relatively low on occasion.

The concentrations of many trace elements monitored in the
river were low or within the range characteristics of nat-
ural waters. However, the concentrations of some trace ele-
ments exceeded water quality guidelines for the protection
of freshwater aquatic organisms. These concentrations are
the result of natural processes because, with the exception
of some placer mining activities, there are no man-induced
sources of these elements in the Susitna River Basin.

Concentrations of organic pesticides and herbicides,
uranium, and gross alpha radioactivity were either less than
their respective detection limits or were below levels con-
sidered to be potentially harmful to aquatic organisms.
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1.2 - Susitna Basin

1.2.4 - Climate

As in most of Alaska, winters are long, summers. are short, and
there is considerable variation in daylight between these sea-
sons. Higher elevations in the upper basin are characterized by
a continental climate typical of interior Alaska. The lower
floodplain falls within a zone of transition between maritime and
continental climatic influences. From the upper to the Tlower
basin, the climate becomes progressively wetter, with increased
cloudiness and more moderate temperatures.

At Talkeetna, which is representative of the lower basin, average
annual precipitation is about 28 inches, of which 68 percent
falls between May and October, and annual snowfall is about 106
inches. Monthly average temperatures range from 9°F (-13°C) in
December and January to 58°F (14°C) in July.

1.2.5 - Vegetation

The Susitna Basin occurs within an ecoregion classified as the
Alaska Range Province of the Subarctic Division. The major vege-
tation types in the upper basin are low mixed shrub, woodland and
open black spruce, sedge-grass tundra, mat and cushion tundra,
and birch shrub. These vegetation types are typical of vast
areas of interior Alaska and northern Canada, where plants exhi-
bit slow or stunted growth in response to cold, wet, and short
growing seasons. Deciduous and mixed conifer-deciduous forests
occur at lower elevations in the upper basin, primarily along the
Susitna River, but comprise less than three percent of the upper
basin area. These forest types have more robust growth charac-
teristics than the vegetation types at higher elevations and are
more comparable to vegetation types occurring on the floodplain
farther downstream.

The floodplain of the lower river 1is characterized by mature and
decadent balsam poplar forests, birch-spruce = forest, alder
thickets, and willow-balsam poplar shrub communities. The
willow-balsam poplar shrub and alder communities are the earliest
to establish on new gravel bars, followed by balsam poplar for-
ests and, eventually, by birch-spruce forest.

Each of the transmission corridors cro.ses several vegetation
types. The Healy-to-Fairbanks transmission corridor includes
ridges, wetlands, and rolling hills with areas of open spruce
forests, open deciduous forests, mixed forests, shrublands, and
wet tundra. The Willow-to-Anchorage transmission corridor passes
through closed birch forests, mixed conifer-deciduous forest, wet
sedge grass marshes, and open and closed spruce stands. The
Willow-to-Healy transmission corridor traverses a wide variety of
vegetation types, from closed spruce-hardwood forests in the
south to tundra and shrubland in the north.
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1.2 - Susitna Basin

1.2.6 - Wildlife

Big game 1in the upper basin include caribou, moose, brown bear,
black bear, wolf, and Dall sheep. Caribou migrate through much
of the open country in the upper basin, and important calving
grounds are present outside the impoundment zone. Moose are
fairly common in the vicinity of the proposed project, but high
quality habitat 1is rather 1limited. Moose also freguent the
floodplain of the lower river, especially in winter. Brown bear
occur throughout the project vicinity, while black bear are
largely confined to the forested habitat along the river; popula-
tions of both species are healthy and productive. Several wolf
packs have been noted using the area. Dall sheep generally in-
habit areas higher than 3000 feet (910 meters) in elevation.

Furbearer species of the upper basin include red fox, wolverine,
pine marten, mink, river otter, short-tailed weasel, least
weasel, lynx, muskrat, and beaver. Beavers become increasingly
more evident farther downstream. Sixteen species of small mam-
mals that are characteristic of interior Alaska are known to
occur in the upper basin.

Bird populations of the upper basin are typical of interior
Alaska but sparse in comparison to those of more temperate
regions. Generally, the forest and woodland habitats support
higher densities of birds than do other habitats. In regional
perspective, ponds and lakes in the vicinity of the proposed im-
poundments support relatively few waterbirds. Ravens and rap- .
tors, including bald and golden eagles, are conspicuous in the
upper basin. Bald eagles also nest along the Tlower river. No
known peregrine falcon nests exist in or near the reservoir area,
although one nest exists near the northern leg of the transmis-
sion corridor. This nest has not been known to be active since
the early 1960s.

1.2.7 - Fish

Fishery resources in the Susitna River comprise a major portion
of the Cook Inlet commercial salmon harvest and provide sport
fishing for Anchorage and the surrounding areas.

Anadromous fish in the Susitna basin include all five species of
Pacific salmon: pink (humpback); chum (dog); coho (silver};
sockeye (red); and chinook (king) salmon. The Susitna River is a
migrational corridor, spawning area, and juvenile rearing area
for the five species of salmon from its point of discharge into
Cook Inlet to Devil Canyon, where salmon appear to be prevented
from moving upstream by the water velocity at high flow. Spawn-
ing occurs primarily in the tributaries, sloughs, and side
channels; limited spawning occurs in the mainstem. Preliminary
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1.2 - Susitna Basin

data indicate that the majority of the 1981 Susitna River escape-
ment of sockeye, pink, chum, and coho salmon spawned above the
Yentna River confluence and below Curry Station. Data also show
that sloughs between Devil Canyon and Talkeetna provide spawning
habitat for pink, sockeye, and chum salmon. Field data show that
juvenile chinook and coho salmon occur throughout the Tower
river, concentrating at slough and mainstem habitat during winter
and at tributary mouths during summer.

Grayling abound in the clear-water tributaries of the upper
basin; these populations are relatively unexploited. Grayling as
well as lake trout also inhabit many lakes. The mainstem Susitna
has populations of burbot and round whitefish, often associated
with the mouths of clear-water tributaries. Dolly Varden, hump-
back whitefish, sculpin, sticklebacks, and long-nosed suckers
have also been found in the drainage. Rainbow trout, Tike the
anadromous species, have not been found above Devil Canyon.

1.2.8 - Land Use

Because of limited access, the project area in the upper basin
has retained a wilderness character. There are no roads to the
project vicinity, but there are several off-road vehicle and sled
trails. Although rough, dirt landing strips for light planes are
not uncommon, floatplanes provide the principal means of access
via the many lakes in the upper basin.

Perhaps the most significant land use over the past three decades
has been the study of hydropower potential of the Susitna River.
The area is also used by hunters, white-water enthusiasts, fish-
ermen, trappers, and miners. Raft float trips are taken from the
Denali Highway on the Susitna or Tyone Rivers down to either Vee
or Devil Canyons. Both guided and non-guided hunting occur with-
in the project area, particularly near Stephan, Fog, Clarence,
Watana, Deadman, Tsusena, and Big lLakes. A few wilderness rec-
reation lodges and private cabins, single and in small clusters,
are scattered throughout the basin, especially on the larger
lakes.

Most of the lands in the project area and on the south side of
the river have been selected by the Natives under the Alaska
Native Claims Settlement Act. Lands to the north are generally
federal and are managed by the Bureau of Land Management. The
state has selected some lands on the north side of the river, and
there are many small, scattered private holdings in the upper
basin. The U.S. Department of the Interior has preserved part of
the area within the project impoundment zones as a Power Site
Classification (No. 443).

Mineral exploration and mining have been Timited in the immediate
project area. Mining in the upper Susitna River Basin has been
low in claims density and characterized by intermittent activity
since the 1930s.
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1.2 - Susitna Basin

The transmission corridors outside the dam and impoundment areas
(Willow to Anchorage and Healy to Fairbanks) traverse lands with
a somewhat higher degree of use. Most of the Tand within the
corridors, however, is undeveloped.

Wetlands cover large portions of the Upper Susitna River Basin,
including riparian zones along the mainstem Susitna, sloughs and
tributary streams, and numerous lakes and ponds on upland pla-
teaus. In addition, extensive areas of wet sedge-grass tundra
are classified as wetlands by the U.S. Army Corps of Engineers
for purposes of Section 404 permitting. The U.S. Soil Conserva-
tion Service has determined that there are no prime farmlands,
rangelands, or forests within the upper Susitna Basin.

1.2.9 - Recreation

The Targe diversity of landscapes and resources in south-central
Alaska offer a wide variety of outdoor recreational opportuni-
ties. The region's largest and most popular attraction is the
Denali National Park and Preserve. Adjacent to this park is
Denali State Park, one of 53 state parks in the south-central
region of Alaska. Other state parks in the vicinity include
Nancy Lake State Park, 70 miles (112 km) from Anchorage, and
Chugach State Park, 10 miles (16 km) east of Anchorage. All of
the above parks offer facilities for hiking, camping, fishing,
and picnicking. Other government land near the project area
includes the Susitna Flats State Game Refuge and the Chugach
National Forest.

North of the Susitna project site, the U.S. Bureau of Land Man-
agement maintains the 4.4-million-acre Denali Planning Block.
The bureau maintains several small campgrounds and picnic areas,
boat launches, and a canoe trail.

Numerous private facilities in the region provide additional for-
mal and informal recreation opportunities. These include remote
lodges, cabins, restaurants, airstrips, and flying and boat
services.
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GLOSSARY

Alluvial deposition - fine grained material left by rivers

Anadromous fish - fish that ascend freshwater rivers from the ocean
in order to breed

Argillites - a compact rock derived from either mudstone or shale

Conifer - forest containing both evergreen trees (pine, spruce, etc.)
and those that lose their leaves on an annual basis

Diorite plutons - igneous rocks formed at considerable depth interme-
diate in composition between acidic and basic rocks

Escapement - the process by which adult anadromous fish migrate from
the ocean to their freshwater spawning sites

Igneous - formed by solidification from a molten or partially molten
state

Phyllites - an argillaceous rock commonly formed by regional
metamorphism and intermediate in grade between slate and mica
schist

Schist - a medium or coarse-grained metamorphic rock with subparaliel
orientation of the mica material

Tectonic - pertaining to rock structure and external forms resulting
from the deformation of the earth's crust
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1 - INTRODUCTION

The Report on Water Use and Quality is divided into six sections:

- Introduction;

- Baseline Conditions;

- Project Operation and Flow Selection;

Project Impacts;

- Agency Concerns and Recommendations; and

- Mitigative, Enhancement, and Protective Measures.

SO EWMN
]

Within the sections on baseline conditions and project impacts, empha-
sis is placed on river morphology, flows, water quality parameters,
ground water conditions and instream flow uses. The importance of
flows and instream flow uses cannot be overstressed. For this reason,
mean flows, flood flows, low flows and flow variability are discussed
in detail.

The primary focus of the water quality discussion is on those para-
meters determined most critical for the maintenance of habitat for fish
populations and other aquatic organisms. Detailed discussions are pre-
sented on water temperature, ice, suspended sediments turbidity, dis-
solved oxygen, total dissolved gas supersaturation and nutrients.
These parameters have previously been identified as areas of greatest
concern.

Mainstem surface water-slough ground water interaction downstream from
Devil Canyon is important to successful salmonid spawning in the
sloughs and is discussed.

The primary instream flow uses of the Susitna are for fish, wildlife
and riparian vegetation. Since these are discussed in Chapter 3, they
are only briefly discussed in this Chapter. Other instream flow uses
including navigation and transportation, recreation, waste assimilative
capacity, and freshwater recruitment to Cook Inlet estuary are dis-
cussed. Since minimal out-of-river use is made of the water, limited
discussions have been presented on this topic.

In the section on Project Operation and Flow Selection, the character-
istics of the Watana and Devil Canyon reservoirs are described and the
alternative operating flow scenarios are discussed. The rationale for
the selected operational flow regime is presented.

Project impacts have been separated by development. Impacts associated
with each development are presented in the following chronological
order: construction, impoundment, and operation.

The agency concerns and recommendations that were received during the
ongoing consultation process have been addressed. Section 5 of this
chapter highlights the major concerns. Detailed responses to indi-
vidual comments are addressed in Chapter 11 of Exhibit E.
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1 - Introduction

The mitigation plans incorporate the engineering and construction meas-
ures necessary to minimize potential impacts, given the economic and
engineering constraints.

-

E-2-2



TR

2 - BASELINE DESCRIPTION

The entire drainage area of the Susitna River is about 19,400 square
miles, of which the drainage area above Gold Creek comprises approxi-
mately 6160 square miles (Figure E.2.1). Three glaciers in the Alaska
Range feed forks of the Susitna River, which flow southward for about
18 miles (30 km) and then join to form the Susitna River. The river
flows an additional 55 miles (90 km) southward through a broad valley
where much of the coarse sediment from the glaciers settles out. The
river then flows westward about 96 miles (154 km) through a narrow
valley, with constrictions at the Devil Creek and Devil Canyon areas
creating violent rapids. Numerous small, steep gradient, clear-water
tributaries flow into the Susitna in this reach of the river. Several
of these tributaries cascade over waterfalls as they enter the gorge.
As the Susitna curves south past Gold Creek, 13 miles (21 km) down-
stream from the mouth of Devil Canyon, its gradient gradually
decreases. The river is joined about 40 miles (64 km) beyond Gold
Creek in the vicinity of Talkeetna by two major tributaries, the
Chulitna and Talkeetna Rivers. From this confluence, the Susitna flows
south through braided channels for 97 miles (156 km) until it empties
into Cook Inlet near Anchorage, approximately 318 miles (512 km) from
its source.

For ease of discussion, the watershed has been divided into three
drainage basins. The upper drainage basin extends from the glacial
headwaters of the Susitna River to the confluence of the Tyone River.
The middle basin extends downstream from this point to Talkeetna and
contains the Watana and Devil Canyon damsites. The middle reach is
where the major project-related impacts will occur. The lower basin is
defined as the drainage basin from Talkeetna to Cook Inlet. The
approximate boundaries of the three basins are shown in Figure E.2.1.

The Susitna River is typical of unregulated northern glacial rivers
with high, turbid summer flow and low, clear winter flow. Runoff from
snow melt and rainfall in the spring causes a rapid increase in flow in
May from the low discharges experienced throughout the winter. Peak
annual floods usually occur in June.

Associated with the higher spring flows is a 100 fold increase in sedi-
ment transport which persists throughout the summer., Between June and
September, the Targe suspended sediment concentration causes the river
to be highly turbid., Glacial silt, released by the glaciers when they
begin to melt in late spring or re-entrained from the river banks by
high flows, is responsible for much of the turbidity.

Rainfall-related floods often occur in August and early September, but
generally these floods are not as severe as the spring (May-June) snow-
melt floods.

As the weather begins to cool in the fall, the glacial melt rate de-

creases and the flow in the river correspondingly decreases. Because
most of the suspended sediment 1is caused by glacial outwash, the

E-2-3



2 - Baseline Description

river also begins to clear. Freezeup normally begins in October and
continues through early December, progressing upstream from one natural
lodgement point in the river to the next upstream lodgement point.
Freezeup generally begins at the upper basin lodgement points first.
The river breakup generally begins in late April or early May near the
mouth, and progresses upstream with breakup at the damsites occurring
in mid-May.

2.1 - Susitna River Morphology

2.1.1 - Mainstem

The Susitna River originates in the glaciers of the southern
slopes of the central Alaskan Range, flowing 318 miles (512 km)
from Susitna Glacier to the river's mouth at Cook Inlet.
Throughout its course, the Susitna River 1is characterized by
several reach types. These are defined and illustrated in
Figures E.2.2 through E.2.5.

(a) Morphological Characteristics Upstream of Devil Canyon

The headwaters of the Susitna River and the major upper
basin tributaries are characterized by broad, braided,
gravel floodplains below the glaciers, with several melt-
streams exiting from beneath the glaciers before they com-
bine further downstream. The West Fork Susitna River joins
the main river about 18 miles (29 km) below Susitna Glacier.
Below the West Fork confluence, the Susitna River develops a
split-channel configuration with numerous islands. The
river is generally constrained by low bluffs for about 55
miles (89 km). The Maclaren River, a significant glacial
tributary, and the non-glacial Tyone River, which drains
Lake Louise and the swampy lowlands of the southeastern
upper basin, both enter the Susitna River from the east.

Below the confluence with the Tyone River, the Susitna River
flows west for 96 miles (154 km) through steep-walled can-
yons before reaching the mouth of Devil Canyon. The reach
contains the Watana and Devil Canyon damsites at River Mile
(RM) 184.4 and 151.6, respectively. River gradients are
high, averaging nearly 14 feet per mile (4 m per km) in the
54 mile (87 km) reach upstream of the Watana damsite wherein
the Watana reservoir will be located. Downstream from
Watana to Devil Creek, the river gradient is approximately
10.4 feet per mile (3.2 m per km) as illustrated in the pro-
file contained in Figure E.2.6. In the 12 mile (19 km)
reach between Devil Creek and Devil Canyon, the river
gradient averages 31 feet per mile (9.5 m per km).
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2.1 - Susitna River Morphology

(b)

This 96 mile-long (154 km) reach is primarily a single
channel with intermittent islands. Cross sections presented
in the Hydraulic and Ice Studies Report (R&M 1982b) illus-
trate the single channel configuration. Bed material mainly
consists of large gravel cobbles. The mouth of Devil Can-
yon, at RM 149 forms the lower limit of this reach.

Morphological Characteristics Downstream from Devil Canyqn

Between Devil Canyon and the mouth at Cook Inlet, the river
has been subdivided into nine separate reaches (R&M 1982d).
These reaches are identified in Table E.2.1, together with
the average slopes and predominant channel patterns. The
thalweg profiles between Portage Creek and Talkeetna and
between Sunshine and Cook Inlet are shown in Figures E.2.7,
£.2.8, and E.2.9. Figure E.2.10 illustrates the cross sec-
tion at RM 129.7 near Sherman. Additional cross section
data are contained in the Hydraulic and Ice Studies Report
(R&M 1982b). Aerial photographs of the Susitna River
between Portage Creek and Talkeetna are presented in Figures
E.2.11 through E.2.20. The nine reaches are discussed
belaw.

(i) RM 149 to RM 144

Through this reach, the Susitna flows predominately
in a single channel confined by valley walls. At
locations where the valley bottom widens, deposition
of gravel and cobble has formed mid-channel or side-
channel bars. Occasionally, a vegetated island or
fragmentary floodplain has formed with elevations
above normal flood levels, and has become vegetated.
Presence of cobbles and boulders in the bed material
aids in stabilization of the channel geometry.

(ii) RM 144 to RM 139

A broadening of the valley bottom through this reach
has allowed the river to develop a split channel with
intermittent, well-vegetated islands. A correlation
exists between bankfull stage and mean-annual flood.
Where the main channel impinges on valley walls or
terraces, a cobble armor Tayer has developed with a
top elevation at roughly bankfull flood stage. At RM
144, a periglacial alluvial fan of coarse sediments
confines the river to a single channel.
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2.1 - Susitna River Morphology

(iii)

(iv)

RM 139 to RM 129.5

This river reach is characterized by a well-defined
split channel configuration. Vegetated islands sep-
arate the main channel from side channels. Side
channels occur frequently in the alluvial floodplain
and are inundated only at flows above 15,000 to
20,000 cfs. There 1is a good correlation between
bankfull stage and the mean annual flood.

Where the main channel impinges valley walls or ter-
races, a cobble armor layer has developed with a top
elevation at roughly bankfull flood stage. The main
channel bed has been frequently observed to be well
armored.

Primary tributaries include Indian River, Gold Creek
and Fourth of July Creek. Each has formed an allu-
vial fan extending into the valley bottom, constrict-
ing the Susitna to a single channel. Each constric-
tion has established a hydraulic control point that
regul ates water surface profiles and associated
hydraul ic parameters at varying discharges.

RM 129.5 to RM 119

River patterns through this reach are similar to
those in the previous reach. Prominent characteris-
tics between Sherman and Curry include the main
channel flowing against the west valley wall and the
east floodplain having several side channels and
sloughs. The alluvial fan at Curry constricts the
Susitna to a single channel and terminates the above
patterns. A fair correlation exists between bankfull
stage and mean annual flood through this reach. Com-
parison of 1950 and 1980 aerial photographs reveal
occasional Tlocal changes in banklines and island
morphology.

The west valley wall is generally nonerodible and has
occasional bedrock outcrops. The resistant boundary
on one side of the main channel has generally forced
a uniform channel configuration with a well armored
perimeter, The west valley wall is relatively
straight and uniform except at RM 128 and 125.5. At
these locations, bedrock outcrops deflect the main
channel to the east side of the floodplain.
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2.1 - Susitna River Morphology

(v)

(vii)

RM 119 to RM 104

Through this reach the river is predominantly a very
stable, single incised channel with a few islands.

“The channel banks are well armored with cobbles and

boulders, as is the bed. Several Tlarge boulders
occur intermittently along the main channel and are
believed to have been transported down the valley
during glacial ice movement. They provide local
obstruction to flow and navigation, but do not have a
significant impact on channel morphology.

RM 104 to RM 95

At the confluence of the Susitna, Chulitna and
Talkeetna Rivers, there is a dramatic change in the
Susitna from a split channel to a braided channel.
Emergence from confined mountainous basins into the
unconfined lowland basin has enabled the river sys-
tems to develop laterally. Ample bedload transport
and a gradient decrease also assist in establishing
the braided pattern.

The glacial tributaries of the Chulitna River are
much closer to the confluence than the Susitna
glacial tributaries. As the Chulitna River emerges
from an incised canyon 20 miles (32 km) upstream of
the confluence, the river transforms into a braided
pattern with moderate vegetation growth on the inter-
mediate gravel bars. At about a midpoint between the
canyon and the confluence, the Chulitna exhibits a
highly braided pattern with no vegetation on inter-
mediate gravel bars, which is evidence of recent
lateral instability. This pattern continues beyond
the confluence, giving the impression that the
Susitna is tributary to the dominant Chulitna River.
The split channel Talkeetna River is a tributary to
the dominant braided pattern.

Terraces generally bound the broad floodplain, but
provide 1little control over channel morphology.
General - floodplain instability results from the
three-river system striving to balance out the com-
bined flow and sediment regime.

RM 95 to 61

Downstream from the three-river confluence, the
Susitna continues its braided pattern, with multiple
channels interlaced through a sparsely vegetated
floodplain.
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2.1 - Susitna River Morphology

(viii)

The channel network consists of the main channel,
usually one or two subchannels, and a number of minor
channels. The main channel meanders irregularly
through the wide gravel floodplain and intermittently
flows against the vegetated floodplain. It has the
ability to easily migrate laterally within the active
gravel floodplain, as the main channel is simply
reworking the gravel that the system previously
deposited. When the main channel flows against vege-
tated bank lines, erosion is retarded due to the
vegetation and/or bank materials that are more resis-
tant to erosion. Flow in the main channel usually
persists throughout the entire year.

Subchannels are usually positioned near or against
the vegetated floodplain and are generally on the
opposite side of the floodplain from the main
channel. The subchannels normally bifurcate from the
main channel when it crosses over to the opposite
side of the floodplain and terminate where the main
channel meanders back across the floodplain and
intercepts them. The subchannels have smaller geo-
metric dimensions than the main channel, and their
thalweg 1is generally about 5 feet (1.5 m) higher.
Their flow regime 1is dependent on the main channel
stage and hydraulic flow controls the point of bifur-
cation. Flow may or may not persist throughout the
year.

Minor channels are relatively shallow, wide channels
that traverse the gravel floodplains and complete the
interlaced braided pattern. These channels are very
unstable and generally short-Tived.

The main channel and subchannels are intermittently
controlled laterally where they flow against ter-
races. Since the active floodplain is very wide, the
presence of terraces has little significance except
for determining the general orientation of the river
system. M exception occurs where the terraces con-
strict the river to a single channel at the Parks
Highway bridge. Minor channels react to both of the
larger channels' behaviors.

RM 61 to RM 42

Downstream from the Kashwitna River confluence, the
Susitna River branches into multiple channels separ-
ated by islands with established vegetation. This
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2.1 - Susitna River Morphology

(ix)

reach of the river is known as the Delta Islands
because it resembles the distributary channel network
common with large river deltas. The multiple chan-
nels are forced together by terraces just upstream of
Kroto Creek (Deshka River).

Through this reaéh, the very broad floodplain and
channel network can be divided into three cate-
gories:

- Western braided channels;
- Eastern split channels; and
- Intermediate meandering channels.

The western braided channel network is considered to
be the main portion of this very complex river
system. Although not substantiated by river surveys,
it appears to constitute the largest flow area and
lowest thalweg elevation. The reason for this is
that the western braided channels constitute the
shortest distance between the point of bifurcation to
the confluence of the Delta Island channels. There-
fore it has the steepest gradient and highest poten-
tial energy for conveyance of water and sediment.

RM 42 to RM .0

Downstream from the Delta Istands, the Susitna River
gradient decreases as it approaches Cook Inlet
(Figure E.2.9). The river tends toward a split
channel configuration as it adjusts to the Tower
energy slope. There are short reaches where a ten-
dency to braid emerges. Downstream of RM 20, the
river branches out into delta distributary channels.

Terraces constrict the floodplain near the Kroto
Creek confluence and at Susitna Station. Further
downstream, the terraces have 1ittle or no influence
on the river.

The Yentna River joins the Susitna at RM 28 and is a
major contributor of flow and sediment.

Tides in Cook Inlet rise above 30 feet (9 m) and
therefore control the water surface profile and to
some degree the sediment regime of the lower river.
A river elevation of 30 feet (9 m) exists near RM 20
which corresponds to the Tocation where the Susitna
begins to branch out into its delta channels.
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Susitna River Water Quantity

2.1.2 - Sloughs

Sloughsare spring-fed, overflow channels that exist along the
edge of the floodplain, separated from the river by well-vegeta-
ted bars. An exposed alluvial berm often separates the head of
the sloughs from the mainstem or side-channel flow. The control-
1ing streambank elevations at the upstream end of the sloughs are
less than the mainstem water surface elevations during median and
high flow periods. At intermediate and low flows, the sloughs
convey clear water from small tributaries and upwelling ground
water (ADF&G 1982a).

Differences between mainstem water surface elevations and the
streambed elevation of the sloughs are notably greater at the
upstream entrance to the sloughs than at the mouth of the
sloughs. The gradients within the sloughs are typically greater
than the adjacent mainstem because of their shorter path length
from the upstream end to the downstream end, than along the main-
stem. The upstream end of the sloughs generally has a higher
gradient than the lower end. This is evidenced ¥n Figure E.2.21,
which illustrates the thalweg profile of a typical slough.

The sloughs vary in length from 2,000 to 6,000 feet (610 to
1829 m). Cross-sections of sloughs are typically rectangular
with flat bottoms as illustrated in Figure £E.2.22. At the head
of the sloughs, substrates are dominated by boulders and cobbles
[8 to 14 inch (20 to 36 cm) diameter]. Progressing downstream
towards the slough mouth, substrate particles reduce in size with
gravels and sands predominating (Figure E.2.21). Beavers fre-
quently inhabit the sloughs. Active and abandoned dams are
visible. Vegetation commonly covers the banks to the water's
edge with bank cutting and slumping occurring during spring
break-up flows and high summer flows.

The importance of the sloughs as salmon spawning habitat is dis-
cussed in detail in Chapter 3.

Susitna River Water Quantity

2.2.1 - Mean Monthly and Annual Flows

Continuous historical streamflow records of various record length
(7 to 32 years through water year (WY) 1981) exist for gaging
stations on the Susitna River and its tributaries. USGS gages
are located at Denali, Cantwell {Vee Canyon), Gold Creek and
Susitna Station on the Susitna River; on the Maclaren River near
Paxson; at Chulitna Station on the Chulitna River; at Talkeetna
on the Talkeetna River; and at Skwentna on the Skwentna River.
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2.2 - Susitna River Water Quantity

In 1980 a USGS gaging station was installed on the Yentna River
and in 1981 a USGS gaging station was installed at Sunshine on
the Susitna River. Statistics on river mile, drainage area and
years of record are shown in Table E.2.2, and a summary of the
maximum, mean and minimum monthly flows for the respective
periods of record are shown in Table E.2.3. Because of the short
duration of the stream flow records at Sunshine and on the
Yentna, summaries for these two stations have not been ‘included.
The station locations are illustrated in Figure E.2.1.

With the exception of the Yentna station, complete 30 year
streamflow data sets for each USGS stream gaging station illus-
trated in Table E.2.2, were generated through a correlation
analysis, whereby missing mean monthly flows . were estimated
{Acres 1982b). - The analysis was based on the program FILLIN
developed by the Texas Water Development Board (1970). The pro-
cedure adopted is a multisite regression technique which analyzes
monthly time series data and fills 1in missing portjons in the
incomplete records. The program evaluates statistical parameters
which characterize the data set (i.e., seasonal means, seasonal
standard deviations, lag-one auto-correlation coefficients and
multi-site spatial «correlation coefficients) and creates a
filled-in data set in which these statistical parameters are pre-
served. For the analysis, all streamflow data up to September
1979 were used {30 years of data at Gold Creek). Recorded data
for water years 1980 and 1981 have been subsequently added to
provide 32 years of record. The resultant maximum, mean and min-
imum monthly and annual flows for the 32 years of record are pre-
sented in Table E.2.4.

Using an annual volume frequency analysis, the 1969 drought was
determined to have a recurrence interval of approximately 1:1000
years, as illustrated in Figure E.2.23. This was considered too
extreme an event for an energy simulation analysis and was modi-
fied accordingly to a once in 30 year event based on the long
term average, monthly flow distribution. (For a more detailed
discussion refer to Section 3.3 pre-project flows). A summary of
the resulting 32-year modified hydrology for Gold Creek, Sun-
shine, and Susitna Station is presented in Table E.2.5.

Mean monthly flows at the Watana and Devil Canyon damsites were
estimated using a linear drainage area-flow relationship between
the Gold Creek and Cantwell (Vee Canyon) gage sites. The result-
ant maximum, mean, and minimum monthly and annual flows are also
presented in Tables E.2.4 and E.2.5.

Monthly flows for each month of the 32-year modified record for

Watana, Devil Canyon, Gold Creek, Sunshine and Susitna Station
are presented in Tables E.2.6 through E.2.10.
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2.2 - Susitna River Water Quantity

Comparison of mean annual flows in Table E.2.4 indicates that 39
percent of the streamflow at Gold Creek originates above the
Denali and Maclaren gages. It is in this catchment that the
glaciers which contribute to the flow at Gold Creek are located.

The Susitna River above Gold Creek contributes 19 percent of the
mean annual flow measured at Susitna Station near Cook Inlet.
The Chulitna, and Talkeetna Rivers contribute 20 and 10 percent
of the mean annual Susitna Station flow respectively. The Yentna
provides 40 percent of the flow, with the remaining 11 percent
originating in miscellaneous tributaries.

The variation between summer mean monthly flows and winter mean
monthly flows is greater than a 10 to 1 ratio at all stations.
This large seasonal difference is due to the characteristics of a
glacial river system. Glacial melt, snow melt, and rainfall pro-
vide the majority of the annual river flow during the summer., At
Gold Creek, for example, 88 percent of the annual streamflow
volume occurs during the months of May through September.

A comparison of the maximum and minimum monthly flows for May
through September indicates a high flow variability at all sta-
tiens from year to year.

(a) Effect of Glaciers on Mean Annual Flow

The glaciated portions of the Susitna River Basin above Gold
Creek play a significant role in the hydrology of the area.
Located on the southern slopes of the Alaska Range, the
glaciated regions receive the greatest amowmt of snow and
rainfall in the basin. During the summer months, these
regions contribute significant amounts of snow and glacial
melt. The glaciers, covering about 290 square miles (750
square kilometers), act as reservoirs that produce most of
the water in the basin above Gold Creek during drought
periods. The drainage area upstream of the Denali and
Maclaren gages comprises 19.9 percent of the basin above
Gold Creek, yet contributes 39 percent of the average annual
flow at Gold Creek (47 percent of the flow at Watana).
Stated another way, the area upstream of the Denali and
Maclaren gages contributes 3.1 cubic feet per second (cfs)
per square mile, and the area downstream to Gold Creek con-
tributes 1.2 cfs per square mile. In the record drought
year of 1969, the proportion of flow at Gold Creek contri-
buted from upstream of the Denali and Maclaren gages
increased to 53.4 percent.

There is strong evidence from East Fork Glacier, a small
glacier of 13.6 square miles (35.2 square kilometers), that
glacier wasting has contributed to the runoff at Gold Creek
since 1949 (R&M 1982a; R&M 1981b}. However, the magnitude
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2.2 - Susitna River Water Quantity

of the runoff from glacier wasting has not been well docu-
mented, Potentially significant errors exist in the ice
loss estimate at East Fork Glacier due to the lack of ade-
quate survey control, Consequently, errors of 60 feet
(18 m) may exist in the estimate of 163 feet (50 m) of sur-
face altitude Toss.

Extrapolation of results from East Fork Glacier to the other
‘275 square miles (712 square km) (or 95 percent) of the
glaciers in the basin 1is speculative at best. Glaciers
react differently to changes in climate. Gulkana Glacier,
43 miles (69 km) to the east of East Fork Glacier, wasted at
a rate of 1.1 feet (0.3 m) per year from 1966 to 1977, com-
pared to the estimated rate of 5.3 feet (1.6 m) per year
from 1949 to 1980 for East Fork Glacier. In the Washington
Cascades, North Klawatti Glacier lost about 27 feet (8 m) of
ice between 1947 and 1961, while adjacent Klawatti Glacier
gained 19 feet or 6 m (Meier 1966).

Even though there is evidence that the glaciers have been
wasting since 1949, there is Tittle data available to deter-
mine what the impact of wasting has been on the recorded
flow at Gold Creek or what will occur in the future. Large
glaciers, such as those in the Susitna Basin, take decades
to attain equilibrium after a change 1in climate. The
Susitna glaciers may have reached their most recent maximum
extent during the "Little Ice Age" which occurred in the
early 1800's and may still be responding to the change in
climate since then (Harrison personal communication). If
the estimated rate of glacier wasting of East Fork Glacier
were also applied to Susitna and West Fork Glaciers, almost
36 percent of the recorded streamflow (990 cfs) at Denali
and 22 percent (220 cfs) at Maclaren would have been from
glacier melt. That is, 12.5 percent of the annual flow at
Gold Creek and 15 percent of the annual flow at Watana would
be from glacier wasting. These values should be considered
as high estimates.

Using the above estimate of glacier wasting, the contribu-
tion 1in the drainage area upstream of the Denali and
Maclaren gages would be 2.1 cfs per square mile without the
contribution from glacier wasting.

It is difficult to predict future trends. If the glaciers
were to stop wasting due to, perhaps, a climate change,
there could be implications in hydrological changes through-
out the basin. On the other hand, the wasting of the
glaciers could easily continue over the life of the project.
There is no way to judge whether wasting will continue into
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the future; hence, no mechanism presently exists for analyz-
ing what will occur during the life of the project.

2.2.2 - Floods

The most common causes of floods in the Susitna River Basin are
snow melt or a combination of snow melt and rainfall over a large
area. This type of flood occurs between May and July with the
majority occurring in June. Floods attributable to heavy rains
have occurred in August and September. These floods are aug-
mented by snow melt from higher elevations and glacial runoff.

Examples of flood hydrographs can be seen in the daily dis-
charges for 1964, 1967, and 1970 for Cantwell, Watana, and Gold
Creek which are illustrated in Fiqures E.2.24, E.2.25 and E.2.26.
The daily flow at Watana has been approximated using the Tlinear
drainage area-flow relationship between Cantwell and Gold Creek
that was wused to determine Watana average monthly flows.
Figure E.2.24 shows the largest snow melt flood on record at Gold
Creek. The 1967 spring flood hydrograph shown in Figure E.2.25
has a daily peak equal to the mean annual daily flood peak. In
addition, the summer daily flood peak of 76,000 c¢fs is the second
largest flood peak at Gold Creek on record. Figure E.2.26
(WY 1970) illustrates a low flow spring flood hydrograph.

The maximum recorded instantaneous flood peaks for Denali,
Cantwell, Gold Creek, and Maclaren, recorded by the USGS, are
presented in Table E.2.11. Instantaneous peak flood frequency
curves for individual stations are illustrated in Figures E.2.27
to E.2.33. Distribution statistics are presented in Table E.2.12
(R&M 1981f). 1In the majority of cases the three parameter log-
normal distribution provides the best fit to the data. Conse-
quently, the three parameter log-normal distribution has been
selected to model peak flows due to its simple construction and
adequacy in modeling the sample data parameters.

A regional flood frequency analysis was conducted using the
recorded floods in the Susitna River and other Cook Inlet tribu-
taries (R&M 1981f). The resulting dimensionless regional fre-
quency curve is depicted in Figure E.2.34. A stepwise multiple
linear regression computer program was used to relate the mean
annual instantaneous peak flow to the physiographic and climatic
characteristics of the drainage basins. The mean annual instan-
taneous peak flows for the Watana and Devil Canyon damsites were
computed to be 40,800 cfs and 45,900 cfs respectively. The
regional flood frequency curve was compared to the station
frequency curve at Gold Creek (Table E.2.13). Because the Gold
Creek single station frequency curve yielded more conservative
flood peaks (i.e. larger), it was used to estimate flood peaks
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at the Watana and Devil Canyon damsites for floods other than the
mean annual flood. The ratio of a particular recurrence interval
flood at Gold Creek to the mean annual flood at Gold Creek was
multiplied by the mean annual flood at Watana or Devil Canyon to
obtain the flood for the given recurrence interval. For example,
the ratio of the 1:10,000-year flood to mean annual flood at Gold
Creek is 3.84. MWith the use of this factor, the 1:10,000~year
floods at Watana and Devil Canyon were computed to be 157,000 cfs
and 176,000 cfs respectively. The flood frequency curves for
Watana and Devil Canyon are presented in Figures E.2.35 and
E.2.36.

Dimensionless flood hydrographs for the Susitna River at Gold
Creek were developed for the May - July snow melt floods and the
August - October rainfall floods using the five largest Gold
Creek floods occurring in each period (R&M 1981f). Flood hydro-
graphs for the 100, 500, and 10,000 year flood events were con-
structed using the appropriate flood peak and the dimensionless
hydrograph. Hydrographs for the May - July and August - October
flood periods are illustrated in Figures E.2.37 and E.2.38 res-
pectively.

Probable maximum flood (PMF) studies were conducted for both the
Watana and Devil Canyon damsites for use in the design of project
spillways and related facilities (Acres 1982b). The PMF floods
were determined by using the SSARR watershed model developed by
the Portland District, U.S. Army Corps of Engineers (1975) and
are based on Susitna Basin climatic data and hydrology. The
probable maximum precipitation was derived from a maximization
study of historical storms. The studies indicate that the PMF
peak at the Watana damsite is 326,000 cfs.

2.2.3 - Flow Variability

The variability of flow in a river system is important to all
instream flow uses. To illustrate the variability of flow in the
Susitna River, monthly and annual flow duration curves showing
the proportion of time that the discharge equals or exceeds a
given value were developed for the four mainstem Susitna River
gaging stations (Denali, Cantwell, Gold Creek and Susitna
Station) and three major tributaries (Maclaren, Chulitna, and
Talkeetna Rivers) (R&M 1982f). These curves, based on mean daily
flows, are illustrated in Figures E.2.39 through E.2.42.

The shape of the monthly and annual flow duration curves is

similar for each of the stations and is indicative of flow from
northern glacial rivers (R&M 1982f). Streamflow is low in the
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winter months, with Tlittle variation in flow and no unusual

peaks. Ground water contributions are the primary source of the

small but relatively constant winter flows. Flow begins to

increase slightly in April as breakup approaches. Peak flows in

May are an order of magnitude greater than in April. Flow in May

also shows the greatest variation for any month, as low flows may

continue into May before the high snow melt/breakup flows occur. -
June has the highest peaks and the highest median flow for the
middle and upper basin stations. The months of July and August
have relatively flat flow duration curves. This situation is
indicative of rivers with strong base flow characteristics, as is
the case on the Susitna with its contributions from snow and
glacial melt during the summer. More variability of flow is
evident in September and October as cooler weather becomes more
prevalent accompanied by a decrease in glacial melt and hence
discharge.

From the flow duration curve for Gold Creek (Figure E.2.39), it
can be seen that flows at Gold Creek are less than 20,000 cfs
from October through April. As a result of the spring breakup in
May, flows of 20,000 cfs are exceeded 30 percent of the time.
During June and July, the percent of time Gold Creek flows exceed
20,000 cfs increases to 80 percent. This percentage decreases to
65 percent in August and further decreases to only about 15 per-
cent in September. On an annual basis, a flow of 20,000 c¢fs 1is
exceeded 20 percent of the time.

,,,,,

The 1-day, 3-day, 7-day and 15-day high and the 1l-day, 3-day,
7-day and -14-day low flow values were determined for each month
of the year for the period of record at Gold Creek and from May
through October for the periods of record at the Chulitna River
near Talkeetna, the Talkeetna River near Talkeetna and the
Susitna River at Susitna Station (R&M 1982f). The high and low
flow values are presented for Gold Creek in the form of frequency
curves in Figures E.2.43 through E.2.62. May exhibits substan-
tial variability. Both low winter flows and high breakup flows
usually occur during May and thus significant changes occur from
year to year. June exhibits more variability than July. Flow
variability increases again in the August through October period.
Heavy rainstorms often occur in August, with 28 percent of the
annual floods occurring in this month. Flow variability in the
winter months is reduced considerably reflecting the low base
flow.

The daily hydrographs for 1964, 1967, and 1970 shown in Figures
E.2.24, E.2.25 and E.2.26 illustrate the daily variability of the
Susitna River at Gold Creek and Cantwell. The years 1964, 1967,
and 1970 represent wet, average and dry hydrological years on an
annual flow basis.
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2.2.4 - Water Levels

(a)

(b)

Mainstem

Water surface ‘elevations for various Watana discharges in the
reach between Deadman Creek (RM 186.8) and Devil Creek (RM
162.1) are listed in Table E.2.14. The elevations were determin-
ed with the use of the HEC-2 computer program "Water Surface
Profiles", developed by the U.S. Army Corps of Engineers. The
water surface elevations at the discharge of 42,200 cfs would be
similar to those of the mean annual flood of 40,800 cfs. The
water levels for an 8100 cfs discharge, which is similar to the
winter operational flow at Watana, are shown in Figure E.2.6.

The HEC-2 program was also used to predict water levels for the
reach between Devil Canyon and Talkeetna. The water surface
elevations are presented in Table E.2.15. The water levels pre-
sented for the Gold Creek flow of 52,000 cfs would be s]ight]y
higher than those associated with the mean annual flood of 49,500
cfs. Water levels for a flow of 13,400 cfs at Gold Creek, which
is similar to the project operational flow at Gold Creek during
éu%ugt and early September, are illustrated in Figures E.2.7 and

In addition to the water levels presented in Table E.2.15 for
the selected flow cases, the HEC-2 program was used to determine
water Tevels for the 1:100 year flood and the PMF in the reach
between Devil Canyon and Talkeetna. The 1:100 year flood plain
boundary is 1illustrated in Figures E.2.12 through E.2.20. The
water surface profile associated with the 1:100-year flood and
Ehg gMF water surface profile are presented in Figures E.2.7 and

With the use of the data in Table E.2.15 and the corresponding
thalweg elevations, water depths were determined at the river
cross section locations in the Devil Canyon to Talkeetna reach.
This information is shown in Figures E.2.63 and E.2.64.

Sloughs

The water surface elevation of the mainstem generally causes a
backwater effect at the mouth of the sloughsl/. The back-
water effects in slough 9, vresulting from séeveral mainstem
Susitna discharges is shown in Figure E.2.65. The backwater pro-
files were determined using the stage-discharge relationship
shown in Figure E.2.66 and the HEC-2 program. The stage-
discharge curve was obtained from 1982 field data.

L/ the

relationships between mainstem flows and hydraulic character-

istics of three sloughs upstream of Talkeetna and one slough down stream
of Talkeetna are presented in Appendix E.2.A to Chapter 2 of Exhibit E.
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Upstream of the backwater effects, the sToughs function like
small stream systems conveying water from local runoff and
ground water upwelling during low flow periods and mainstem
water during high flow periods when the upstream end of the
slough 1is overtopped by the mainstem flow.

2.3 - Susitna River Water Quality

As previously described in Section 2, the Susitna River is charac-
terized by large seasonal fluctuations in discharge. These flow varia-
tions, along with the glacial origins of the river, essentially dictate
the water quality of the river.

Water quality data collected by the U.S. Geological Survey (USGS) and
R&Y Consultants (R&M), have been compiled for the mainstem Susitna
River from monitoring stations Tlocated at Denali, Cantwell (Vee
Canyon), Gold Creek, Sunshine, and Susitna Station. In addition, data
from the tributary Chulitna and Talkeetna Rivers, have also been com-
piled. Water quality monitoring station information is presented in
Table E.2.2. Locations of the respective stations are depicted in
Figure E.2.1.

Water quality data were compiled according to season: breakup, summer
and winter. Breakup 1is usually short and extends from the time ice
begins to move down river wuntil the recession of spring runoff.
However, it was often difficult to assess the termination of spring
runoff so for the purpose of this report, breakup water quality data
were considered to be data collected during the month of May. The
summer data period was considered to extend from the end of breakup
(June 1) until the water temperature dropped to essentially 0°C (32°F).
Winter data were compiled from the end of summer to the beginning of
breakup (May 1). In the event that no water temperature data were
available to delineate the termination of summer and the onset of the
winter period, October 15 was utilized as the cutoff. The water
quality parameters measured, and the respective detection limits of the
methods used to analyze the samples, are provided in Table E.Z2.16.
Water quality was evaluated using criteria and guidelines set forth in
the following references:

- ADEC. 1979. Water Quality Standards. Alaska Department of Environ-
mental Conservation, Juneau, Alaska.

- EPA. 1976. Quality Criteria for Water. U.S. Environmental Protec-
tion Agency, Washington, D.C.

- McNeely, R.N., V.P. Neimanism and K. Dwyer. 1979. Water Quality

Sourcebook--A Guide to Water Quality Parameters. Environment Canada,
Inland Waters Directorate, Water Quality Branch Ottawa, Canada.
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- Sittig, M. 1981. Handbook of Toxic and Hazardous Chemicals. Noyes
Publications, ParkvRidge, New Jersey.

- EPA. 1980. Water Quality Criteria Documents: Availability. Environ-
mental Protection Agency, Federal Register, 45, 79318-79379.

The criteria used for each parameter were chosen based on a priority
system. The Alaska Department of Environmental Consideration's Water
Quality Standards (1979) were the first choice, followed by criteria

presented in EPA's Quality Criteria for Water (1976). If a criterion
expressed as a specific concentration was not presented in either of
these references, the other references were used.

A second priority system was necessary for selecting the criteria used
for each parameter. This was required because the various references
cite levels of parameters that provide for the protection of water
quality for specific uses, such as (1) the propagation of fish and
other aquatic organisms; (2) water supply for drinking and food prepar-
ation, (3) industrial processes and/or agriculture; and (4) water
recreation. Given the limited direct human use of the river, the first
priority was to present the criteria that apply to the protection of
freshwater aquatic organisms. The second priority was to present
levels of parameters that are acceptable for water supply and the third
priority was to present other guidelines if available. Criteria and
guideline values are provided in Table E.2.16 and in each of the indi-
vidual water quality data summary figures to be discussed later in this
document.

Although the Susitna River is a pristine area, 22 parameters exceeded
their respective criteria. These parameters, the Tlocation and the
season during which the criteria were exceeded, and the respective
source of the criteria limits, are identified in Table E.2.17. In
addition, reasons for establishment of the criteria levels are provided
in the individual water quality data summary figures.

Note that water quality standards apply to man-induced alterations and
constitute the degree of degradation which may not be exceeded.
Because there are no industries except for placer mining operations, no
significant agricultural areas, and no major cities adjacent to the
Susitna, Talkeetna, and Chulitna Rivers, the measured levels of these
parameters are considered to be natural conditions. In addition, the
Susitna River basin supports diverse populations of fish and other
aquatic life. Consequently, it was concluded that the parameters
exceeding their criteria probably do not have significant adverse
effects on aquatic organisms. As such, limited additional discussions
will be given to criteria exceedance.
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In the following sections, breakup data will generally not be discussed
since the Timited amount of data available normally indicate transition
values between winter and summer extremes. Breakup data are provided
in the water quality data summary figures. When available, summer and
winter data are briefly highlighted at one monitoring station in each
of the three Susitna River reaches (i.e., upper, middle, and Tlower).
Typically the three monitoring stations discussed are Denali, Gold
Creek, and Susitna Station. Levels of water quality parameters dis-
cussed in the following sections are extracted from updated information
in R&M (1982g) unless otherwise noted.

2.3.1 - Water Temperature

(a) Mainstem

Generally during winter {October through April), the entire
mainstem Susitna River is at or near 0°C (32°F). However,
there are a number of small discontinuous areas with ground
water inflow at a temperature of approximately 2°C (35.6°F).
As spring breakup occurs the water temperature begins to
rise, with the downstream reaches of the river warming
first.

During summer (June through September), glacial melt is near
0°C (32°F), when it leaves the glaciers, but as it flows
across the wide gravel floodplains downstream from the
glaciers, the water begins to warm. As the water winds its
way downstream to the Watana damsite, temperatures are as
high as 14°C (57.2°F). Further downstream there is addi-
tional warming but, temperatures are cooler at some Toca-
tions due to the effect of tributary inflow. Max imum
recorded temperatures at Gold Creek and Susitna Station are
15°C (59°F) and 16.5°C (61.7°F), respectively. In August,
temperatures begin to drop, reaching 0°C (32°F), in late
September or October.

The seasonal temperature variation on a daily average basis
for the Susitna River at Denali and Vee Canyon during 1980,
and for Denali and Watana during 1981 are displayed in
Figures E.2.67 and E.2.68. MWeekly averages for Watana dur-
ing 1981 are shown in Figure E.2.69. The shaded area in
this figure 1is indicative of the range of temperatures
measured on a mean daily basis. The temperature variations
for eight summer days at Denali, Vee Canyon and Susitna
Station are compared in Figure E.2.70.

The recorded variations in water temperatures at seven USGS

gaging stations are displayed in Figure E.2.71. The data in
this figure represent discrete measurements recorded by the
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(b)

USGS and thus, do not reflect the continuously recording
thermographs located at Denali, Vee Canyon, Gold Creek,
Chulitna or Sunshine. Because of the influence of the Gold
Creek tributary inflow on the location of the Gold Creek
thermograph prior to 1982, and since all seven stations did
not have continuous recording equipment, the USGS discrete
measurements were used to provide both accuracy and consis-
tency in this figure.

Additional data on water temperature are available in the
annual reports of the USGS (Surface Water Records for
Alaska; Water Resources Data for Alaska), the Alaska Depart-
ment of Fish and Game (ADF&G), Susitna Hydroelectric Project
data reports (Aquatic Habitat and Instream Flow Project -
1981, and Aquatic Studies Program - 1982a), and in R&M
Consultants reports (Water Quality Annual Reports - 198lh,
1981i).

SToughs

The sloughs downstream of Devil Canyon have a temperature
regime that differs from the mainstem. During the winter of
1982, intergravel and surface water temperatures were
measured in sloughs 8A, 9, 11, 19, 20 and 21, the locations
of which are illustrated in Figure E.2.72. The measurements
indicated that intergravel temperatures were relatively con-
stant at each location through February and March but
exhibited some variability from one location to another. At
most stations intergravel temperatures were within the 2-3°C
(35.6-37.4°F) range. Slough surface temperatures showed
more variability at each location and were generally lower
than intergravel temperatures during February and March
(Trihey 1982c).

During the spring and summer periods of high flow, when the
heads of most sloughs are overtopped, slough water tempera-
tures correspond closely to mainstem temperatures. However,
when flow at the heads of the sloughs is cut off, spring and
summer slough temperatures tend to differ from mainstem
temperatures.

Figure E.2.73 compares weekly diel surface water temperature
variations during September, 1981 in Slough 21 with the
mainstem Susitna River at Portage Creek (ADF&G 1982a). The
slough temperatures show a marked diurnal variation caused
by increased solar warming of the shallow slough water dur-
ing the day and subsequent 1long wave back radiation at
night. Thermograph measurements taken in slough 21 during
the summer of 1981 illustrated a diurnal temperature fluctu-
ation ranging from 4.5 - 8.5°C (40.1-47.3°F) at the water
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surface with a constant intergravel water temperature of
3°C (37.4°F). Mainstem water temperatures are more constant
because of the buffering capability offered by the large
volume of the river and the extensive mixing that occurs.

Tributaries

The tributaries to the Susitna River generally exhibit
cooler water temperatures than does the mainstem. Continu-
ous water temperatures have been monitored by both the USGS
and ADF& in the Chulitna and Talkeetna Rivers near
Talkeetna, and by ADF&G in Portage, Tsusena, Watana, Kosina,
and Goose Creeks, and the Indian and Oshetna Rivers.

The 1982 mean daily temperature records for Indian River and
Portage Creek are compared in Figure E.2.74 (ADF&G 1982c).
Portage Creek was consistently cooler than Indian River by
0.7 to 1.9°C (1.3-3.4°F). The flatter terrain in the lower
reaches of the Indian River valley is apparently more con-
ducive to solar and convective heating than the steep-walled
canyon of Portage Creek. Figure E.2.74 also presents water
temperature data from the mainstem Susitna for the same
period, showing the consistently warmer temperatures in the
mainstem. There are noticeable diurnal fluctuations in the
tributary temperatures, though not as extreme as in the
sloughs.

The major tributaries joining the Susitna at Talkeetna show
uniform variation in temperature from the mainstem as illus-
trated in Figure E.2.75. Compared to the Susitna River, the
Talkeetna River temperature is 1-3°C (1.8-5.4°F) cooler on
an average daily basis. The Chulitna River, being closer to
its glacial headwaters, is from 0 to 2°C (0 to 3.6°F) cooler
than the Talkeetna River, and has less diurnal fluctuation.

Winter stream temperatures are usually very close to 0°C
(32°F), as all the tributaries become ice covered. Ground
water inflow at some locations creates Tlocal conditions
above freezing, but the overall temperature regime is domi-
nated by the extremely cold ambient air temperatures.

2-3.2 - I_(£

(a)

Freezeup

Air temperatures in the Susitna basin increase from the
headwaters to the lower reaches. While this temperature
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gradient is partially due to the two-degree Tatitudinal span
of the river, for the most part it is due to the 3,300-foot
(1000-m) elevation difference between the Tower and upper
basins, and the climate-moderating effect of Cook Inlet on
the lower river reaches. The gradient results in a period
(1ate October - early November) during which the air temper-
atures in the lower basin are above freezing, while upper
basin temperatures are subfreezing.

Frazil ice (Photograph E.2.1) forms in the upper segment of
the river first in October, due to the initial cold tempera-
tures of glacial melt and the earlier cold ambient air tem-
peratures. Additional frazil ice is generated in the fast-
flowing rapids between Vee Canyon and Devil Canyon. The
frazil ice generation normally continues for a period of 3-5
weeks before a solid ice cover forms in the river downstream
of Devil Canyon.

The frazil-ice pans and floes jam at natural 1lodgement
points, which usually are constrictions with low velocity.
One such lodgement point is illustrated in Photograph E.2.2.
Border ice formation along the river banks also serves to
restrict the channel to allow the ice cover closures, or
bridgings to form.

From the natural Todgement points, the ice cover progresses
in an upstream direction as additional ice is supplied from
further upriver. However, before the ice cover can progress
upstream, a leading edge stability criterion must first be
satisfied. This translates to a velocity at the upstream
end of the ice front that is sufficiently low to allow the
flowing ice to affix itself to the ice front, causing an
upstream progression of the ice front. If the velocities
upstream of the ice front are too high (i.e. leading edge
stability criterion not satisfied), the ice flowing down-
stream will be pulled underneath the ice front and deposited
downstream on the under side of the established cover. In
reaches where the velocity permits ice deposition, a
thickening of the ice cover will occur. The thickening ice
cover constricts the flow downstream of the ice front by
increasing the resistance and thus creating a backwater
effect. The velocity upstream of the ice front is thereby
reduced until the 1leading edge stability criterion is
satisfied. Experience has shown that 1in the thickening
process, the maximum velocity attained underneath the ice
deposits is about three feet per second.

During freezeup, the upstream progression of the ice front

on the Susitna River often raises water levels by 2 to 4
feet (0.6 to 1.2 m), but higher stages have also been
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observed. Figure E.2.76 illustrates the open water rating
curve for cross section 9 at RM 103.2 and the observed
increase in stage as the ice front progressed upstream of
this location in December 1980. Once the ice cover has
consolidated, the rating curve will be approximately paral-
el with the open water discharge as indicated by the hypo-
thetical ice cover rating curve. However, the water level
increase in a particular reach of the river is dependent
upon the prevailing discharge at which the ice cover was
formed in that reach.

The variability in discharge at freezeup, and hence water
level increase, coupled with the varying berm elevations at
the upstream ends of sloughs results in some sloughs being
overtopped during freezeup, other sloughs occasionally being
overtopped, and still others not being overtopped. For
example, Photograph E.2.3 shows the flow through slough 9
during the 1982 freezsup and photogyraphs E.2.4 through E.2.8
illustrate the increased water Tevel and flow through slough
8A during the same freezeup. It is estimated that slough 8A
was overtopped with a discharge of 150 cfs.

The Susitna River is the primary contributor of ice to the
river system below Talkeetna, contributing 70-80 percent of
the ice load in the Susitna-Chulitna-Talkeetna Rivers (R&M
1982d). Ice formation on the Chulitna and Talkeetna Rivers
normally commences several weeks after freezeup on the
middle and upper Susitna River.

Winter Ice Conditions

Once the solid ice cover forms, open leads still occur in
areas of high-velocity or ground water upwelling. These
leads shrink during cold weather and are the last areas in
the main channel to be completely covered by ice. Ice
thickness increases throughout the winter. The ice cover
averages over 4 feet (1.2 m) thick by breakup (R&M 1982d),
but thicknesses of over 10 feet (3 m) have been recorded
near Vee Canyon.

Some of the side-channels and sloughs above Talkeetna have
open leads during winter due to ground water upwelling.
Table E.2.18 is a preliminary compilation of open leads that
were observed during mid-winter 1982, (Trihey personal
communication 1982). They are illustrated in Figures E.2.12
through E.2.20. A1l open leads identified in Table E.2.18
are believed to be thermally induced from ground water
upwelling. Winter ground water temperatures, generally
varying between 2°C and 4°C (35.6 and 39.2°F), contribute
enough heat to prevent the ice cover from forming (Trihey

1982a). These areas are often salmonid egg incubation
areas.
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(c) Breakup

The onset of warmer air temperatures occurs in the Jlower
basin several weeks earlier than in the middle and upper
basins due to the temperature gradient previously noted.
The low-elevation snowpack melts first, causing the river
discharge to increase. The rising water level puts pressure
on the ice, causing fractures to develop in the ice cover.
The severity of breakup is dependent on the snow melt rate,
the depth of the snowpack and the amount of rainfall, if it
occurs. A light snowpack and warm spring temperatures
result in a gradual increase in river discharge. During
these conditions, strong forces on the ice cover do not
occur to initiate ice movement, resulting in a mild breakup
as occurred in 1981 (R&M 198le). Conversely, a heavy snow-
pack and cool air temperatures into late spring, followed by
a sudden increase in air temperatures may result in a rapid
rise in water level. The rapid water level increase ini-
tiates ice movement and when coupled with ice left in a
strong condition due to the cooler early spring tempera-
tures, can lead to numerous and possibly severe ice jams
which may result in flooding and erosion, as occurred in
1982 (R&M 1982h). Local velocities during severe ice jams
may reach 10 fps.

These breakup floods result in high flows through the side-
channels and sloughs in the reach above Talkeetna. The
flooding and erosion during breakup are believed to be the
primary factors influencing river morphology in the reach
between Devil Canyon and Talkeetna (R&M 1982d). The follow-
ing is an excerpt from the Winter 1981-82, Ice 0Observations
Report (R&M 1982h). "By May 7 even minimum daily tempera-
tures averaged 4°C (39.2°F) and ice movement began. Jams
occurred in most of the areas described in 1981 but with
greater consequences, ranging from scarring and denuding of
vegetation to flooding and washing away railroad ties from
under the tracks. In several areas below Talkeetna, massive
amounts of soil were removed from cutbacks, jeopardizing at
least one residence."

2.3.3 - Bedload and Susperded Sediments

(a) Bedload

Bedload data were collected in 1981 and 1982 in the Susitna,
Chulitna, and Talkeetna Rivers by the USGS. Data were col-
lected monthly in 1981 during July, August, and September
and weekly for June-August 1982 with two samples in
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September, The 1981 data, presented in Table E.2.19, indi-
cates that the Chulitna River is the primary contributor of
bedload at the confluence. Preliminary results from 1982
bedload measurements confirm this. Susitna River bedload
above the confluence was about 80,000 tons (72,730 tonnes)
during 1982, whereas bedload in the Chulitna River was
1,200,000 tons (1,090,900 tonnes). That is, the Chulitna
River has an estimated bedload volume 15 times greater than
the Susitna River near the confluence.

Gravel-bed streams such as the Susitna River are essentially
inactive most of the time (Parker 1980). The surface bed
material must be moved in order for the bed to be mobilized.
Parker indicates that the conditions necessary for mobiliza-
tion of a gravel bed typically occur for only several days
or weeks during the year associated with the high flow
periods. The gravel pavement is maintained between trans-
port events.

The stability of a particle resting on the bed or channel
bank is a function of stream velocity, depth of flow, the
angle of inclined surface on which it rests and its geo-
metric and sedimentation characteristics {Stevens and Simons
1971). However, the interaction of the above factors is
quite complex, and obtaining data for all parameters is
often impractical under natural conditions. In order to
determine at what flow rates the various reaches of the
Susitna River above Talkeetna would be stable, an engineer-
ing approach to the design of stable alluvial channels was
used.

Two major variables affecting channel stability are velocity
and shear stress. Determining the shear stress is quite
difficult. Consequently, velocity is often used as the most
important factor in assessing stable alluvial channels.
Various techniques have been developed which estimate the
maximum channel velocity so that no scouring occurs for
values of velocity equal to or less than the maximum velo-
city. However, the maximum permissible velocity varies with
the sediment <carrying characteristics of the channel.
Fortier and Scobey (1926) recognized this problem, and
introduced an increase in their listed values of maximum
permissihle velocities when water was transporting colloidal
silt.

Various engineering formulas for maximum permissible velo-
city were presented by Simons and Senturk (1977). The
formula selected for analysis was that derived by Neill
(1967). MNeill's formula uses data readily available for the
Susitna River, and gives results in the same range as
Fortier and Scohey's. The formula as presented by Neill
is:
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2

U D - 0.20
S = 2.5
= g

maximum permissible velgcity, ft/sec

density of water, 1b/ft3

density of sediment, 1b/ft3 (assumed to be 165
1b/ft3)

Where:

D
it onon

g = gravitational constant, 32 ft/sec2
D = bed material diameter, ft
d = average depth of flow, ft

The above stability criterion was developed for use on uni-
form bed material or on the median (Dgg) size in mixed
bed material with moderate size dispersion. Neill (1968)
later indicated that the bed material- mixture remained
fairly stable until the Dgg size became mobile, at which
time general movement of the bed would occur. The stability
criteria was designed to use vertically-averaged local velo-
cities {mean column velocities), thus identifying bed sta-
bility on only a short segment of the river cross-sectional
width, However, only average velocity at each cross sec-
tion is available for the Susitna River. The results from
the equation would thus indicate when bed movement across
the entire cross-section is imminent. Bedload normally does
not move uniformly across the width of a river, but is con-
centrated in a relatively narrow band. Therefore, the
results of this analysis are not strictly accurate, but do
provide an adequate indicator of bed movement occurrence.

In order to estimate the Dgg Size of bed material which
would be at the point of movement at a particular cross
section for a given flow rate, the above formula was
rearranged so that bed material diameter was the unknown
value. The average velocity and average depth were obtained
from runs of the HEC-2 model for different flow rates. The
formula in its rearranged version is:

U2.5

465.43d°* 2°
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Using the above formula and hydraulic parameters obtained
from runs of HEC-2, estimates were made of the median mate-
rial size at the point of movement for flow rates of 9,700;
17,000; 34,500; and 52,000 cfs. The median bed material
size at the point of movement for selected cross sections is
described in Figure E.2.77. Additional information on bed
material movement can be found in the River Morphology
Report (R&M 1982d). Included in Figure E.2.77 are the bed
material size distribution in the reach described. To
assist in classifying the size range of sediment which is
being moved, a sediment grade scale is included in the bed
movement figure.

By comparing the bed material movement curves to the bed
material size distribution, predictions can be made of the
effect of reducing the streamflow, i.e., reducing the mean
annual flood at Gold Creek. Once the median bed material
size is moved, general movement of the bed would occur. In
general, bed material size ranges from coarse gravel to
cobble throughout most of the river. Some movement of the
median bed material size (from the grid samples) could occur
above 35,000 cfs throughout much of the river, although
these samples were primarily taken along the upper shore.
It is believed that an armor layer consisting of cobbles and
boulders exists throughout most of the river (R&M 1982d).

Suspended Sediments

The Susitna River and many of its major tributaries are
glacial rivers which experience extreme fluctuations in sus-
pended sediment concentrations as the result of both glacial
melt and runoff from rainfall or snow melt. The West Fork,
Susitna, East Fork, and Maclaren Glaciers are the primary
sources of suspended sediment in the river.

Commencing with spring breakup, suspended sediment concen-
trations begin to rise from their average winter levels of
approximately 10 mg/1. During the summer, values as high as
5690 mg/1 have been recorded at Denali, the gaging station
nearest the gltacially-fed headwaters. In the reach down-
stream from the mouth of the Maclaren River to the Chulitna
River, there are no significant glacial sediment sources.
Hence, concentrations decrease due to both the settling of
the coarser sediments and dilution by the inflow from
several clear-water tributaries, However, at high flows
when erosion is more prevalent, the tributaries can become
significant suspended sediment contributors. Maximum summer
concentrations of 2620 mg/1 have been observed at Gold
Creek. Table E.2.20 illustrates the suspended sediment con-
centrations at Gold Creek observed from May to September in
WY 1952,
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Immediately downstream from Talkeetna, concentrations are
increased because of the contribution of the sediment-laden
Chulitna River which has 28 percent of its drainage area
covered by year round ice. Maximum values of 3510 mg/1 have
been recorded downstream at the Sunshine monitoring station.
Downstream from Talkeetna, the Yentna River is the only
other major glacial river entering the Susitna River. Other
sediment sources in the Susitna River include bank erosion,
talus slides, and resuspension of sediments. Resuspension
of sediments from sand and gravel bars, as river flows
increase, can be a significant source of sediment, espe-
cially in the wide, braided portions of the river. When the
flows decrease, the sediments are redeposited on bars down-
stream,

A summary of suspended sediment concentrations is presented
in Figure E.2.78. Table E.2.21 illustrates suspended sedi-
ment data collected at Chase (RM 103), at Sunshine (RM 83),
on the Chulitna River, and on the Talkeetna River during the
summer of 1982,

The 1982 suspended sediment data presented in Table E.2.21,
indicates that the suspended sediment 1load for the Susitna
River above the confluence was 3,700,000 tons (3,363,600
tonnes) while the suspended sediment lcad for the Chulitna
River was 7,100,000 tons (6,454,500 tonnes). That is, the
suspended load in the Chulitna River was approximately twice
that of the Susitna River above the confluence.

Suspended sediment discharge has been shown to increase with
river discharge (R&M 1982c). This relationship is illus-
trated for four middle and upper Susitna gaging stations in
Figure E.2.79. Table E.2.22 shows the increase in suspended
sediment discharge at Gold Creek with the river discharge of
WY 1953,

Estimates of the average annual suspended sediment load for
three locations on the middle and upper Susitna River are
provided in the following table (R&M 1982c).

Average Annual
Suspended Sediment  (Tonnes/

Gaging Station Load (Tons/Year) Year)
Susitna River at Denali 2,965,000 2,695,500
Susitna River near Cantwell 6,898,000 6,270,900
Susitna River at Gold Creek 7,731,000 7,028,200

The suspended sediment load entering the proposed Watana
reservoir from the Susitna River is assumed to be that at
the gaging site for the Susitna River near Cantwell, or
6,898,000 tons/year (6,210,900 tonnes/year) (R&M 1982c).
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A suspended sediment size analysis for four upper and middle
Susitna River monitoring stations 1is presented in Figure
E.2.80. This analysis indicates that between 20 and 25
percent of the suspended sediment is less than 4 microns
(.004 millimeters or 0.157 mils) in diameter.

(a)

Mainstem

The Susitna River is typically clear during the winter
months with turbidity values at or near zero. Turbidity
values measured by the USGS in January and April 1982 were
1.1 Nepholometric Turbidity Units (NTU) or less at Gold
Creek, Sunshine, and Susitna Station. Turbidity increases
as snow melt and breakup commence. Peak turbidity values
occur during summer when glacial input is greatest.

As presented in Table E.2.21, during 1982, measurements of
up to 720 and 728 NTU were recorded at Vee Canyon and Chase,
respectively. At the USGS gaging station on the glacially-
fed Chulitna River, a value of 1920 NTU was observed. In
contrast, the maximum recorded value on the Talkeetna River,
with its minimal glacial input, was 272 NTU. Downstream on
the Susitna River, turbidity values decrease, with maximums
of 1056 and 790 NTU measured at Sunshine and Susitna
Station, respectively.

A summary of the turbidity data is presented in Figure

E.2.8l. Figure E.2.82 shows the relationship between sus-
pended sediment concentration and turbidity as measured on
the Susitna River at Cantwell, Gold Creek, and Chase
(Peratrovich, Nottingham and Drage 1982).

SToughs

Turbidity values for sloughs 8A, 9, 16B, 19, and 21 were
measured by ADF&G during June, July, and September 1981
(ADF&G 1981). June measurements were taken on June 23, 24,
and 25 at a Gold Creek discharge of approximatley
17,000 cfs. No sloughs were overtopped with mainstem flow
and turbidity in all the sloughs was less than 1 NTU. The
corresponding turbidity at Gold Creek was 100 NTU.

During the July measurements, Gold Creek flow was in excess
of 35,000 cfs and the upstream ends of sloughs 8A, 9, 16B
and 21 were overtopped. However, slough 19 was not., Tur-
bidity values in the overtopped sloughs were 130, 130, 43,
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and 150 NTU, respectively. Turbidity in slough 19 was 2.5
NTU and turbidity at Gold Creek was 170 NTU.

September measurements were taken with a Gold Creek dis-
charge of about 8500 cfs. Maximum slough turbidity was 1.1
NTU and the turbidity of Gold Creek was 5.5 NTU.

These data indicate that sloughs are generally clear with
low turbidity until the upstream ends are overtopped. Dur-
ing overtopping, slough turbidities reflect mainstem values.
Even with overtopping, some sloughs maintained lower turbid-
ity due to the dilution effect of ground water or tributary
inflow.

2.3.5 -~ Vertical Illumination

In general, vertical illumination through the water column varies
directly with turbidity and hence follows the same temporal and
spatial patterns described above. Although no quantitive assess-
ment was conducted, summer vertical illumination 1is generally a
few inches. During winter months, the river bottom can be seen
in areas without-ice cover, since the river is exceptionally
clear. However, vertical illumination under an ice cover is
inhibited especially when the ice is not clear or when a snow
cover is present.

2.3.6 -~ Dissolved Gases

(a) Dissolved 0Oxygen

Dissolved oxygen (D.0.) concentrations generally remain
high throughout the drainage basin. Winter values average
11.6 to 13.9 mg/1, while average summer concentrations are
between 11.5 and 12.0 mg/1. These average concentrations
equate to summer saturation levels between 97-105 percent.
Winter saturation levels decline slightly from summer
levels, averaging 98 percent at Gold Creek and 80 percent at
Susitna Station.

Figures E.2.83 and E.2.84 contain additional dissolved
oxygen data.

(b) Total Dissolved Gas Concentration

Total dissolved gas (nitrogen) concentrations were monitored
in the vicinity of Devil Canyon during 1981 and 1982.
Limited 1981 data revealed saturated conditions of approxi-
mately 100 percent above the Devil Creek rapids. However,
downstream concentrations immediately above and below the
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Devil Canyon damsite were measured in the supersaturated
range of 105-117 percent, respectively (Schmidt 1981).

From August 8, to October 6, 1982, a continuous recording
tensionmeter was installed immediately downstream of Devil
Canyon. As noted in Figure E.2.85, the data reveals a
Tinear relationship between dissolved gas concentration and
discharge at Gold Creek. Gas concentrations ranged from 106
to 115 percent for discharges from 11,700 to 32,500 cfs
(ADF&G 1983). Computations have yielded decay rates which
suggest variations in the rate of decay of supersaturation
with discharge, distance downstream, and channel slope and
morphology characteristics (ADF&G 1983; and Peratrovich,
Nottingham and Drage 1983).

Alaska water quality statutes allow a maximum dissolved gas
concentration of no higher than 110 percent.

2.3.7 - Nutrients

0f the four major nutrients: carbon, silica, nitrogen and phos-
phorus; the 1imiting nutrient in the Susitna River is phosphorus
(Peterson and Nichols 1982). Although total phosphorous concen-
trations regularly exceed established criteria (Figure E.2.86),
the majority of this nutrient is in a form not available for use
by the microflora.

Studies of glacial lakes in Alaska (ADF&G 1982b) and Canada (St.
John et al. 1976) indicate that over 50 percent of the total
phosphorus concentration in the Takes studied was in the biologi-
cally inactive particulate form (Peterson and Nichols 1982).

The bio-available phosphorous, namely orthophosphates, are 0.1
mg/1 or less throughout the drainage basin. Although one mea-
surement at Vee Canyon was 0.49 mg/1, this value was disregarded
since it was considered unrealistic (R&M 1982g). Data 1is
depicted in Figure E.2.87.

Nitrate nitrogen concentrations exist in low to moderate concen-
trations (<0.9 mg/1) in the Susitna River. Gold Creek summer
levels vary between 0.02 mg/1 and 0.86 mg/1. During winter, the
range of variability is reduced with the concentration varying
between 0,05 and 0.34 mg/1., Maximum recorded concentrations in
the watershed of 1.2 mg/1 are from the Talkeetna River monitoring
station during the summer. Nitrate data for six gaging stations
are illustrated in Figure E.2.88.
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2.3.8 - Other Parameters

(a)

Total Dissolved Solids

Total dissolved solids (TDS), or dissolved salts as they are
often referrd to, are higher during the winter low-flow
periods than during summer. The TDS concentrations
generally decrease in a downstream direction,

At Gold Creek, TDS winter values are 100-188 mg/1, while
summer concentrations are between 55 and 140 mg/1. Down-
stream, measurements at Susitna Station range from 109-139
mg/1 during winter, and between 56 and 114 mg/1 in the
summer, Figure E.2.89 presents the data collected.

Salinity data for Cook Inlet are presented in Section
2.6.7.

Specific Conductance (Conductivity)

Conductivity values, which generally show an excellent cor-
relation with TDS concentrations provided salinity contents
are reasonably low (Cole 1975), are also higher during the
winter and lower during the summer. In the upstream reaches
of the Susitna, conductivity values are generally higher
than downstream values.

At Denali, values range from 351-467 umhos/cm in the winter
to 121-226 umhos/cm in the summer. Gold Creek conductivi-
ties vary from 84-300 umhos in the winter to 75-227 umhos/cm
in the summer, Specific conductance levels at Susitna
Station range from 182-225 umhos/cm during winter to 90-160
umhos/cm during summer. Figure E.2.90 provides the
conductivity data for the seven USGS gaging stations.

Significant Ions

Concentrations of the seven significant ions; namely bicar-
bonate, sulfate, chloride, and the dissolved fractions of
calcium, magnesium, sodium and potassium; which comprise a
major portion of the total dissolved solids, are generally
low to moderate, with summer concentrations lower than win-
ter values. The ranges of concentrations recorded upstream
of the project at Denali and Vee Canyon, and downstream of
the project at Gold Creek, Sunshine and Susitna Station are
compared in Table E.2.23. The ranges of anion and cation
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(e)

concentrations at each monitoring station are presented in
Figures E.2.91 to E.2.96. Data on bicarbonate are presented
in the discussion of Total Alkalinity.

Total Hardness

Waters of the Susitna River are moderately hard in the
winter, and soft to moderately hard during breakup and
summer., In addition, there is a general trend towards
softer water in the downstream direction.

Total hardness, measured as the sum of the calcium and mag-
nesium hardness and reported in terms of C(aCO3, ranges
from 60-121 mg/1 at Gold Creek during winter to 31-107 mg/]
in the summer. At Susitna Station, values are 73-96 mg/l
and 44-66 mg/1 during the winter and summer, respectively.
Figure E.2.97 presents the available data.

PH

Average pH values tend to be slightly alkaline with averages
ranging between 6.9 and 7.7. Maximum pH levels occasionally
exceed 8.0, while a value as low as 6.0 has also been re-
corded. Low pH levels are common in Alaskan streams and are
attributable to the acidic tundra runoff,

At Denali, pH variations between 7.1 and 7.6 occur during
winter, while the summer fluctuation is 7.2 to 7.9. Winter
pH levels at the Gold Creek station are between 7.0 and 8.1.
The range of summer values is 6.5 to 7.9. Figure E.2.98
displays the pH data for the seven stations.

Total Alkalinity

Total alkalinity concentrations, with bicarbonate typically
the only form of alkalinity present, exhibit moderate to
high levels during winter and low to moderate levels during

“summer. In addition, upstream concentrations are generally

higher than downstream concentrations.

Concentrations at Denali during winter are 112-161 mg/1, and
42-75 mg/1 during summer. At Gold Creek, winter values
range between 46 and 88 mg/1, while summer concentrations
are in the range of 23-87 mg/l. In the Tlower river at
Susitna Station, winter concentrations are 60-75 mg/1, and
summer levels are 36-57 mg/1.

Figure E.2.99 provides total alkalinity data in the form of
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(9)

(h)

()

Free Carbon Dioxide

Free carbon dioxide (CO,) in combination with carbonic
acid and the previously discussed bicarbonates (alkalinity)
constitute the total inorganic carbon components present in
the Susitna River.

In the upper basin, summer measurements of free CO, at
Denali yield values that range from 1.5 to 5.2 mg/1. Winter
data indicates levels from 5.5 mg/1 to 25 mg/l. :

At Gold Creek, the summer and winter ranges are virtually
identical. Minimum values are 1.1 mg/1 during summer, and
1.2 mg/1 during winter. Maximum concentrations are 20 mg/1
during both seasons.

In the 1owér river basin at the Susitna Station, summer data
indicate a variability between 0.6 and 8 mg/1. Winter data
range from a minimum of 1.8 mg/1 to a maximum of 17 mg/l.
Free C0, data are illustrated in Figure E.2.100.

Total Organic Carbon

Total organic carbon (TOC) varies with the composition of
the organic matter present (McNeely et al 1979).

At Gold Creek, summer TOC levels vary from 1.4 to 3.8 mg/1.
Winter concentrations range from 1.0 mg/1 to 5.5 mg/l.
Downstream at Susitna Station, TOC ranges between 2.7 and
11.0 mg/1 and 0.4 and 4.0 mg/l, during summer and winter,
respectively.

Criterion for TOC has been suggested by McNeely et al.
(1979) as 3.0 mg/1, since water with lower levels have been
observed to be relatively clean. However, as is evidenced
above, streams and rivers in Alaska receiving tundra runoff
frequently exceed this criterion (R&M 1982g).

A summary of the TOC data is presented in Figure E.2.101.

Chemical Oxygen Demand

Chemical oxygen demand (COD) data are limited to observa-
tions at Vee Canyon and Gold Creek. Summer concentrations
at Vee Canyon range between 8 and 39 mg/l. Winter values
are 6-13 mg/1. Below the proposed reservoirs, at the Gold
Creek monitoring station, summer Tlevels vary from 1.3-24
mg/1, while winter concentrations are in the range of 2-16
mg/1.
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(k)

The available COD data are presented in Figure E.2.102.
True Color

True color, measured in platinum cobalt units, typically
displays a wider range during summer than winter. This
phenomenon 1is attributable to organic acids (especially
tannin) characteristically present in the summer tundra
runoff,

Data gathered at Denali, with its dominant glacial origins,
ranged between 0 and 5 units and 0 and 10 units, during win-
ter and summer, respectively. However, color levels at Gold
Creek, with its significant tundra runoff, vary between 0§
and 40 color units during winter and 0 to 110 units in sum-
mer. Although they are extremely high, it is not uncommon
for color levels in Alaska to reach 100 units for streams
receiving tundra runoff (R&M 1982g).

Figure E.2.103 displays the data collected.
Metals

The concentrations of many metals monitored in the river
were low or within the range characteristic of natural
waters. In addition, 15 parameters were below detectable
Timits when both the dissolved (d) fraction and the total
recoverable (t) quantities are counted. For antimony,
boron, gold, platinum, tin, radium, and zirconium, both (d)
and (t) were below detection limits. The dissolved fraction
of molybdenum was also not detectable.

The concentrations of some trace elements, however, exceeded
water quality guidelines for the protection of freshwater
organisms (Table E.2.17). These concentrations are the
result of natural processes, since with the exception of
some placer mining activities, there are no man-induced
sources of these elements in the Susitna River basin.
Metals which exceeded criteria include both dissolved and
total recoverable aluminum, cadmium, copper, manganese,
mercury, and zinc. In addition, the dissolved fraction of
bismuth, and the total recoverable quantities of iron, lead,
and nickel also exceeded criteria.

Figures E.2.104 through E.2.119 summarize the data for those
metals that exceeded criteria. Information pertaining to
metals, that did not surpass established or suggested guide-
Tines are presented by R&M (1982g).
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(1)

Chlorophyll-a

Chlorophyll-a, as a measure of algal biomass, is low due to
the poor Tight transmissivity of the sediment laden waters.
The only chlorophyll-a data available for the Susitna River
were collected at the Susitna Station gage. Values up to
1.2 mg/m3 (chlorophyll-a periphyton uncorrected) were
recorded. However, when the chromospectropic technique was
used, values ranged from 0.004 to 0.029 mg/m3 for three
samples in 1976 and 1977. All recorded values from 1978
through 1980 were less than detectable limits when analyzed
using the chromographic fluorometer technique.

As previously noted, no data on chlorophyll-a are available
for the upper basin. However, with the high suspended sedi-
ment concentrations and turbidity values, it 1is expected
that chlorophylla values are low.

Bacteria

No data are available for bacteria in the upper and middle
river basins. However, because of the glacial origins of
the river and the absence of domestic, agricultural, and in-
dustrial development in the watershed, bacteria Tevels are
expected to be low.

Limited data on bacterial indicators are available from the
lower river basin, namely for the Talkeetna River since
1972, and from the Susitna River at Susitna Station since
1975, Indicator organisms monitored include total coli-
forms, fecal coliforms, and fecal streptococci.

Total coliform counts were generally Tow, with the three
samples at Susitna Station and 70 percent of the samples on
the Talkeetna River registering less than 20 colonies per
100 ml. Occasional high values have been recorded during
summer months, with a maximum value of 130 colonies per 100
ml.

Fecal coliforms were also low, usually registering less than
20 colonies per 100 ml. The maximum recorded summer values
were 92 and 91 colonies per 100 ml in the Talkeetna and
Susitna Rivers, respectively.

Fecal streptococci data also display the same pattern; low

values in winter months, with occasional high counts during
the summer months.
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All recorded values are believed to reflect natural varia-
tion within the river, as there are no significant human
influences throughout the Susitna River basin that would
affect bacterial counts.

(n) Miscellaneous

Concentrations of organic pesticides and herbicides, ura-
njum, and gross alpha radioactivity were either less than
their respective detection limits or were below levels con-
sidered to be potentially harmful. No significant sources
of these parameters are known to exist in the drainage
basin, with the exception of herbicides (amitrole, 2-4, D,
bromicil and Garlon) used along the railroad right-of-way.
Since no pesticides, herbicides, or radioactive materials
will be used during the construction, filling or operation
of the project, no further discussions will be pursued.

2.3.9 - Water Quality Summary

The Susitna River 1is a fast flowing, cold water river with
glacial origins and large seasonal flow variations that greatly
influence its character. During winter, river temperatures re-
main at or near 0°C (32°F) throughout the mainstem. Localized
areas, especially sloughs, experience ground water upwelling
which maintains winter temperatures slightly above freezing.
Maximum summer mainstem temperatures at Gold Creek reach 15.0°C
(59.0°F). Ice formation commonly begins during October in the
upper reaches of the river, Breakup wusually occurs in the
project area during May. Suspended sediment concentrations and
turbidity levels experience extreme seasonal fluctuations as the
result of glacial melt, snow melt and rainfall. Suspended
sediment measurements up to 5690 mg/1 have been documented at
Denali.

Dissolved oxygen concentrations are high throughout the basin
with winter values near 13 mg/1. Summer measurements average
near 12 mg/1. Dissolved oxygen saturation in the middle and
upper basin averages near 100 percent. Total dissolved gas
concentrations exceed criteria levels below the Devil Canyon
rapids with supersaturated values up to 117 percent recorded.

Nutrient concentrations, namely nitrates and orthophosphates,
exist in low to moderate concentrations throughout the basin.

Total dissolved solids (TDS) concentrations are higher during the
winter low-flow periods than during summer. Correspondingly,
conductivity values are also higher during the winter, and Tower
during summer. Concentrations of the seven significant ions are
generally low to moderate with lower levels during summer. The
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2.4 -

Baseline Ground Water Conditions

Susitna is moderately hard during winter and soft to moderately
hard during breakup and summer. Typically, pH values range be-
tween 7 and 8, although values often fall below 7 due to the
organic nature of tundra runoff. Total alkalinity concentrations
are moderate to high during winter, and low to moderate during
summer.,

Total organic carbon and true color both exceed their respective
criteria pecause of the influence of tundra runoff.

The concentrations of many trace elements monitored in the river
were Tow or within the range characteristic of natural waters.
However, the concentrations of some trace elements exceeded water
quality guidelines for the protection of freshwater aquatic
organisms. These concentrations are the result of natural pro-
cesses since there are no man-induced sources of these elements
in the Susitna River basin, with the exception of some placer

- mining activities.

Chlorophyll-a measurements are low as a result of the poor Tight
transmissivity of the sediment-laden waters.  Bacterial indi-
cators exhibit generally low concentrations.

Concentrations of organic pesticides and herbicides, uranium, and
gross alpha radioactivity were either less than their respective
detection 1limits or were below levels considered to be poten-
tially harmful to aquatic organisms.

Baseline Ground Water Conditions

2.4.1 - Description of Water Table and Artesian Conditions

The Tlandscape of the upper and middle basin consists of rela-
tively barren bedrock mountains with exposed bedrock cliffs in
canyons and along streams, and areas of unconsolidated sediments
(outwash, til11, alluvium) with Tow relief, particularly in the
valleys. The arctic climate has retarded development of topsoil.
Unconfined aquifers exist in the unconsolidated sediments, how-
ever there are no water table data in these areas except in the
relict channel at Watana and the south abutment at Devil Canyon.
Winter Tow flows in the Susitna River and its major tributaries
are fed primarily from ground water storage in these unconfined
aquifers. The bedrock within the basin is comprised of crystal-
line and metamorphic rocks. No significant bedrock aquifers have
been identified or are anticipated.

Below Talkeetna, the broad plain between the Talkeetna Mountains

and the Alaska Range generally has higher ground water yields,
with the unconfined aquifers immediately adjacent to the Susitna
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River having the highest yields. Potential ground water yields along

the river are 100-1000 gallons per minute (gpm) (379-3795 liters per

minute), whereas upstream of Talkeetna, the ground water yields adjac- .
ent to the river are 20-50 gpm (76-189 liters per minute) (Freethey

and Scully 1980).

2.4.2 - Hydraulic Connection of Ground Water and Surface Water

Much of the ground water in the system is stored in unconfined

aquifers in the valley bottoms and in alluvial fans along the slopes.
Consequently, there is a direct connection between the ground water -
and surface water. Confined aguifers may exist within some of the
un%on%olidated sediments, but no data are available as to their

extent,

2.4,3 ~ Locations of Springs, Wells, and Artesian Flows

Due to the wilderness character of the basin, there are no data on
the location of springs, wells, and artesian flows other than within
the sloughs. Winter aufeis buildups have been observed between Vee
Canyon and Fog Creek, indicating the presence of ground water dis-
charges. Ground water s the main source of flow during winter
months, when precipitation falls as snow and there is no glactial melt.
It is believed that much of this water comes from the unconfined
aquifers (Freethey and Scully 1980).

2.4.4 - Hydraulic Connection of Mainstem and Sloughs

The sloughs downstream from Devil Canyon are used by salmonid species

for spawning, and provide valuable rearing habitat for anadromous and s
resident fish. Ground water upwelling within the sloughs provides
appropriate conditions for egg incubation.

Ground water studies at Sloughs 8A and 9 indicate that there is a P
hydraulic connection between the mainstem Susitna River and the
sloughs. Ground water observation well measurements demonstrate that
the ground water upwelling in the sloughs is caused by ground water
flow from the uplands and from the mainstem Susitna. The higher per-
meability of the valley bottom sediments (sand- gravel-cobble-
alluvium), compared with the till mantle and bedrock of the valley
sides, indicated that the mainstem Susitna River is the major source
of ground water inflow in the sloughs. This is illustrated in Figures
E.2.120 and E.2.121. The contours indicate a flow direction along the
valley and laterally towards the sloughs. Preliminary estimates of
the travel time of the ground water from the mainstem to the sloughs
indicate a time on the order of six months to a year or more.

Changes 1in water Tlevels in observation wells in response to a 3.1
foot change in the mainstem stage during the September 14 to 22, 1982
hydrograph event varied from 2.8 feet to 1.7 feet (0.85 to 0.52 m) at
distances of 50 feet (15 m) and 1200 feet (366 m), respectively, from
the river bankl/.

l-/See Appendix E.2.A for a description of groundwater levels and main-
stem discharges.
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Existing Lakes, Reservoirs, and Streams

Preliminary investigations show that ground water upwelling tem-
peratures in sloughs reflect the long-term average water tempera-
ture of the Susitna River, which is approximately 3°C (37.4°F).
These conclusions are based upon the investigations that have
been undertaken to determine the mechanisms controlling slough
upwelling. Drilling and soil sampling, installation of observa-
tion wells, monitoring of ground water Tlevels and temperatures,
analysis of field data, and numerical and analytical modeling of
the ground water have been performed. The results indicate that
hydrodynamic dispersion and heat exchange between the ground
water and soil are the dominant mechanisms responsible for the
near constant upwelling temperatures. Annual ground water tem-
peratures within the range 3 + 1.5°C (37.4 + 2.7°F) are calcu-
lated for ground water travel distances greater than 100 feet
(30 m) from the mainstem, based on best estimates for the
controlling parameters (Acres 1983).

The dominant parameter in the analysis is the hydraulic conduc-
tivity of the alluvial sediments. However, hydraulic conductiv-
ity is spatially variable. Values an order of magnitude, higher
or lower than the best estimate used in the calculations are
quite possible. The sensitivity of temperature fluctuations to
an order of magnitude increase in hydraulic conductivity has been
examined. This indicates that temperatures within the range
3+1.5°C (37.4 + 2.7°F) would occur at distances greater than
24,000 feet (7317 m) along a flow line. The flow line lengths
between the mainstem and the sloughs are typically 1000 to 4000
feet (305 to 1220 m). Thus, the dispersion and heat exchange
mechanisms appear capable of significant damping of the seasonal
mainstem temperature fluctuations even for hydraulic conductivi-

~ties significantly higher than have been calculated from avail-

2-5 -

able field data.

A technique for measuring upwelling water flows has been devel-
oped. However, sufficient measurements have not yet been taken
to determine the magnitude and spatial variation of ground water
flow. Gaging of flows in Slough 9 has been undertaken and these
data indicate that the ground water component was 0.74 and
1.00 cfs on the two occasions measured. This represented 36 and
61 percent of the total flow at the downstream end of the
slough.

Existing Lakes, Reservoirs, and Streams

2.5.1 - Lakes and Reservoirs

There are no reservoirs on the Susitna River or on any of the
tributaries flowing into either the Watana or Devil Canyon reser-
voirs. A few small lakes at and upstream of the damsites will be
affected by the project. No lakes downstream of the reservoirs
will be directly impacted by project construction, impoundment,
or operation. However, secondary impacts resulting from
increased access from the access road or transmission Tine
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maintenance road could occur. The major lakes and lake complexes
potentially affected are listed in Table E.2.24, along with the
potential impacts.

The normal maximum operating level of 2185 feet (666 m) in the
Watana reservoir will lead to the inundation of a number of
lakes, none of which are named on USGS topographic maps. Most of
these are small tundra lakes and are located along the Susitna
River between RM 191 and RM 197 near the mouth of Watana Creek.
The Targest of these lakes is Sally Lake. It is situated at geo-
graphic location S/32N/07E/29. Surface area of this lake is 63
acres (25 ha). It has a maximum depth of 27 feet (8 m) and a
mean depth of 11.6 feet (3.5 m). The shoreline length is 10,500
feet (3200 m). The water surface elevation is approximately at
elevation 2050 feet (625 m). The area-capacity curves for Sally
Lake are illustrated in Figure E.2.122.

There are 27 lakes less than 5 acres (2 ha) in surface area and
one between 5 and 10 acres (2 and 4 ha), all on the north side of
the river between RM 191 and RM 197. 1In .addition, a small lake
(Tess than 5 acres [2 ha]) lies on the south shore of the Susitna
at RM 195.5 and another of about 10 acres (4 ha) in area lies on
the north side of the river at RM 204. Most of these lakes
appear to be perched, but five are either connected by small
streams to Watana Creek or empty directly into the Susitna River
mainstem.

A small Take (2.5 acres or 1 ha) lies on the south abutment near
the Devil Canyon damsite at RM 151.3, at approximately elevation
1400 feet (427 m). No other Tlakes exist within the proposed
Devil Canyon reservoir.

2.5.2 - Streams

Numerous streams in each reservoir will be completely or par-
tially inundated during project filling and operation. The
streams to be inundated within the respective reservoirs and
appearing on the 1:63,360 scale USGS maps, are illustrated in
Figures E.2.123 and E.2.124 and Tlisted in Tables E.2.25 and
E.2.26. Provided in these tables are the map name of each
stream, Susitna River mile locations, the existing elevation of
the stream mouths, the average stream gradient of the reach to be
inundated and the length of the stream to be inundated. Eleva-
tions of 2190 feet (668 m) and 1455 feet (444 m) were used for
these determinations for the Watana and Devil Canyon reservoirs,
respectively.

Within the Watana reservoir, there are two sloughs located at
approximately RM 212. Near Jay Creek, there are two sloughs, one
Jjust upstream (RM 208.7) and the other just downstream (RM 208.0)
from the mouth of Jay Creek. Additional sloughs are located at

RM 205.7, RM 200.9 and just downstream of Watana Creek at
RM 193.6. Within Devil Canyon reservoir, there are ten sloughs
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at RM 180.1, 179.1, 177.0, 173.9, 172.2, 172.0, 171.5, 171.5,
169.5, and 168.0, which will be totally inundated. The locations
of the sloughs to be inundated are also shown on Figures E.2.123
and E.2.124.

Aside from the streams to be inundated by the two project im-
poundments, there are several tributaries downstream of the proj-
ect which may be affected by changes in the Susitna River flow
regime. Since post-project summer stages in the Susitna will be
several feet lower than pre-project levels, some of the creeks
may either degrade to the lower elevation or remain perched above
the river. Analyses were done on 19 streams between Devil Canyon
and Talkeenta which were determined to be important for fishery
reasons or for maintenance of existing bridge crossings by the
Alaska Railroad (R&MW 1982f). These streams are listed in Table
E.2.27, with their river mile locations and the reason for
concern.

2.6 - Existing Instream Flow Uses

Instream flow uses are uses made of water in the river channel as
opposed to water withdrawn from the river. Instream flow uses include
hydroelectric power generation; commercial or recreational navigation;
waste assimilation; downstream water rights; water requirements for
riparian vegetation, fisheries and wildlife habitat; recreation; fresh-
water recruitment to estuaries; and water required to maintain the
desirable aesthetic characteristics of the river itself. Existing
instream flow uses on the Susitna River involve all of these uses
except hydroelectric power operation.

2.6.1 - Downstream Water Rights

In 1966, "The Alaska Water Use Act" was established. This Tegis-
lation, which was amended in 1979, authorized the Alaska Depart-
ment of Natural Resources (ADNR) to determine and adjudicate
water rights for use of the state's water resources (ADNR 1981).

Existing water rights users at that time were eligible for
"grandfather rights” and were required to formalize their inter-
ests as of April 1968. Currently, the statutory procedure for
formalization of water rights requires the filing of an Applica-
tion for Water Rights with the Commissioner of the ADNR. After
issuance of a permit and subsequent to the beneficial utilization
of the water as noted in the permit, ADNR personnel may elect to
conduct a field investigation. Provided the ADNR concur that the
water rights have been perfected, a Certificate of Appropriation
is then issued. This certificate provides legal rights against
conflicting users of the water who do not have water rights or
are junior in priority (ADNR 1981).

Existing surface and ground water rights in the Susitna River
basin were investigated by Dwight (198l). To facilitate this
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search, the basin was divided into 18 township grids (Figure
E.2.125). The investigation noted that the only significant surface
water rights exist in the headwaters of the Willow Creek (18.3 cfs)
and Kahi?tna (125 cfs) township grids where placer mining operations
occur on a seasonal basis (Table E.2.28). Neither of these areas
will be affected by the project.

The only appropriation on record in the area of the proposed reser-
voirs (Susitna Reservoir township grid) is permit ADL-203386 current-
ly held by the Alaska Power Authority for the 44 man Watana camp.
The permit for the camp, from which field work for the project has
been conducted, is for 3000 gpd (0.00465 cfs or 11,355 Titers per
day) from a nearby unnamed lake.

Downstream of the proposed facilities, in the Susitna township grid,
surface water rights amount to 0.153 cfs while ground water appropri-
ations total 0.56 acre-feet/year or 0.0498 cfs (Table E.2.29). No
surface water rights on file with the ADNR withdraw directly from the
Susitna River mainstem., In addition, an analysis of topographic maps
and overlays denoting the specific location of each recorded appro-
priation indicate that all surface water diversions from tributaries,
as well as all ground water withdrawals from wells, are Tlocated at
elevations that will be unaffected by water level changes and/or flow
regulation resulting from the construction, filling, and operation of
the proposed Susitna Hydroelectric Project (Dwight 1981). As such,
no further discussions regarding potential impacts to existing down-
stream water rights appropriations will be presented.

2.6.2 - Fishery Resources

The Susitna River supports populations of both anadromous and resi-
dent fish. Important commercial, recreational, and subsistence
species 1include pink, chum, coho, sockeye and <chinook salmon,
eulachon, rainbow trout, Arctic %ray1ing, burbot, and Dolly Varden.
Natural flows presently provide for fish passage, spawning, incuba-
tion, rearing, overwintering, and outmigration. These activities are
correlated to the natural %ydrograph. Salmon migrate upstream and
spawn on the receeding 1imb of the spring hydrograph and throughout
most of the summer, the eggs incubate through the Tow-flow winter
period, and fry out-migration occurs in association with spring
breakupl/. Rainbow ‘trout and grayling spawn during the high
flows of the breakup period with embryo development occurring during
the early summer. Further detail on the fishery resources 1is pre-
sented in Chapter 3.

2.6.3 - Navigation and Transportation

(a) Boat Navigation and Transportation

Navigation and transportation on the Susitna River from the
headwaters to the Devil Canyon damsite is Tlimited, being

l-/See Appendix E.2.A for a description of mainstem flow relationships
to hydraulic and hydrologic characteristics of sloughs.

E-2-44



2.6 - Existing Instream Flow Uses

primarily related to hunters' and fishers' access to the
Tyone River (RM 247) after launching at the Denali Highway
(RM 291). However, some use is made of recreational kayak-
ing, canoeing and rafting. Downstream of the Tyone River,
Vee Canyon rapids (RM 226-232) offer some of the finest
rafting and white-water kayaking in Alaska, and are rated
Class IV white-water,

Farther downstream are the Devil Creek and Devil Canyon
rapids which offer 11 miles (18 km) of some of the most
challenging kayaking in the world. The first successful
running of these rapids, which are rated Class VI white-
water occurred in 1978, Less than 40 kayakers from through-
out the world have attempted the rapids since then, and at
least five people have died trying.

Downstream of Devil Canyon, the Susitna River is considered
navigable by the U.S. Department of the Interior, Bureau of
Land Management {BLM) from its mouth to a distance 7.5 miles
(12 km) upstream of Gold Creek (TES 1982). However, the
river is used for navigation up to Portage Creek (RM 149).
This entire reach is navigable under most flow conditions
although abundant floating debris during extreme high water
and occasional shallow areas during low water can make navi-
gation difficult,

The Susitna River downstream of Devil Canyon is used for
sport fishing, hunting, recreational boating, sightseeing,
and transportation of some supplies. Access to the river is
gained from four principal boat launching sites, Talkeetna
(RM 97), Sunshine Bridge at the Parks Highway (RM 84),
Kashwitna Landing (RM 61), and Willow Creek (RM 49); from
several of the minor tributaries between Talkeetna and Cook
InTet; and from Cook Inlet. Other primary tributaries
accessible by road are Willow Creek, Sheep Creek, and
Montana Creek.

A very substantial increase in the use of the river and its
tributaries has been noted within recent years, Dwight and
Trihey (1981) reported a 50 percent increase in the use of
certain salmon streams in past years. During 1976, 500
boats were launched at the Kashwitna Landing. Mid-summer
1981 estimates of launches at the Kashwitna Landing approxi-
mated 5000. One Friday, during the 1981 king salmon season,
147 craft were launched (TES 1982). An aerial survey of the
river during moose season, Thursday, September 17, 1981,
noted 22 craft on the mainstem below Talkeetna and 102 craft
on its respective tributaries.
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Under the existing flow regime, the ice on the river breaks
up and the river becomes ice-free for navigation in mid to
late May. Flows typically remain high from that time
through the summer until September or early October, when
freezeup begins. During freezeup frazil ice restricts boat
operation, but often a frazil-free period of 1 to 2 weeks
follows the initial stages of freezeup and navigation is
again possible. The next sequence of frazil generation
generally leads to continuous freezing of the river, prohib-
iting open-water navigation until after the following spring
breakup.

In 1982, investigations were conducted on potential naviga-
tion problems downstream of the proposed hydroelectric dams
on the Susitna River during the ice-free months (ADNR 1982).
A review was made of river cross-sectional data, simulated
water surface profiles determined by the HEC-2 program and
aerial photographs for the reach between Portage Creek and
Talkeetna. Figures E.2.63 and E.2.64 present the results of
the simulation, converted to depths at each cross section
for the various discharges considered. Figure E.2.63 shows
that the major area of concern is a broad shallow reach 1 to
3 miles (1.6 to 4.8 km) below Sherman, where the main chan-
nel of the Susitna River crosses the floodplain. A repre-
sentative cross section of the reach is depicted in Figure
E.2.10. Water surface elevations for each of the discharges
simulated and the estimated water surface elevation for a
flow of 6000 cfs are presented. The water surface eleva-
tions are considered accurate to +1 foot (0.3 m).

Using the stage-discharges relationship for cross section 32
presented in Figure E.2.10, the Alaska Department of Natural
Resources (ADNR) determined that a discharge of 6500 cfs
would be required to maintain a navigable depth of 2.5 feet
(0.8 m}. The 2.5 foot (0.8 m) depth was established as the
navigation criterion even though 1.5 feet (0.5 m) was con-
sidered as an adequate depth for navigation, because of the
1 foot (0.3 m) potential error in the HEC-2 water surface
prediction. Extrapolation of the stage-discharge rating
curve to a 1.5 foot (0.5 m) depth indicates that the equiva-
lent discharge would be approximately 3000 cfs.

A reconnaissance conducted on October 14, 1982 (R&M 1982j)
when the Gold Creek discharge was 6000 cfs indicated that
the reach downstream of Sherman was navigable if the center
channel was used.
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(b)

Downstream from Talkeetna, the ADNR study used personal
interviews, aerial photographs and topographic maps to
determine potential navigation problems. Four areas were
designated as potentially adversely affected by reduced
discharges.

1. A braided area on the east side of the Susitna River,
about 6 river miles (10 km) downstream from Talkeetna
near RM 91,

2. A braided area of the east side of the Susitna River,
adjacent to and extending about 1 mile (1.6 km) down-
stream from Kashwitna. This is at approximately RM 60
to 61.

3. The Susitna River near its confluence with Willow Creek
at about RM 48 to 49.

4. On Alexander Slough (also known as the west channel),
just as it divides off the mainstem of the Susitna River
(also known as the east channel downstream of this
point). This is near RM 19.

The ADNR analysis indicates the following minimum discharges
at Sunshine gage were necessary to maintain 1.5 foot and 2.5
foot (0.5 m and 0.8 m) depths, respectively.

Near Talkeetna <1000 cfs, <1000 cfs

Kashwitna Landing Upstream 2750 cfs, 7200 cfs
Kashwitna Landing Downstream 3550 cfs, 8100 cfs

Near Willow Creek 10,400 cfs, 16, 200 cfs

Near Willow Creek Middle Channel 6500 cfs, 11,000 cfs

Minimum discharges could not be determined for Alexander
Slough,

Identified restrictions of open-water navigation over the
full Tength of the river are tabulated in Table E.2.30.

Other Navigation and Transportation Uses

The Susitna is used by several modes of non-boat transporta-
tion at various times of the year. Fixed-wing aircraft on
floats make use of the river for landings and take-offs dur-
ing the open water season. These are primarily at locations
in the first 50 miles (80 km) above the mouth. The previ-
ously mentioned aerial survey conducted during moose season
(September 17, 1981), located 12 planes on the mainstem and
its tributaries below Talkeetna (TES 1982). Among the most
common landing sites for floatplanes are Kashwitna River,
Willow Creek, Little Willow Creek, Deshka River (Kroto
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Creek), Susitna River near the mouth of Alexander Creek, and
Alexander Slough near the mouth of the river. Floatplane
access also occurs on occasion within the middle and upper
Susitna reaches.

After the river ice cover has solidly formed in the fall,

the river is used extensively for transportation access by o
ground methods in several areas. Snow machines and dogsleds

are commonly used below Talkeetna; the Iditarod Trail

crosses the river near the Yentna River confluence and is

used for an annual dogsled race in February. Occasional

crossings are also made by automobiles and ski, primarily

near Talkeetna and near the mouth.

P

2.6.4 - Recreation

The summer recreation uses of the Susitna River include recrea- ~
tional boating, kayaking, canoeing, sport fishing, hunters'
access, and sightseeing. In winter, recreation uses include snow
machines and dogsleds. These uses were discussed in Section
2.6.3.

2.6.5 - Riparian Vegetation and Wildlife Habitat

Wetlands cover large portions of the Susitna River basin, includ-
ing riparian zones along the mainstem Susitna, sloughs, and trib-
utary streams. Wetlands are biologically important because they o
generally support a greater diversity of wildlife species per
unit area than most other habitat types in Alaska. In addition,
riparian wetlands provide winter browse for moose and, during
severe winters, can be a critical survival factor for this
species. They also help to maintain water quality throughout
regional watersheds. Detailed information on riparian wetlands
and wildlife habitat can be found in Chapter 3.

The processes affecting riparian vegetation include freezeup,
spring ice jams and flooding. As noted in Section 2.3.2(c), -
spring ice jams can have a devestating impact on vegetation.

However, ice jams are generally confined to specific areas. In

the Devil Canyon to Talkeetna reach, both flooding and freezeup -
are believed to be important factors affecting vegetation.
Because of the braided channel pattern downstream of Talkeetna,
flooding is expected to be the dominant factor influencing
riparian vegetation.

2.6.6 - Waste Assimilative Capacity

Review of the Alaska Department of Environmental Conservation
“Inventory of Water Pollution Sources and Management Actions,
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Maps and Tables" (1978) indicates that the primary sources of
pollution to the Susitna River watershed are placer mining opera-
tions. Approximately 350 sites were identified although many of
these claims are inactive. As the result of these operations,
large amounts of suspended sediment may be introduced into the
watershed. However, no biochemical oxygen demand (BOD) is placed
on the system, and therefore, the waste assimilative capacity
remains unaffected by these mining activities.

As for BOD discharges in the watershed, the inventory did identi-
fy one municipal discharge in Talkeetna, two industrial waste-
water discharges at Curry and Talkeetna, and three solid waste
dumps at Talkeetna, Sunshine, and Peters Creek. No volumes are
available for these pollution sources.

Personal communication (1982) with Joe LeBeau of the Alaska
Department of Environmental Conservation (ADEC) revealed that no
new wastewater discharges of any significance are believed to
have developed since the 1978 report. Further, it was noted that
the sources that do exist are believed to be insignificant.

Mr. Robert Flint of the ADEC indicated that, in the absence of
regulated flows and significant wastewater discharges, the ADEC
has not established minimum flow requirements necessary for the
maintenance of the waste assimilative capacity of the river
(personal communication 1982).

2.6.7 - Freshwater Recruitment to Cook Inlet Estuary

The Susitna River 1is the most significant contributor of fresh-
water to Cook Inlet and, as such, has a major influence on the
salinity of Upper Cook Inlet. High summer freshwater flows asso-
ciated with the occurrences of snow melt, rainfall, and glacial
melt cause reduced salinities. During winter, low flows permit
the more saline ocean water to increase Cook Inlet salinities.

A second major factor influencing the satinity levels in Cook
Inlet are the large tidal variations that occur. These tides,
which are amongst the largest in the world, cause increased
mixing of freshwater and saltwater.

A numerical water quality model of Cook Inlet was developed for
the U.S. Army Corp of Engineers (Tetra Tech, Inc. 1977). The
results of this model were found to compare quite well with the
available Cook Inlet surface salinity data from May 21-28, 1968;
August 22-23, 1972; and September 25-29, 1972 (COE 1979).

Using this model, Resource Management Associates (1983) simulated
pre-project monthly salinity concentrations throughout the Inlet
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2.7 -

using average freshwater flows from the Cook Inlet tributaries.
Figure E.2.126 shows 5 select locations where salinities were
computed. Near the mouth of the Susitna River (Node 27), the
study results indicated a natural salinity of 5800 mg/1 in August
and 21,000 mg/1 during April, or a range of 15,200 mg/1 (Table
E.2.31). The temporal salinity variation at this location is
provided in Figure E.2.127.

In the center of Cook Inlet near East Foreland, approximately 45
miles southwest of the Susitna River mouth (Node 12), normal sal-
inity values were estimated to vary between 21,100 mg/1 during
September and 26,800 mg/1 in April, or a range of 5700 mg/l.
Near the mouth of Cook Inlet (Node 1) the annual salinity range
is 2100 mg/1 with maximum and minimum average monthly values of
30,200 mg/1 in April and 28,100 mg/1 in August.

In addition to these three locations, estimated pre-project sal-
inity values for the centers of Turnagain and Knik Arms (Nodes 55
and 46, respectively) are also provided in Table E.2.31.

Salinity measurements were recorded at the mouth of the Susitna
River during spring tides on August 18 and 19, 1982 to determine
if, and to what extent saltwater intruded upstream. No saltwater
intrusion was detected. Flow was approximately 90,000 cfs at the
mouth of the Susitna River at the time the measurements were
made. Additional salinity measurements were made on February 14,
1983 to determine if saltwater penetration occurs upstream of the
mouth of the river during Tow flow periods. Salinity was moni-
tored over a tidal cycle at approximately RM 1. No salinity was
detected.

Access Plan

2.7.1 ~ Flows

The flow regime of the streams to be crossed by the access road
is typical of subarctic, snow-~dominated streams, in which a snow
melt flood in spring is followed by generally moderate flows
through the summer, punctuated by periodic rainstorm floods.
Between October and April, precipitation falls as snow and
remains on the ground. The annual low flow occurs during this
period, and is predominately base flow.

Streamflow records for these small streams are sparse. Conse-
quently, regression equations developed by the U.S. Geological
Survey (Freethey and Scully 1980) have been utilized to estimate
the 30-day low flows for recurrence intervals of 2, 10, and 20
years, and the peak flows for recurrence intervals of 2, 10, 25,
and 50 years. These flows are tabulated in Table E.2.32 for the
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three access route segments: (1) Denali Highway to Watana Dam;
(2) Watana Dam to Devil Canyon Dam; and (3) the Devil Canyon to
Gold Creek railroad. Only named streams are presented.

2.7.2 - Water Quality

At present, little water quality data are available for the
streams in the vicinity of the proposed access routes.

However, as noted in the fisheries discussions in Chapter 3, many
of the major streams scheduled for crossing are known to support
populations of Arctic grayling. Arctic grayling are generally
residents of clear, cold streams (Scott and Crossman 1973) and as
a result it is theorized that water quality is generally good.

In contrast, water quality conditions associated with tundra run-
off are also expected. Among the conditions that might be anti-
cipated are pH levels in the 6-7 range, total organic carbon con-
centrations exceeding the suggested criterion level of 3.0 mg/l
(McNeely et al. 1979), and true color values as high as 100
units.

During periods of high flow conditions resulting from spring snow
melt and summer rainstorms, elevated suspended sediment and tur-
bidity levels are expected.

2.8 - Transmission Corridor

The transmission corridor consists of four segments: the Anchorage-
Willow Tline and the Fairbanks-Healy 1line (called "Stubs")}, the
Willow-Healy Intertie, and the Gold Creek-Watana Tine..

The Intertie will extend from Willow to Healy, where it will ultimately
connect with Susitna Hydroelectric Project features referred to as
"Stubs." The Intertie is planned to be constructed in 1983. It will
be a 170-mile (274 km) long facility constructed basically of guyed
steel "X" poles. Angle structures will be three separate vertical pole
structures with single-pole hillside structures. At initial construc-
tion, the intertie Tine will be energized at 138 kV.

When the Watana Project comes on line in 1993, a second parallel line
will be added to the Intertie, the "Stubs" will be constructed at the
two ends, the lines will be energized to 345 kV, and a switchyard built
near Gold Creek to connect with Watana power. In 2002, when Devil
Canyon comes on line, a third parallel line will be built on the Gold
Creek to Willow portion of the line, and the Willow to Anchorage stub
will also have a-third line.
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2.8.1 - Flows

Water bodies in each of the four sections will be crossed by the
transmission 1line. Most of these are small creeks in remote
areas of the region, but each segment has some major stream
crossings. Data are limited on the small streams, both with
respect to water quantity and water quality. Most of the major
crossings, however, have been gaged at some point along their
length by the USGS. Major stream crossings are identified below.
Pertinent gage records are summarized in Table E.2.33.

The Anchorage-Willow segment will cross Knik Arm of Cook Inlet
with a submarine cable. Farther north, major stream crossings
include the Little Susitna River and Willow Creek, both of which
have been gaged.

The Fairbanks-Healy 1ine will make two crossings of the Nenana
River and one of the Tanana River, both large rivers and gaged.

The intertie route between Willow and Healy will cross several
dozen small creeks, many of which are unnamed. Major streams
include the Talkeetna, Susitna, and Indian Rivers; the East Fork
and Middle Fork of the Chulitna River; the Nenana River; Yanert
Fork of the Nenana River; and Healy Creek.

The final leg of the transmission corridor, from Gold Creek to
Watana Dam, will cross only one major river: the Susitna. Two
smaller but sizeable tributaries that will be crossed are Devil
Creek and Tsusena Creek, neither of which have been gaged.

2.8.2 - Water Quality

Water quality data are limited for those streams and rivers that
exist in close proximity to the proposed transmission corridors.
A Tliterature search by Dwight (1982) directed towards USGS sus-
pended sediment data <collection identified one continuous
sampling location on the Nenana River at Healy. In addition,
sparse periodic data are available for monitoring stations at the
following locations: Nenana River near Windy, Healy Creek near
Suntrana, Healy Creek at Suntrana, Healy Creek 0.1 mile (0.2 km)
above French Gulich near Usibelli, Lignite Creek 0.5 mile (0.8 km)
above mouth near Healy, Lignite Creek near Healy and Francis
Creek 100 feet above Lignite Creek near Suntrana.
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At the USGS Station 15518000 on the Nenana River near Healy,
13 years of continuous records revealed mean daily summer sedi-
ment concentrations ranging up to 8330 mg/1. Although no winter
data were available, late September and October measurements were
approaching concentrations of near zero. These data are indica-
tive of the glacial origins at the river's headwaters. Although
no additional water quality parameters were investigated by
Dwight 1982, it is assumed that previously noted characteristics
associated with tundra runoff will also be present in the Nenana
and its tributaries.
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3 - PROJECT QPERATION AND FLOW SELECTION

3.1 - Project Reservoirs

3.1.1 - Watana Reservoir Characteristics

The Watana Reservoir will be operated at a normal maximum operat-
ing level of E1 2185 ft (666 m) above mean sea level, but will be
allowed to surcharge to E1 2190 ft (668 m) in late August during
wet years. Average annual drawdown will be to ET1 2093 ft (638 m)
with Watana operation and E1 2080 ft (665 m) with Watana/Devil
Canyon operation. The maximum drawdown for either operation
scenario will be to ET1 2065 ft (630 m). During extreme flood
events, the reservoir will rise to ET 2193.3 ft (668.7 m) for the
1:10,000 year flood and ET1 2200.5 ft (670.9 m) for the probable
maximum flood.

At ET1 2185 ft (666 m), the reservoir will have a surface area of
38,000 acres (15,200 ha) and a total volume of 9.47 million acre-
feet as indicated in the area-capacity curves in Figure E.2.128.
Maximum depth will be 735 feet (223 m) and the mean depth will be
250 feet (76 m). The reservoir will have a retention time of
1.65 years. The shoreline length will be 183 miles (295 km).
Within the Watana reservoir area the substrate classification
varies greatly. It consists predominantly of glacial, colluvial,
and fluvial unconsolidated sediments and several bedrock Titholo-
gies. Many of these deposits are frozen.

3.1.2 - Devil Canyon Reservoir Characteristics

Devil Canyon reservoir will be operated at a normal maximum oper-
ating level of E1 1455 ft (441 m) above mean sea level. Average
annual drawdown will be 28 feet (8.5 m) with the maximum drawdown
equalling 50 feet (15 m). At E1 1455 ft (441 m) the reservoir
has a surface area of 7800 acres (3120 ha) and a volume of 1.09
million. acre-feet. Figure E.2.129 illustrates the area capacity
curve of the reservoir. The maximum depth will be 565 feet
(171 m) and the mean depth will be 140 feet (42 m). The
reservoir will have a retention time of 2 months. Shoreline
Tength will total 76 miles (123 km). Materials forming the walls
and floors of the reservoir area are composed predominantly of
bedrock and glacial, colluvial, and fluvial materials.

3.2 - Simulation Model and Selection Process

A multi-reservoir energy simulation model was used to evaluate the
optimum method of operating the Susitna Hydroelectric project for a
range of post-project flows at the Gold Creek gaging station 15 miles
(24 km) downstream from the Devil Canyon damsite.

The simulation model incorporates several features which are satisfied
according to the following hierarchy:

E-2-55



w

.2 - Simulation Model and Selection Process

Minimum downstream flow requirements;
Minimum energy demand;

Reservoir operating rule curve; and
Maximum usable energy level.

The physical characteristics of the two reservoirs, the operational
characteristics of the powerhouses, and either the monthly or weekly
average flow at each damsite and Gold Creek for the number of years to
be simulated are required as input to the simulation program. The pro-
gram operates the two reservoirs to produce the maximum possible aver-
age annual usable energy while satisfying the criteria listed above.
First, the minimum flow requirement at Gold Creek is satisfied. Next,
the minimum energy requirement is met. The reservoir operating rule
curve is checked and if "extra water" is in storage, the "extra water"
is used to produce additional energy up to the maximum usable energy
level. There is a further consideration that the reservoir cannot be
drawn below the maximum allowable drawdown limit. The energy produced,
the flow at the damsites and at Gold Creek, and the reservoir Tlevels
are determined for the period of record input to the model.

The process that led to the selection of the flow scenario used in this
license application includes the following steps:

- Determination of the pre-project flows at Gold C(Creek, Cantwell,
Watana, and Devil Canyon for 32 years of record;

- Selection of the range of post-project flows at Gold Creek to be
included in the analysis;

- Selection of timing of flow releases to match downstream fishery
requirements;

- Determination of the %Sprgy produced and net benefits for the seven
flow release scenariosz/ being studied;

- Consideration of the influence of instream flow and fishery needs on
the selection of project operational flows;

- Selection of a range of acceptable flows based on economic factors,
fishery, and instream flow considerations; and

- Selection of the maximum drawdown at Watana.

A summary discussion of the detailed analysis is presented in the
following paragraphs.

3.3 - Pre-project Flows

As discussed in Section 2.2.1 of Chapter 2, the 32-year discharge
record at Gold Creek was combined with a regional analysis to develop a

l/Thr'ee additional flow regimes were investigated with respect to
project economics. These regimes are discussed 1in Exhibit B,
pp. B-2-123 through B-2-128 and are identified as Cases E, F, and G.
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3.3 - Pre-Project Flows

32-year record for the Cantwell gage near Vee Canyon at the upper end
of the proposed Watana reservoir. The flow at Watana and Devil Canyon
was then calculated using the Cantwell flow as the base and adding an
incremental flow proportional to the additional drainage area between
the Cantwell gage and the damsites.

The available 32-year record was considered adequate for determining a
statistical distribution of annual energies for each annual demand
scenario considered, and hence, it was not considered necessary to
synthesize additional years of record.

The 32-years of record contained a Tow flow event (water year 1969)
with a recurrence interval of approximately 1000 years as illustrated
in Figure E.2.23. This water year (WY) was adjusted to reflect a Tow
flow frequency of 1:30-years since a 1:30-year event represents a more
reasonable return period for firm energy used in system reliability
tests.

Although the frequency of the adjusted or modified year is a 1:30-year
occurrence, the two year Tow flow frequency of the modified WY 1969 and
the succeeding Tow flow WY 1970 is approximately 1:100 years. The
unmodified two year Tlow flow frequency is approximately 1:250 years.
This two-year low flow event is important in that, if the reservoir is
drawn down to its minimum level after the first dry year, the volume of
water in storage in the reservoir at the start of the winter season of
the second year of the two-year sequence, will be insufficient to
satisfy the minimum energy requirements. Hence, the modified record
was adopted for use in the simulation studies (refer to Section 3.8 for
the effect of this change on firm energy and average energy).

The 1:30 year annual volume was proportioned on a monthly basis accord-
ing to the long term average monthly distribution. This increased the
WY 1969 average annual discharge at Gold Creek 1600 cfs, from 5600 cfs

. to 7200 cfs, and the average annual discharge at Gold Creek for the 32

years of record by 0.5 percent. The resulting monthly flows at Watana,
Devil Canyon, and Gold Creek are presented in Tables E.2.6, E.2.7, and
£E.2.8.

3.4 - Project Flows

3.4.1 - Range of Flows

A range of project operational target flows from 6000 to 19,000
cfs at Gold Creek were analyzed. The flow at Gold Creek was
selected because it was judged to be representative of the Devil
Canyon-to-Talkeetna reach where downstream impacts will be the
greatest. Additionally, the flows can be directly compared with
the 32 years of discharge records at Gold Creek.

E-2-57



3.4 - Project Flows

The range of project flows analyzed included the operational flow that
would produce the maximum amount of usable energy from the project,
neglecting all other considerations (referred to as Case A) and the
operational flow which would have resulted in essentially no impact on
the downstream fishery dﬂring the anadromous fish spawning period
(referred to as Case DL—/. Between these two end points, five
additional flow scenarios were analyzed.

In Case A, the minimum target flow at Gold Creek for the month of
August and the first half of September was established at 6000 cfs.
Flow was increased in increments of 2000 cfs for the August-September
time period, thereby establishing the target flow for Cases Al, A2, C,
Cl, and C2. The August-September flow for Case D was established at
19,000 cfs. The resulting seven flow scenarios were adequate to define
the change in project economics resulting from a change in project flow
requirements. The monthly minimum target flows for all seven flow
scenarios are presented in Table E.2.34 and Figure E.2.130.

3.4.2 - Timing of Flow Releases

In the reach of the Susitna River between Talkeetna and Devil Canyon,
it is perceived that an important aspect of maintaining natural sockeye
and chum salmon reproduction is providing access to the slough spawning
areas hydraulically connected to the mainstem of the river. Access to
these slough spawning areas is primarily a function of flow (water
level) in the main channel of the river during the period when the sal-
mon must gain access to the spawning areas. Field studies during 1981
and 1982 have shown that the most critical period for access is August
and early September. Thus, the project operational flow has been
scheduled to satisfy this requirement; i.e., the flow will be increased
the last week of July, held constant during August and the first two
weeks of September, and then decreased to a level specified by energy
demands in mid September. Alternative modes that release the same vol-
ume of water but as short-term augmented flows are also being
evaluated.

3.5 - Energy Production and Net Benefits

The reservoir simulation model was run for the seven flow cases. Monthly
energies were determined for the 32 years of simulation assuming the year
2002 energy demand for Watana operation and 2010 for Watana/Devil Canyon
operation. It was assumed that the distribution of energies obtained in the
year 2002 simulation would apply for years 1993 to 2002 and the 2010 simula-
tion would apply for the years 2002 to 2010. Beyond year 2010, the demand
was assumed to remain constant.

-l/Three additional flow regimes were investigated with respect to pro-
ject economics. These regimes are discussed in Exhibit B, p. B-2-123
through B-2-128 and are identified as Cases E, F and G.
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3.6 - Fishery and Instream Flow Impacts on Flow Selection

To determine the net economic value of the energy produced by the Susitna
Hydroelectric Project, the mathematical model commonly known as OGP 5
(Optimized Generation Planning Model, Version 5, General ETectric Co.
1979), was used to determine the present worth cost (1982 dollars) of the
long-term (1993-2051) productions costs (LTPWC) of supplying the Railbelt
energy needs by various alternative means of generation. A more detailed
description of the 0GP 5 model is contained in Exhibit B, Section 1.5. The
analysis was performed for the "best thermal option" as well as for the
seven flow scenarios for operating Susitna. The results are presented in
Table E.2.35.

The net benefit presented in Table E.2.35 is the difference between the
LTPWC for the "best thermal option" and the LTPWC for the various Susitna
options. In Table E.2.35, Case A represents the maximum usable energy
option and results in a net benefit of $1234 million. As flow is transferr-
ed from the winter to the August-September time period for fishery and in-
stream flow mitigation purposes, the amount of usable  energy decreases.
This decrease is not significant until the flow provided at Gold Creek dur-
ing August reaches the 12,000 to 14,000 cfs range. For a flow of 19,000 cfs
at -Gold Creek, a flow scenario that represents minimum downstream fishery
impact, approximately 46 percent of the potential project net benefits have
been foregone.

3.6 - Fishery and Instream Flow Impacts on Flow Selection

3.6.1 - Susitna River Fishery Impacts

As noted earlier, the primary function controlled by the late summer
flow is the ability of the salmon to gain access to their traditional
slough spawning grounds. Instream flow assessment conducted durin%
1981 (the wettest July-August on record) and 1982 (one of the dries
Ju]y-August on record) has indicated that for flows of the Case A
magnitude, severe impacts would occur which cannot be mitigated except
by compensation through hatchery construction and operationl/.

For flows in the 12,000 cfs range (flows similar to those that occurr-
ed in August, 1982) the salmon can, with difficulty, obtain access to
their spawning grounds. To insure that the salmon can always obtain
access to spawning areas during a flow of 12,000 cfs, a series of
~habitat alteration techniques are incorporated into the mitigation
plan presented in Section 2.4.4(a) of Chapter 3, Exhibit E.. Because
Case A, Al, and A2 flow scenarios are not expected to allow habitat
alteration to mitigate the impacts caused by the changed flows, the
Towest acceptable flow range was established at approximately 12,000
cfs (Case C) at Gold Creek during August.

1/The relationship between mainstem discharge and hydraulic character-

istics of the sloughs is described for four sloughs in Appendix E.Z2.A.
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3.6 - Fishery and Instream Flow Impacts on Flow Selection

3.6.2 - Tributary Fishery Impacts

Since three salmon species (chinook, coho, and pink) use the clear
water tributaries for essentially all their spawning activities and
chum use the tributaries for most of their spawning, a second primary
concern relative to post-project flow modifications is maintaining
access into the tributaries: 1i.e, the mouths of the tributaries cannot
be permitted to become perched as a result of reduced mainstem stages.
However, a tributary’s response to perching is a function of its flow o
and the size of bed material at its mouth, neither of which will be

affected by the post-project change in mainstem flow. Thus, perching

of tributaries is more dependent on tributary characteristics than on —
the operational scenario selected.

Recent studies (R&M 1982f) have shown that for post-project flows, most

of the tributaries will not become perched (Table E.2.27). However,

eight tributaries showed potential for perching. Of these three named
tributaries, Little Portage Creek (RM 117.8), Deadhorse Creek (RM

121.0), and Sherman Creek (RM 130.9), and two unnamed tributaries are o
not considered to be significant salmon streams (ADF&G comments on the

November 15, 1982 Draft Exhibit E). If one of the three tributaries

that provide some spawning potential does become perched, the entrance

to the stream will be regraded so that salmon can gain access to tradi-

tional spawning areas.

3.6.3 - Other Instream Flow Considerations a

(a) Downstream Water Rights

Water rights in the Susitna basin are minimal (see Section 2.6.1).
Therefore, since all flow scenarios provided more than enough flow
to meet downstream water rights, it was not a factor in minimum
flow selection.

(b) Navigation and Transportation

As discussed in Section 2.6.3(a), an impact on navigation during
the open water period could occur in the Sherman area with Gold
Creek flows of 6000 cfs. However, if navigation problems develop,
mitigation measures will insure that navigation is not affected
(Section 6.3). Since minimum flows in May through September for
Cases C, Cl, €2, and D are 6000 cfs and since mitigation measures
will be implemented if necessary, navigation was not considered to
be a factor in selecting an approprii e operating flow scenario
from among Cases C, Cl, C2, and D=, Cases A, Al, and A2
have minimum flows that are less than 6000 cfs and the minimum
flows for these <cases could Tlead to increased mitigation
difficulty.

l-/In Exhibit B, pp. 121 through 128, three additional regimes, Cases E,

F, and G were considered.



3.6 - Fishery and Instream Flow Impacts on Flow Selection

From a navigation perspective Cases A, Al, and A2 are less
acceptable than Cases C, Cl, C2, and D.

Recreation

Recreation on the Susitna River is closely associated with

_navigation and transportation, and the fishery resource.

Since the Susitna River below Devil Canyon will be navigable
during the summer months at all minimum flow scenarios
because of the incorporated mitigation measures, the boating
aspect of recreation was not a factor in the flow selection
process. However, from a fishery perspective, if fishery
habitat is lost, this could reduce the recreational poten-
tial of the fishery. At the Case A, Al, and A2 flows, there
is some impact on the sockeye and chum fishery. For flows
equal to or greater than Case C flows, the fishery impact
can be mitigated. Hence, Case C or greater flows should be
selected as the minimum operational flow based on recrea-
tional considerations.

The summer water quality improvement in turbidity, which
will enhance the recreation potential of the area would be
the same for all cases and thus was not a factor in flow
selection.

Riparian Vegetation and Wildlife Habitat

Riparian vegetation 1is affected by one or more of the
following: floods, freezeup, and spring ice jams. Minimum
flow selection for the cases considered is unrelated to any
of these factors. Hence, riparian vegetation effects were
not considered in minimum project flow selection.

Riparian vegetation is likely affected by the freezeup pro-
cess, ice jams, and spring floods in the Devil Canyon-to-
Talkeetna reach (Section 2.6.5). 1In the Talkeetna-to-Yentna
and Yentna-to-Cook Inlet reaches, spring flooding Tikely has
the major 1impact on riparian vegetation. Since spring
floods in the Susitna River will be reduced from Watana to
Cook Inlet (Section 4.1.3(a)(iii)), it may be desirable to
maintain-riparian vegetation by simulating spring floods for
a short period of time. However, the spring runoff storage
is a key element of the project. Large releases for even a
few days would have a severe economic impact on the project.
Hence, no minimum flood discharges were considered.
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3.8 - Maximum Drawdown Selection

If late August or September floods have an effect on ripar-
jan vegetation, there would essentially be no difference
between the flow cases. This is because minimum flows would
not govern operation of the reservoir because the reservoir
would be full and outflow would be set equal to inflow up to
the capacity of the release facilities, thereby providing
occasional high flows downstream during late August and
September.

(e) Water Quality

The pre- and post-project downstream summer temperatures
will be essentially the same for all cases, although the
lower discharges would be slightly warmer during summer and
would exhibit a faster temperature response to climatic
changes.

The waste assimilative capacity for all cases will be ade-
quate at a flow of 4000 cfs. All other water quality para-
meters will essentially be the same for all flow scenarios.

(f) Freshwater Recruitment to Cook Inlet Estuary

The change in salinity in Cook Inlet will essentially be the
same for all seven flow scenarios although the higher mini-
mum flows (Case D) will exhibit a salinity pattern closer to
the natural condition. This was not considered significant
in the flow selection process.

3.7 - Operational Flow Scenario Selection

Based on the economic analysis discussed above, it was Jjudged that,
while cases A, Al, and A2 flows produced essentially the same net bene-
fit, the loss in net benefits for Case C is of acceptable magnitude.
The loss associated with Case Cl1 is on the borderline between accept-
able and unacceptable. However, as fishery and instream flow impacts
(and hence mitigation costs associated with the various flow scenarios)
are refined (see Table E.3.39 in Chapter 3), the potential decrease in
mitigation costs associated with higher flows will not offset the loss
in net benefits. Thus, selecting a higher flow case such as Cl cannot
be justified by savings in mitigation costs. The loss in net benefits
associated with Cases C2 and D are considered unacceptable and the
mitigation cost reduction associated with these higher flows will not
bring them into the acceptable range.

3.8 - Maximum Drawdown Selection

The Watana reservoir is used to redistribute the flow from the summer
runoff period to the winter high energy demand period. The maximum
reservoir drawdown is used to produce firm energy during a low flow
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3.8 - Maximum Drawdown Selection

sequence, which is usually one to two years in duration for the Susitna
River above Gold Creek. The drawdown of the Devil Canyon reservoir is
used either to provide the specified minimum downstream fishery flow
during August and early September or to produce firm energy in April or
early May during those years when the Watana reservoir has reached its
maximum drawdown 1imit.

During the Susitna Hydroelectric Feasibility Study (Acres 1982b) the
maximum drawdown of the Watana reservoir for power generation purposes
was selected as 140 feet (43 m) and for the Devil Canyon reservoir as
50 feet (15 m). The 140-foot (43 m) drawdown was determined to be
optimal for the Case A operational flow scenario. However, the maximum
drawdown was re-evaluated for two reasons. As more flow is released
for instream flow purposes during the summer season, less live storage
volume is required on an annual basis to redistribute the remainder of
the summer runoff into the winter high enerqy demand period. On the
other hand, during a low flow year, less flow is available from reser-
voir storage because of the additional downstream flow requirements.
The net effect may influence the maximum drawdown required and was
therefore reassessed.

In addition, in the Case A scenario presented in the Susitna Hydroelec-
tric Feasibility Study (Acres 1982b), the maximum drawdown was required
for two years in the 32-year simulation period. For the other 30
years, the maximum drawdown was approximately 100 feet (30 m). There-
fore, the frequency of the two-year low flow sequence that was control-
1ing the maximum drawdown was reexamined to determine if the severity
of the two-year dry spell was too conservative a basis for determina-
tion of the maximum drawdown. As discussed in Section 3.3, WY 1969 was
modified to reflect a more representative planning period.

Taking into account the minimum downstream flow considerations, the
average annual and firm energy production, and the intake structure
cost, the reevaluation process resulted in the selection of 120 feet
(37 m) as the maximum drawdown for the Watana reservoir with the Case C
scenario. Because the Devil Canyon maximum drawdown 1is controlled by
technical considerations, the 50-foot (15 m) drawdown was not reconsi-
dered and has been retained as the 1imit for Devil Canyon.

The modified record had little effect other than on maximum drawdown
which is controlled by the minimum annual (or firm) energy production,
and vice versa. It has minimal effect on average flow, increasing the
flow at Gold Creek by 0.5 percent over the unmodified record. Average
annual energy increased by the same 0.5 percent. Project operation
differed from the unmodified record only during the two-year low flow
period and the succeeding one-year recovery period.
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3.8 - Maximum Drawdown Selection

The downstream flow requirement at Gold Creek will be met at all times
unless both the Watana and Devil Canyon reservoirs are drawn down to
their minimum Tevel and the natural flows at Gold Creek are less than
the flow requirement. The possibility of this occurring in the summer
months is remote. Even if a two-year low flow event with a recurrence
interval greater than 100 years occured, downstream flows would be
provided at all times. Only during a late spring breakup, occuring
after a severe two-year low flow event when both reservoirs are
drawdown to their minimum elevation would there be a possibility of not
meeting the downstream flow requirement.
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4 - PROJECT IMPACT ON WATER QUALITY AND QUANTITY

4.1 - Watana Development

For details of the physical features of the Watana development, refer
to Section 1 of Exhibit A.

4,1.1 - Watana Construction

(a)

Flows and Water Levels

During construction of the diversion tunnels, the flow of
the mainstem Susitna will be unaffected. Upon completion of
the diversion facilities in the autumn of 1986, closure of
the upstream cofferdam will be completed and flow will be
diverted through the lower diversion tunnel without any
interruption in flow. Although flow will not be inter-
rupted, a l1-mile (1.6 km) section of the Susitna River will
be dewatered. (The fishery impacts resulting from this
action are discussed in Chapter 3).

Flows, velocities, and associated water levels upstream from
the proposed Watana damsite will be unaffected during con-
struction except for approximately one-half mile (0.8 km)
upstream from the upstream cofferdamn during winter, and 1
mile (3 km) upstream during summer flood flows. During
winter, ponding to E1 1470 ft (449 m) will be required to
form a stable ice cover. However, the volume of water con-
tained in this pond will be insignificant relative to the
total river flow.

During the summer, the diversion intake gates will be fully
opened to pass the natural flows resulting in a run-of-river
diversion. All flows up to approximately 30,000 cfs will be
passed through the lower diversion tunnel. Average veloci-
ties through the tunnel will be 13 and 26 feet per second
(fps) (4 to 8 m per sec) at discharges of 15,000 and 30,000
cfs, respectively. The mean annual flood of 40,800 cfs will
cause higher than natural water Tlevels for approximately 1
mile (1.6 km) upstream from the cofferdam. At the upstream
cofferdam, the water level will rise from a pre-diversion
natural river level of E1 1468 ft (448 m) to El 1500 ft
(457 m). One mile (1.6 km) upstream, the water level will
be about 2 feet (0.6 m) higher than the natural level during
the mean annual flood.

The two diversion tunnels are designed to pass the routed
1:50-year flood of 87,000 cfs with a maximum water surface
elevation of 1536 ft (468 m). For flows up to the 1:50 year
flood event, water levels and velocities downstream of the
diversion tunnels will be the same as pre-project levels.
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4,1 - Watana Development

Floods greater than the 1:50-year event could overtop the
Watana cofferdams and cause failure of the cofferdams., If a
flood event of a magnitude large enough to overtop the
cofferdam did occur, the only location within 80 miles down-
stream from the cofferdam where damage would occur is the
main dam construction site. If the main dam height is less
than the cofferdam when overtopping occurs, significant
losses would occur. However, if the main dam is somewhat
higher than the cofferdam when overtopping occurs, no damage
is anticipated. Although damage could occur further down-
stream, the relatively small volume of the head pond and the
attenuation of the flood wave as it moves downstream would
significantly reduce the potential for downstream flooding.

River Morphology

Since changes in flow will be negligible during Watana con-
struction, impacts on river morphology will be confined to
the dam and borrow sites. As previously stated, a one-mile
segment of the Susitna River will be dewatered for construc-
tion of the main dam. The morphology at the primary borrow
areas, Borrow Sites E, I, and L, will incur the greatest
impacts. They are illustrated in Figure E£.2.131. Borrow
Sites J, if developed, and L will be inundated by the Watana
reservoir. Borrow Site E will become a deep pool in the
river. The river at Borrow Site I will become a deeper and
wider channel, These areas will have no opportunity to fill
with sediment once reservoir impoundment begins. Local mor-
phological changes may occur near these sites in the period
between Watana construction and Devil Canyon construction.
However, both sites will be inundated once Devil Canyon Dam
is constructed.

Water Quality

(i) Water Temperature

Since the operation of the diversion structure will
essentially be run-of-river, no impact on the temper-
ature regime will occur downstream from the tunnel
exit. A small amount of ponding will occur early in
the freezeup stage to enhance the formation of a
stable ice cover upstream from the tunnel intake.
This will have no detectable effect on water tempera-
tures.

(ii) Ice

During freezeup, the formation of a stable upstream
ice cover facilitated by the use of an ice boom and
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4,1 - Watana Development

(1i1)

some ponding to reduce approach velocities, will
serve to protect the diversion works from ice damage
or blockage and maintain its flow capacity. The ear-
ly formation of the ice cover at this point will
cause a more rapid ice front progression upstream
from the damsite. The ice generated in the upper
reach, which normally feeds the downstream ice
growth, will no longer be available. However, be-
cause of the presence of a natural 1lodgement point
immediately downstream from Watana (Photograph
E.2.2), frazil dice upstream from Watana does not
significantly contribute to the ice cover formation
downstream from this 1lodgement point under the
natural regime. Hence, no appreciable impact on ice
formation downstream from Watana will occur as a
result of the diversion scheme. The major contribu-
tor of frazil ice will continue to be the rapids
through the Devil Creek to Devil Canyon reach as it
is now (R&M 1982d).

The ice cover upstream from the damsite will therm-
ally decay in place, since its movement downstream
will be restricted by the diversion structure. Down-
stream from Devil Canyon, the ice cover volume will
be the same as baseline conditions, and breakup will
1ikely be similar to natural occurrences.

Suspended Sediments/Turbidity/Vertical I1lumination

During construction, suspended sediment concentra-
tions and turbidity levels are expected to increase
within the impoundment area, and for some distance
downstream. This will result from the necessary con-
struction activities within and immediately adjacent
to the river, including dragline excavation of gravel
from borrow areas E and I, gravel processing, con-
struction of the diversion tunnels, placement of
cofferdams, clearing the construction site of vegeta-
tion and spoil material, and clearing the reservoir
area of vegetation prior to impoundment.

The excavation of the material from the proposed
borrow sites will create the greatest potential for
problems due to increased suspended sediment and tur-
bidity. The originally considered borrow sites are
identified in Figure E.2.131. However, the primary
borrow sites currently envisioned include D, L, E and
I. The balance of the sites have been abandoned
because of environmental reasons, economic or engi-
neering constraints, or are now being considered only
as backup sites.
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4.1 - Watana Development

Quarry Site L, Tlocated adjacent to the upstream

cofferdam (Figure E.2.132), is considered a potential

source for rock. Located wholly within the proposed o
reservoir, this 20-acre site is estimated to contain

2.5 million cy of rock. With careful removal of the

vegetative and organic Tayers, the absence of work in

the river channel and no tributaries in the immediate

area, not siltation problems are envisioned.

Borrow Site D (Figure E.2.133) is the selected source ~
of impervious and semi-pervious materials consisting

of glacial tills for use in the cores of the main

dam, cofferdam, freeboard dike, and the emergency -
spillway fuse plug. The site covers approximately

1150 acres and contains an estimated 180 million cy

of alluvial wmaterial, from which 8.5 to 9 million cy

of optimum materials would be mined. Borrow Site H

is an alternative for this material; however, Site D

is more desirable because of lower moisture content,

less permafrost, material stratification, and its =
close proximity to the damsite and support facili-

ties.

Selecting mining of the material will occur during
the summer months (May-September) utilizing blocks of
material that have been pre-drained with lateral
perimeter ditches. All runoff will be collected and o
directed towards settling ponds prior to discharge

into Deadman Creek or the Susitna River. No work is

scheduled in or immediately adjacent to Deadman —
Creek, and therefore, no significant erosion control
problems are anticipated. However, several small
lakes within the area will be drained as a result of
the mining activities.

The organic layer will be stripped and stockpiled
prior to construction. Subsequent to disturbance, "
the mined-out pits will be continuously reclaimed
with appropriate materials and techniques. Portions

of the site will be within the annual reservoir draw- i
down zone and will be stabilized to control slump-
ing.

Borrow Site E (Figure E.2.134), with an areal extent
of approximately 800 acres, is proposed as the pri-
mary source of aggregate (52,000,000 cubic yards or
40 million cubic meters) for the gravel filters and
shells of the dam and concrete. Borrow Site I, loca-
ted dimmediately downstream as noted 1in Figure
E.2.135, will also be used to obtain adequate
supplies of aggregate.
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4,1 - Watana Development

Mining is scheduled to begin just upstream from the
natural (bedrock) flow restriction weir in Borrow
Site I. A large dragline will be operated from the
north shore, extending across the river and excavat-
ing up to 100 feet below river level. Subsequent
mining will proceed upriver and to the north into the
floodplain. River mining will only be conducted dur-
ing the summer when high levels of suspended sedi-
ments and turbidity already exist. 1In addition, once
this Targe pool is excavated, the impacts from subse-
quent upstream work should be significantly reduced
by the sedimentation that will occur in this instream
settling basin.

Assuming a one percent loss in material to the river
during the summer construction period, there would be
about a 4 percent increase in suspended sediment 1o0ad
over 1982 levels. Stockpiling of gravel will alle-
viate the need for wet excavation during winter when
the impact from siltation to incubating eggs would be
greatest. As a result of the proposed scheduling of
activities, impacts will be minimized. However, it
is inevitable that there will be some increases in
suspended sediments and turbidity during winter, but
these will be short term and localized. Downstream
from Talkeetna, turbidity and suspended sediment
levels should remain essentially the same as baseline
conditions.

Decreases in winter vertical illumination are expec-
ted to be commensurate with any increased suspended
sediment concentrations. However, because summer
vertical illumination is naturally 1limited by high
suspended sediment concentrations, elevated levels of
suspended sediments and turbidity resulting from
construction activities will have essentially no
effect on summer vertical illumination,

The second major potential source of suspended sedi-
ments is the processing and deposition of borrow ma-
terial. The primary processing operation of granular
materials for dam construction will produce, over a 6
year period, 10 to 15 million cubic yards (7.6 to
11.4 million cubic meters) of waste materials ranging
in size from oversize rock to silt and clay. Most of
this material will be moved from the process plant by
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(iv)

truck or belt conveyer and used to selectively back-
fill portions of the borrow area by placing the ma-
terial at a depth to avoid entrainment in the river.
About 2 to 3 million cubic yards (1.5 to 2.3 million
cubic meters) will be suspended silt and clay in the
wash water,

The wash water will be directed into a series of
settling ponds. Considerable silt will settle out
immediately after discharge, hence control of the
discharge end will be necessary to spread the mate-
rial. Silt and clay remaining in suspension will be
settled by passing the water through additional
settling ponds before discharging into the river.
Control of flow between ponds will be regulated
through gated culvert pipes. It is expected that
much of the water will re-enter the Susitna by seep-
ing through the granular soil in dikes between the
disposal area and the river. This in itself will
ensure that fines are removed from the water.

A secondary processing plant for concrete aggregates
and filter gravels will be located at Borrow Site E.
A limited amount of spoil will be produced by this
aggregate processing plant which will be controlled
by running the wash water into settling ponds as
described above. It is estimated that 200,000 to
300,000 cubic yards (150,000 to 230,000 cubic meters)
of fine sand, silt and clay will be produced by this
operation. These wastes will be completely disposed
of within the excavation area in a manner that will
preclude their introduction into the river.

Summer flows will be passed through the diversion
tunnel with no impoundment, Hence, no settling of
suspended sediments being carried naturally by the
river is expected to occur. The insignificant head
pond that will be maintained during winter is not
expected to affect the low suspended sediment and
turbidity levels present during the winter season.

Nutrients and Organics

Increased concentrations of nutrients and organic
compounds could occur as a result of the disturbance
of vegetation and soil cover and the subsequent ero-
sion of overburden and spoil materials. These poten-
tial impacts will be minimized by the careful removal
and either burning or stockpiling by methods that
will preclude their introduction into the watershed.
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(v)

(vi)

(vii)

These spoil materials will latter be reused to reha-
bilitate construction impacted areas.

Metals

Increases in the concentration of trace metals will
result from construction disturbances to soils and
rock on the river bank and in the riverbed. As noted
in Section 2.3.8(k), many metals currently exceed
established criteria. As such, increases are not
expected to create adverse conditions in the aquatic
ecosystem.

Contamination by Petroleum Products

Accidental spillage and leakage of petroleum products
could contaminate surface water and ground water dur-
ing construction. Lack of maintenance and service of
vehicles could increase the leakage of fuel, lubrica-
ting oil, hydraulic fluid, and antifreeze. In addi-
tion, improper storage and handling techniques could
lead to accidental spills. Large quantities of
petroleum products, especially diesel fuel, will be
stored on site. Given the dynamic nature of the
Susitna River, the contaminated water from small oil
spills would be quickly diluted. However, spills in
the smaller clearwater streams could be deleterious
to aquatic residents. In addition, spills that occur
during winter are extremely difficult to contain,

A1l state and federal regulations governing the pre-
vention and reclamation of accidental spills, includ-
ing the development and implementation of a Spill
Prevention, Containment and Countermeasure Plan
(SPCC), will be adhered to as described in Sections
6.2 and Chapter 3, Section 2.4.3(e)(ii).

Concrete,Contamination

Construction of the Watana project will create a
potential for concrete contamination of the Susitna
River. The wastewater and waste concrete associated
with the operation of a concrete batch plant, if
directly discharged to the river, could seriously
degrade downstream water quality and result in
substantial mortality of fish.
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(viii)

Approximately 500,000 cubic yards (cy) (380,000 cubic
meters) of concrete will be placed at Watana. The
use of an efficient central batch plant will reduce
problems with waste concrete.

The production of concrete for the various permanent
structures will produce 10,000 cy (7600 cubic meters)
of waste material. Approximately one-half this quan-
tity will be rejected concrete which will be disposed
either by haulage directly to an upstream rock dispo-
sal area or dumped, allowed to harden and disposed in
an excavated area.

The other one-half of the waste will be material
washed from mixing and hauling equipment. This waste
concrete will be processed through a washer/separa-
tor/classifier to provide aggregates for reuse. The
wash water will be stored in a lined pond until its
specific gravity drops to a point which allows its
reuse as mixing water for batching new concrete.
This system will minimize the waste water effluent to
be returned to the river.

At concrete placement areas the wash water resulting
from the cleanup of placing equipment, curing and
green cutting will be collected in sumps and pumped
to a series of settling ponds to remove most of the
suspended materials before the effluent is discharged
into the river. Ponds will generally be unlined,
with sand filters to ensure removal of most waste
products. Neutralization of wastewater will be con-
ducted as required to obtain proper pH levels. It is
expected that control of toxic chemicals in the
effluent will be accomplished through careful selec-
tion of concrete additives, the provision of filters
for effluent and the close monitoring of operations
by the Construction Manager.

Airborne particulates are a second potential pollu-
tion problem related to concrete batching plants. No
significant dust problems are anticipated since a
modern control batch plant fully enclosed for winter
operational requirements is envisioned. In addition,
the transfer of materials will be facilitated through
pipes, hence, dust should be further contained.

Other

No additional water quality impacts are anticipated.
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(d)

Ground Water Conditions

Since there will be no change in mainstem discharge and no
change in water level other than in the localized area of
the project, no ground water impacts are expected either up-
stream or downstream from the construction area. However,
in the construction area, ground water impacts will likely
result from the construction activity.

The relict channel at Watana has previously been identified
as an area of potential ground water seepage problems after
Watana Reservoir is filled (Acres 1982b). It lies within
the drainage between Deadman Creek to the east, the Susitna
River to the south, and Tsusena Creek to the west and north-
west. Ground water gradients in the unconsolidated sedi-
ments of the channel are principally towards Tsusena and
Deadman Creeks with the diorite pluton at the damsite acting
as a ground water barrier to the south.

The ground water regime in the relict channel is complex and
poorly understood due to the presence of intermittent perma-
frost, aquicludes, perched water tables, and confined aqui-
fers. Possible artesian or confined water tables exist in
several of the stratigraphic units while other units appear
to be unsaturated.

Permeability testing indicate the range of average perme-
ability 1in the more -gravelly materials 1is about 10-3
cmfsec (3 ft/day), while the t111s and 1acu§tr1ne deposits
can be estimated at about 10°% to cm/sec (0.3
to 0.03 ft/day).

Assuming worst case conditions, an estimated maximum seepage
rate through the relict channel under full reservoir condi-
tions would be approximately 9-10 cfs, which is not con-
sidered significant to the project operation.

Construction activities related to the relict channel will
therefore, be limited to construction of the 10-foot (3 m)
freeboard dike. However, during filling, the relict channel
will be monitored with piezometers and at the outfall, If
necessary, the outfall will be treated with a filter blanket
to minimize the risk of piping.

Lakes and Streams

As noted in (c)(iii) above, there will be impacts at the
mouth of Tsusena Creek caused by excavation of material from
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Borrow Site E. Figure E.2.134 provides a map of the area
tentatively scheduled for disturbance.

The construction, operation, and maintenance of facilities
to house and support construction personnel are expected to
impact the Tsusena and Deadman Creek drainage basins and
some of the small Takes located between the two creeks near
the damsite. For more detailed discussions of these impacts
refer to Support Facilities, Section (g) below.

Instream Flow Uses

For all reaches of the Susitna River, except for the immedi-
ate vicinity of the Watana damsite, no impacts on naviga-
tion, transportation, recreation, fishery resources, rip-
arian vegetation, wildlife habitat, waste load assimilation
or the freshwater recruitment to Cook Inlet will occur for
flows less than the 1:50-year flood event.

(i) Fishery Resources

During winter, the diversion gate will be partially
closed to maintain a headpond at E1 1470 ft (948 m).
This will cause velocities greater than 20 fps
(6 m/sec) at the gate intake. This velocity coupled
with the 50-foot (15 m) depth at the intake will act
as a barrier to resident fish passage.

During summer, the diversion gates will be fully
opened. This will permit downstream fish movement
during low flows of about 10,000 cfs (equivalent vel-
ocity of 9 fps (3 m/sec). Upstream migration is not
anticipated. Higher flow rates and hence, velocities
may lead to fish mortality.

The impacts associated with both winter and summer
diversion tunnel operation are discussed in Chapter
3.

(i1) Navigation and Transportation

Since all flow will be diverted, there will be an
impact on navigation and transportation only in the
immediate vicinity of Watana dam and the diversion
tunnel. The cofferdams will form an obstacle to nav-
igation which will be difficult to circumvent. How-
ever, since this stretch of river has very limited
use because of the rapids upstream and downstream
from the site, impact will be minimal.
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(9)

(iii) Riparian Vegetation

Existing shoreline vegetation immediately upstream
from the cofferdam will be inundated approximately 30
feet (9 m) to E1 1500 ft (457 m) during the mean.
annual flood. This flooding will be confined to a
1-mile (1.6 km) reach with the depth of flooding
lessening with distance upstream. Since the flooding
will be infrequent and temporary in nature and since
the flooded lands are within the proposed reservoir,
the impact is not considered significant. Further
information on the impacts to riparian vegetation can
be found in Chapter 3.

Support Facilities

The construction of Watana will require the construction,
operation, and maintenance of support facilities capable of
providing the basic needs for a maximum population of 4720
people (3600 in the construction camp and 1120 in the vil-
lage). The facilities, including roads, buildings, utili-
ties, stores, recreation facilities, airport, etc., will be
constructed in stages during the first three years (1985-
1987) of the proposed ten-year construction period. The
camp and village will be located approximately 2.5 miles
(4 km) northeast of the Watana damsite, between Deadman and
Tsusena Creeks. The location and layout of the camp and
village facilities are presented in Plates F34, F36, and F37
of Exhibit F.

(i) Water Supply

Nearby Tsusena Creek will be utilized as the major
source of water for the community (Plate F34). In
addition, wells will be drilled in the Tsusena Creek
alluvium as a backup water supply.

During construction, the required capacity of the
water treatment plant has been estimated at 1,000,000
gallons per day, 700 gallons per minute or 2650
Titers per minute (1.5 cfs) (Acres 1982a). With the
use of the USGS regression equation described in
Table E.2.32, a 30-day minimum flow with a recurrence
interval of 20 years was estimated for Tsusena Creek
near the water supply intake. This flow was estima-
ted to be 17 c¢fs for the approximately 126 square
miles (326 square km) of drainage basin. As a
result, no significant adverse impacts are anticipa-
ted from the maximum water supply withdrawal of 1.5
cfs. Furthermore, a withdrawal of this magnitude
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will-not occur during the Tow-flow winter months,
since construction personnel will be reduced by
approximately two-thirds from peak summer levels.

The water supply will be treated by chemical addi-
tion, flocculation, filtration, and disinfection
prior to its use. Disinfection will probably be
facilitated by the use of ozone to avoid the need for
later dechlorination. In addition, the water will be
demineralized and aerated, if necessary.

A water rights appropriation permmit from the ADNR
will be applied for. Presently, water rights appro-
priation permit ADL 203386-P (amended) is held by the
Alaska Power Authority for use of 3000 gpd (11,350
liters per day) from a nearby unnamed lake for the
44-man Watana camp.

Wastewater Treatment

A secondary wastewater treatment facility will treat
all wastewater prior to its discharge into Deadman
Creek.

Treatment will reduce the BOD and TSS concentrations
to levels acceptable to the Alaska Department of
Environmental Conservation (ADEC) and the U.S. Envi-
ronmental Protection Agency (EPA). The levels are
likely to be 30 mg/1 BOD and 30 mg/T TSS. In addi-
tion, wastewater will be treated with chlorine if
necessary, to ensure that fecal coliform bacteria
levels meet ADEC and EPA criteria. The maximum
volume of effluent, 1 million gallons per day (3.8
million 1iters per day) or 1.5 cfs, will be dischar-
ged into Deadman Creek which has a winter Tow flow of
27 cfs (see below). Under the worst case flow condi-
tions (maximum effluent and low flow in Deadman
Creek), this will provide a dilution factor of about
17, thereby reducing BOD and TSS concentrations to
about 2 mg/1 after complete mixing. Thorough mixing
will occur rapidly in the creek because of its turbu-
Tent nature.

The effluent is not expected to cause any degrada-
tion of water quality in the 1-1/2 mile (2.4 km) sec-
tion of Deadman Creek between the wastewater dis-
charge point and the creek's confluence with the
Susitna River. Furthermore, no water quality pro-
blems are anticipated within the impoundment area or
downstream on the Susitna River as a result of the
input of this treated effluent.
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