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PREFACE

This text constitutes the third technical report of the Instream Flow
Relationship Series (IFRS). Its primary purpose is Gto provide a
limnologically oriented perspective for reviewing some important water
quality issues associated wit the Susitna Hydroelectric Project. This
report will discuss certain characteristics of the reservoir inundation
zones and the Susitna River "middle"™ reach which will affect their
with-project aquatic biology. Qualitative and quantitative estimates of
proj~ct-induced changes to selected water quality characteristics are
disci ssed. Estimates of the with-project water quality and trophic status
in the proposed reservoirs and the downstream Susitnma River middle reach are

included, particularly as they relate to fisheries biology.

The techmical report series attempts to consolidate data presented in a
variety of previously written reports by a wvariety of private, state and
federal agencies and organizaticns. While the IFRS report series is not
intended to be an impact assessment, it presents estimates of differences
between the natural and regulated river which may be useful for project
impact assessment.

Technical Report No.l. Fish Resources and Habitats of the Susitna Pasin.
This report consolidates information on the Eish resources and habitats in

the Talkeetna-to-Devil Canyon reach of the Susitna River availabl'e through
January 1985.

Technical Report No.2. Physical Processes Report. This report describes

such physical processes as reservoir sedimentation, channel morphology

and stability and groundwater upwelling.

Technical Report No.l. Water Quality/Limnology Report. This report

consolidates much existing information on water quality in the Susitna

Basin. It addresses the potential for with-project leaching of heavy metals !

425833 i
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from the reservoirs inundation zones and their possible interactions with
higher biological trophic levels; expected influences of the project om
nitrogen gas supersaturation; expected project effects on hydrogen ion
concentration and alkalinity; project-induced changes in plant
macronutrier:s and their poteantial for influencing the trophic status of
both of the project reservcirs and of the middle river reach downstream of
the reservoirs; and changes in the suspended sediment and turbidity regimes
together with some potential biological effects related to these changes.
This report will also discuss the estimated trophic status characteristics
of the project reservoir(s) and the riverine habitats immediately

downstream.

Technical Report No. 4. Instream Temperature. This report consists of

three principal components: 1) instream temperature modeling; 2) development
of temperature criteria for Susitna River fish stocks by species and life
stage; and 3) evaluation of the influences of with-project stream
temperatures on existing fish habitats and natural ice procesees. A final
report describing downstream temperatures associated with various reservoir
operating 4cenarios and an evaluation of the effects of the these stream
temperatures on fish was prepared in October 1984. A draft repor.
addressing the influence of anticipated with-project stream temperatures on

ice processes was prepared in November 1984.

Technical Report No.5. Aquatic Habitat Report. This report describes the
availability of various types of aquatic habitats in the Talkeetna-to-Devil

Canyon river reach as a function of mainstem discharge.

Technical Report No. 6. Ice Processes Report. This report will describe

naturally occurring ice processes in the middle river, anticipated changes
in those processes due to project construction and operation, and it will
discuss the effects of naturally occurring and with-project ice conditions
on fish habitat.

425833 ii
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Executive Summary

Several water quality characteristics have been identified as potential
envirommental issues. Water quality characteristics for the proposed
impoundment zones and the Susitna River "middle" reach have been examined
and estimates of project-induced effects on some of the more important water

quality issues are emphasized herein.

Water quality information has been collected, examined, and discussed in
order to help produce a comprehensive understanding of seven sets of issues
which may affect salmon and resident fish habitats and populations down-
stream of the proposed project. The seven water quality issues discussed

here are:

1) suspended sediments and turbidity,

2) pH,

3) heavy metals,

4) gas supersaturation,

5) plant macronutrients,

6) dissolved oxygen and carbon concentrations, and the

7) potential reservoir and middle river trophic status.

Suspended Sediment and Turbidity

Project induced changes to the naturally cyclic regimes of suspended sedi-
ments and turbidity have been estimated. Estimated effects to the reservoir
biology and trophic status are discussed. Estimated effects to the middle
river biology and trophic status are also discussed, but riverine effects
appear more complex and conclusions are more uncertain. Important fisheries
habitat in the middle river will be affected and the indirect or secondary
impacts on the salmonid fishery are questionable. Off channel mitigation

measures may be necessary to balance some potentially detrimental effects.

425833 iv
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pH_and Buffering System

Hydrogen ion concentrations (pH) and the buffering capacity of the aquatic
ecosystem have been examined with respect to potential project effects. At
present it is believed that the project effects on pH and buffering capacity
will be minimal ard biologically unimportant with respect to Susitna River

aquatic ecology. No mitigation plans are proposed regarding this topic.

Heavy Metals

The potential for heavy metal leaching, downstream transport of toxic
metals, and mobilization of toxic metals into the biological food chain has
been investigated. Results from current literature research indicate that
the project will substantially reduce the absolute quantities of most metals
transported through the project to downstream areas. Literature research
also indicates that the greatest potential for a problem regarding heavy
metals will likely be the potential for biomagnification of wmercury
concentrations in organisms belonging to higher trophic levels in the
reservoir and riverine aquatic ecosystems. Other heavy metals besides
mercury appear unlikely to cause biological problems. Pre-project and
with-project monitoring of potentially toxic heavy metals have been proposed

for both water and selected aquatic organisms.

Dissolved Gas Concentrations

Total dissolved gas concentrations, especially dissolved nitrogen, have been
examined in the existing natural state. Analysis of the extant dissolved
gas concentrations indicates that gas supersaturation conditions are
naturally created by high volume flows through Devil Canyon rapids.
Analysis of proposed project designs and operations and the watershed's

hydrology result in conclusions that the project will minimize the chances

425833 v
860527

o =

————



for creating biologically harmful concentrations of dissolved gases in
aquatic habitats downstream of the project. Extensive mitigation measures
are presently included in the plans for design and operation of the Susitna
Hydroelectric Project in order to minimize the potential Ffor excessive

dissolved gas concentrations and their effects on the aquatic ecosystem.

Macronutrients for Lower Trophic Level Organisms

Analysis of phosphorus and nitrogen concentrations found in the natural
riverine habitat, together with estimates of the reservoir water quality
conditions, indicates that both of the proposed reservoirs and portions of
the Susitna River "middle" reach will be chronically light limited with
respect to autochthanous primary productivity. Although the net downstream
transport of both phosphorus and nitrogen will be substantially reduced by
the project impoundments, phosphorus and nitrogen should exist at concentra-
tions in excess of their demand by microbial communities during most seasons
in Soth the reservoirs and the downstream riverine habitats directly
affected by mainstem flows. Nut:ient limitation of aquatic primary
productivity is not expected to be an important project induced effect.
Minimal rates and quantities of aquatic primary productivity are to be
expected in the continuwously turbid reservoirs and in some mainstem riverine

environments affected by project flows.

Dissolved Oxygen, Organic Carbon and Project Effects

Concentrations of dissolved oxygen in the natural riverine habitat have been
found to be moderately high te very high during all seasons. Chemical
oxygen demands are naturally low to moderate and are expected to remain so.
Limnological conditions in both project reservoirs are expected to minimize
biological oxygen demands and to minimize {ormation of oxygen deficient
waters at most depths. No detrimental environmental effects are expected in
either the project reservoirs or in riverine habitats downstream due to

project induced changes of dissolved oxygen concentration.
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Dissolved and particulate organic carbon presently exists in low to
moderately high concentra%ions in the Susitna River. Most of the organic
carbon compounds are assumed to be of allochthonous origin, relatively
refractory, and of low food quality. The project reservoirs will likely
cause a short term increase in downstream organic carbon transport during
each stage of filling, but as the reservoirs age this effect will decrease.
In the long term, the project will cause a decrease in allochthonous carbon
input into and transport through the Susitna River middle reach. Microbial
processing of dissolved and particulate organic carbon within the reservoirs
may enhance its food quality with regard to microbial and invertebrate

organic carbon processors located downstream.

Reservoir and Riverine Productivity and Trophic Status

The productivity of both project reservoirs is expected to be strongly light
limited and to be primarily dependent on heterotrophic microbial processing
of allochthonously derived detritus. Both reservoirs are expected to have
sparse populations of most organisms, including fish. Both reservoirs are
expected to be classifiable as ultra-oligotrophic throughout their life

expectancies.

The biological productivity of the relatively deep, middle reach riverine
habitats which remain continuously turbid is expected to decrease with
respect to the natural condition. More peripheral riverine habitats which
are relatively shallow, clear, or intermittently turbid are expected to
maintain or increase their biological productivity. Streambed substrate
improvement (with respect to biological productivity) is expected in many

middle reach habitats.
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1.0 INTRODUCTION

l.1 OBJECTIVES

The objectives of this report are multifold. One primary objective is to
briefly describe selected, natural water quality characteristics of the
unregulated middle reach of the Susitna River. A second objective is to
describe selected aspects of the morphology and cperation of the proposed
project. A third objective is to discuss some potential water quality
changes which may result from construction and operation of the proposed
project. A forth objective is to estimate and discuss some of the
limnological characteristics of the proposed project reservoirs and some
potentially important project induced effects which may occur in middle
river reach (River Mile 152 through 98.5) downstream, especially as they
velate to the riverine fishery.

1.2 BRIEF SUMMARY OF INFORMATION SOURCES

Information summarized or referenced in this report is derived from an
assortment of puklished and unpublished reports produced by private
organizations, ané¢ by agencies of the State of Alaska and the U.S. Federal i
government. Many referenced documents were produced by private or public
organizations under contract to the State of Alaska via the state's power
development agency, the Alaska Power Authority (APA). Additional sources of

information are the project's official License Application to the Federal

x
aF
[ 18
)
¢4

Energy Regulatory Commission (FERC), the Draft Enviroonmental Impact State-
ment produced by the FERC, published documents in peer reviewed scientific
journals, and articles in popular publications available in the open litera-
ture. In addition, personal communications with aquatic binlogists and
other professionals having experience with the Susitna River ecosystem as
well as other similar and dissimilar riverine systems have been useful.

Conceptualizations have been made about structural and Ffunctional

425833 1-1 L.
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relationships between abiotic and biotic entities which presently exist in

Susitna River. Attempts have been made to describe trophic status changes

which may result from an altered water quality regime associated with

construction and operation of the proposed project.

425833 1-2
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2.0 THE SUSITRA RIVER WATERSHED - A LIMNOLOGICAL BACEKGROUWD

2.1 THE PROPOSED PROJECT

Application for a major hydroelectric project to be located on the Susitna
River has been submitted to the Federal Energy Regulatory Commission (FERC)
by the State of Alaska. The project will be located approximately 140 miles
(220 km.) north - northeast of Anchorage, and 110 miles (180 lkm.) south -
southeast of Fairbanks (Figure 2.1). The proposed system will comsist of
two dams, each with long, narrow and deep reservoirs, and underground
powerhouses designed for a total combined generating capacity of 1,620
megawatts (MW). An annual average of approximately 6,900 gigawatt hours
(Gwh) could potentially be produced by the system. The project is being
proposed in order to supply the electrical power needs of customers in the
south central Alaska area known as the Railbelt. The project will
non-consumptively (except for small evaporation losses) utilize waters of
the Susitna River for hydroelectric power production. All water will be
returned directly to the river bed via powerplant tailraces, controlled
releases via fixed-cone valves and, during rare high runoff events in the
watershed, by spillway overflows (APA 1983 a,b).

2.2 THE PROJECT SETTING

2.2.1 Susitna River Watershed

The Susitna River watershed is the sixth largest river basin in Alaska with
a total drainage area of 19,400 square miles (50,250 km?) . The river and
its tributaries are free flowing from their headwaters in the glaciers of
the Alaska and Talkeetna mountain ranges to the river's mouth. Although the
Susitna is not ranked amongst the principal 50 rivers in the United States
in terms of length (Todd 1970), it is included amongst the majo. unregulated

rivers remaining in the U.S. (Ward and Stanford 1979).

425833 2-1
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The Susitna River watershed is bounded by the Alaska Range of mountains to
the north, west and southwest. To the east-southeast the river basin is
bounded by the Talkeetna Mountains, while to the east - northeast the basin
is bounded by the northern Talkeetna plateau and the Gulkana uplands (Figure
2.2}. Elevations within the drainage basin range from 20,320 feet (6,194
meters) above mean sea level (MSL) at the south peak summit of Mt. McKinley,
North America's highest peak, to sea level at the river's mouth in Cook
Inlet, 320 miles downstream (Arctic Environmental and Information Data
Center (AEIDC) 1984, 1985).

Detailed riverine watershed and morphological descriptions are plentiful im
several project documents (AEIDC 1985b, Harza-Ebasco (H-E) 1985b, 1985e, APA
1983a, FERC 1984, R&M Consultants, Inc. 1982) and need not be reiterated
here in great detail. However, the fundamental climate, geology,
morphology, hydrology, soils aud vegetation will largely determine the water
quality in the proposed reservoirs and the downstream "middle" river reach.
Therefore, they merit some description and discussion in this report since
they will limit and modify the ecosystem's limnological responses to the
project. This document briefly discueses selected watershed features and
aspects of the water quality expected in the project reservoirs and the 52
mile river reach immediately downstream of the proposed project, especially

as the criteria relate to salmonid fishes.

2.2.2. The Geological Setting

Lithic materials from upper Paleozoic strata appear to be the oldest rocks
known to be exposed in the watershed. They may be approximately 250 to 300
million years (m.y.) old, and appear to consist of sequences of volcanic
flows which frequently contain interbedded limestones. Overlying the oldest
rock sequence is another layer of volcanic and sedimentary rocks which
consist of metabasalt flows interbedded with chert, argillite, marble,

sandstone and shale of Triassic age (200-250 m. y. ago).

425833 2-3
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During the Jurassic period the older, more surficial rocks were intruded by
diorite plutons. Subsequent uplift and erosion of the former strata was
followed by marine deposition of a rthick sequence of lower Cretaceous
argillites and graywackes (Csejtey 1978). The aforementioned rock strata
were subsequently faulted and folded during the late Cretaceous period
(65-100 m.y. 2go).

During the early Tertiary (40-65 m.y. ago) the area was again intruded by
plutons of granitic and/or diorite composition. One of these diorite
plucons lies under the Watana dam site. During and following these latter
intrusions volcanic flows were extruded over the local area.

=

AL least three major periods tectonic deformation important to the
project area have taken place. The first occurred during the Jurassic
(160-210 m.y.ago), the second during the late Cretaceous (65-110 m.y. ago),
and the third in the middle to late Tertiary (40 m.y. ago). Intrusion of
plutons, crustal  wuplift, regional metamorphism, complex folding and
faulting, and finally extensive uplift and erosion occurred during these
three periods. Widespread erosion has removed much of the volcanic and

sedimentary rock which was thrust over this area 65-100 m.y. ago.

During the last few million years repeated glaciations have modified the
Alaska and Talkeetna mountains and surrounding terrain into the basic
topography apparent today. Glacial erosion has removed much of the soil at
higher elevations, while the lower valleys and plains are covered by glacial
drift of various thicknesses. At the Watana dam site bedrock is overlain by
up to 450 feet of glacis” and fluvial deposits. Downstream, at the proposed
Devil Canyon dam site, a thin layer of glacial drift covers the graywacke
and argillite rocks which form the canyon's V-shaped, 600 foot high, sheer
valley walls through +vhich the Susitna River flows.

Ground up, eroded, pulverized, glaciated and otherwise weathered rock
fragments from all of the previously mentioned lithic materials, soils, and

vegetation are the source of most of the milieu of water quality entities,
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both suspended and dissolved, which are found in the ground waters and
surface waters of the Susitna River drainage. Suspended inorganic
particulates sampled from the Susitna River are primarily derived from
weathering of watershed geological entities. Their generalized mineralogy
has been analyzed by polarized light microscopy (R&M Consultants, Inc.
1984c, and 1982d) and the results are presented in Table 2.1. Petrographic
analyses of these rock fragments are probably the simplest and best method
for getting a representative sample of the fundamental mineralogy of the
river's entire watershed and for assessing the potential of many minerals to
influence and/or be a part of the Susitna River's water quality milieu.
Analysis of these particulates (Table 2.2) indicates the major mineral and
elemental groups which will influence or be a part of the river's water

quality.

From the foregoing description it is obvious that south central Alaska lies
within a zone of geological instability. This zone is a tectonic mosaic of
continental structural blocks and fragments and has been associated with
igneous, volcanic and thermal activity. The relation between such active
plate boundary zones and metallic ore deposits is fairly well accepted

(Flint and Skinner 1977). It appears that the Susitna River watershed lies

within one of the well known mercuriferous belts located along the western
North American continental border (Figure 2.3), and this probably explains,
at least in part, the relatively high concentrations of mercury found in
riverine water and suspended sediment samples. More detailed discussions of

mercury and other trace metals are presented in Chapter 7.

2.2.3. Soils and Vegetation

The geological landscape of barren mountain peaks, glacial till covered
plains, exposed bedrock cliffs, and steep, bedrock walled stream canyons
with gravel beds, has characteristically poor soil development. The soils
are typical of those developing in subarctic cold, wet climates on recent
deposits of glacial till and outwash material. Spodzolic soils with a thin

organic layer over a predominantly mineralized horizon are present in the
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APPROX IMATE MINERALOGY oF SUSITNA RIVER SUSPENDED SEDIMENTS
(MODIFIED FROM R § y CUIBULTAII'S, INC. 1982, 1984)

Miners] Percent nggtition

Quarez 15-40
Feldspars (mixed) 15-30
Pyroxenes 10-15
Magoetite 10-15
Limonite 3-10
Clays <5
Colloida} Silica <5
Calcite <2
Mica (Biotite & Muscovite) 5-20
Zircon <1
Pyrite (Fesy) <5
ALgite 5-10
425833 2-7
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TABLE 2.2

SUSITNA HYDROELECTRIC PROJECT
ELEMENT COMPOSITION OF MINERALS COMPOSING COMMONLY ANALYZED
SUSPENDED SEDIMENT PARTICLES FROM THE SUSITNA AND OTHER NEARBY

GLACIAL RIVER DRAINAGES

Mineral

Pyrites (Fe Sj)
Quartz (Siﬂz)

Orthoclase feldspar
(KALSI30g)

Plagiocase feldspar
(Na Ai Sij Og; Ca Alp Sij0g; etc.)

Pyroxenes (Ca [Mg, Fe] Sij 0g)
Iron and titanium oxides
Magnetite (Fe304)
Hematite (Fej; 0O4)
Ilmenite (Fe Ti 03)
Limonite (2 Fep 03.3 Hy0)

Biotite mica (complex K, Mg, Fe
Al and Ti hydroxy fluro silicate)

Apatite [Cas (oH, F, cL) (PO4)3])

Olivine [Fe, Mgl]y Si 04

Musovite (complex K, Al hydroxy fluo silicate)

Clays
Illite (K, Al,[Sip-,A1,070]0H,)
Kaolinite (Al [Si40; T (0H)g)
Montmorillonite (Ns,Kg
[(Si]-4Al,)g020]OH,-nH20
Chlorite ?

Calcite (Ca COj3)

425833
860527

Mg Al)1z [(Si, Al)g 029) (OHjg))g

Elements
Fe, §
Si, 0
K, Al, Si, O

MNa, Ca, Al, 8i, O

Ca, Mg, Fe, S5i, O

Fe, O
Fe, O
Fe, Ti, 0
Fe, O

K, Mg, Fe, Al, S8i, 0, F

Ca, F, Cl, P, O
Fe, Mg, Si, ©
K, Al, 5i, 0, F

K, Al, Si, 0, H
Al, Si, 0

g+y(&12-xﬁgx)2 Na, K, Al, Mg, Si, O

Mg, Al, Si, 0

Ca, C, O
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ma jority of the proposed project drainage areas. The soil types include
acidic, often saturated, peaty soils of poorly drained areas; the acidic,
relatively infertile forest soils; and the virtually inorganic gravels and
sands aiong the river banks. Portions of the upper basin, including some
limited areas around Watana reservoir, are urderlain by layers of
discontinuous permafrost. Permafrost has been primarily identified im
localized pockets of fine grained glaciolacustrine and glacial till deposits
(APA 1983a,e).

Within the proposed Watana Reservoir inundation zone(i.e. approximately
38,000 acres), more than 75 percent of the vegetated area is forested while
most of the remaining area is shrubland (Table 2.3). The predominant forest
types are black spruce and mixed conifer-deciduous forest containing black
and white spruce, paper birch, trembling aspen, ind bzlsam poplar. Most
borrow sites are classified as shrubland or wvarious forest types (APA
1983a,b). Bog-like areas within the proposed impoundment zones occupy less

than one percent of the area.

Practically all of the area to be inundated by the Devil Canyon impoundment
(i.e. 7,550 acres) is forested, and over 50 percent of that is of mixed
conifer-deciduous type (Table 2.3). The forests and shrublands are growing
on fairly well drained and sometimes relatively warm south or southwest
facing soils. Forests and shrubland are also present in areas of shallow
peat, glacial till deposits, lowlands, and north facing slopes. The organic
soil layer beneath them is often well developed, but generally not as

extensive as in the Watana inundation zome (APA 1983a,h).

In the upper Susitna Basin a myriad of wet or poorly drained soils exist
which are classified as wetlands. The wetlands on the upland plateaus
include riparian zones, ponds, and lakes and support sedge-grass tundra, low
shrubland, and black spruce forest. These areas commonly consist of
muskeg-bogs with thick mats of mosses, sedges, lichens and dwarfed shrubs,
occasional black spruce, cotton grass tussocks, rushes, willows, labrador

tea, Dwarf Arctic birch, blueberries, cranberries, bearberries, crowberries,

425833 2-10
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Vegetation Type

TABLE 2.3

SUSITNA HYDROELECTRIC PROJECT
TYPE AND ACREAGE OF VEGETATION TO BE INUNDATED BY EACH
IMPOUNDMENT OF THE SUSITNA HYDROELECTRIC PROJECT

Acreage for Each Impoundment

Watana [ Devil Canyon II Watana I[II
Conifer Forest 6,639 1,048 8,523
Breadleaf Forest 720 393 332
Mixed Forest 5,741 3,996 4,493
Dwarf Tree Scrub 1,719 101 1,258
Tall Shrub 63 59 214
Low Shrub 308 9 1,308
Dwarf Shrub 0 0 0
Graminoid Herbaceous 25 0 225
Sparse Vegetation 14 0 21
Barren Ground 68 0 2
Water 4,146 1,945 586
Total Acreage 19,443 7,550 16,692

Source: APA 1985 Draft License Amendment (Table E.3.83)
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blue joint grass and polar grass. The underlying organic peat layer is often
thick, slightly acidic and waterlogged (APA 1983a,f,g).

The riparian areas along the middle reach of the Susitna below the proposed
dam sites (i.e. RM 150 downstream to RM 98) are characterized by pioneering
communities of herbaceous and shrub species which are initially replaced by
alder and then by balsam poplar and black cottonwood. The oldest and most
stable areas are covered by mixed conifer-deciduous (white spruce and paper
birch) forest. However, physical disturbances such as ice jams, flooding
events, bank erosion and sediment deposition have caused climax wvegetation
stages to be replaced by earlier seral stages along most middle reach
riverine habitats (R&M Consultants, Inc. 1984a).

Plant and animal materials present in the drainage yield an additiomal
spectrum of minerals and elements necessary for life. Thus, between abiotic
(geological) and biotic sources of minerals and elements contributed to the
Susitna River from its watershed, all elements necessary for aquatic life
exist in at least minimal concentrations. The biological productivity of
the Susitna River, however, appears to be somewhat limited. Some of the
envirommental variables which apparently retard riverine biological
productivity and biomass production may include: low temperatures, light
limitations by suspended particulates and/or ice and snow cover, high flow
variability, high water welocity, substrate scour, unstsble streambed
substrate, and high concentrations of fine inorganic particulates within the

*reambed substrate interstitial spaces.

2.2.4. ... neral Resources and Human Influences

Few economically important mineral resources are currently known to exist in
the immediate vicinity of the reservoirs or other proposed project features.
Only a limited number of placer mines, generally characterized by

intermittent activity, are known to exist in the drainage (APA 1983e).

425833 2-12
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2.2.5. Basic Watershed Climate

Alaska is divided into four major climatic zones on the basis of temperature
and precipitation: arctic, continental, transitional and maritime. The
upper Susitna River basin (including the proposed project reservoir zones)
is predominantly in the continental zone, while the lower river basin

extends into the more coastal, transition zone.

Winds at the Watana Dam site are predominantly from the north and east in
the winter, and from the north and west in the summer. Maximum summer wind
speeds are generally less in winter. Wind speeds are generally less than 20

miles per hour (10 meters/sec).

The mean temperatures in the reservoir area are approximately =5°F in winter
and 55°F in summer. The approximate range of temperatures within the
reservoir impoundment zones are between -58°F and 95°F (APA 1983a). The
lower river basin, which is closer to the coastline, is better buffered
ageinst extreme temperature fluctuations by the proximity of Cook Inlet
mar'ine waters. Mean annual precipitation is about 20 inches in the lower
basin, increasing to about 40 inches near Devil Canyon, and to nearly 70

inches at the northeastern watershed divide near Susitna Glacier.

South central Alaska's winters are long and cold with as little as six hours
of daylight near the winter solstice. Near the summer solstice temperatures
are considerably warmer and daylight extends for periods in exzcess of
eighteen hours per day. Photosynthetically available radiation (PAR) is
maximal during June and minimal in December (Figure 2.4). The daily total
PAR can be as much as 60 fold higher on summer solstice when compared to
vinter solstice, and can approach hourly flux rates which are almost 20 fold

higher in summer compared to winter (Figure 2.5).

2.2.6, Nutrient Limitation of Vegetation in Alaskan Soils

Terrestrial plant production in subarctic ecosystems like the Susitna River

basin appears to be nutrient limited. Adequate nitrogen, phosphorus,

425833 2-13
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June 21, Daily total - 55.8 Einsteins
per square meter per day \

PAR ( EINSTEINS PER SOUARE METER PER HOUR)
(=]
I

December 21, Daily total - 0.9 Einstein
per square meter per day

HOUR

20 22 24

FIGURE 2.5 HOURLY INPUT OF PHOTOSYNTHETICALLY ACTIVE RADIATION (PAR)
DURING SUMMER AND WINTER SOLSTICES OF 1883 AT BIG LAKE,
IN SOUTH CENTRAL ALASKA'S SUSITNA RIVER WATERSHED.
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potassium and micronutrients appear to be present in Alaskan soils for plant
growth. However, the slow rate of recycling (rather than the total
quantity) of nutrients in subarctic plant communities is currently thought
to limit the availability of plant nutrients. The lack of available
nitrogen is thought to be of primary importance in limiting terrestrial
subarctic productivity. Nitrogen is present in adequate amounts in the
ecosystem but appears to be strongly bound in the surficial organic soil
layer and apparently undergoes very slow recycling. Phosphorus utilization
by subarctic tundra plants is thought to be limited by the turnover rate and
supply of available nitrogen (Kubanis 19B82; Laughlin 1973; McKendrick 1978;
Chapin and Van Cleve 1978; Haag 1974). It may be reasonable to assume that
more than adequate supplies of most plant nutrients will enter Cthe
reservoirs and downstream riverine habitats, especially when the expected
microbial demand for them is expected to be limited by other prevailing

physical conditions (high turbidity, low temperatures, etc).

2.2.7. Basic Hydrologic Regime

The northernmost Susitna River headwaters originate at glaciers in the north
eastern Alaska Range (Figures 2.2 and 2.6). The glaciers feed shallow,
braided tributaries which are heavily laden with sand, silt and clay-sized
outwash particulates. These tributaries flow southward for approximately 18
miles, converging just north of the Denali Highway bridge, and there join to
form a shallow, single mainstem channel. The 950 square mile drainage above
the Denali gaging station approaches maximal flows during the warmest days
of the year (which usually occur in July and August). Minimal winter flows
of approximately 100 to 200 cfs occur during January and February (Figure
2.7). Mean annual discharge at Denali is approximately 2,800 cfs. Between
the Denali stream gauge and Vee Canyon the Susitna receives the glacial
tributary MacLaren River (RM 260), the non-glacial, but humic acid stained
Tyone River (RM 247), and the glacial Oshetna River (RM 233). The Susitna
at Vee Canyon (RM 223) conveys a mean annual flow of approximately 6,404 cfs

of water (Figure 2.7) and approximately 5.7 million tons of suspended
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sediment predominately during the period May-September (Harza-Ebasco,
1984a). From Vee Canyon, the Susitna flows westerly in a deep, narrow
valley towards the Watana dam site while losing elevation from approximately
2,000 feet MSL to 1,450 MSL. At the Watana Dam site (RM 184.4) the Susitna
drains an area of approximately 5,180 sq. mi. and has a mean annual
discharge of approximately 8,000 cfs. From the Watana Dam site through the
upstream portion of Devil Canyon the Susitna River drops in elevation from
1,450 feet MSL to approximately 900 MSL at the Devil Canyon Dam site (RM
152.2). The Susitna River's mean annual discharge at the Devil Canyon Dam
site is approximately 9,200 cfs (APA 1985), and it drains a total area of
approximately 5,810 square miles. The river drops precipitously through two
miles of the lower Devil Canyon gorge to approximately B850 feet MSL at RM
150, and then flows more southerly to the Alaska Railroad bridge and the
USGS gaging station necar Gold Creek (RM 136.4). The total river drainage
area at Gold Creek is approximately 6,160 sq. mi. and the mean annual
discharge at the Gold Creek bridge is approximately 9,700 cfs (Figure 2.7).

The "middle" Susitna reach extends from the duwnstream mouth of Devil Canyon
to the confluence of the Susitna and Chulitna Rivers. The stream gradient
of the middle reach is approximately 8 to 12 feet per linear mile (Figure
2.8) or approximately 500 feet in 54 miles.

The majority (approximately 90X) of the upper and middle Susitna River flow
usually occurs during the May-October periods of each year (Figures 2.7 and
2.9). Peak flows at the Gold Creek monitoring station have varied from
25,000 - 35,000 cfs in fairly dry years (Figure 2.9, 1970 hydrograph) to
approximately 90,000 cfs during flood peaks due to Ereshet discharge
composed of snowmelt and rainfall (Figure 2.9, 1964 hydrograph). Glacial
melt, which usually reaches its peak in July and August, can contribute to

high river discharges when combined with relatively large precipitation
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events in middle or late summer (Figure 2.9, 1967 hydrograph). Glaciers
located on the south slopes of the Alaska Range occupy approximately 290
Square miles or about 5,9 percent of the Susitna River drainage basin
(Figure 2.1 and 2.5), During drought years, such as 1969, it has been
estimated that glacier runoff may contribute approximately 30 percent of the
Susitna's discharge at the Watana dam site. During 1981-1983 glacier runoff
accounted for approximately 18 percent of flow at the Watana dam site
(Clarke et al. 1985),
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3.0 GENERALIZED PROJECT DESCRIPTIONS: MORPHOLOCY AND FUNCTION

3.1 DAMS, RESERVOIRS AND BASIC CONSIDERATIONS

———————

The basic development scheme Efor the project involves three separate

construction and operation phases:

3.1.1 Watana Stage I

Watana Stage I is the initial phase of the project. The reservoir will have
a normal operating level at el. 2,000 ft. MS5L. At this level the reservoir
will be approximately 39 miles long, with a maximum width of approximately
three miles. The total volume will be 4.3 million acre-feet, and the
surface area will be approximately 19,900 acres (Table 3.1). The maximum
drawdown will be 150 feet, resulting in a minimum operating level of 1,850
ft. MSL. Watana Stage I provides 2.4 million acre-feet of active storage,
which corresponds to roughly 40 percent of the mean annual flow at the
damsite. While functioning alone, it will operate as a base load power
plant with daily variations ranging from zero to +10 percent of weekly

flows.

The Watana Stage I powerhouse will have Ffour generators served by four
multi-level intakes spaced between el. 1,800 and el. 1,980. In general, the
uppermost intake level available for use would be operated in order to
obtain maximum head for power production and to release water of the most
optimum quality. Turbine tailrace waters will be discharged through a 34
foot diameter, concrete lined tunnel, discharging beneath the surface of the

river 1,000 feet downstream of the dam toe.

Water for controlled spills will be withdrawn from the reservoir through an
intake located at el. 1,930 and discharged through outlet works controlled
by six, 78-inch fixed-cone wvalves. These fixed-cone valves compose the

terminal point of the outlet works. Water discharged from these valves will
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Table 3.1

SUSITNA HYDROELECTRIC PROJECT
MORPHOLOGICAL AND HYDROLOGICAL FEATURES - WATANA RESERVOIR

Watana Stage II1 Watana Stage 1
Elevation (maximum surcharge level) 2,199 MSL (671 m) 2,017 MsL
(normal maximum level) 2,185 MSL (666 m) 2,000 MSL
(minimum operating level) 2,065 MSL (630 m) 1,850 MSL
Maximum Drawdown 120 feet (36.6 m) 150 feet
Live Storage 3.7 X 106 B} gcre-ft. 2.4x106 acre-ft
(4.6 X 107 m?) 19,900 acres
Maximum Surface Area 38,000 acres (60miZ)
Maximum Length approx. 48 miles
(77 km) 39 mi.
Maximum Width approx. 8 miles
(12.8 ikm) 3 mi.
Maximum Depth 735 fr. (223 m) 650 mi.
Mean Depth 250 fe. (76 m)
Gross Storage (total volume) 9.5 x 106 ac;:—it. 4.3x100 acre-ft
(11.7 X 107 m?)
Shoreline Length 183 miles (295 lkm)
Mean Hydraulic Residence Time 1.65 years
Drainage Basin 5,180 mi2
(13,416 km) 5,180 m?
Mean River Inflow 8,050 css
(226 m3s~1) 8,050 CFS
Peak Flood Inflows
PMF 326,000 CFS
(9,226 m3s~1) SAME
10,000 yr. 174,000 CFS
(4,924 mis-1) SAME
50 yr. 89,500 CFS (2,533 m3s~1) samMe
25 yr. 79,800 CFS (2,258 mIs~1) SAME
Tailwater Elevation 1,455 fr. MSL (443.5 m) 1,455 MSL
Area of Inundation - Stage 11/ 19,900 acres
water and barren ground 4,146 acres
vegetation 15,297 acres
Area of Inundation - Stage ILIL/ 16,692 acres additional
water and barren 586 acres additional
ground vegetation 16,106 acres additional

Total Areifof Inundation-

Stage III 36,135 acres

L1/ Area approximated from topographic maps, not extrapolated to estimate of
actual inundated surface area.
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form a diffuse spray. The come valves are located approximately 105 feet
above the downstream tailwater elevation at 1,455 ft. MSL. Fixed-cone val-
ves have been designed to dissipate the energy of the falling waters by
creating spray over a relatively large surface area. Spray discharges are
desirable in order to avoid plunging water and the potential for producing
gas supersaturation. Spillway usage is expected to occur oaly when river
inflows exceed the one in 50-year flood (APA 1985).

The outlet works capacity at Watana Stage I is 24,000 cfs, while the
powerhouse capacity is about 12,000 cfs. 1In the event that a flood could
not be passed through the combined powerhouse and ocutlet works because of
energy demand and hydraulic capacity limitations, the reservoir will be
allowed to surcharge to a maximum elevation of 2,014 ft. MSL. in order to

avoid spillway use.

3.1.2 Devil Canyon Stage II

Devil Canyon Stage II is the second stage of the project. It will have a
normal operating level of 1,455 feet MSL., and a maximum planned drawdown of
50 feet. It will impound a reservoir approximately 26 miles long with a
maximum surface area of 7,800 acres. Total volume impounded will be 1.1
million acre-feet, with an active storage of 350,000 acre-feet (APA
1983¢c,d). Devil Canyon Stage II will be constructed in a long narrow gorge
and will have little active storage compared to the larger Watana reservoir.
Its main function will be to develop high head for efficient power genera-
tion per unit of water discharge. It will be used extensively to generate
base load power and will serve to reregulate peak water discharges released
from Watana Stages I and ILI (Table 3.2).

During construction of the Devil Canyon Dam, the river will be diverted into
a 35.5 foot diameter concrete-lined tunnel located on the south river bank.

The tunnel is designed to pass flood flows up to the l:25-year summer flood
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Table 3,2

SUSITNA HYDROELECTRIC PROJECT
MORPHOLOGICAL AND HYDROLOGICAL FEATURES
DEVIL CANYON RESERVOIR - STAGE II

Elevation (maximum surcharge level) 1,466 MSL (446.8 m)
(normal maximum level) 1,455 MSL (443.5 m)
(minimum operating level) 1,405 MSL (428,2 m)

Maximum Drawdown 50 ft. (15.2 m)
Live Storage 350,000 acre-ft, (432 x106m3)
Maximum Surface Area 7,800 acres (12 mi.2)
Maximum Length 26 mi. (42 km)
Maximum Widch dpproximately | mile (1.6km)
Maximum Depth 565 fr, (171 m)
Mean Depth 140 fr. (42 m)
Gross Storage (total volume) 1.1x106 acre-ft.(1.4x10%m3)
Shoreline Length 76 mi, (123 km)
Mean Hydraulic Residence Time approx. 60 days
Drainage Basin 3,810 mi.2 (15,048 Kkm2)
Mean River Inflow 9,160 CFs (259 m3 ¢-1)
Peak Flood Inflows

PMF 358,000 cFs (w/Watana)

10,000 yr, 184,000 cFs (w/Watana)

50 yr. 46,000 CFs (w/Watana)

25 yr, 44,600 CcFs (w/Watana)
Tailwater Elevation 850 fr. MSL
Area of Inuudation-Stage 11/ 7,550 acres total

Water and Barren Ground 1,944 acres

Vagetation 5,606 acres

1/ Area approximated from topographic Maps, not extrapolated to estimate
of actual inundated surface area,
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routed through Watang Stage I. River diversion wil] allow dewatering of

approximately 1,100 feet of the Susitna River between upstream and down-
Stream cofferdams.

portion of Deyi] Canyon. The dam's Crest elevation will be 1,463 fc,
(446 m) MSL with 40 actual height of 646 ft. above itg foundation, 4 three
foot Parapet will be added to raige the crest to el. 1,466. Large concrete
thrust blocks on each valley wall abutment wi] help support the Structure,

concrete (APA 1983¢,d),

Four 24-foor diameter concrete~lined intake Structures on the north end of
the dam will draw Water from two near-surface depths between el. 1,455 and
el. 1,405 MsL into concrete-lined penstock tunnels. These tunnels wi]]
conduct water to the underground Powerhouse where four 150 Mw turbine
generators will be located, Each turbine wiyy be rated for 4 max imum
discharge of 3,790 CFs (i.e. 15,160 CFS total potential discharge from all
four turbines combined), Tailrace waters exiting the turbines will bpe
routed downstream approximately 6,800 feer through 4 single 38 foot diameter
concrete-lined tunnel, Thus, tailrace waters from pevi] Canyon turbines
will be discharged‘under the river surface and downstream of nearly all the
violent lower Devil Canyon rapids (APpa 1983¢,d). This long tailrace tunnel

Auxiliary outlee facilities of Devil Canyon pam will consist of seven
fixed-cone valves located in the Ilower portion of the dam. The seven
fixed-cone valves will have @ combined maximg] discharge capacity of
approximately 42,000 CFS when the reservoir pool level is at el. 1,455,
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Four 102-inch, and three 90-inch diameter valves will be installed at dam
elevations of 1,050 ft. MSL and 930 ft. MSL, respectively. The fixed-cone
valves at Devil Canyon Dam, as opposed to those at Watana Dam, will not draw
water from the reservoir surface. Instead, the cone valves at Devil Canyon
Dam will draw water from deep within the reservoir's hypolimnion at depths
of 405 fr. (123m) and 525 ft. (160m) (APA 1983 c,d).

Controlled releases from Devil Canyon Dam's fixed-cone valves, as at Watana,
will be in the form of a spray from the downstream face of the dam. Sprays
from the more shallow valves will be discharged from an elevation of 170
feet above tailwaters, while sprays from the deeper valves will be discharg-
ed approximately 50 feet above downstream tailwaters. The water surface
elevation downstream of Devil Canyon Dam will be approximately 900 feet MSL.
From there, discharged waters will enter the remaining two mile stretch of
Devil Canyon rapids before mixing with turbine tailrace discharges and then
passing downstream through the middle reach (APA 1983c¢,d).

3.1.3 Watana Stage III

Watana Stage IIIl involves raising the Stage I structure by 180 feet to its
final planned height. Watana Stage IIl will have a normal operating level
at el. 2,185 and a planned maximum drawdown of 120 feet. At el. 2,185 the
reservoir would cover 38,000 surface acres, be approximately 48 miles long
and have a live storage of 3.7x10% acre-feet (APA 1983c,d) (Table 3.1). In
the final planned configuration, Watana Stage III would be utilized as a

peaking power plant with the more downstream Devil Canyon Reservoir serving

to reregulate its downstream discharges.

During construction of Watana Stage III, the dam would be raised and two
additional power units added to the four previously existing ones. These
two additional units would have water intakes at four levels between el.
2,000 and el. 2,170. Four intakes for withdrawals between el. 2,000 and
el. 2,170 will be added for the four generators originally installed during
Watana Stage I, and the lower intakes utilized originally in Stage I will be
closed. Thus Watana Stage III will have a total of six generators.
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Watana Stage III powerhouse hydraulic capacities total approximately 23,000
cfs with an additional outlet works total capacity of approximately
24,000 cfs.

3.2 GENERALIZED RESERVOIR OPERATIONS AND DOWNSTREAM FLOWS

Reservoir operaticn simulations have been conducted in order to minimize the
cost of providing power to the Alaska Railbelt, while simultaneously
conforming to envirommental guidelines specified for protection of certain
habitat features downstream. Key constraints on the reservoir operation
simulations are the project system power demands and the minimum and maximum
instream weekly flow requirements at Gold Creek. The release for power is
governed by a system operating guide designed to optimize energy generation.
Any flow required to meet downstream environmental flow requirements in
excess of scheduled power releases is first routed through the powerhouse if
the total system power demand is great enough or is released through the
outlet works of the appropriate dam(s). Flood releases to maintain dam
safety requirements are first made through the outlet works and, if

necessary, through the appropriate spillway(s).

Case E-V1 is the Applicant's selected preferred flow case for minimizing
the cost of power generation while protecting the environmental habitacr.
Detailed discussion of E-VI and other flow regime considerations are
contained in another project document (APA 1985). Basically, Case E-VI flow
requirements maintain summer minimum discharges at Gold Creek of 9,000 cfs
(8,000 cfs in a 1:10 low flow year), while allowing summer maximum discharg-
es of no more than 35,000 cfs when the water level in the reservoir exceeds
the normal maximum pool level and inflow exceeds 35,000 cfs. Average weekly
flows exceed 35,000 cfs in about 15 percent and 20 percent of the simulated
years in Stage I and II, respectively, and about 12 percent and 3 percent of
the years in early and late Stage IIL respectively. Peak flood flows will
exceed 35,000 cfs about every other year in Stage I, LI and early Stage III,
and about every 10 year: in late Stage III. Winter time flows will be
constrained between 3,000 and 16,000 cfs and will be allowed to vary within
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certain bounds in order to satisfy certain water quality constraints while
still meeting the system power demand. Approximate weekly average stream-
flows simulated to be exceeded 50 percent of the time for the staged
hydroelectric project in Stage I, Stage II, early Stage II1, and late Stage
III have been displayed in Figures 3.1, 3.2, 3.3, and 3.4, respectively.

3.2.1 Watana Stage I Operation Alone

A minimum instream flow requirement is prescribed at Gold Creek to ensure
that the project will release flows for environmental purposes. The histor-
ical intervening flow between Watana and Gold Creek is assumed to be avail-
able to supplement the project releases to meet the minimum flow require-
ment. If the flow prescribed by the operating guide does not meet the
environmental requirement, the operation program will attempt to release
more water through the powerhouse in order to meet the requirement. If the
release required to meet envirommental flow requirements exceeds the maximum
poverhouse flow to meet the energy demands, the difference between the
required outflow and the maximum power discharge is released through the
outlet works. This outlet works release is called an environmental release
since it is made only to meet the envirommental flow requirement and is not

used for power generationm,

The outlet works capacity at Watana Stage I is 24,000 cfs, while the power-
house capacity is about 12,000 cfs. In the event that a flood could not be
passed through the powerhouse and outlet works because of energy demand and
hydraulic capacity limitations, the reservoir is allowed to surcharge above
the normal maximum water surface elevation. This surcharging is done to
avoid the use of the spillway for floods less than the 50-year event. A
maximum surcharge level of el. 2,014 ftr. is permitted before the spillway

operates.
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3.2.2 Oparation of Either Watana Stage I or Stage IIl with Devil Canyon
Stage II

For double reservoir operation, Devil Canyon operates as a run-of-river
tacility as long as the reservoir is full. It is to be refilled if it is
not full, provided the total inflow is greater than the release required to

meet the envirommental flow requirement.

An operating guide will be developed and applied to optimize the Watana
powerhouse releases for power generation. Minimum instream flow
requirements and constraints on rate of change of discharge are also

applied.

The interveniug Elow between Devil Canyon and Gold Creek is assumed to be
available to supplement the project releases trn meet the minimum flow
requirements. If the environmental flow requirement is not met by
powerhouse discharges, more water is released through the Devil Canyon
powerhouse in order to meet the requirement and the Devil Canyon Reservoir
will be drawn down. If the increased release through the Devil Canyon
poverplant would cause the total energy generation to be greater thanm the
system demand, the release from the Watana powerplant is reduced. This is
done to minimize Devil Canyon outlet works releases which may result in
reduced temperatures downstream.

If the release required to meet environmental flow requirements exceeds the
Devil Canyon powerhouse discharge to meet energy demands, then the differ-
ence is released from the Devil Canyon outlet works. 'n the summer of dry
years when the system energy demand is low and the downstream flow
requirement is high, Devil Canyon may be drawn down continuously. 1If the
water level at Devil Canyon reaches the minimum operating level of el. 1,405
fr, Watana must then release water to satisfy the minimum flow requirement.
1f the release from Watana for the minimum flow requirement would generate
more energy than the required amount, part of the release would be diverted

to the outlet works.
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3.2.2  Operation of Either Watana Stage I or Stage III with Devil Canyon
Stage 11

For double reservoir operstion, Devil Canyon operates as a run-of-river
facility as long as the reservoir is full. It is to be refilled if it is
not full, provided the total inflow is greater than the release required to

meet the envirommental flow requirement.

An operating guide will be developed and applied to optimize the Watana
powerhouse releases for power generation. Minimum instream €flow
requirements and constraints on rate of change of discharge are also

applied.

The intervening flow between Devil Canyon and Gold Creek is assumed to be
available to suppl.ment the project releases to meet the minimum tlow
requirements. I1f the environmental flow requirement is not met by
powerliouse discharges, more water is released through the Devil Canyon
powerhouse in order Co meet the requirement and the Devil Canyon Reservoir
will be drawn down. If the increased release through the Devil Canyon
powerplant would cause the total energy generation to be greater than the
system demand, the release from the Watana powerplant is reduced. This is
done to minimize Devil Canyon outlet works releases which may result in

reduced temperatures downstream.

1f the release required to meet environmental flow requirements exceeds the
Devil Canyon powerhouse discharge to meet energy demands, then the differ-
ence is released from the Devil Canyon outlet works. In the summer of dry
years when the system energy demand is low and the downstream flow
requirement is high, Devil Canyon may be drawn down continuously. 1If the
water level at Devil Canyon reaches the minimum operating level of el. 1,405
ft, Watana must then release water to satisfy the minimum flow requirement.
1f the release from Watana for the minimum flow requirement would generate
more energy than the required amount, part of the release would be diverted

to the outlet works.
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The powerhouse hydraulic capacities are about 12,000 cfs at Watana Stage I
and about 15,000 cfs at Devil Canyon. The capacity is about 23,000 cfs for
Watana Stage III. The outlet works capacity at Devil Canyon is 42,000 cfs
while the capacity at Watana is 24,000 cfs in Stage I and 30,000 cfs in
Stage III. While the capacity of the Watana outlet works in Stage IIIL is
30,000 cfs, it is not planned to operate them at flows greater than 24,000
cfs, since this may cause inflows to Devil Canyon to exceed the Devil Canyon
outlet works capacity and result in premature opening of the Devil Canyon
spillway. In the event that a flood could not be passed through the power-
house and outlet works because of energy demand and hydraulic capacity
limitations, Watana is allowed to surcharge above its normal maximum level.
The maximum surcharge level is el. 2,017 frt. for the Watana Stage I Dam and
el. 2,199 ft, for the Stage III Dam.
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4.0 BASELINE WATER QUALITY AND EXPECTED WATER QUALITY CHANGES

4.1 BASELINE WATER QUALITY - THE MIDDLE RIVER REACH

The unregulated Susitna River exhibits continuously changing water quality
characteristics. As the continuum of climatological characteristics
gradually shifts through annual and seasonal changes the riverine water
quality follows suit. For the sake of limnological simplicity, we can
briefly describe the two most contrasting periods of water quality which
constitute the "“summer™ or open water season (May through October) and the
"winter" or ice-covered season (November through April). The spring and
fall transition periods between characteristic summer and winter water
quality periods vary with respect to their duration and annual timing.
Preliminary observation of limnological phenomena in the middle river reach,
however, indicates that spring and fall water quality transition periods may

have substantial biological importance.

During the ice-covered season the Susitna is characterized by relatively low
and stable flows, as is the case for many subarctic rivers (National Oceanic
and Atmospheric Administration 1982). It is characterized by a relatively
high dissolved solids content and low concentrations o suspended
particulates. Both of these characteristics are due to the dominant
influences of ground water on the river's winter surface flows. Low and
stable winter surface flows are primarily due to intersection of mainstem
river channels with the ground water table in the valley's subsurface
aquifer. The acidic nature of atmospheric precipitation, some of which
percolates through the watershed soils and sub-surface lithic materials, is
partially responsible for the dissolution of minerals and elements,
resulting in the ground waters's relatively high dissolved solids content.
Biological catabolism of organic soil materials together with abiotic
chemical reactions often add to the dissolved solids content of ground

water, but may also reduce its concentration of dissolved oxygen and
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change the concentrations of other dissolved gases. For example carbon
dioxide contents of Susitna River ground water are often relatively aigh
while dissolved oxygen contents are relatively low compared to surface
vaters, which are more nearly equilibrated with atmospheric gas

concentrations.

The open water season is characterized by relatively high and wvariable
surface flows. It is also characterized by a more dilute chemical milieu
and by higher suspended particulate concentrations in the Susitna River.
Approximate water quality characteristics of both the winter and summer
season may be compared and contrasted (Table 4.1). Concentrations of
selected metals which have the potential to be toxi. 1in some chemical
states are discussed in greater detail in another section of this report
which deals primarily with heavy metals (e.g. Ch. 7).

Freshet runoff, atmospheric precipitation, glacial melt, and most other
tributary flows dilute river surface flow concentrations of many dissolved
chemical entities during the open water season. Sheet erosion of basin
soils and erosion and resuspension of bed load and stream bank particulates
by high discharges results in large and variable concentrations of riverine
suspended sediments.
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Table 4,

SUSITNA HYDROELECTRIC PROJECT
APPROX IMATE WATER QUALITY CHARACTERIST[CS OF THE SUSITNA RIVER
AT GoLp CREEK DURING MAY-0CTOBER Vs, NDVEHBER-AFRIL FOR THE
PERIOD 1980-198;

Parameter May-October November - April
-_-__-__‘—I—-_-_-_-_-____-_-__-_—-—_-_-—-—-_

Range Mean Range Mean
Mean Flow (cfs) &,000-50,000 18,000 700-4, 000 1,600
Total Suspended Sedimentg (mg/1) 10-2,600 700 0-8 <8
Turbidity (NTU) 20-740 200 0-5 0
Total Dissolveqd Solids (mg/1) 50-150 90 100-180 150
Conductivity (umhos/ cm2) 80-225 145 80-300 240
Color (platinym cobalt unitg) 0-110 15 0-40 5
PH (pH unitg) 6.5-8,0 7.3 7.0-8,0 7.5
Alkalinity (mg/1 as Cacoy) 25-85 50 45-90 70
Hardness (mg/] CaCos) 30-110 60 60-120 100
Total Organic Carbon (mg/1) 1-3 3 I-5 3
Chemical Oxygen Demand (mg/1) 2-22 11 2-16 9
Total Phosphorysg (ug/1) 10-400 120 10-50 30
Total Nitrogen (ug/1) 200-900 600 500~1000 750
Temperature (*c) 2-13 9 0-2 0
Chloride (mg/1) 1-15 5 7-35 22
Calcium—dissolved (mg/1) 10-38 19 18-40 29
Sulfate (mg/1) 1-30 16 10-38 20
Dissolved Oxygen (mg/1) 8.5-13.5 12 11.0-16,0 14
Dissolved Oxygen (I of Saturation) 80-110 102 76~110 28
Phosphate - ortho (ug/1) 0-100 <10 10-3p 20
Magnesium - dissolved (mg/1) 1-8 3 3-10 5
Sodium - dissolved (mg/1) 2-10 4 5~21 13
Potassium - dissolved (mg/1) 1-5 2 1-5 2

Source: g and M Consultants, Inc. and L.A, Peterson ang Assoc, 1982; apyp
1983 a,b; R and M Consultants, Inc. 1983,
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4.2 EXPECTED WATER QUALLITY CHANGES -CENERALIZED

Construction and operation of the proposed project will alter most water
quality characteristics in the impoundment zone and in downstream riverine
habitats which are directly affected by mainstem flows. Impoundment of the
river will reduce the frequency and the amplitude of the annually cyclic
water quality Ffluctuations observed in the unregulated river. Project
operation will also cause a temporal phase shift of many naturally occurring
water quality regimes. Maximum suspended sediment concentrations, for
example, will probably occur in the late summer, fall, and early winter
-eas;nl, instead of during the late spring and summer when natural maxima

occur .

Water quality and quantity changes induced by the project are not expected
to cause either the reservoirs or downstream riverine habitats to be
uninhabitable by most naturally occurring flora and fauna. It is expected,
however, that project induced water quality changes in the reservoirs and in
downstream riverine habitats will affect biomass production at all trophic
levels, especially in the aquatic habitats which are constantly turbid.
Reduced biological productivity at most trophic levels may be an effect in
habitats where high turbidity levels continuously prevail. However,
mitigation measures are being proposed to help maintain natural levels of
fish productivity.

Several important water quality character.stics have been examined in order
to estimate their approximate values anc/or concentrations which will exist
in the project reservoirs and downstream mainstem channels of the middle
river reach (Table &4.2). Most project induced changes in water quality are
expected to cause relatively unimportant envirommental effects with respect
to aquatic biology in both the reservoirs and downstream riverine habitats

in the middle river.
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TABLE 4.2

SUSITNA HYDROELECTRIC PROJELT
ESTIMATED APPROX IMATE WATER QUALITY CHARACTERISTICS OF
THE RESERVOIRS AND DOWNSTREAM RELEASE WATER

Parameter

Estimated Value

True Color

Trophic Status

Mean Annual Primary Productivity(Reservoirs)

Mean Annual Primary Productivity (Susitna
River Middle Reach)

Maximal Euphotic Zome Tempertures

Phytoplankton Standing Crop (Reservoirs)

Phytoplankton Volume (Reservoirs)

Dominant Phytoplankters (Reservoirs)

Dominant Periphyton (Susitna River Middle
Reach)

Dominant Zooplankters (Reservoirs)

Dominant Macroinvertebrates (Susitna River
Middle Reach)

Total Dissolved Solids

Euphotic Zone (to 1X of PAR)

Total Organic Carbon

Particulate Organic Carbon

Dissolved Organic Carbon

Alkalinity

pH

Conductivity

Dissolved Oxygen

Hardness

Total Filterable Sediments (0.45 « filters)

Total Suspended Sediments (centrifuged)

Turbidity

Total Nitrogen

Total Bioavailable P

425833 4=5
860527

#‘—_

<20-30 ug/1

<100 pcu
Ultra-oligotrophic
1-20 g Carbon m.2/yr.

Unknown

<15 *cC

<1.0 gm/m3 (wet weight)
<1.0 cm3/m3

Chlorophycea
Bacillariophyceae,
Chrysophyceae, Dinophyceae,
Cyanophyceae

Cyanophyceae, Chlorophyceae,
Bacillariophyceae

Rotifera and Copepoda
Chironomidae

Approximately 100 mg/1

0.1 - 3.0 meters (fluctuating)
<5 mg/l

<0.5 mg/1

¢5.0 mg/1

60-100 mg/1 as CaCOy

6.0 - 8.0 range; 7.0% mean
100-150 umhos/cm?2

8.0% mg/1; BO*I Saturation
70-100 mg/1 as CaCO3

0-200 mg/1

5-400 mg/1

15-400 NTU

<1000 ug/l




4.3 SELECTED WATER QUALITY ISSUES

Certain expected water quality changes have been labeled as environmental
"issues" and, as such, have been more thorcughly examined with regard to
potential envirommental effects. More detailed discussions of these water
quality entities and their potential envirommencal effects are found in the
following chapters of this text (e.g. Chapters 5 through 11).
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5.0 aAw ALTERED SUSPENDED SEDIMENT Anp TURBIDITY REGINE

The significance of changes in the Natural regime of Suspended sediments gng
turbidity gn 8almon apgd regident fish habitats phag been identifiegd as g
fisheries issue for this project. The following text Summarizes the current

Status of gyr knowledge regarding thig topic,

3.1 IHTRDBUCTIOH
-__-_--—_'-—_-_-_-_-_—

during degradatiog tends to be replacad, on the average, by Sediment inputs
from some other upstream reach (Leopold et al, 1964, Morisswg 1968, Fan
1976, Simmons 1979), Dams distyrp the natura] dynamie equilibrium of
riveripe sediment transport by stopping most downstrean sediment transport
and replacement,

Mosc sedimencs which Presently depend Upon the river'y tractive force for
downstrean movement are expected top be trapped UPStream of the dams (R g M
chsuIcants, Inc, 1982¢; Peratrovich, Nottingham and Drage, 1nc. and 1,p,
Hutchinggn 1982; FERC 1984; Harza-Ebageo 19844, 1985d; R M Consultantl,
Inc. et aj, 1985), Suspended Particulates Passing downstream through the
Project Structuresg will be fewer, smaller, gangq their average minerg]
composition and three—dtmensional shapes wil] be altered from the natural

- 1972; Ostrem 1975; Ostrem et al. 1970; g & M
Counultantn, Inc. 1982a; g & M Consultan:s, Ine, 19824d; APA 1985;
Harza-Ebageo 1985d; R g y CQnauItnn:s, Inc. 198s5), The present tempora]
regimes of bedload transpore, Suspended sediment transport, turbidity gng

conditiong (Anderson et al

Streambed Substrate sedimentarj i and variable,
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Extensive efforts wutilizing a computerized simulation model called
pYresud/ and especially created sub-routines Jealing with suspended
sediments (TSS) have been used to estimate the size characteristics and mean
monthly concentration of particulates which will exit the project reservoirs
during operational phases of Stage I, 1I and III (APA 1985; Harza-Ebasco
1985d). Sedimentation column studies using Susitna River water samples have
been made to investigate settling patterns of particulates and the
characteristics of "suspendable" particles. Review of other settling column
studies together with study of data from existing glacial lake and glacial
river ecosystems has been used to establish the best estimate available of

the relationship between suspended sediments and turbidity for use with this
project.

Because of the basic interaction between biological activity and light it
scemed appropriate to examine and attempt to calibrate an approximate rela-
tionship between turbidity and light transmission. An approximate relation
between turbidity and the maximum depth of the euphotic zone was developed.
This relationship yields us a coarse tool for use in estimating the maximum
volume and/or area of the most biologically active sites which will receive

incident light in both the reservoir and the riverine aquatic habitats.

Some generalizations can be made about the interactions between the altered
sediment regime, the expected with-project flushing of existing €fine
sediments from some streambed substrates, and the sedimentation dynamics
associated with the project's estimated operational sediment regime.
Project induced alterations of the sediment and turbidity regimes are
expected to minimize biological productivity in both reservoirs and in some
downstream riverine habitats. Changes to be expected at the microbial,
detritivore, primary producer and macroinvertebrate trophic levels under

with project conditions, are not quantifiable. Basic knowledge of

L/ DpYResM: Dynamic reservoir simulation model (Patterson, Imberger,
Hebbert and Loh 1977)
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o cnntinuoualy turbid and relatively deep riverine habitacts may have
reduced biological Productivity when compared to the natural
conditions because of reduced a@utochthonous Production gand

reduced allochthonous organic det:ityg inputs from upstream;

o clear and intermittencly turbid habitats which will be relatively

shallow may experience the same or increased y biological

with epilithon; improvement g of the condition of some streambed
substrates; ang reduced scour by coarse Particulates in the
Suspended sediment load.

adult and juvenile resident fish ang salmon, Direce effects on fish may

result ip sublethal Stress, but pot mortality, Evidence ig lacking

regarding the effects on fish of long-term éXposure to the exXpected
uith-project levels of Suspended sediments and turbidity under the expected
environmentga] conditions, Evidence from studies in other turbid stream
habitats implies that fish may Survive the direct effects of continuous
Suspended loads angd moderate turbidity if forced to overwinter in mainstem
habitats, The indirect effects of sublethal stregg on fish and other
organisms due to the altered sediment regime are eXpected to pe
quantitatively unpredictable and very complex,

Approximate levels of Suspended sediment and turbidity generally associated
with wvarious levels of aquatic habjitat Protection gare Presented in 4
following section,
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5.2 SUSPENDED SEDIMENT AND .'IRBIDITY RELATIONSHIPS

Turbidity should be clearly dist nguished from a mass cr concentration of
suspended particies im a liquid. T.rbidity is an expression of the optical
property of a sample which causer 1°ght (generally white light) to be
scattered and absorbed rather than transmitted in straight lines through the
sample (Austin 1973, Gibbs 1974, American Public Health Association 1980).
The particulates suspended in a sample which contribute the greatest
turbidity per unit weight are gemerally larger than 1.0 micron mean beta
diameter but less than |0 microns mean beta diameter (Gibbs 1974, Hecky and
McCullough 1984, Peterson et al. 1985a, Edmundson and Koenings 1985). The
light scattering and absorbing properties of inorganic particulates
suspended in water are influenced not only by their size, shape and
concentration, but also by their elemental chemistry and mineralogy. In the
Susitna River it is believed that the turbidity will be influenced to a
relatively minor degree by dissolv:d and colloidal inorganic and organic

entities, such as colloidal silica and dissolved humic compounds.

The relationships between suspended sediment concentration (TSS in mg/l) and
turbidity (nephelometric turbidity units or MTU's) have been investigated in
both large and small lotic enviromments in Alaska (R & M Consultamts, Inc.
1982¢c, e, 1984b, 1985; Peratrovich, Nottingham and Drage, Inc. and I.P.
Hutchinson 1982; Lloyd 1985; Peterson et al. 1985a). Most data from large
glacial rivers or from placer mine sluice box effluents (nmeither o