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1 - GENERAL DESCRIPTION OF THE LOCALE

1.1 - Location

The location of the proposed Susitna Hydroelectric Project is within
the east to west flowing section of the upper Susitna River,. Al aska,
approximately 140 miles north-northeast of Anchorage and 110 miles
south-southwest of Fairbanks (Fi gure E.1.1). Two proposed dams woul d
generate electrical power for the railbelt region of Alaska, that is,
the corridor surrounding the Al aska Railroad from Seward and Anchorage
to Fairbanks. The two proposed damsites, Watana and Devil Canyon, are
152 and 184 river mil es upstream of the river's mouth at Cook In 1et.
The nearest sett 1ements (Gold Creek, Canyon, Chul itna) are along the
Alaska Railroad, approximately 12 miles from Devil Canyon.

1.2 - Physiography and Topography

The Susitna River basin lies 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. In the vicinity of the proposed impoundments
(Figure E. 1.2), the river cuts a narrow, steep-walled gorge up to 1000
feet deep through the Cl arence 1ake Up 1and and Fog Lakes Up 1and, areas
of broad, rounded summits 3,000 to 4,200 feet in elevation. Between
these uplands, the gorge .cuts through an extension of the Talkeetna
Mountains, where rugged peaks are 6,900 feet high. Downstream of its
confluence with the Chulitna and Talkeetna rivers, near Talkeetna, the
Susitna traverses the Cook Inlet-Susitna Lowland, a relatively flat
region generally less than 500 feet in elevation. A portion of the
proposed transmission facilities, between Healy and Fairbanks, would
follow the narrow valley of the Nenana River through the Northern Foot
hi 11 s of the Al aska Range, traverse the Tanana-Kuskokwim Lowl and in a
flat region generally less than 650 feet in elevation (the Tanana
Flats), and then parallel a ridge on the edge of the Yukon-Tanana
Up 1and.

1. 3 - Geo logy and Soil s

In its complex geologic history, the upper Susitna River region has
undergone upl ifting and subsidence, marine deposition, volcanic intru
sion, gl acial pl aning and erosion. The Susitna basin 1ies within the
Talkeetna terrain, a zone of moderate seismicity (see Chapter 6). Con
tinuing erosion has removed much of the glacial debris at higher eleva
tions, but very little alluvial deposition has occurred here. The
resulting landscape consists of barren bedrock mountains, glacial
till-covered plains, and exposed bedrock cl iffs in canyons and along
streams. Cl imatic conditions have retarded the development of topsoil.
Soils are typical of those formed in cold, wet climates and have devel
oped from glacial till and outwash. They include the acidic, satur
ated, peaty soils of poorly drained ares, the acidic, relatively infer~

tile soils of the forests; and raw gravels and sands along the river.
The upper basin is generally underlaid by discontinuous permafrost.

E.l. 1



1.4 - Hydrology·

The entire drainage area of the Susitna River is about 19,400 square
miles of which the upper basin above Gold Creek comprises approximately
6,160 square miles (Figures E.1.3 and L1.4). Three glaciers in the
Alaska Range feed forks of the Susitna River, flow southbound for about
18 miles before joining to form the main stem of the Susitna River.
The river flows an additional 55 miles southward through a broad valley
where much of the coarse sediment from the glaciers settle out. The
river then flows westward about 96 miles through a narrow valley, with
the constrictions at 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 trib
utaries cascade over waterfall s as they enter the gorge. As the
Susitna curves south past Gold Creek, 12 miles downstream of Devil
Canyon its gradient gradually decreases. The river is joined about 40
miles beyond Gold Creek in the vicinity of Talkeetna by two major
rivers, the Chul itna and Talkeetna. From this confluence, the Susitna
flows south through braided channels about 97 miles until it empties
into Cook In 1et near Anchorage, approx imate1y 318 mi 1es from its
source.

Approximately 80 percent of the annual flow occurs between May and
September, when the Susitna is heavily laden with glacial silt. Aver
age summer flows at Gold Creek are 20,250 cubic feet per second (cfs);
winter flows average only 2100 cfs. In the winter, the river runs
clear. The Susitna River above the confluence with the Chulitna River
contributes about 20 percent of the mean annual flow measured near the
river's mouth.

The upper reaches of the Susitna start to freeze in early October, and
by the end of November, the lower river is icebound. Breakup begins in
late April or early May, and occasional ice jams may cause the water
level to rise as much as 10 feet. .

1. 5 - Cl imate

As in most of Alaska, winters are long, summers are short, and there is
considerable variation in dayl ight between these seasons. Higher ele
vations 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 lower basin, the cl imate becomes progressively
wetter, with increased cloud iness and more moderate temperatures.

At Talkeetna, which is representative of the lower basin, average
annual precipitation is about 28 in, of which 68 percent falls between
May and October, and annual snowfall is about 106 inches. Monthly
average temperatures range from -l3°C (9°F) in December and January to
14°C (58°F) in July.

E.1. 2
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1.6 - Vegetation

The Susitna basin occurs within an ecoregion cl assified as the Al aska
Range Province of the Subarctic Division. The major vegetation types
in the upper basin are low mixed shrub, woodland and open black spruce,
sedge-"grass tundra, mat and cushi on tundra, and birch shrub. These
vegetation types are typical of vast areas of interior Al aska and
northern Canada, where plants exhibit slow or stunted growth in re
sponse to cold, wet, and short growing seasons. Deciduous and mixed
con ifer-deciduous forests occur at lower el ev at ions 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
characteristics 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 is characterized by mature and deca
dent balsam poplar forests, birch-spruce forest, alder thickets, and
wi 11 ow-bal sam popl ar shrub commun it ies. The wi 11 ow-bal sam poplar shrub
and alder communities are the earliest to establish on new gravel bars,
followed by balsam poplar forests and, eventually, by birch-spruce for
est. The-major vegetation types within the proposed transmission cor
ridor from Healy to Fairbanks are closed and open deciduous forests,
closed and open mixed forests, and mixed low shrub.

1. 7 - Wildl ife

Big game in the upper basin include caribou,moose, brown bear, bl ack
bear, wolf, and Dallsheep. Caribou migrate through much of the open
country in the upper basin, and important calving grounds are present
outside of the impoundment zone. Moose are farily common in the vicin
ity of the proposed proj ect, but hi gh quality hab itat is rather 1i01
ited. Moose also frequent the floodplain of the lower river, espec
(ally in winter. Brown bear occur throughout the project vicinity,
while black bear are largely confined to the forested habitat along the
river; populations of both species are healthy and productive. Several
wolf packs have been noted using the area. Dall sheep generally in
habit areas higher than 3,000 feet in elevation.

Furbearer species of the upper basin include red fox, wolverine, pine
marten, mink, r-iver otter, short-tailed weasel, least weasel, lynx,
muskrat, and beaver. Beavers become increasingly more ev ident farther
downstream. Sixteen species of small mammals that are characteristics
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 impoundments support rel atively few water
birds. Ravens and raptors, including bald and golden eagles, are con
spicuous in the upper basin. Bald eagles also nest along the lower
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river. No known peregrime falcon nests exist in or near the reservoir
area. One nest exists near the northern leg of the transmission corri-·
dar. This nest has not been known to be active since the early
1960's.

1.8 - Fish

Anadromous fish in the Susitna basin include all five specles of
Pacific salmon: pink (humpback); shum (dog); coho (silver); sockeye
(red); and chinook (king) salmon. Salmon migrate up the Susitna to
spawn in tributary streams, sloughs, and side channels below Devil
Canyon. Limited spawning occurs in the mainstem. Surveys to date in
dicate that, except for extremely dry years, salmon are unable to as
cend the Devil Canyon rapids and are thus prevented from migrating
farther·into the upper basin. Anadromous smelt (eu1achon) are known to
migrate into the lower Susitna River, and Bering cisco have recently
been discovered.

Gray1 ing abound in the clear-water tributaries of the upper basin;
these populations are relatively unexp10ited. 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, humpback whitefish, sculpin, stick
lebacks, and long-nosed suckers have also been found in the drainage.
Rainbow trout, like the anadromous species, have not been found above
Devil Canyon.

1. 9 - Land Use

Because of 1imited access, the project area in the upper basin has re
tained a wilderness character. There are no roads to the project
Vicinity, but there are several off-road vehicle and sled trails. Al
though rough, dirt 1anding-strips for 1ight pl anes are not uncommon,
f10atplanes provide the principal means of access via the many lakes in
the upper basin.

Perhaps the most significant 1and use over the past three decades has
been the study of hydropower potenti a1 of the Sus itna Ri ver. The area
is also used by hunters, white-water enthusiasts, fishermen, trappers,
and miners. A few wilderness recreation lodges and private cabins,
single and in small clusters, are scattered throughout the basin,
especially on the larger lakes.

Most of the 1ands in the project area and on the south side of the
river have been sel ected by the Natives under the Al aska Native Cl aims
Settlement Act. Lands to the north are generally federal and are man
aged by the Bureau of Land Management. The State has sel ected some
lands on the north side of the river, and there are many small, scat
tered 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).

£.1.4
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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 land within the corridors,
however, is undeveloped.

E.1. 5
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2 - REPORT ON WATER USE AND QUALITY

1 - INTRODUCTION

The Report on Water Use and Qual ity is divided into four basic sec
tions: baseline conditions, project impacts, agency concerns and recom
mendations, and mitigatives, enhancement, and protective measures.
Within the sections on baseline conditions and project impacts, emp
hasis is placed on flows, water quality parameters, ground water condi
tions and instream flow uses. The importance of flows cannot be over
stressed. Flows are important to all instream uses. Mean flows, flood
flows, low flows and flow variability are discussed.

The primary focus of the water quality discussion is on those para
meters determined most critical for the maintenance of fish popul ations
and other aquatic organisms. Detailed discussions are presented on
water temperature both in the mainstem Susitna River and in the sloughs
downstream of Devil Canyon, ice, suspended sediment in the reservoirs
and downstream, turbidity, dissolved oxygen, nitrogen supersaturation
and· nutrients. These parameters have previously been. identified as
areas of greatest concern.

Mainstem-slough groundwater interaction downstream of Devil Canyon is
important to salmonid spawning in sloughs and is discussed.

The primary instream flow uses of the Susitna are for fi sh, wildl ife
and riparian vegetation. As these are fully discussed in Chapter 3,
they are only briefly discussed in this Chapter. However, other in
stream flow uses including navigation and transportation, waste assimi
lative capacity and freshwater recruitment to estuaries are discussed.
Since minimal out of river use is made of the water, Talkeetna being
the only town located near the river and not relying on the river for
its water supply, only limited discussions have been presented on out
of river uses.

Proj ect impacts have been separated by development. Impacts, asso
ciated with each development, are presented in chroncl 09 ical order:
construction, impoundment andoperatio~.

The agency concerns and recommendations received to date are sum
mari zed.

The mitigation plan incorporates the engineering and construction meas
ures necessary to minimize potential impacts, given the economic and
engineering constraints.

£-2-1



2 - BASELINE DESCRIPTION

The entire drainage area of the Susitna River is about 19,400 square
miles, of which the upper basin above Gold Creek comprises approximate
ly 6160 square miles (Figure E.2.1). Three glaciers in the Alaska
Range feed forks of the Sus itn a Ri ver, fl ow southward for about 18
miles and then join to form the Susitna River. The river flows an
additional 55 miles southward through a broad valley where much of the
coarse sediment from the glaciers settles out. The river then flows
westward about 96 miles through a narrow valley, with constrictions at
the Devil Creek and Devil Canyon areas, creating violent rapids. Num
erous small, steep gradient, clear-water tributaries flow to the,
Susitna in this reach of the river. Several of these tributaries cas~

cade over waterfall s as they enter the gorge. As the Sus itna curves
south past Gold Creek, 12 miles downstream of the mouth of Devil
Canyon, its gradient gradually decreases. The river is joined about 40
miles beyond Gold Creek in the vicinity of Talkeetna by two major trib
utaries, the Chul itna and Talkeetna Rivers. From this confluence, the
Susitna flm~s south through braided channels about 97 miles until it
empties into Cook Inlet near Anchorage, approximately 318 miles from
its source.

The Susitna River is typical of unregulated northern glacial rivers
with high, turbid summer flow and low, clear winter flow. Runoff from
snownelt 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 during this period.

Associated with the higher spring flows is a 100 fold increase in sedi
ment transport which persi sts throughout the summer. The 1arge sus
pended 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 snow melt
floods.

As the weather beg ins to cool in the fall, the gl ac i al melt rate de
creases and the flows in the river gradually decrease correspondingly.
Because most of the river suspended sediment is caused by glacial melt,
the river al so beg ins to clear. Freeze up normally begins in October
and continues to progress up river through early December. The river
breakup generally begins in late Apri1 or early ~lay near the mouth and
progresses upstream with breakup at the damsite occurring in mid-May.
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2.1 - Susitna River Water Quality

F

-.

( a) Mean Monthly and Annual Flows

Cant inuous hi storical streamflow records of var ious record 1ength
(8 to 32 years) exist for gaging stations on the Susitna River and
its tributaries: Gages are located at Denali, Cantwell (Vee
Canyon), Gold Creek and Susitna Station on the Susitna River; on
the Macl aren River near Paxson; Chul Hna Station on the Chul itna
River; Talkeetna on the Talkeetna River; and Skwentna on the
Skwentna River. In 1981 a USGS gaging station was constructed at
Sunshine on the Susitna River; however, the streamflow record is
of such a short duration it has not been used in most of the
hydro'logic analysis. Statistics on river mile, drainage area and
years of record are shown in Table E.2.1. The station locations
are illustrated in Figure £.2.1.

A coop1 ete 32 year streamflow data set for each gaging station was
generated through a correlation analysis, whereby missing mean
monthly flows were estimated (Acres 1982a). The resultant monthly
and ann ua1 max 'imum, mean and min imum flows for the 32 ye ar record
are presented in Table £.2.2.

t4ean monthly flows at the Watana and Devil Carlyon damsites were
estimated using a 1inear drainage area-flow rel atiCmship between
the Gold Creek and Cantwell gage sites. The resultant mean, maxi
mum and minimum monthly flows are also provided in Table £.2.2.

Comparison of flows indicates that 40 percent of th~ 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 Sus itna Ri ver 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
Susitna Station flow respectively. The Yentna provides 40 percent
of the flow,with the remaining 11 percent originating in miscel
laneous tributaries.

The variation between summer and winter flows is greater than a 10
to 1 ratio at all stations. This large seasonal difference is due
to the characteristics of the basin. Glacial melt, snownelt, and
rainfall provide the majority of the annual river flow during the
summer. At Gold Creek, for example, 88 percent of the annual
streamf1 OW occurs during the summer months of May through
September. .

The max"imum and minimum monthly flows for the months of May
through September indicate a high flow vari abil ity at all stations
on a year to year bas is.
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(b) Floods

The most cammong causes of floods in the Susitna River. Basin are
snownelt or a combination of snownelt 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 al so occurred in August, September or October. These floods
are augmented by snownelt from higher elevations and glacial run
off. Table E.2.3 presents selected flood peaks at four gaging
stations. Figures E.2.2 to E.2.8 illustrate annual instantaneous
flood frequency curves for individual stations.

A regional flood frequency analysis was conducted using the re
corded floods in the Susitna River and its principal tributaries·
(R&M, 1981a). The resulting dimensionl ess regional frequency
curve is depicted in Figure E.2.9. A stepwise multiple linear
regression computer program was used to rel ate the mean annual
instantaneous peak flow to the physiographic and climatic charac
teri st i cs of the drainage basins. The mean annual inst antaneous
peak flows for the Watana and Devil Canyon damsites were computed
to be 40,800 cubic feet per second (cfs) and 45,900 cfs respec-·
tively. The regional flood frequency curve was compared to the
station frequency curve at Gold Creek (Table E.2.4). As the Gold
Creek station frequency curve yielded more conservative flood
peaks (i .e. 1arger), it was used to est imate flood peaks at the
Watana and Devil Canyon damsites for floods other than the mean
annual fl ood. The flood frequency cUl-ves for Watana and Dev il
Canyon are presented in Fi gures E.2.10 and E. 2. 11.

Dimensionless flood hydrographs for the Susitna River at Gold
Creek were developed for the May - Ju 1y snomelt flood s and the
August - October rainfall floods using the five largest Gold Creek
floods occurring in each period (R&M, 1981a). Flood hydrographs
for the 100, 500, and 10,000 year flood events were constructed
using the appropriate flood peak and the dimensionless hydrograph.
Hydrographs for the May - July and August - October flood periods
are illustrated in Figures E.2.12 and E.2.13 respectively.

Probable maximum flood (PMF) studies were conducted for both the
Watana and Devil Canyon damsites for use in the design of project
spillways and rel ated facil Hies. These studies which are based
on Susitna Basin climatic data and hydrology, indicate that the
PMF peak at the Watana damsite is 326,000 cfs.

(c) Flow Variability

The variabil ity 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 (Macl aren, Chul itna, and Talkeetna Rivers)
(R&M, 1982a). These curves which are based on Illean daily flows
are illustrated on Figures E.2.14 through E.2.17.
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The shape of the monthly and annual flow duration curves is Slml
lar for each of the stations and is indicative of flow from north
ern glacial rivers. Streamflow is low in the winter months, with
little variation in flow and no unusual peaks. Groundwater con
tributions are the preliminary source of the small but relatively
constant winter flows. Flow begins to increase slightly in April
as breakup approaches. Peak fl ows in May are an order of magni
tude greater than in Apr i 1. Flow in May also shows the greatest
variation for any month, as low flows may continue into May before
the high snowmelt/breakup flows occur. June has the highest peaks
and the hi ghest medi an flow. The months of July and August have
relatively flat flow duration curves. This situation is indica
tive of rivers with strong base flow characteristics, as is the
case on the Susitna with its contributions from snowmelt and gla
cial melt during the summer. More variability of flow is evident
in September and October as cooler weather becomes more prevalent.

The I-day, 3-day, 7-day and 15-day high and low flow values were
determined for each month from May through October for the periods
of record at Gold Creek, Chulitna River near Talkeetna, Talkeetna
River near Talkeetna andSusitna River at Susitna Station (R&M,
1982a). The high and low flow values are presented for Gold Creek
in the form of frequency curves in Figures E.2.18 through E.2.21.
May showed the most variability. It is the month when either low
winter flows or high breakup flows may occur and thus significant
changes occur from year to year. June and July generally
exhibited less variability than the late summer months. Flow
variability increased in the August through October period. Heavy
rai nstorms often occur in August, with 28 percent of the annual
floods occurring in this month.

2.2 - Susitna River Morphology

(a) Mainstem

The Susitna River originates in the glaciers of the southern
slopes of the central Alaskan Range, flowing 318 miles to its
mouth at Cook Inl et.

The headwaters of the Susitna Ri ver and its major upper tri bu
taries are characterized by broad braided gravel floodplains below
the glaciers, with several meltstreams exiting from beneath the
gl aci ers before they combi ne . further downstream. The West Fork
Susitna River joins the main river about 18 miles below Susitna
Glacier. Below the West Fork confluence, the Susitna River
becomes a split-channel configuration with numerous islands. The
river is generally constrained by low bluffs for about 55 miles.
The Maclaren River, a significant glacial tributary, and the Tyone
River, which drains Lake Louise and the swampy lowlands of the
southeastern upper basin, both enter the Susitna Ri ver from the
east. Be10\'1 the confl uence with the Tyone Ri ver, the Sus itna
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Ri ver flows west for 96 mil es through steep-wall ed canyons before
reaching the mouth of Devil Canyon. The river has a high gradient
through this reach and includes the ~~atana and Devil Canyon Dam
sites. It is primarily a single channel with "intermittent is
lands. Bed material primarily consists of large grravel cobbles.
The mouth of Devil Canyon, at River Mile (RM) 149 forms the lower
limit of this reach.

Between Devil Canyon and the mout h at Cook In 1et, the ri ver has
been subd iv ided into nine separate reaches. These reaches are.
identified in Table E.2.5, together with the average slope and
predominent channel pattern. These reaches are discussed in more
detail below.

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, depostion of gravel and cobble has formed mid-chan
nel or side-channel bars. Occasionally, a vegetated isl and 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 stabil ization of .the channel
geometry.

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 layer has developed with a top
elevation at roughly bankfull flood stage. At RM 144, a perigla
cial alluvial fan of coarse sediments confines the river to a
single channel.

RM 139 to RM 129.5

This river reach is characterized by a well defined split channel
configuration. Vegetated islands separate the main channel from
side channels. Side channels occur frequently in the alluvial
floodpl ain and receive Susitna water only at flows above 15,000 to
20,000 cfs. Often, valley bottom springs flow into sloughs.
There is a good correlation between bankfull stage and the mean
annual flood.

Where the main channel impinges valley walls or terraces, a cobble
. armor 1ayer has developed with a top el ev at i on at roughl y bankfull
flood stage. The main channel bed has been frequently observed to
be well armoured.
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Primary tributaries include Indian River, Gold Creek and Fourth of
July Creek. Each has formed an alluvial fan extending into the
vallejl bottom and constricting the Susitna to a single channel.
Each constriction has establ ished a hydraul ic control po"int that
regul ates water surface profil es and assoc i ated hydraul ic . para
meters at v aryi n9 disc harges .

RM 129.5 to RM 119,

River patterns through this reach are similar to those in the pre
vious reach. The most prominent characteristic between Sherman
and Curry is that the main channel prefers to flow against the.
west valley wall and the east floodplain has several side channels
and sloughs. The alluvial fan at Curry constricts the Susitna to
a single channel and terminates the above described patterns. A
faircorrel ation exists between bankfull stage and mean annual
flood through this reach. Comparison of 1950 and 1980 airphotos
reveal s occasional local changes in bankl ines and isl and morphol
ogy.

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 rel atively
straight and uniform except at RM 128 and 125.5. At these loca
tions, bedrock outcrops deflect the main channel to the east side
of the floodplain.

RM 119 to RM 104

Through this· reach the river is predominantly a very stable,
single incised channel with a few isl ands. The channel banks are
well armored with cobbles and boulders, as is the bed. Several
large 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 naviga
tion, 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 systems to
develop 1aterally. Ampl e bedload transport and a grad ient de
crease also assist in establishing the braided pattern.

The Chul itna River has a mean annual flow simil ar to the Susitna
at Gold Creek, yet its drainage basin is about 40 percent smaller.
Its glacial tributaries are much closer to the confluence than the
Susitna. As it emerges from the incised canyon 20 Il,-il es upstream
of the confl uence, the river transforms into a braided. pattern
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with moderate vegetation growth on the intermediate gravel bars.
At about a midpoi nt between the canyon and confl uence, the
Chul itna exhibits a highly braided pattern with no vegetation on
i ntermedi ate gravel bars, evi dence of recent 1ateral i nstabil ity.
This pattern continues beyond the confluence and giving the
i mpressi on that the Sus itna is tri butary to the domi nant Chul itna
River. The split channel Talkeetna Ri veri s tributary to the
dominant braided pattern.

Terraces generally bound the broad floodplain, but provide little
control over channel morphology. General. floodpl ai.n instabil ity
results from the three ri ver system stri vi ng to balance out the
combined flow and sediment regime.

RM 95 to 61

Downstream of the three-ri ver confl uence, the Sus itna continues
its braided pattern, \'iith multiple channels interlaced through a
sparsely vegetated floodplain.

The channel nehlOrkconsits of the mai n channel, usually one or
two subchannels and a number of minor channels. The main channel
meanders irregularly through the wide gravel floodplain and inter
mittently f1 ows agai nst the vegetated fl oodplain. 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 mai n channel flows
aga; nst vegetated bank 1i nes, erosion is retarded due to the
vegetation and/or bank materials that are more resistant toero-"
sion. 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 flood
plain from the mai n channel. The subchannel s normally bifurcate
(split) from the main channel when it crosses over to the opposite·
side of the floodplain and terminate where the main channel me
anders back across the floodplain and intercepts them. The sub
channels have smaller geometric dimensions than the main channel.
and their thalweg is generally about five feet higher. Their flow
regime is dependent on the main channel stage and hydraul ic flow
controls point of bifurcation. Flow mayor may not persist
throughout the year.

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

The main channel is intermittently controlled laterally where it
flows against terraces. Since the active floodplain is very wide,
the presence of terraces has little significance except for deter
mining the general orientation of the river system. An exception
is where the terraces constrict the river to a single channel at
the Parks Highway bridge. Subchannels are directly dependent on
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main channel flow and sediment regime, and generally react the
same. Mi nor channel s react to both of the 1arger channel s'
behaviors.

RM 61 to RM 42

Downstream of the Kashwitna Ri ver confl uence, the Sus itn a Ri ver
branches into multiple channels separated by islands with estab
lished vegetation. This reach of the river has been named Delta
Islands because it resembles the distributary channel network
common with large river deltas. The multiple channels are forced
together by terraces just upstream of Kroto Creek (Deshka River).

Through thi s reach, the very broad fl oodpl ain and channel network
can be divided into three categories:

- 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 substan
tiated by river surveys, it appears to constitute the largest flow
area and lowest thalweg elevation. The reason for this is that
the western braided channel s const itute the shortest distance
between the point of bifurcation to the confluence of the Delta
Island channels. Therefore it has the steepest gradient and
highest potential energy for conveyance of water and sediment.

RM 42 to RM 0

Downstream of the Delta Islands, the Susitna River gradient
decreases as it approaches Cook In 1et. The ri ver tends toward a
spl it channel configuration as it adjusts to the lower energy
slope. There are short reaches where a tendency to braid emerges.
Downstream of RM 20, the river branches out into delta distribu
tary channels.

Terraces constrict the floodpl ain near the Kroto Creek confluence
and at Susitna Station. Further downstream, the terraces have
little or no influence on the river.

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

Tides in the Cook Inlet rise above 30 feet and therefore control
the water surface profile and to some degree the sediment regime
of the lower river. River elevation of 30 feet exists at about RM
20 and corresponds to where the Susitna begins to branch out into
its delta channels. .

(b) Sloughs

Sloughs are spring-fed, perched overflow channels that only convey
glacial meltwater from the mainstem during median and high flow
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periods. At intermediate and low flows~ the sloughs convey cleaf
water from small tributaries and/or upwelling groundwater. Dif
ferences between mainstem water surface elevations and the stream
bed elevation of the side sloughs are notably greater at the up
stream entrance to the slo~gh than at the mouth of the slough.
The graidents within the slough are typically greater than the
adjacent mai nstem. An all uvi al berm separates the head of the
slough from the river, whereas the ~V'ater surface elevation of the
rnai nstem generally causes a backwater effect at the mouth of the
slough. The sloughs function like small stream systems. Several
hundred feed of channel exist in each slough conveying water
independent of mainstem backwater effects.

The sloughs vary in length from 2,000 - 6,000 feet. Cross~sec

tions of sloughs are typically rectangular with flat bottoms. At
the head of the sloughs, substrates are dominated by boulders and
cobbles (8-14 inch diameter). Progressing towards the slough
mouth, substrate particles reduce in size with gravels and sands
predominating. Beavers frequently inhabit the sloughs. Active
and abandoned dams are visible. Vegetation commonly covers the
banks to the waters edge with bank cutting and slumping occurring
during spring break-up flows. The importance of the sloughs as
salmon spawning habitat is discussed in detail in Chapter 3.

2.3 - Susitna River Water Quality

As previously described in Section 2.2, 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 control
the water quality of the river.

Existing water quality data have been compiled for the mainstern Susitna
River from stations located at Denal i, Vee Canyon, Gold Creek, Sun
shine, and Susitna Station. In addition, data from two Susitna River
tributaries, the Chulitna and Talkeetna Rivers, have also been compiled
(R&M, 1982b). The station locations are presented in Figure E2.1.

Data were compil ed correspondi ng to three seasons: breakup, summer,
and winter. Breakup is usually short and, extends from the time ice
begins to move down river until recession of spring runoff. Summer
extends from the end of breakup until the water temperature drops to
essentially DOC in the fall, and winter is the period from the end of
summer to breakup. The water qual ity parameters measured and their
respectively detection limits appear in Table E.2.6.

The water quality was evaluated (R&M 1982b) using guidelines and cri
teria established from the following references:

- ADEC, Water Qual ity Standards. Al aska Department of Environmental
Conservation~ Juneau, Alaska~ 1979.

- EPA, Quality Criteria For Water. U.S. Environmental Protection
Agency, Washington~ D.C., 1976.

E-2-1O

-'
"",,",

-
-

-
-



,

-
-
-
~,

- McNeely, R.N., V.P. Neimanism abd K, Dwyer. Water QiJality Source-
book-- A Guide to Water Quality Parameters. Environment Canada,
Inland Waters Directorate, Water Quality Branch, Ottawa, .Canada,
1979.

- Sitting, Marshall. Handbook of Toxic and Hazardous Chemicals. Noyes
Publications, Park Ridge, New Jersey, 1981.

- EPA, Water Qual ity Criteri a Documents; Avail abi 1ity. Env ironmental
Protection Agency, Federal Register, 45, 7931S-79379 (November 28,
1980).

The guidel ines or criteria used for the parameters were chosen based on
a priority system. Al aska Water Qual ity Standards were the first
choice, followed by criteria presented in EPA's Quality Criteria for
Water. If a criterion expressed as a specific concentration was not
presented in the above two references, the other cited references were
used as the source.

A second priority system was used for selecting the guidel ines or cri
teria presented for each parameter. This was required because the
various references presented above cite 1evel s of parameters that
provide for the protection of identified water uses, such as (1) the
propagation of. fish and other aquatic organisms, (2) water supply for
drinking, food preparation, industrial processes, and agriculture, and
(3) water recreation. The first priority, therefore, was to present
the guidel ines or criteria that apply to the protection of freshwater
aquatic organisms. The second priority was to present levels of para
meters that are acceptabl e for water suppl y, and the third priority was
to present other guidelines or criteria if available. It should be
noted that water quality standards set criteria which limit man-induced
pollution to protect identified water uses. Although the Susitna River
basin is a pristine area,. some parameters naturally exceeded their
respective criterion. These parameters are presented in Table E.2.7.
As noted in Table E. 2.7, criteri a for three parameters have been set at
a level which natural waters usually do not exceed. The suggested
criteria for alumimDn and bismuth are based on human health effects.
The criterion for total organic carbon (TOC) was established at 3 mg/l.
Water containing less than this concentration has been observed to be
rel at ively cl ean. However, streams in Al aska receiv ing tundra runoff
commonly exceed this level. The maximum TOC concentration reported
herein, 20 mg/l, is likely the result of natural conditions. The
criterion for manganese was establ ished to protect water suppl ies for
human consumption. The criteria presented for the remaining parameters
appearing in Table E.2.7 are established by law for protection of
freshwater aquatic organisms. The water quality standards apply to
man- induced alter at ions and constitute the degree of degrad at ion which
may not be exceeded. Because there are no industries, 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. Since criteria exceedance is
attributed to natural conditions, little additional discussion will be
given to these phenomenon. Al so, these rivers suppm't diverse
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populations of fish and other aquatic life. Consequently~ it is con
cluded that the parameters exceeding. their criteria probably do not
have significant adverse effects on aquatic organisms.

In the following discussion~ parameters measured during breakup will
generally not be discussed since data normally indicate a transition
period between the winter and summer extremes and the data itself is
usually limited. Levels of water quality parameters discussed in the
following section are reported by R&M (1982b),unless otherwise noted.

(a) Physical Parameters

(i) Water Temperature

- Mainstem

In general~ during winter~ the entire mainstem Susitna
River is at or near DoC. However~ there are a number of
small discontinuous areas with groundwater inflow of near
2°C. As spring breakup occurs the water temperature
beg ins to rise, generall y warming with distance
down st ream •.

In summer~ glacial melt is near DoC as it leaves the
glacier~ but as it flows across the wide gravel flood
pl ainbelow the glaciers the water begins to warm. As
the water wi nd s its way downstream to the proposecl Watana
damsite it can reach temperatures as high as 14 0 C.
Further downstream there is generally some additional
warming but~ temperatures may be cooler at some locations
due to the effect of tributary inflow. In August~

temperatures begin to drop~ reaching DoC in 1ate
September or October.

The seasonal temperature variation for the Susitna River
at Denal i and Vee Canyon during 1980 and for Denal i and
Watana during 1981 are displayed in Figures .E.2.26 and
E.2.27. Weekly averages for Watana in 1981 are shown in
Fi gure E. 2.28. The shaded area "ind icates the range of
temperatures measured on a mean daily basis. The
temperature vari at ions for eight summer days at Denal i,
Vee Canyon and Susitna Station are presented in Figure
E.2.29,' The recorded variation in water temperatures at
the seven USGS gaging stations is displ ayed in Figure
E.2.30.

Additional data on water temperature are available in the
annual reports of U.S .G.S. Water Resources Data for
Alaska, the Alaska Department of Fish and Game (ADFg;G)
Susitna Hydroelectric Project data reports (Aquatic
Habitat and Instream Flow Project - 1981, and Aquatic
studies Program - 1982), and in Water Qual ity Data 
1981 b, 1981,6, R&M Consul tants.
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- Sloughs

The sloughs downstream of Devil Canyon have a temperature
regime that differs form the mainstem. During the winter
of 1982 i ntergravel and surface water temperatures were
measured in sloughs 8A, 9, 11, 19, 20 and 21, the loca
t ions of which are ill ustrated in Fi gure E. 2. 31. These
measurements indicated that intergravel temperatures were
rel atively constant through February and March at each
location but exh'fbited some variability from one location
to another. At most stations intergravel temperatures
were within the 2-3°C range. Slough surface temperatures
showed more variabil ity at each location and were
generally lower than intergravel temperatures during
February and March (Trihey, 1982a).

Dur i ng spr i ng and summer, when flow at the he ad of the
slough is cut off, slough temperatures tend to differ
from mainstem temperatures. During periods of high
flows, when the head end is overtopped, slough water
temperatures correspond more closely to mainstem tempera
tures. Figure E.2.32 compares weekly diel surface water
temperature variations during September, 1981 in Slough
21 with "the mainstem Susitna River at Portage Creek·
(ADF&G, 1982). The slough temperatures show a marked
diurnal variation caused by increased solar warming of
the sQallow water during the day and subsequent long wave
back radiation at night. Mainstem water temperatures are
more constant because of the buffering and mixing
capability of the river.

Tributaries

The tributaries to the Susitna River generally exhibit
cooler water temperatures than does the mainstem. Con
tinuous water temperatures have been monitored by the
USGS in the Chul itna and Tal keetna Rivers near Talkeetna,
and· al so by ADF&G in those two rivers as well as in
Portage, Tsusena, Watana, Kosi na, and Goose Creeks, and
in Indian and the Oshetna River.

The 1982 mean daily temperature records for Indian River
and Portage Creek are compared in Figure E.2.33. Portage
Creek was consistently cooler than Indian River by 0.1 to
1. gOC. The fl atter terrain in the lower reaches of the
Indian River valley is apparently more conducive to solar
and connective heating than the steep-wall ed canyon of
Portage Creek. Fi gure E. 2.33 also presents ltJater temper
ature data from the mainstem'$usitna for the same period,
showing the consistently warmer temperatures in the main
stem.
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There are noticeable diurnal flucutations in the open ...
water tributary temperatures, though not as extreme as in
the sloughs .. Daily variation of up to 6.5°C (from 3.0 to
9.5°C) was observed at Portage Creek in 1982 (June 14).

The major tributaries joining the Susitna at Talkeetna
show uniform variation in temperatures from the mainstem.
Compared to the Talkeetna fishwheel site on the Susitna,
the Talkeetna River temperature· is I-3°C cooler on a
daily average basis. The Chulitna River, being closer to
its glacial headwaters, is from 0 to 2°C cooler than the
Talkeetna river, and has less during fluctuations.

Winter stream temperatures are expected to be very close
to DoC, as all the tributaries do freeze up. Groundwater
inflow at some 1ocat ions may create local cond it ions
above freezing, but the overall temperature regime would
be affected by the extreme co 1d in the env ironment.

(ii) Ice

- Freeze--up

Air temperatures in the Susitna basin increase from the
headwaters to the lower reaches. While the temperature
gradient is partially due to the two - degree latitudinal
span of the river, it is, for the most part due to the
3,300-foot difference in el evat i on between the lower and
upper basins, and the climate-moderating effect of Cook
In 1et on the lower ri verreaches. The grad ient results
in a period (late October - early November) in which the
air temperatures in the lower basin are above freezing
while subfreezing in the upper basin. The location of
freezing air temperatures moves in a downstream direction
as winter progresses (R&M, 1982c).

Frazil ice forms in the upper segment of the river first,
due to the initial cold temperatures of glacial melt and
the earl ier cold air temperatures. Additional frazil ice
is generated in the fast-flowing rapids between Vee
Canyon and Devil Canyon. The frazil ice generation nor
mally continues for a period of 3-5 weeks before a solid
ice cover forms in the lower ri ver, often a result of
frazil- ice pans and floes jamming in suitab 1e reaches.

Once frazil ice jams form, the ice cover progresses up
stream, often raising water level s by 2 to 4 feet. Bor
der ice formation along the river banks al so serves to
restrict the channel.
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The upper Susitna. River is the primary contribl,ltor of ice
to the river system below Talkeetna~ contributing 15-85
percent of the ice load in the Susitna-Chulitna-Talkeetna
Ri vers. Ice format ion on the Chul itna and Tal keetna
Ri vers normally commences several weeks after freeze-up
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 water or groundwater 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 thick by breakup~ but

. thi cknesses of over 10 feet have been recorded near Vee
Canyon.

Some of the side-channel s and sloughs above Tal keetna do
not form an ice cover during winter due to groundwater
exfiltration. Winter groundwater temperatures generally
varying between 2°C to 4°C contribute enough heat to
prevent the ice cover from forming (Trihey 1982a). These
areas are often salmonid eggincubat ion areas.

- Breakup

The onset of warmer air temperatures occurs in the lower
basin several weeks earlier than in the upper basin~ due
to the temperature gradient previously noted. The low
elevation snowpack melts first~ causing river discharge
to increase. The rising water level puts pressure on the
ice~ caus ing fractures to develop in the ice cover. The
severity of breakup is dependent on the snowmelt rate, on
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. Strong
forces on the ice cover do not occur to initiate ice
movement resulting in a mild breakup, as occurred in 1981
(R&M, 1981d). Conversely, a heavy snowpack 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 initiates
ice movement and this movement coupled with ice left in a
strong condition from the cooler temperatures leads to
numerous and possibly severe ice jams which may result in
flooding and erosion, as occurred in 1982 (R&M, 1982f).

The flooding results in high flows through numerous side
channels in the reach above Talkeetna. The flooding and
erosion during breakup are bel ieved to be the primary
factors infl uencing river morphology in the reach between
Dev i 1 Canyon and Tal keetna (R&M, 1982a).
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(iii) SuspendedSediments

The Susitna River and many of its major tributaries are
glacial rivers which experience extreme fluctuations in
suspended sediment concentrations as the resu1 t of both
gl ac i a1 melt and runoff from rainfall or snoWTIelt. Beg inn..:.
ing with spring breakup~ suspended sediment concentrations
begin to rise from their near zero winter levels. During
summer, values as high as 5700 mg/l have been recorded at
Dena1i~ the gaging station nearest the glacially-fed head
waters. Before entering the areas of the proposed reser
voirs~ concentrations decrease due to the inflow from
sever a1 cl ear water tribut ari·es. Max imum summer concentra
tions of 2600 mg/l have been observed at Gold Creek. Below
Talkeetna, concentrations increase due to the contribution
of the sediment-laden Chulitna River which has 28 percent
of its drainage area covered by year round· ice. Maximum
values of 3000 mg/1 have been recorded at the Susitna Sta
tion gage. A more extensive summary of suspended sediment
concentrations is presented in Figure E.2.34.

Suspended sediment discharge has been shown to increase
with discharge (R&M, 1982d). This relationship for various
upper Susitna River stations is illustrated in Figure
E. 2. 35.

Est imates of the average annual suspended sed iment .1oad for
three locations on the upper Susitna River are provided in
the following table (R&M, 1982d).

....

-

_.

Gaging Station

Susitna River at Denal i
Susitna River near Cantwell
Susitna River at Gold Creek

Average Annual Suspended
Sediment Load (tons/year)

2,965,000
6,898,000
7,731,000 -

The suspended sed iment 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 (R&M~ 1982d).

A suspended sediment size analysis for upper Susitna River
stations is presented in Figure E.2.36. The analysis
indicates that between 20 and 25 percent of the suspended
sediment is less than 4 microns (.004 millimeters) in

.diameter.
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(iv) Turbidity

- Mainstem

The Susitna River is typically clear during the winter
months with val ues at or very near zero. Turbidity
increases as snownelt and breakup commence. The peak
turbidity values occur during summer when glacial input
is greatest .

Limited turbidity data are available for the headwaters
of the Sus itna Ri ver. However, measurements up to 350
Nepholometer Turbidity units (NTU) have been recorded at
Denal i. Turbidity tends to decrease in the vicinity of
the project areas due to clearwater inflow, although high
values still exist. At the mouth of the Chul itna River
near Talkeetna, values of over 1900 NTU have been
observed. In contrast, maximum observed values on the
Talkeetna River, with its minimal glacial "input, were 270
NTU. Results of data collection are summarized in Figure
E.2.37 (R&M, 1982e). Data collected at various sites in
1982 are tabulated in Table E.2.8.

Figure E.2.38 shows the direct relationship between sus
pended sediment concentation and turbidity as measured on
the Susitna River at Cantwell, Gold Creek, and Chase
(Peratrovich, Nottingham and Drage, 1982a). However,
suspended sediment concentrations can vary significantly
at similar flow ranges, as the. glaciers contribute highly
variable amounts of sediment (R&M, 1982d).

- Sloughs

Turbidity values for selected sloughs were collected by
ADF&G during the summer of 1981. The turbidity in the
sloughs was less than the turbidity in the mainstem
except when upstream ends were overtopped at which time
the turbidities usually mirrored mainstemlevel s (ADF&G~

1982). Even with overtopping, some sloughs maintained
lower turbidity due to groundwater or tributary inflow.

( v) Vertical Illumination

Vertical illumination through the· water column varies
directl y with turb id ity and suspended sed iment concentra
tion and hence follows the same temporal and spati al
patterns. Al thoug h no quant it ive assessment was conducted,
summer vertical illumination is generally a few inches.
During winter months, the river bottom can be seen in areas
without-ice cover, as the river is exceptionally clear.
Vertical illum"inat"ion under an ice cover is inhibited,
especially if the ice is not clear and if a snow cover
exists over the ice.
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(vi) Total Oissolved Solids (TOS)

Dissolved solids concentratons are higher, and exhibit a
wider range during the winter low-flow periods than during
the summer period. Data at Denal i range from 110-270 mg/1
in the winter and from 40-170 mgjl in the summer. Pro
gressing downstream on the Susitna River basin, TOS
concentrations are generally lower.

Gold Creek TOS winter values are 100-190 mg/l, while summer
concentrations are 50-140 mg/l. Measurements at Susitna
Stat ion, range from 100-140 mg/1 dur ing wi nter and between
55 and 80 mg/l in the summer. Figure E.2.39 provides a
graphic representation of the data collected.

(vii) Specific Conductance (Conductivity)

Susitna River conductivity values are high during winter
low-flow periods and low during the summer. In the up
stream reaches where glacial input is most significant,
conductivity is genera.lly higher. At Denali, values range
from 190-510 umhos/cm in the winter and from 120-205
umhos/cm in the surnmer.

Below Devil Canyon, conductivity values· range from 160-300
umhos in the winter and from 60-230 umhos/cm in the summer.
The Chul itna and Talkeetna Ri vers have sl ighl y lower can..
ductivity values, but are in the same range· as in the
Su sitna Ri ver . .

Figure E.2.40 graphically provides the maximum, minimum and
the mean values as well as the number of conductivity ob
servations for the seven gaging stations.

(viii) Significant ions

Concentrations of the significant ions are generally low to
moderate, with summer concentrations lower than winter con
centrat ions. The ranges of concentrations recorded up
stream of the project at Denal i and Vee Canyon and down
stream of the project at Gold Creek, Sunshine and Susitna
Station are listed in Table E.2.9. The ranges of ion con
centrations at each monitoring station are presented in
Figure$ E.2.41 to E.2.46.

(ix) pH

Average pH values tend to be slightly alkaline with values
typically ranging between? and 8. A wider range is gener
ally exhibited during the spring breakup and summer months
with val ues occasi onally dropping below 7. Th i s phenomenon
is common in Al askan streams and is attributabl e to the
acidic tundra runoff.
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Winter pH ranges at the Gold Creek station are between 7.0
and 8.1 while the range of summer values is 6.6 to 8.1.
Figure E.2.47 displays the pH information for the seven
stations of record.

Total Hardness

Waters of the Susitna River are moderately hard to hardin
the winter, and soft to moderately hard during br·eakup and
summer. In add it ion, there is a general trend toward
softer water in the downstream direction.

Total hardness, measured as calcium magnesium hardness and
reported in terms of CaC03, ranges between 60-120 mg/l at
Gold Creek during winter, and betwen 30-105 mg/l in the
summer. At Susitna Station, winter values are 70-95 mg/1
while summer values range from 45 to 60 mg/l.

Figure E.2.48 presents more detailed total hardness infor
mat ion.

-

(xi) Total Alkalinity

Total AHal inity concentrations with bicarbonate typically
being the only form of alkal inity present, exhibit moderate
to high levels and display a much larger range during
winter than the low to moderate summer values. In
addition, upstream concentrations are generally 1arger than
downstream val ues.

Winter values at Gold Creek range between 45 and 145 mg/l,
whil e summer val ues are in the range of 25 to 85 mg/1. In
the lower river at Susitna Station, winter concentrations
are between 60-75 mg/l and summer 1evel s are in the range
of 40-60 mg/l.

Figure E.2.49 displays a more deta-rled description of total
alkalinity concentrations.

..-

'"'"

(x i i) True Color

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

Color levels at Gold Creek vary between a and 10 color
units during winter and 0 to 40 units in the summer. It is
not uncommon for color 1evel s in Al aska to be as high as
100 units for streams receiving tundra runoff, i.e., the
max imum recorded val ue at the Sunshine gauge.

Figure E.2.50 displays the data collected.
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(xiii) Metals

The concentrations of many metals monitored in the river
were low or within the range characteristic of natural
waters. Eight parameters antimony (sb)., boron (B), gold
(Au), dissolved molybdenum (M), platinum (Pt), tin (Sn),
vanadium (V) and zirconium (Zr) were below detectable
1imits. However, the concentrations of some trace elements
exceeded water qual ityguidel ines . for the protection of
freshwater organisms. (Table E.2.4). 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 el ements in the Sus itna Ri ver
basin. Metals which have exceeded these limites include
aluminum (All, copper (Cu), iron (Fe); lead (Pb), manganese
(Mn), mercury (Hg), nickel (Ni) and zinc (Zn). .
. .

Figures E.2.51 through E.2.68 summarize the heavy metal
data that were collected.

(b) Dissolved Gases

(i) 0 issolved Oxygen

Dissolved oxygen (0.0.) concentrations generally remain
quite high throughout the drainage basin. Winter val ues
average near 13 mg/l while summer concentrations average
between 11 and 12 mg/l. These concentrations equate· to
dissolved oxygen saturation levels generally exceeding 80
percent, although summer values average near 100 percent.
Winter saturation levels decline slightly from summer
levels, averaging near 97 percent at Gold Creek and 80
percent at Susitna Station.

Figures E.2.69 and E.2.70 contain additional dissolved
oxygen data.

(ii) Nitrogen Supersaturation

Limited sampl ing for dissolved gas concentrations, namely
nitrogen and oxygen, was performed. during the 1981 field
season. However, continuous monitoring equipment was
installed in the vicinity of Devil Canyon for approximately
two months (8 August - 10 October) during 1982. This data
is not available at this t-ime but will be included when it
is available. The 1981 data indicated that supersaturation
ex isted above Dev il Canyon as well as below rang ing from
105.3 percent to 116.7 percent, respectively.

Al aska water qual ity statutes call for a maximu,'T1 dissolved
gas concentration of no higher than 110 percent.
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(c) Nutrients

Nutrient concentrations, specifically nitrate nitrogen and ortho
phosphate, exist in low to moderate concentration throughout the
Susitna River. Nitrate concentrations are less than 1.0 mg/l
along the Susitna, although Talkeetna River values have reached

:- 2.5 mg/l. Gold Creek nitrate concentrations vary from below
detectable limits to 0.4 mg/l.

Biologically avail abl e orthophosphates are generally 1ess than 0.2
mg/l throughout the drainage basi n. Gold Creek orthophosphate
values vary from below detectable limits to 0.1 mg/l. most values
at Vee Canyon are al so in thi s range. Thi s data is depi cted in
Figures E.2.71 and E.2.72.

Studies of glacially influenced lakes in Alaska (Koenings and
Kyl e, 1982) and Canada (St. John et al., 1976) indicate that over
50 percent of the total phosphorus concentrat i on in the 1akes
studied was biologically inactive. This was attributed to the
fact that the greatest percentage of the 1akes I total· phosphorus
occurred in the particulate form. Consequently, phosphorus
available in the dissolved form is much less than recorded values.
This is discussed in more detail by Peterson and Nichols, (1982).

, -

-

( d)

Of the major nutrients--carbon, silica, nitrogen and phosphorus,
the limiting nuturient in the Susitna River is phosphorus
(Peterson and Nichols 1982).

Other Parameters

(i) Chlorophyll-a

Chlorophyll-a. as a measure of algal biomass is quite low
due to the poor light transmissivity of the glacial waters.
The only chlorophyll-a data avail able for the Susitna River
were collected at the Susitna Station gage. Values up to
1. 2 mg/m3 for chlorophyll-a (periphyton uncorrected) have
been recorded. However, using the chromospectropic
technique, values ranged from 0.004 to 0.029 mg/m3 for
three samples in 1976 and 1977. All recorded val ues from
1978 through 1980 were less than detectable 1imits when
analyzed using the chromographic fl uororrieter technique.

No data on chlorophyll-a are available for the upper basin.
However, with the very high suspended sediment concentra
tions and turbidity values, it is expected that chloro
phyll-a values are very low.

( i i ) Bacteria

No data are avail able for bacteria in the upper river
basin. Ho\vever, because of the glacial origins of the
river and the absence of domestic, agricultural, and
industrial development in the watershed, bacteria levels
are expected to be quite low.
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Only 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 SusHna Station
since 1975. Indicator organisms monitored include total
coliforms, fecal coliforms, and fecal streptococci. .

Total col iform counts were generally quite low, with all
three samples at Susitna Station and 70 percent of the
samples on the Talkeetna River registering less than 20
colonies per 100 roT. Occasional high values have been
recorded during summer months, with a maximum val ue of 130
colonies per 100 ml.

Fecal coliforllls were also low, usually registering less
than 20 colonies per 100 m1. The maximum recorded summer
values were 92 and 91 colonies per 100 011 in the Talkeetna
and Susitna Rivers, respectively.

Fecal streptococc i data al so displ ay the same pattern; low
values in winter months, with occasional high counts during
the summer months.

All recorded val ues are bel ieved to reflect natural varia
tion within the river, as there are no significant human
infl uences throughout the Sus itna Ri vel" Bas in that woul d
affect bacterial counts.

(iii) Others

Concentrations of organic pesticides and herbicides,
uranium, and gross alpha radioactivity were either less
than their respective detection limits or were below levels
considered to be potentially harmful. Since no significant
sources of these parameters are known to exist in the
drainage basin, no further disc~ssions will be pursued.

(e) Water Quality Summary

The Susitna River is a fast flowing, cold-water glacial stream of
the calcium bicarbonate type containing soft to moderately hard
water during breakup and summer, and moderately hard water in the
wi nter. Nutr ient concentrations, namel y nitrate and orthophos
phate, ex ist in low-to-moderate concentrations. Oi ssolved oxygen
concentrations typica11y remain high,· averaging about 12 mg/1 dur
ing the summer and 13 mg/1 during winter. Percentage saturation
of diss01ved oxygen generally exceeds 80 percent and averages near
100 percent in the summer. Winter saturation 1evels dec1ine
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 be10w 7,
which is attributed to organic acids in the tundra runoff. True
color, also resulting from tundra runoff, displays a wider range
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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 O°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 natural waters.
However, the concentrations of some trace elements exceeded water
quality guidelines for the protection of freshwater aquatic organ
isms. 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
Basi n.

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

2.4 - Baseline Ground Water Conditions

-

-

(a)

( b)

Description of Water Table and Artesian Conditions

The landscape of the upper basin consists of relatively barren
bedrock mountains with exposed bedrock cliffs in canyons and along
streams, and areas of unconsol idated sediments (outwash, till,

. alluvium) with low relief particularly in the valleys. The arctic
climate has retarded development of topsoil. Unconfined aquifers
exist in the unconsolidated sediments, although there is no water
table data in these areas except in the relict channel at Watana
and the south abutment at Devil Canyon. Wi nter low flows in the
Susitna Ri ver and its major tri butari es are fed primari ly from
ground water storage in unconfi ned aqui fers. The bedrock withi n
the basin comprises crystalline 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 unconfi ned aquifers i mmed i ately adjacent to the Susitna
River having the highest yields (Freethey and Scully, 1980).

Hydraulic Connection of Ground Water and Surface Water

Much of the ground water in the system is stored in unconfi ned
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 aquifers may exist
with; n some of the unconsol i dated sediments, but no data are
available as to their extent.
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(c) Locations of Springs, Lvells, and Artesian Flows

Due to the wilderness character of the basin, there is no data on
the location of springs, wells, and artesian flows. HOlf/ever,
wi nter aufeis bui 1dups have been observed between Vee Canyon and
F09 Creek, i ndi cati ng the presence of ground water di scharges.
Ground water is the main source of flow during winter months, when
precipitation falls as snow and there is no glacial melt. It is
bel ieved that much of this water comes from unconfined aquifers
(Freethey and Scully, 1980). . .

(d) Hydraulic Connection of Mainstem and Sloughs

Ground water studies in respresentative sloughs downstream of
Devil Canyon indicate that there is a hydraul i c connect i on between
the mai nstem Susitna Ri ver and the sloughs. These sloughs are
used by salmonid species for spa\'lning and hence are important to
the fisheries. Ground water observation wells indicate that the
upwelling in the sloughs, which is necessary for egg incubation,
is caused by ground water flow from the uplands and from the
mai nstem Susitna. The hi gher permeabil itY of the vall ey bottom.
sediments (sand-gravel-cobble-alluvium) compared with the till
mantle and bedrock of the valley sides indicates that the mainstem
Susitna Ri ver is the major source of ground water i nfl ow in 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 si x months.

2.5 - Existing Lakes, Reservoirs, and Streams

(a) Lakes and Reservoirs

There are no existing reservoirs on the Susitna River or on any of
the tributaries flOWing into either Watana or Devil Canyon Reser
voirs. Nol akes downstream of the reservoirs are expected to
realize any impact from project construction, impoundment, or
operation. A few lakes at and upstream of the damsites, however,
will be affected by the project. .

The annual maximum pool elevation of 2190 feet in the Watana
Reservoir will inundate several lakes, none of which are named on
USGS topographic quadrangle maps. Most of these are small tundra
lakes and are located along the Susitna between RM 191 and RM 197
near the mouth of Watana Creek. There are 27 1akes 1ess than 5
acres in surface area, one between 5 and 10 acres, and one
relatively large one of 63 acres, all on the north side of the
river. In addition, a small lake (less than 5 acres) . lies on the
south shore of the Susitna at RM 195.5 and another of about 10
acres in area lies on the north side of the river at RM 204. Most
of these lakes appear to be simply perched, but five of them are
connected by small streams to Watana Creek or to the Sus itna Ri ver
itself. .
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( b)

A small 1ake (2.5 acres) 1ies on the south abutment near the Devil
Canyon damsite, at RM 151.3, and at about elevation 1400 feet. No
other lakes exist within the proposed Devil Canyon Reservoir.

Streams

"Several streams in each reservoll' will. be compl etely or parti ally
inundated by the raJsed water levels during project filling and
operation. The streams appearing on the 1:63,360 scTae USGS
quadrang 1e maps are 1i sted by reservoir in Tables E. 2.10 and
E.2.11. Listed in the tables are map name of each stream, river
mile locations of the mouth, existing elevation of the stream
mouths, the average stream gradient, the number of mil es of stream
to be inund ated. Annual max imum reservoir el evat ions of 2190 feet
and 1455 feet were used for these determinations for the Watana
and Devil Canyon pools, respectively.

There is a small slough with two small ponds on it at RM 212, four
miles upstream from the mouth of Jay Creek. This slough, which is
at approx im ate 1y e1ev ati on 1750, wi 11 be comp1ete1yin und ated by
the Watana Reservoir. Similarly, there are five sloughs (at RM
180.1, 174.0, 173.4, 172.1, and 169.5) which will be totally inun
dated by the Devil Canyon Reservoir.

Aside from the streams to be inund ated by the two proj ect -impound
ments, 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.
Analysis was done on 19 streams between Devil Canyon and Talkeenta
which were determined to be important for fishery reasons or for
maintenance of existing crossings by the Al aska Railroad (R&M
1982). These streams are 1i sted in Tab 1e E. 2.12, with their river
mile locations and reason for concern.

-

-

2.6 - Existing Instream Flow Uses

In stream fl ow uses are uses made of water in the stream channel as
opposed to withdrawing water from the stream for use. Instream flow
used include hydroelectric power generation; commercial or recreational
navigation; waste load assimilation; downstream water rights; water
requirements for riparian vegetation, fish and wildlife habitat; and
recreation; freshwater recruitment to estuaries; and water required to
maintain desirable characteristics of the river itself. Existing
instream flow uses on the Susitna River include all these uses except
hydroelectric power operation.

(a) Downstream Water Rights

The 18 different areas in the Susitna River Basin investigated for
water rights are shown in Figure E.2.73 (Dwight, 1981). Table
E.2.13 indicates the total amount of surface water and ground
water appropriated within each area. The only significant uses of
surface water in the Susitna River Basin occur in the headwaters
of the Kahiltna and Willow Creek township grids where placer
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mining operations take pl ace on· a seasonal basis. No surface
water withdrawals from the Susitna River are on file with the
Alaska Department of Natural Resources (DNR). Ground water appro
pri at ions on fi 1e with DNR for the mainstem Sus itna Ri vel" corridor
are minimal ~ both in terms of number of users and the amount of
water being withdrawn.

An analysis of topographic maps and overlays showing the specific
location of each recorded appropriation within the mainstem
Sus Hna Ri vel" corridor ind icated that neither the surface water
diversions from small tributaries nor the groundwater withdrawal s
from shallow wells will be adversely affected by the proposed
Susitna Hydroelectric project (Dwight 1981).Hence~ no further
discussion on water rights is presented.

(b) Fishery Resources

The Susitna River supports populations of both anadromous and
resident fish. Important commercial ~ recreational ~ and subsis
tence species include pink~ chum~ coho~ sockeye and chinook
salmon~ eulachon~ rainbow trout~ and Arctic grayling. Instream
flows presently provide for fish passage~ spawning~ incubation"
rearing~ overwintering~ and outmigration. These activities are
correlated to the natural hydrograph. Salmon spawn on the
receeding 1imb of the hydrograph~ the eggs incubate through the
low-flow period and fry emergence occurs on the ascending limb of
the hydrograph. Rainbow trout and grayl ing spawn during the high
flows of the breakup period with embryo development occurring

. during the early summer. Alteration of the natural flow regime
during reservoir filling and project operation will likely result
in both detrimental and beneficial effects on the fishery
resources of the Susitna River (see Chapter 3).

(c) Navigation and Transportation

Navigation and transportation use of the Susitna River presently
consists of boat"ing for recreation sport fishing~ hunting~ and
some transportation of goods. The reach from the headwaters of
the Susitna River to the Devil Canyon damsite has experienced
1imited use ~ primari 1y rel ated to hunters and fi shers I access to
the Tyone River area after launching at the Denal i Highway. Some
recreational kayaking ~ canoeing~ and rafting has al so taken pl ace
downstream from the Denali Highway Bridge~ generally stopping near
Stephan Lake or some other points above the rapids at Devil Creek~

Steep rapids near Dev il Creek and at the Dev il Canyon damsite are
barriers to most navigation~ though a very small number of kay
akers have successful 1y travel ed through the Dev il Canyon rapids
in recent years. There have been several unsuccessful attempts to
penetrate the canyon~ both going upstream and downstream~ in a
powerboat and in kayaks.
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Below Devil Canyon, the river is used for access to salmon fishing
at several sites as far upstream as Portage Creek. This is under
taken by private boat-owners and by anglers using commercial boat
operators. In either case, most of the boat-launching is done at
Talkeetna. Commercial operators from Talkeetna also cater to
sightseeing tourists, who travel upriver to view the diversified
terrain and wildlife. There is recreational boating in this
reach, frequently by kayakers or canoei sts floating downri ver to
Talkeetna from the railroad access point at Gold Creek.

Access to the Susitna downstream of Talkeetna is obtai ned at
Talkeetna, from a boat-launching site at Susitna Landing near
Kashwitna, at several of the minor tributaries between Talkeetna
and Cook Inlet, and from Cook Inlet. Other primary tributaries
accessible by road are Willow·Creek, Sheep Creek, and Montana
Creek. Virtually this entire reach of the Susitna is navigable
under most flow condit ions although abundant float i ng debr i s
during extreme high water and occasional shallow areas during low
water make navigation treacherous at times.

Identified restrictions of open-\'1ater navigation over the full
1ength of the ri ver are tabu1 ated in Ta b1e E.2.14.

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 later September or early October, when freezing begins. The
onset of ri ver freezi ng causes di schargeof si gnifi cant frazil ice
for several days in an initial surge, which hinders boat opera
tion, but this is often followed by a frazil-free period of 1 to 2
weeks lt/hen navigation is again feasible. The next sequence of

·frazil generation generally leads into continuous freezing of the
river, prohibiting open-water navigation until after the next
spri ng breakup.

The Susitna is used by several modes of non-boat transportation at
various times of the year. Fixed-wing aircraft on floats make use
of the river for landings and take-offs during the open water sea
son. These are primarily at locations in the lower 50 miles above
the mouth. 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 ground
methods in several areas. Snow machines and dogsleds are commonly
used below Talkeetna; the Iditarod Trail crosses the river near
the Yentna Ri ver confl uence and is used for an annual dogsl ed race
in February. Occasional crossings are also made by automobiles
and sk i, primarily near Talkeetna and near the mouth.

Recreation

Information on the recreation uses on the Susitna River are pre
sented in Chapter 7.
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(e) Riparian Vegetation and Wildlife Habitat

Wetlands cover large portions of the Susitna River Basin, includ
ing riparian zones along the mainstem Susitna, sloughs, and tribu
tary streams. Wetl ands are biologically important because they
generally support a greater diversity of wildl ife species per unit
area than most other habitat types in Al aska. In addition, ripar
ian wetlands provide winter browse for moose and, during severe
w"inters, can be a critical survival factor for this species. They
also help to maintain water quality throughout regional water
sheds. Further information on riparian wetlands and wildlife hab
itat can be found in Chapter 3.

(f) Waste Assimilative Capacity

Review of the Al aska Department of Environmental Conservation doc
ument entitled lIInventory of Water Pollution Sources and Manage
ment Actions, Maps and Tables lt (1978) indicates that the primary
sources of pollution to the Susitna River watershed are placer
mining operations. Approximately 350 sites were identified
although many of these cl aims are inactive. As the result of
these operations, 1arge amounts of suspended sediments are intro
duced into the watershed. However, no biochemical oxygen demand
(BOD) is pl aced on the system and therefore, the waste ass imll a
tivecapacity remains unaffected by these m"ining activities.

/

As for BOD discharges in the watershed, the inventory did identify
one municipal discharge in Talkeetna, two industrial wastewater
discharges at Curry and Talkeetna, and three sol id waste dumps at
Talkeetna, Sunshine, and Peters Creek. No volumes are avail able
for these pollution sources.

During personal communication (1982) with Joe LeBeau of the Alaska
Department Of Environmental Conservation (DEC) it was noted that
no new wastewater discharges of any s i gnifi cance have developed
since the 1978 report. Further, he noted that the sources that do
exist are believed to be insignificant.

Mr. Robert Fl int of the DEC indicated that, in the absence of reg
ulated flows and significant ~'i'astewater discharges, the DEC has
not established min imum flow requirements necessary for the main
tenance of the waste assimilative capacity of the river (personal
communication, 1982).

(g) Freshwater Recruitment to Estuaries

The Sus Hna Ri veri s the chief contributor offresh\'i'ater to Cook
Inlet and as such has a major influence on the sal inity of Cook
Inlet. The high summer freshwater flows cause a reduction in
Cook Inlet salinities. During winter flows the reduced flows per
mit the more sal ine water to move up Cook Inl et from the ocean.
Using a computer model for the Cook Inlet, Resource Management
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Associates (RMA, 1982) predicted a seasonal salinity variation
near the mouth of the Susitna River of 15 parts per thousand
(ppt). In the central part of the inlet, sal inity varies
seasonally by about 5 ppt.

Salinity measurements were taken at the mouth of the Susitna River
in August 1982 to determine if and to what extent sal twater in
truded upstream. No saltwater intrus i on was detected. Flow was
approximately 100,000 cfs at Susitna Station at the time the meas
urements were made. Additional sal inity measurements will be made
during the 1982-83 winter season to determine if salt water pene
tration occurs upstream of the mouth of the river during low flow
periods.

2.7 - Access Plan

-I

" I

( a)

( b)

Flows

The streams crossed by the access road are typical of the sub
arctic, snow-dominated flow regime, in which a. snownelt flood in
spring is followed by generally low flow through the summer,
punctuated by periodic rainstorm floods. During October- April,
precipitation falls as snow and remains on the ground. The annual
low flow occurs during this period, and is almost completely 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 3D-day low flows for recurrence intervals of 2, lO, and 20
years, and the peak fl ows for recurrence interval s of 2, 10, 25,
and 50 years. These fl ows are tabul ated in Table E. 2.15 for three
segments of the access route: (1) Denali Highway to Watana Camp;
(2) Watana Camp to Devil Canyon Camp; and (3) Devil Canyon to Gold
Creek. On ly named streams are presented.

Water Quality

At present very little water quality data is available for the
water resources in the vicinity of the proposed access routes.

-
-"

2.8 - Transmission Corridor

The transmission corridor consists of four segments: the Anchorage
Willow line, the Fairbanks-Healy line, the Willow-Healy Intertie, and
the Gold Creek-Watana 1ine. The first two (from Anchorage and Fair
banks) have existing facilities, but they will be upgraded before
Watana comes on 1 ine. The intertie is currently being constructed
under another contract. The 1ine between the dam and the intert ie has
yet to be designed, sited, or constructed.
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(a) Flows

Numerous waterbodies in each of the four sections will be crossed
by the transmission· 1 ine. Most of these are small creeks in
remote areas of the reg ion, but each segment has some majorcros
sings. Data are very limited on the small streams, both \'/ith
respect to water quantity and water qual ity. 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 £.2.16.

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

The Fa i rbanks-He al y .1 ine wi 11 make two cross i ngs of the Nenana
River and one of the Tanana River, both large rivers and gaged.

The intert ie route between Willow and Healy will cross several
dozen small creeks, many of wh ich are unnamed. Maj or streams,
include the Talkeetna, Susitna, and Indian Rivers; the East Fork
and Middle Fork of the Chulitna River; the Nenana River; Vanert
Fork of the Nenana; 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 are Devil Creek and Tsusena
Creek, neither of Whick/nave been gaged.

(b) Water Qual ity

At present,essentially no data is available for those sections of
streams, rivers, and lakes that exist in close proximity to the··
proposed transmission corridors.
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3 - PROJECT IMPACT ON WATER QUALITY AND QUANTITY

3.1 - Proposed Project Reservoirs

,~

-~

I

(a)

(b)

Watana Reservoir Characteristics

. The Watana Reservoir will be operated at a normal maximum water
level of 2185 feet above mean sea level, but will be allowed to
surcharge to 2190 feet in late August during wet years. Average
annual drawdown will be 105 feet with the maximum drawdown equal
ling 120 feet. During extreme flood events the reservoir will
rise to 2193.3 for the 1 in 10,000 year flood and 2200.5 feet for
the probable maximum flood respectively.

At elevation 2185, the reservoir will have a surface area of
38,000 acres and a total volume of 9.47 million acre-feet. Max
imum depth will be 735 feet and the corresponding mean depth will
be 250 feet. The reservoir will have a retention time of 1.65
years. The shorel ine length will be 183 miles. Within the
Watana reservoir area the substrate classification varies great
ly. It consists predominantly of glacial, colluvial, and fluvial
unconsolidated sediments and several bedrock lithologies. Many
of these deposits are frozen. .

. Devil Canyon Reservoir Characteri st i cs

Devil Canyon reservoir will be operated at a normal maximum oper
ating level of .1455 feet above mean sea level. Average· annual
drawdown will be 28 feet with the maximum drawdown equalling 50
feet. At el evati on 1455 the reservo'ir has a surface area of 7800
acres and a volume of 1.09 million acre-feet. The maximum depth
will be 565 feet and the mean depth 140 feet. The reservoir will
have a retention time of 2.0 months. Shoreline length will total
76 miles. Materials forming the walls and floors of the reser
voir area are composed predominantly of bedrock and gl aci al ,
colluvial, and fluvial materials.'

3.2 - Watana Development

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

(a) Watana Construction

(i) Flows

During construction of the diversions tunnel, the flow of
. the mainstem Susitnawill be unaffected except during

spring flood runoff. 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 interrupted, a one mile
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section of the Susitna River will be dewatered.
significant impacts should result from this action.

No

Flows, velocities, and associated water levels upstream of
the proposed Watana damsite will be unaffected during con
struction except for approximately one half mile upstream
of the upstream cofferdam during winter and two miles up
.streamduring summer flood nows. During winter, ponding
to elevation 1470 feet will be required to forma stable
ice cover. However, the vo·lume of water contained in this
pond is insignificant relative to the total riv.er flow.

During the summer, the diversion intake gates will be fully
opened to pass the natural flows result i n9 ina run-of
river operation. All flows up to approximately the mean
annual flood will be passed through the lower diversion
tunnel. Average velocities through the diversion tunnel

(

will be 18, and 35 feet per seCOnd~(f/S) at discharges of
. 20,000, and 40,000 cfs respectively •..· The mean annual flood
. of 40,800 cfs will cause higher thn natural water levels
\...for about several mil es upstream )6f the cofferdam. The

water 1evel wi 11 ri se at the upstream cofferdam from a
natural water level of 1,468 feet to 1,520 feet. Two miles
upstream, the water level will be about 4 feet higher than
the natural water level during the mean annual flood.

The two diversion tunnels are designed to pass the 1 in 50
year return period flood of 87,000 cfs with a maximum head
pond elevation of 1,536 feet. For flows up to the 1 in 50
year flood event, water levels and velocities downstream of
the di versi on tunnel s wn 1 be the same as preproject
1evel s.

(it) Effects on Water Quality

- Water Temperature

Since the operation of the diversion structure will
essentially be run-of-river, no impact on the temperature
regime will occur downstream of the tunnel exit. A small
amount of ponding will occur early in the freeze-up stage
to enhance the formation of a stable ice cover upstream
of the tunnel intake. This will not have a noticeable
effect downstream.

- Ice

During freeze-up, the formation of an upstream stable ice
cover by use of an ice-boom and some ponding to reduce
approach velocities, will serve to protect the diversion
works and maintain its flow capacity. The early forma
tion of the cover at this point will cause a more rapid
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ice front progression upstream of the damsite.· The ice
formed in the upper reach, which normally feeds the
downstream ice· growth, will no longer be available.
However the major contributer of frazil ice will be the
rapi ds through Devil Canyon as it now is. Hence, no
appreciable impact on ice formation downstream of Watana
will occur due to the diversion scheme.

The ice cover upstream of the damsite wi 11 thermally
decay in place, since its movement downstream would be
restricted by the diversion· structure. Downstream of
Devil Ca nyon the volume of ice in the cover will be
essentially the same as the baseline conditions and
breakup would 1ikely be similar to natural occurrences.

- Suspended Sediments/Turbidity/Vertical Illumination

During construction, suspended sediment concentrations
and turbidity levels are expected to increase within the
impoundment area, and for some distance downstream. This
will result from the necessary construction activities
within and immediately adjacent to the river, including:
dredgi ng and exca vat i on of gravel from borrow areas, ex
cavation of diversion tunnels, placement of cofferdams,
vegetative clearing, blasting, gravel processing and de
wateri ng.

The location and subsequent excavation of the material
from proposed borrow sites will create the greatest
potential for suspended sediment and turbidity problems.
The proposed borrow sites, identifi ed in Fi gure E2.74,
are tentatively located in the river floodplain both
upstream and downstream of the dam site. However, except
for the materi al for the upstream cofferdam, the lower
borrow material will be obtained from sites D and E.
Material for the core of the main dam will be obtained
from site D (10,000,000 yards). Material for the filters
and shell of the mai n dam will be obtai ned from site E
(52,000,000 yards). Borrow excavation will take place
during the summer months when suspended sediment and
turbidity values in the mainstem of the river are already
quite high. As a result, incremental imp·acts during the
summer should not be significant. Stockpiling of gravel
is expected to alleviate the need for excavation during
the winter, when the impact on overwintering fish due to .
changes in suspended load 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 should be short-term and
local ized. Downstream, turbidity and suspended sediment
levels should remain essentially the same as baseline
·condit ions.
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Decreases in summer and winter vertical i11umination are
expected to be commensurate with any increased suspended
sediment concentrations.

Si nee summer flows vii 11 be passed through the di versi on
tunnel with no impoundment, no settl i ng of suspended sed
iments is expected to occur. The insignificant headpond
that will be maintained during winter is not expected to
affect the very low suspended sediment and turbi dity
1evel s present duri ng the wi nter season.

- Metals

51 i ght increases in the concentration of trace metal s
could occur during construction when disturbances to
soils and rock occur on the shoreline and in the river
bed. Such increases are expected to be below detection
limits and thus would not indicate a change from baseline
conditions described in Section 2.3 (a) (xiii).

- Contaminatlon by Petroleum Products

Accidental spillage and leakage of petroleum products can
contami nate water duri ng construct i on. Lack of mai n
tenance and service to vehicles could increase the leak
age of fuel, lubricating oils, hydraulic fluid, anti
freeze, etc. In addition, poor storage and handl ing
techni ques coul d 1ead to acci denta1 spi 11 s. Gi ven the
dynamic nature of the river, the contaminated water would
be quickly diluted; however the potential for such sit
uations will be minimized. All state and federal reg
ul at ions governi ng the prevention and reel amat i on of
accidental spills will be adhered to.

- Concrete Contamination

Construction of the Watana project will create a poten
tial for concrete contamination of the Susitna River.
The wastewater associated with the batching of concrete,
if directly discharged to the river, could seriously de
grade downstream water qual ity and result in substant ial
mortality of fish. However, this potential problem
should not occur since the wastewater will be neutralized
and sett1i ng ponds ~"i1l be employed to allow the concrete
contami nants to settle pri or to the di scharge of the
wastewater to the river.

- Other

No additional water quality impacts are anticipated.
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(iii) Effects on Groundwater Conditions

No impacts on groundwater wi 11 occur because of construc
tion, either in the impoundment area or downstream other
than in the localized area of the project.

(iv) Impact on Lakes and Streams in Impoundment Area

....

-

-

There will be minor impacts on lakes and streams in the
impoundment area due to excavation of borrow material.
Al so, fadl it i es will be constructed to house and support
construction personnel and their families. The
construction, operation and maintenance of these facilities
is expected to impact the Tsusena and Deadman Creek
drainage basins and some of the small lakes located between
the two creeks near the dam site. For a complete
discussion of these impacts refer to the discussion on
Facilities in paragraph (vi) below.

(v) Instream Flow Uses

For all reaches of the Susitna River except for the immedi
ate vicinity of the Watana damsite, there will be virtually
no impact on navigation, transportation, recreation, fish
eries, riparian vegetation, wildlife habitat, waste load
assimil ation or the freshwater recruitment to Cook Inlet
for flows less than the 1 in 50 year flood event.

- Navigation and Transportation

Since all flow will be diverted, there will only be an
impact on navigation and transportation in the immediate
vici nity of Watana dam and the di versi on tunnel. The
cofferdams will form an obstacle to navigation which will
be difficult to circumvent. However, since this stretch
of river has very 1imited use due to the heavy rapids
upstream and downstream of the site, impact will be
minimal.

- Fisheries

During' winter, the djversion gate will be partially
closed to mai ntai n a head pond with a water surface el eva
tion of 1,470 feet. This will cause velocities greater
than 20 feet per second at the gate intake. Thi scoup
led with the 50 foot depth at the intake will impact
fisheries. The impacts associated with the winter dher
sion are discussed in Chapter 3.2.3.

During summer, the diversion gates will be fully opened.
This will permit downstream fish movement during low
flows of about 10,000 cfs (equivalent velocity 9 feet per
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second (fps)).Higher tunnel velocities will lead to fish
mortal ity. The impacts associated with summer tunnel
velocities are discussed in Chapter 3.2.3.

- Riparian Vegetation

Ex i st i ng shore1i ne vegetat i on upstream of the cofferdam
will be inundated approximately· 50 feet to elevation
1,520 duri ng flood events. However, the fl oodi ng wi 11 be
confi ned to a two mil e ri ver section upstream of the cof
ferdam, with the depth of floodi ng 1esseni ng with di s
tance upstream. 5i nee the fl oodi ng wi 11 be infrequent
and temporary in nature, and 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.

(vi) Facilities

The construction of the Hatana powerproj ect will require
the construction, operation and maintenance of support
facilties capable of providing the basic needs for a maxi
mum population of 4,720 people (3,600 in the construction
camp and 1,120 in the vi1l age) (Acres, 1982). - The facil i
ties, including roads, buildings, utilities, stores, rec
reation facilities, airports, etc., will be constructed in
stages duri n9 the first three years (1985-1987) of the
proposed ten-year constructi on peri od. The camp and vil
1age wi 11 be located approximately 2.5 mil es northeast of
the Watana damsite, between Deadman and Tsusena Creeks.
The location and layout of the camp and village facilities
are presented in Plates 34, 35, and 36 of Exhibit F.

- Water Supply

Nearby Tsusena Creek will be utilized as the major source
of water for the community (Plate 34). In addition,
wells will be drilled in the Tsusena Creek alluvium as a
backup water supply.

Ouri ng construct; on, the required capacity of the \;rater
treatment plant has been estimated at 1,000,000 gallons
per day, or 700 gallons per minute ( 1.5 cfs) (Acres,
1982). Using the USGS regression equation described in
Tabl e E2.15, 3D-day mi nimum floltlS (cfs), with recurrence
interval s of 20 years were estimated for Tsusena Creek
near the water supply intake. The low flow wa& estimated
to be 17 cfs for the approximate 126 square mil es of
drai nage basi n. As a result, no s i gnifi cant adverse
impacts are anticipated from the maximum water supply
withdrawal of 1.5 cfs. Further, a withdrawal of thi s
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magnitude should not· occur during the low flow winter
months since construction personnel will be significantly
less than during summer.

The water supply will be treated by chemical addition~

flocculation~ filtration and disinfection prior to its
use. Disenfection should probably be \'Jith ozone to avoid
having to dechlorinate. In addition~ the water will be
demineralized and aerated~ if necessary •

- Wastewater Treatment

A secondary waste water 'treatment facil ity wi 11 treat a11
waste water prior to its di scharge into Deadman Creek
(Plate 34).

Treatment will reduce the BOD and total suspended solids
(TSS) concentrations to levels acceptable to the Alaska
Department of Environmental Conservation. The levels are
likely to be 30 mg/l BOD and 30 mg/l TSS. The maximum
volume of effluent~ 1 million gallons per day or 1.5 cfs~

will be discharged to Deadman Creek which has a low flow
of 27 cfs (see below). This will provide a dilution
factor of about 17~ thereby reducing BOD and TSS
concentrat ions to about 2 mg/l after complete mi xi ng
under the \'lOrst case flow conditions (maximum effl uent
and low flow in Deadman Creek). Mixing will occur
rapidly in the creek because of turbul ent conditi ons.

The effluent is not expected to cause any degredations of
water quality in the 1 1/2 mile section of Deadman Creek
beh/een the waste water di scharge poi nt and the creek's
confluence with the Susitna River. Furthermore, no water
quality problems are anticipated within the impoundment
area or downstream on theSusitna Ri ver as a result of
the input of this' treated effluent. Using the USGS
regression analysis~ the one in 20 year~ 3D-day low flow
for Deadman Creek at the confluence with the Susitna~ was
estimated at 27 cfs. Flow at the point of discharge
which is less than two miles upstream, are not expected
to differ significantly.

Constructi on of the waste water treatment faci 1ity is
expected to be completed in the first 12 months of the
Watana construction schedul e. Prior to its operation,
all waste will be stored in a lagoon system for treatment
at a later date. No raw sewage will be discharged to any
water body.

The applicant will obtain all the necessary DEC~ EPA,
DNR, and PHS permits for the water supply and wastewater
discharge facilities~
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- Construction, Maintenance and Operation

Construction of the Watana camp, village, airstrips, etc.
will cause impacts to water quality similar to many of
those occuring from dam construction. Increases in sed
imentation and turbidity levels are anticipated in the
1Deal drai nage basns. (i .e., Tsusena and Deadman Creeks).
Even with extensi ve safety control s, accidental spi 11 age
and leakage of petroleum products could occur creating
localized contamination within the watershed.

(b) Impoundment of Watana Reservoir

(i) Reservoir Filling Criteria

The fi 11 i ng of the Watana reservoir is schedul ed to com
mence in May 1991.

- Minimum downstream target flows

In the selection of minimum target flows, fishery con
cerns and economics were the two control 1i ng factors.
Although not uni mportant in the overall impact assess
ment, other i nstream fl ow uses, were determi ned not to
have a significant influence on the selection of minimum
downstream target flows. However, i nstream uses such as
navigation and transportation, recreation, and waste load
assimilation are closely related to the instream flow
requirements of the fi shery resources.

Minimum downstream target flows \·till be provided at Gold
Creek since Gold Creek flows are judged to be representa
tive of the Talkeetna to Devil Canyon reach where down
stream impacts will be greatest. The minimum target
flows at Gold Creek will be attained by releasing that
flow necessary from the Hatana impoundment, which when
added to the flow contribution from the intervening
drainage area between Watana and Gold Creek, will equal
the minimum Gold Creek target flow. The aJ)sol'4te minimum
fl ow rel ease at Watana will be 1,000 Jefs ,{)r natural
flows, whichever is less. During f,-ll+rl§},--fiows at Gold
Creek wi 11 be monitored and the flow at Watana adjusted
as necessary to provide the required Gold Creek flow.

Table [.2.17 -ill ustrates the targeted mi nimum Gol d Creek
flows. The minimum downstream flow of 1000 cfs from
November through Apri 1 i s some~."hat 1ower than the average
winter flow at Go 1dCr eek •

r From May to the last week of July, the target flow wi 11 )
\ ~e. increased to 6, 000 cfs to a11 ow for ma i nstem fi shery ..
~ovement. During June, it may be desirable to spike the

flows to trigger the outmigration of salmon fry from the;
sloughs. (Schmidt, 1982 personal communicati on). It is
believed that the outmigration is triggered by a combina
tion of stage, discharge and temperature. Trihey (1982)
has observed that the fry outmi grate dur i ng the fa 11 i ng
limb of the spring flood hydrograph.
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(i i)

The 6,000 cfs Gold Creek flow will provide a minimum of 2
feet of river stage for mainstem fishery movement at all
65 surveyed cross sections between Talkeetna and Devil
Canyon. Fi gure E2.75 ill ustrates computed water surface
elevations for various discharges at cross section 32
located near Sherman (RM 130). (Accuracy is + 1 foot).
This cross section is believed to be the shallowest in
the Talkeetna to Devil Canyon reach. The estimated water
surface elevation for a discharge of 6000 cfs indicates
that the depth is greater than 2 feet.

During the last 5 days of July, flows will be increased
from 6,000 cfs to 12,000 cfs in increments of approxi
mately 1,500 cfs per day. Flows will be maintained at
12,000 cfs from August 1 through mid-September to coin
cide approximately with the sockeye and chum spawning
season in the sloughs upstream of Talkeetna. Adverse
impacts to fish resulting from this flow regime are
discussed in Chapter 3.2.3.

After 15 September, flows will be reduced to 6,000 cfs in
daily increments of 1,500 cfs and then held constant un
til October when they wi 11 be further reduced to 2,,000
cfs. In November, the flow will be lowered to 1,,000
cfs.

- Flood Flows

Taking into account the 30,000 cfs discharge capability
of the low level outlet, sufficient storage will be made
available during the filling sequence such that f'lood
volumes for all floods up to the 250 year recurrence in
terval flood can be temporarily stored in the reservoir
without endangering the main dam. Whenever this storage
criteri a is vi 01 ated, di scharge from the Watana reservoir
will be increased up to the maximum capacity of the out
let to lower the reservoir level behind the dam.

Reservoir Filling Schedule and Impact on Flows

Using the reservoir filling criteria, three simulated
reservoir filling sequences were examined to determine the
likely filling sequence and probable deviations. As ap
prOXimately three years will be reqUired to bring the res
ervoir to its normal operati ng 1evel, three year runni ng
averages of the total annual flow volume at Gold Creek-were
computed. The probabil ity of occurrence for each of the
three year average val ues was then determined. Using the
10, 50, and 90 percent exceedence probabil ity vol urnes and
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the long term average monthly Gold Creek flow distribution,
Gol d Creek fl ow hydrographs were synthesized for each
probability. An identical process vias used to synthesize
the 10, 50, and 90 perc~nt probability volumes and flow
distributions at Watana. The intermediate flow
contribut i on was taken as the di fferencebetween the Watana
and ~old Creek monthly flows. Then using the downstream
flow criteria and the flow values at Watana and Gold Creek,
the fiiling sequence for th~ thr~e probabiiities was
determined by repeating the annual flow sequence until the
reservoir was filled.

The reservoir water levels and the Gold Creek flows for the
three fi 11 i ng cases consi dered are illustrated in Fi gure
E2.76. Under average conditions the reservoir would fill
sufficiently by autumn 1992 to allow testing and com
missioning of the units to commence. However, the reser
voir would not be filled to its normal operating level
until the following summer. There is a 10 percent chance
that the reservoir would not be sufficently full to permit
the start of testing and commissioning until late spring
1993. Only about one month is saved over the average
filling time if a wet sequence occurs. This is because the
flood protection criteria is violated and flow must be by
passed rather than stored.

The Watana discharges for the high (10 percent), mean (50
percent) and low (90 percent) flow cases considered are
compared to the Watana inflow in Table E2.18. For the
average hydrol ogi c case, pre-project discharge for the
May-October peri od is reduced by approximately 60 percent
during the filling period. However, from November through
April there is little difference.

For the Devil Canyon to Talkeetna reach, Gold Creek flows
are consi dered representat i ve. Monthly pre-proj ect and
filling flows at Gold Creek for the wet, (10 percent), mean
(50 percent), and dry (90 percent) sequences are ill us
trated in Table E2.19. Percentage summer and winter flow
changes are s imil ar to those at Watana but are somewhat
reduced because of additional tributary inflow. For the
mean case, August monthly flow at Gold Creek is reduced by
45 percent (21,900 cfs to 12,000 cfs) when the reservoir is
capable of storing all flow less the downstream flow re
quirement.

Flows will be altered in the Talkeetna to Cook Inlet reach,
but because of significant tributary contributions the
impact on summer flows will be greatly reduced with dis
tance downstream. Table E2.20 is a comparison of mean pre
project monthly flows and monthly flows duri ng reservoir
filling at Sunshine and Susitna Station. Pre-project flows
are based on the long-term average ratio between the
respective stations and Gold Creek. Filling flows are
pre-project flows reduced by- the flow stored in the
reservoir.
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- Floods

The reservoir filling criteria, dictates that available
storage volume in the reservoir. must prOVide protection
for all floods up to the 250 year recurrence interval
fl ood. Thus, the reservoir must be capabl e of stori ng
all flood i nfl ow except for the flow whi ch can be di s
charged through the outlet facilities during the flood
event. The maximum Watana discharge of the outlet facil
ities is 30,000 cfs. A maximum flow at Watana at 30,000
cfs represents a substantial flood peak reduction which
will reduce downstream flood peaks substantially as far
downstream as Talkeetna. For example, the once in fifty
year flood at Gold Creek would be reduced from 106,000
cfs to 49,000 cfs.

After the flood event, the outlet facility will continue
to di scharge at its maximum capacity unt i1 the storage
volume criteria is reestablished. This will cause the
flood duration to be extended beyond its normal duration
although at a reduced flow as noted above.

The flood frequency curve for Watana duri ng reservoir
filling is illustrated in Figure E.2.77.

- Flow Variability

The variabil ity of flow in the Watana to Talkeetna reach
wi 11 be altered. Under natural conditions substant i al
change in flows can occur daily. This flow variability
will be reduced during filling. Using August, 1958 as a
example, Figure E.2. 78 shows the daily flow variation
that would occur. The average monthly flow of 22,540 cfs
during August, 1958 yields a value close to the long term
average monthly discharge of 22,000 cfs. Superimposed on
Figure E.2.78 are the flow variations that could occur
under filling conditions with the August 1958 inflow,
first, assuming that the reservoir was capable of
accommodat ing the i nfl ow and second, assumi ng that the
reservoir storage criteria was violated (i.e., 30,000 cfs
discharge at Watana). Both Gold Creek hydrographs have

. reduced flood peaks. In fill i n9 sequence 1, outflow is
greater than inflow at Watana on the receeding limb of
the hydrograph in order to meet the reservoir storage
volume criteria. Hence during this time period, Gold
Creek flows are greater than natural. In this example it
was assumed that ongoing construction did not permit
additional storage. In reality, the dam height will be
increasing and addit i onalstorage would be permitted,
thus reducing the required outflow from Watana. This
would correspondingly reduce the Gold Creek discharge.
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In filling sequence 2, Gold Creek flO\'I is constant at
12,000 cfs. However, at Watana, flow would be 4,350 cfs
·at the peak and about 10,000 cfs when the natural Gold
Creek flow drops to 12,000 cfs.

Further downsteam, the variability of flow for both
sequences will increase as a result of tributary inflow,
but will be less than under natural conditions.

(i ii) River Morphology

During the filling of Watana reservoir, the trapping of bed
load and suspended sediment by the reservoir will. greatly
reduce the sediment transport by the Susitna River in the
Watana-Ta lk eetna reach. Except for i so1ated areas, bedload
movement will remain 1i mited over th i s reach because of the
armor layer and the low flO\'Is. The lack of suspended sedi
ments will significantly reduce siltation in calmer areas.
The Susitna River main channel will tend to become more
defi ned with a narrower channel in thi s reach. The rnai n
channel river pattern will 'strive for a tighter, better de
fined meander pattern within the existing banks. Atrendof
channel width reduction by. encroachment of vegetationwi1l
begin, and will continue during reservoir operation. Tribu
tary streams, including Portage Creek, Indian River, Gold
Creek, and Fourth of July Creek, will extend their alluvial
fans into the river. Figure E.2.79 illustrates the influence
of the mainstem Susitna River on the sedimentation process
occurring at the mouth of the tributaries. Overflow into
most of the side-channels will not occur, as high flows will
be greatly reduced. The backwater effects at the mouths of
side-channels and sloughs will be significantly reduced.

At the Chulitna confluence, the Chulitna River is expected to
expand and extend its alluvial deposits. Reduced summer
flows in the Susitna River may allow the Chulitna River to
extend its alluvial deposits to the east and south. However,
high flo\o'lS in the Chulitna River may cause rapid channel
changes, inducing the main channel to migrate to the west.
This would tend to relocate the deposition to the west.

Downstream of the Susitna-Chul itna confl uence, the pre
project mean annual bankfull flood will now have a recurrence
interval of fi ve to ten years. Thi s wi 11 tend to decrease
the frequency of occurrence of both bed material movement
and, consequently, of changes in braided channel shape, form
and network. A trend toward relative stabilization of the
floodplain features will begin, but this would occur over a
long period of time (R&M, 1982a).

(iv) Effects on Water Quality

Beginning with the filling of the reservoir, many of ~he

physical, chemical and biological processes common to a
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lentic environment should begin to appear. Some of the more
important processes include sedimentation, leaching, nutrient
enriChment, stratification, evaporation and ice cover. These
processes are expected to interact to alter the water quality
conditions associated with the natural riverine conditions
that presently exist. A summary discussion of the processes
and their interactions is provided in Peterson and Nichols
(1982) •

- Water Temperature

Duri ng the first summer of fi 11 i ng, the temperature in
the Watana reservoir will be essent tally a composite of
the inflow temperature, increased somewhat by the effects
of solar heating. The reservoir will fill very rapidly
(to about a 400 foot depth by the end of summer) and the
effects of solar heating will not penetrate to the depth
at which the outlet is located. Therefore, outlet
temperatures during the first summer of filling should be
an average of the existing river water temperatures with
some lagging with the inflow water temperatures.

Duri ng fall, the reservoir will gradually cool to 4°C.
Once at this temperature the low level outlet will con
tinue to discharge water at just above 4°C until the
reservoir water 1eve1 has increased to where the fi xed
cone valves can be used.

Downstream of the Watana development the water tempera
ture will be modifi ed by heat exchange with the atmos
phere. The filling sequence will cover two winter
peri ods and the temperature at the downstream end of
Devil Canyon will reach aoc at or about the beginning of
November in the first year and toward the end of October
in the second. This will have the effect of lagging_the
downstream temperatures by about 5 weeks from the base
liner. Further dm'lnstream, the 1aggi ng in temperatures
will be reduced as climatic conditions continue to in
fluence the water temperature.

During the second summer of filling, outlet temperatures
will be 4°C. Downstream of Watana, the water temperature
will increase but, will be well below normal water
temperatures.

- Ice

With the delay of freezing water temperatures, the entire
ice formation process will occur 3-4 weeks later than for
natural conditions. However, due to the lower flows the
severity of jams will be diminshed and the staging due to
ice wi 11 be 1ess than presently experi enced. At breakup,
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the reduced fl ows in combi nat i on with the dimi ni shed
jamming 1n the river, will tend to produce a less severe
breakup than currently occurs.

- Suspended Sediments/Turbidity/Vertical Illumination

• Watana Reservoir

As the reservoi r be i ngs to fi 11 , vel oc it i es will be re
duced and deposition of the larger suspended sediment
particles will occur. Initially, all but the larger par
ticles will pass through the reservoir, but with more and
more water impounded, smaller diameter particles will
settle. As the reservoir approaches normal operating
levels, the percentage of particles settling will be sim
ilar to that occurring during reservoir operation. How
ever, since during filling, water will be passed through
the low level outlet which is at invert elevation 1490
feet, whereas during operation it will be drawn from
above elevation 2065 feet, larger particles would be
expected to pass through the reservoir duri ng fi 11 i ng
than duri ng operation (The depositi on process duri ng
reservoir operation is discussed in detail in Section 3.2
(c)(iii).).

During the filling process, reservoir turbidity will de
creasein conjunction with the settling of suspended sed
iments. Turbidity will be highest at the upper end of
the reservoir where the Susitna Ri ver enters. Turbid
interflo\l/s and underflows may occur during summer months,
depending on the relative densities of the reservoir and
river waters. Turbidity levels in the winter are ex
pected to decrease significantly from summer levels, how
ever, turbi dity is 1ikely to be greater than pre-project
winter levels.

Vertical illumination in the reservoir will decrease dur
ing breakup as flow begins to bring glacial silts into
the reservoir. Vertical illumination during the summer
will vary, depending on where the river water finds its
equilibrium depth (overflow, interflow, or underflow).
Data from glacially fed Eklutna Lake indicates that
vertical illumination will not exceed 4 meters during the
mid-summer months (Figure E.2.80). Vertical illumination
will gradually increase during the autumn as glacial
input decreases.

During the filling process additional suspended sediments
wi 11 be introduced to the reservoir by the s 1umpi ng of
the valley walls and continued construction activities.
The s 1umpi ng of vall ey walls will provide intermittent
quantities of suspended sediments. Although no quantita'
tive estimates of this impact are available, it is (In
ticipated that these impacts will be localized, of short
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duration~ and thus not very significant. However, slump-
i ng is expected to continue after operati on of the pro-·
ject begins until equilibrium is attained. Construction
activities~ such as the removal of timber from within the
proposed impoundment area are a1 so expected to contri bute .
to increased suspended sediment concentrat ions and tur-·
bidity levels and decreased vertical illumination. Once
removed, the lack of soil-stabilizing vegetative cover
will likely accelerate wall slumping. However, the in
crease in suspended sediments due to valley wall slumping
will be significantly less the reduction due to the sed
i mentat i on process and thus the ri ver wi 11 be c1 earer
than under natural conditions •

• Watana to Talkeetna

Maximum partic1 e si zes passi ng through the project area
downstream, wi 11 decrease from about 500 mi crons dur i ng
pre-project conditions to about 5 microns as filling
progresses. As can be observed from the particle size
distribution (Figure E.2.36) this results in a retention
of about 80 percent of the pre-project suspended sediment
at Watana. Because of the cl ear water tri butary i nf1 ow
in the Watana to Talkeetna reach, further reduction of
the suspended sediment concentrat ion wi 11 occur as the
flow moves downstream. During high tributary flow
periods, additional suspended sediment will be added to
the river by the tributaries. Talus slides may also
contribute to the downstream suspended sediment conc.en
trations. In general, the suspended sediment concentra
tion in the Watana to Talkeetna reach will be reduced by
approximately 80 percent duri ng the summer months and
slightly increased during the winter months.

Downstream summer turbidity levels will be reduced to an
estimated 30-50 NTU. Winter turbidity levels, although
not presently quantifiable, will be increased above
natural levels of near zero. Because of the reduced tur
bidityin summer, the vertical illumination \'1ill be en
hanced. Winter vertical illumination \'/111 be reduced•

• Talkeetna to Cook Inlet

In the Talkeetna to Cook Inlet reach, the suspended sedi
ment and turbidity 1eve1 s duri ng summer wi 11 decrease
slightly from pre-project levels~ The Chulitna River is
a major sediment contributor to the Susitna with 28 per
cent of its drai nage area covered by gl aci ere As such,
it wi 11 tend to keep the suspended sed iment concentra
tions high during summer. Therefore, the summer char
acter of this reach will not change significantly.
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- Dissolved Oxygen

Initially, during the 3-year filling process, the reservoir
D.O. levels should approximate riverine conditions. As
filling progresses, some weak stratification may begin to
develop. but no substantial decreases in dissolved oxygen
levels are anticipated. The volume of freshwater inf1ow,
the effects of wind and waves, and the location of the out
let structure at the bottom of the reservoir are expected
to keep the reservoir fairly \lfell mixed, thereby replenish
ing oxygen levels in the hypolimnion.

No significant biochemical oxygen demand is anticipated.
The timber in the reservoi r area wi 11 be cleared, thereby
eliminating the associated oxygen demand that would be cre
ated by the i nundat i on and decomposition of thi s vegeta
t i on. Further, the chemi ca1 oxygen dema nd (COD) in the
Susitna River is quite low. COD levels measured upstream
at Vee Canyon during 1980 and 1981, averaged 16 mg/l.

No significant BOD loading is expected from the construc
tion camp and village.

As previously noted, a low level outlet will be utilized
for di schargi ng water. Therefore, the. 1evel s of oxygen
immediately downstream of the outlet could be slightly
reduced. However, pre-project values will be established
withi n a short di stance downstream of the outl et due to
reaeration enhanced by the turbulent nature of the river.

- Nitrogen Supersaturation

Nitrogen supersaturation of water below a dam is poss'ible
in certain seasons, extending a considerable distance
downstream. The detrimental impact of nitrogen supersatur
ation is its lethal effect on fish. If dissolved gases
reach lethal levels of supersaturation, a fish kill due to
gas emboli sms may result for mil es downstream of an i m
poundment (Turkheim, 1975).

Nitrogen supersaturation can be caused by passing water
over a high spillway into a deep plunge pool. Thefactors
influencing this phenomenon include the depth of the plunge
pool, the height of the spill way and the amount of water
bei og spill ed. Si nce all flow \'/ill be passed through the
low level diversion tunnel and no spilling of water w·ill
occur at the i~atana damsite, this problem will not exist
duri ng fi 1Ti ng.

- Nufr i ents -

Two opposing factors \'/i11 affect nutrient concentrations
during the ft11ing process. First, initial inundation will
likely cause an increase in nutrient concentrations.
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Second, sedimentation will strip some nutr i entsfrom the
water column. The magnitude of net change in nutrient
concentrations is unknown, but it is likely that nutrient
concentrat ions wi 11 increase for at 1east a short-term
during filling.

- Other

No significant changes in any other water qual ity par
ameters are anticipated.

(v) Effects on Groundwater Conditions

- Mai nstem

Alluvial gravels in the river and tributary bottoms will be
inundated. No significant aquifers are known to be in the
reservoir area, other than the unconfined aquifers at the
relic channel and in valley bottoms.

Summer releases from the reservoir during filling are dis
cussed in Section 3.2(b)(i). As a result of the decreased
summer flows, water levels will be reduced, especially
above Talkeetna. This will in turn cause a reduction in
groundwater level s downstream but the groundwater level
changes will be confined to the river floodplain area. The
groundwater table will be reduced by about 2 feet in summer
near the shoreline with less change occurring with distance
away from the river.

A similar process will occur dmlJnstream of Ta"lkeetna, but
the changes in groundwater levels will be of less magnitude
due to the decreased effect on river stages.

- Impacts on Sloughs

The reduced ma instem flows and subsequently lower Susitna
River water level s will reduce the water level gradient
between the mainstem and the sloughs. At locations where·
slough upwelling is unaffected by mainstem backwater
effects, the reduced gradient will result in reduced slough
upwelling rates. However, an analysis of mainstem water
elevations at the decreased flow rate and the slough up
welling elevations, indicates a ~ontinued positive flow
toward these upwelling areas with the exception that the
intersection of the slough and the groundwater table will
move downstream. Data to confirm the areal extent of
upwelling at low flows is unavailable at this time.
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The tha h\leg profil e in 510ugh 9 and computed mai nstem ~'/ater

surface profiles in the vicinity of Slough 9 are illus
trated in Figure E.2.81. The thalweg profile taken at
right angles to the mainstem flow together with the main
stem water levels show that upwelling will continue at
lower mai nstem flows. (The water surface profil es \'/hich
were computed using HEC-2 are sufficiently accurate to
illustrate the relationship). It should also be noted that
the groundwater dri vi ng head is more in an upstream
downstream direction than in a direction perpendicular to
the mainstem. This can in general be attributed to the
location of most sloughs at natural bends in the river.
The di stance from the mai nstem at the head end of the
sloughs to the mainstem at the mouth of the sloughs is
usually shorter through the sloughs than along the main
stem.

At the slough upwelling locations which are affected by the
mai nstem backwater, the groundwater gradient between mai n
stem and slough is relatively unaffected by discharge until
backwater effects are no longer present at the upwell; n9
1ocat i on. (As the rna i nstem water level decreases at the
head end of the slough, there is a corresponding decrease
in mai nstem water level at the mouth of thes1 ough where
the backwater is controlled. Therefore, the gradient
between the mainstem water level upstream and the backwater
elevation in the slough is essentially unchanged.) Hence
upwelling rates in backwater areas would remain virtually
unchanged until the area is no longer affected by back
water. At that time the upwelling would behave as dis
cussed above.

Under ice conditions the mainstem water levels increase,
resulting in an increased head differential between main
stem and slough, and increased upwelling in the sloughs.
Under reservoir filling conditions during winter, discharge
will be reduced to about 1000 cfs at Gold Creek during the
freeze-up period. This will result in reduced staging from
pre-project ice staging levels. Hence, during winter, the
rnai nstem- slough water level differenti al wi 11 be reduced
wi th a corresponding reduct ion in upwe 11 i ng area.

In summary, based on available information to date, up
welling in sloughs will continue but at an equal or slight
ly reduced rate from the natural rate. Additi ona11y, the
upper ends of some sloughs may be dewatered because of the
lower groundwater tabl e associ ated with the decrease in
mainstem water level s.

(vi) Impacts on Lakes and Streams

Several tundra lakes will be inundated as the reservoir
approaches full. pool. The mouths of tributary streams
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enteri ng the reservoir wi 11 be inundated for several mil es
(Sec. 2.4 (b)). Bedload and suspended sediment carried by
these streams will be deposited at or near the new mouths of
the streams as the river mouths move upstream duri n9 the
filling process. No significant impacts to Tsusena or
Deadman Creeks are anticipated from their use as \'1ater·supply
and waste recipient, respectively.

(vii) Effects on Instream Flow Uses

.. Fishery Resources, Riparian Vegetation, and Wildlife
Habitat

Impacts on fishery resources, riparian vegetation and wild
life habitat during the filling process are discussed more
fully in Chapter 3. As summer flows are reduced, fish
access to slough habitats will be decreased. Since temper
atures of upwelling groundwater in sloughs are expected to
be unchanged and upwelling should continue at most loca
tions, though possibly at a reduced rate, impacts on the
incubation of salmonid eggs are not expected to be severe.

- Navigation and Transportation

Once impoundment of the reservoir commences, the character
of .the ri ver immedi ately upstream of the dam wi 11 change
from a fast-flowing river with numerous rapids to a still
\'later reservoir. The reservoir will ultimately extend 54
miles upstream, just downstream of the confluence with the
Tyone Ri ver, and wi 11 inundate the major rapi ds at Vee
Canyon when the reservoir reaches full pool. The reservoir
will allow increased boat traffic to this reach of river by
decreasing the navigational difficulties.

The reduced summer flows released from the reservoir during
filling could reduce the navigation difficulties between

. Watana and Devil Canyon during the summer months. However,
the lower segment· of this reach from Devil· Creek to Devil
Canyon will still consist of heavy white-water rapids suit
able only for expert kayakers.

Navigational difficulties between Devil Canyon and the con
fl uence with the Chul itna Ri ver will be increased due to
shallower water and a somewhat constricted channel. Al
though there will be sufficient depth in the river to navi
gate it, greater care will be required to avoid grounding.
There will be less floating debris in this reach of the
river, which will reduce the navigational danger somewhat.

There will be little impact on navigation below the conflu
ence of the Chul itna River. The Susitna River is highly
braided from Talkeetna to Cook Inlet with numerous channels
which can change rapidly due to the high bedload movement
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and reaodily erodible bed material. Navigation can be
difficult at present and knowledge of the river is
benefi ci a1 at 1o\'1 fl ows. The reduced summer f1 ows from the
Sus itna Ri ver\'ii 11 be somewhat compensated for by the hi gh
flows from other tributaries. No impacts near the existing
boat access poi nts of Sus itna Landi ng, Kaskwitna Ri ver or
Willow Creek have been identified. Minor restrictions on
navigation may occur at the upstream access to Alexander
Slough, but this would occur only in low streamflow years
when the other tributaries also have low flow.

- Recreat ion

Information on recreation can be found in Chapter 7.

- Waste Assimilative Capacity

The previ ously noted, reduct ions to downstream summer flows
could result in a slight reduction in the waste assimila
tive capacity of the river. However, no significant impact
is anticipated given the limited sources of waste loading
on the river (see Section 3.2(a)(ii)).

- Freshwater Recruitment to Estuaries

During filling, under average flow conditions, the mean
annual freshwater -inflo\'/ to Cook Inlet will be reduced by
about 12 percent. This will cause a few parts per thou
sand increase in the natural salinity conditions. How
ever, the salinity change would still be within the range
of normal variation. If filling were too take place
during an average hydrologic sequence, then the annual
freshwater input to Cook Inlet would still be greater
than the existing annual flows into Cook Inlet 15 percent
of the time.

During a dry flow sequence, the downstream flow require
ments at Gold Creek would be maintained. Thus, a smaller
percentage of the Gold Creek flow is available for stor
age. Consequently the percent reduct ion in fresh water
i nfl ow into Cook Inlet is 1ess for a sequence of dry
years than for average conditions.

The higher Cook Inlet salinities will last only until
project operation, at which time a new equilibrium wil be
established as described in Section 3.2(c)(v).
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Watana will be operated in a storage-and-release mode,
such that summer flows will be captured for release in
wi nter. Generally, the Watana reservoir wi 11 be at or
near its normal maximum operating level of 2185 feet each
year at the end of September. Gradually the reservoir
wi 11 be drawn down to meet wi nter energy demand. In
early May, the reservoir will reach its minimum annual
level and then begin to refill from the spring melt.
Fl ow in excess of both the downstream flow requirements
and power needs wi 11 be stored dur i ng the summer until
the reservoir reaches the normal maximum operating level
of 2185 feet. Once the reservoir is at this elevation,
flow above that required for power will be wasted. After
the threat of s i gnifi cant fl oodi ng has passed in 1ate
August, the reservoir wil 1 be all owed to surcharge to
2190 feet to minimize wasting of water in late august and
September. Then, at the end of September, the annual
cycle will be repeated•

• Minimum Downstream Target Flows

During project operation, minimum Gold Creek target
fl ows from May through September wi 11 be unchanged from
those duri ng reservoir impoundment except that flows
from October to April wi 11 be mai ntai ned at or above
5,000 cfs. It. should be noted that these flows are
minimum target flows. In reality, project operation
flows will normally be greater than the targeted mini
mum flows during winter. During May, June, JUly and
October, . operational flows will . also normally be

. greater than the minimums. The late July, August, and
September flows will probably coincide very closely
with the minimum requirements. The minimum target
flows during operation are shown in Table E.2.17.

If during summer, the natural flows fall below the GQld
Creek minimum target, then these flows will be augment
ed to maintain the dO'tlnstream flow requirement •

• Monthly Energy Simulations

A monthly energy simulation program was run using the
32 years of Watana synthesized flow data given in Table
E2.2 except that the extreme drought· (recurrence i nter
val greater than one in 500 years) which occurred; n
water year 1969, dominated the analysis and was there
fore modified to reflect a drought with recurrence
interval of one in 32 years for energy pl anni ng and
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drawdown optimization. Energy production was optim
ized t taking into account the reservoir operating
criteria and the downstream flow requirements. The
energy simulation program is discussed in Volume 4 t .

Appendix A of the Feasibility Study (Acres t 1982).

Month ly maximum ,mi ni mum,and medi an Watana reservoir
levels for the 32 year simulation are illustrated in
Figure E.2.82•

• Daily Operation

Inan effort to stabilize downstream flows,Watana will
be operated as a base loaded pl ant until Devil Canyon
is completed. This will produce daily flows that are
virtually constant most of the year. During summer it
may be economically desirable to vary flow on a daily
basis to take advantage of the flow contribution down
stream of Watana to meet the flow requirements at Gal d
Creek. This would yield stable flows at Gold Creek,
but somewhat variable river flows between Watana and
Portage Creek.

- Mean Monthly and Annual Flows

Monthly di scharges at Watana for the 32 year peri ad were
computed using the monthly energy simulation program and
are presented in Table £.2.21. The maximum t mean,and
minimum flows for each month are sumrnarized in Table
E.2.22. Pre-project flows are al so presented for
compari son. In general, powerhouse flows from October
through April will be much greater than natural flows~

For example t in March the operational flows will be eight
times greater than natural river flow. Average post pro
ject flow for May will be about 30 percent less than the
natural flow. Mean daily post project flows during May
will be similar for each day of the month. In contrast t

existing basel ine flows vary considerably from the start
of the month to the end of the month due to the timing of
the snowmelt. Flows during June, July, August and
September will be substantially reduced, to effect reser
voir fi 11 i ng.

Pre and post project montly flows at Gold·· Creek are
listed in Tables E2.23 and £2.24. A summary is present
ed in Table £2.25. The comparison is similar to that for
Watana although the pre-projectjpost-project percentage
change is less.

Further downstream at the Sunshi ne and Sus itna Station,
gaging station pre-and-post project flow differences will
become 1ess si gnifi cant. Ouri ng July, average monthly
flows will be reduced by el even percent at Sus itna
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Station. However, during the \'/inter, flows will be 100
percent greater than exi st i ng condit ions. Monthly pre
and post-project flows at the Sunshine and Susitna
Stations are tabulated in Tables E.2.26 through E.2.29
and summarized in E2.30 and E2.31.

Mean annual flow will remai n the same at all stations.
However, flow will be redistributed from the summer
months to the winter months.

- Floods

• Spring Floods

For the 32 years simulated, Watana reservoir had suf
ficient storage capacity to absorb all floods. The
largest flood of record, June 7, 1964, had a peak dis
charge of 90,700 cfs at Gold Creek, corresponding to an
annual flood recurrence interval of better than 20
years. This flood provided the largest mean monthly
inflow on record at Gold Creek, 50,580 cfs and contain
ed the largest flood volume on record. However, even
with this large a flood, the simulated reservoir level
increased only 49 feet from elevation 2089 to elevation
2138. A further 47 feet of storage were available
before reservoir spillage would have occurred.

The flood volume for a May-July once in fifty year
flood was determined to be 2.3 million acre feet (R&M,
1981a). This is equivalent to the storage volume con
tained between elevation 2117 and 2185, neglecting dis
charge. 5i nce the maximum elevation at the beginning
of June was always less than 2117 during the simula
tion, the 50 year flood volume can be stored without
spi 11 age if it occurs in June. Assumi ng the maximum
June 30th water level in the simulation, if the flood
event occurs in July, the once in fifty year flood
volume can also be accommodated without exceeding
El evat ion 2185 if the powerhouse discharge averages
10,000 cfs. Thus, for flows up to the once in fifty
year spri ng fl ood event, Watana reservoir capacity ;s
capab1e of totally absorbi ng the flood without
spill age•

Only for fl ood events greater than the once ; n fifty
year event and after the reservoir elevation reaches
2185.5 feet, will the powerhouse and outlet facilities
will be operated to match inflow up to the full operat
i ng capacity of the outlet facil Hies and powerhouse.
If i nfl ow conti nues to be greater than outfl ow, the
r~servoir will gradually rise to Elevation 2193. At
that time, the main spillway gates will be opened and
operated so that the outflow matches the i nfl ow. The
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main spillway will be able to handle floods up to the
once in lO,OOO-year event. Peak inflow fora once in
10,OOO-year flood will exceed outflow capacity
resulting in a slight increase in water level above
2193 feet. The discharges and water levels associated
with a once in 10,OOO-year flood are shown in Figure
E.2.83.

If the probable maximum flood were to occur, the main
spillway will be operated to match i ofl ow until the
capacity of the spi llway is exceeded. The reservoir
elevation would. rise until it reached El evation2200.
At this elevation, the erodable dike in the emergency
spillway waul d be eroded and the emergency spi 11 way
would operate~ The resulting total outflow through all
the discharge structures would be 15,000 cfs less than
the probable maximum flood (PMF) of 326,000 cfs. The
i nfl ow and outflo\'1 hydrographs for the PMF are ill us
trated in Figure E.2.83.

• Summer Floods

For fl oods occurr i ng in Au gust and September, it is
probable that the Watana reservoir could reach Eleva
tion 2185. Design considerations were therefore estab
lished to ensure that the powerhouse and outlet facili
ties will have sufficient capacity to pass the once in
fifty year summer flood without operat i ng the mai n
spillway as the resultant nitrogen supersaturation
could be detrimental to downstream fisheries. During
the flood, the reservoir will be allowed to surcharge
to Elevation 2193.

An ana lysi s of the once in fifty year summer flood was
carried out assuming that the reservoir was at 2185
feet when the flood commenced. The inflow flood hydro
graph at Watana was deri ved by multi plyi ng the mean
annual flood peak at Watana by the ratio of the once in
two year summer fl ood peak at Gold Creek to mean annual
flood peak at Gold Creek to obtain the once in two year
summer flood peak at Watana. This value was then
multiplied by the ratio of the once in fifty year
summer flood to the once in two year summer flood at
Gold Creek, to obtain the Watana once in fifty year
summer flood peak of 64,500 cfs. The August to October
dimensi onl ess hydrograph (R&M, 1981a) was next mult i
plied by the Watana peak flood flow to obtain the in
flow hydrograph. The i nfl ow was then routed through
the reservo; r to obtain· the outf1 ow hydrograph. Max i
mum outflow is the sum of the outlet facility discharge
and the powerhouse flows. Flows and associated water
levels are illustrated in Figure E.2.83.
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If summer floods of lesser magnitude than the fifty
year event occur with the reservoir full) i nfl ow \'/i 11
match outflo\'1 up to the di scharge capabil ity of the
outlet facilities and powerhouse.

August floods occurring in the 32 year energy simula
tion period did not cause the reservoir to exceed ele
vation 2190 feet. Hence) no spills occurred. The sim
ulation included the August 15) 1967 flood. This flood
had an instantaneous peak of 80)200 cfs at Gold Creek
and an equivalent return of once in 65 years; thus
demonstrating the conservative nature of the above
analysis.

Downstream of Watana) flood fl ows at Gold Creek) wi 11
be reduced corresponding to the reduction in flood flow
at Watana. Flood peaks at Sunshine and Susitna Station
will also be attenuated) but to a lesser extent.

The annual and summer flood frequency curves for Watana
are illustrated in Figure E.2.84.

- Flow Variability

Under normal hydrologic conditions) flow from the Watana
development will be totally regulated. The downstream
flow will be controlled by one of the following criteria:
downstream flow requirements) minimum power demand) or
reservoir level operating rule curve. There will gener
a lly not be si gnifi cant changes "j n mean dai ly flow from
one day to the next. However) there can be s i gnifi cant
variations in discharge from one season to the next and
for the same month from one year to the next.

Monthly and annual flow duration curves based on the
monthly average flows for pre-project and post-project
operating conditions for the simulation period are
illustrated in Figures E.2.85 through E.2.88 for Watana,
Gold Creek) Sunshine; and Susitna Station. The flow
durat i on curves show a dimi ni shed pre-and-post-project
difference with distance downstream of Watana.

(ii) River Morphology

Impacts on river morphology during Watana operation will be
similar to those occurring during reservor impoundment
(Section 3.2(b)(ii)) although flow levels will generally be
increased for power operations. The reduction in stream
flow peaks) and the trapping of bedload and suspended sedi
ments will continue to significantly reduce morphological
changes in the river above the Susitna-Chulitna confluence.

E-2-55



The mai nstem ri ver wi 11 tend to become tighter and better
defi ned. Channel wi dth reduction by vegetation
encroachment will conti nue.

The effects of ice for-ces dur i ng breakup - on the river
morphology above the Chulitna River will be effectively
eliminated. Although an ice cover could form up to Devil
Canyon t the rapid rise in streamflows which causes the
initial-ice movement at breakup will be eliminated due to-'
the reservoir regulation. IRstead of moving downriver and
forming ice Jams t the ice will thermally degrade. When it
does move t it wi 11 be ina weakened state and will not
cause a significant amount of damage.

Occurrences of the overtoppi ng of the gravel berms at the
upstream end of sloughS will be virtually eliminated.
Movement of sand and gravel bars will be minimized. Debris
jams and beaver dams t whi ch previ ously were washed out by
high flows t will remain in place, with resultant ponding.
Vegetat i on encroachment in the sloughs and side-channel s
will also be evident as the high flows are reduced.

Impacts at the Chul itna confluence and downstream will be
similar to those occurring during reservoir,impoundment.

(iii) Water Qualit.y-

- Water Temperature

• Reservoir and Outlet Water Temperature

After impoundment, Watana reservoir wi 11 exhi bit the
thermal characteristics of a deep glacial lake. Deep
glacial lakes commonly show temperature stratification
both during winter and summer (Mathews t 1956; Gilbert t

1973; Pharo and Carmack t 1979 t Gustavson, 1975),
although stratification is often relatively weak.
Bradl ey Lake, Al aska t (Fi gure E.2. 89) demonstrated a
weak thermocline in late July, 1980, but was virtually
isothermal by late September, and demonstrated a
reverse thermocline during winter months (Corps of
Engineers t unpublished data).

The range and seasonal variation in temperature within
the Watana reservoir and for a distance downstream will
change after impoundment. Bolke and Waddell (1975)
noted in an impoundment study that the reservoir not
only reduced the range in temperature but also changed
the timing of the high and low temperature. This will
also be the case for the Susitna River where pre-pro
ject temperatures generally range from O°C to 14°C with
the lows occurring from October through April and the
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highs in July or August. Hm'Jever, to minimize the
preproject to post-project temperature differences
downstream, Hatana will be operated to take advantage
of the temperature stratification within the
reservoir.

During summer~ warmer reservoir water will be withdrawn
from the surface through a multi port intake structure
(Figure E.2.90). The intake nearest the surface
generally will be used. In this way warmer waters will
be passed downstream.

When water is released from the epi 1i mni on of a deep
reservoir~ there is likely to be a warming effect on
the stream below the dam (Turkheim~ 1975; Baxter and
Glaude, 1980). However, given the hydrological and
meteorological conditions at Watana~ this may not
occur.

To provide quantitative predictions of the reservoir
temperature behavior and outlet temperatures, reservoir
thermal studies were undertaken in 1981 and 1982. To
date, detailed studies have been completed for only the
open water period. A one dimensional computer model,
DYRESM, was used to determine the thermal regime of the
Watana reservoir and the outlet temperatures.

Temperature profil es were simul ated for the June.
through October time period using 1981 field data.
Monthly reservoir temperature profil es and the mean
daily inflow and outlet water temperatures are
illustrated in Figures E.2.91 and E.2.92. The maximum

,reservoir temperature simul ated was 10.4°C and occurred
in early August. This is less than the maximum
recorded i nfl ow temperature of l3°C. Although there is
an initial lag in outflow temperatures in early June,
it is possible to reasonably match inflow temperatures
from 1ate June to mid-September. Thus ~ the summer
outlet temperatures from Watana will have no impact on
the downstream fishery resource.

In late September the natural water temperature falls
to near zero degrees. Because of the large quantity of
heat stored in the reservoir, it is not possible to
match these natural temperatures. The lowest out 1et
temperature that could be obtained is 4°C with the use
of a lower level outlet.

From September through November, reservoi r water tem
peratures will gradually decrease until an ice cover is
developed in late November or December. During the ice
cover formation process and throughout the winter~ Qut-
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flow temperatures will be between OOC and 4°C but,most
1 ike1y the low temperature wi 11 be 1°C or greater.
Thi s range of outflow. temperature' (1°C to 4°C) can be
obtai ned by se1 ecti ve1y withdrawi ng water of the de
sired temperature from the appropriate port within the
intake structure. Thus, when the opti mum temperature,
between approximately 1°C and 4°C, has been determined,
the reservoir will be operated to match that
temperature as closely as possible.

• Downstream Mainstem Water Temperatures

In winter, the outflow temperature will initially de
crease as reservoir heat is exchanged with the cold
atmosphere. The downstream temperatures were inv~sti

gated with a constant 4°C outflow. and also with a
temperature of 4°C up to October 15 and decreasing
linearly to 1°C by January 1. This sort of analysis
brackets the expected temperature regime during Watana
operat ion.

At the downstream end of Devil Canyon, the temperatures
would bei n the range of 1.5° to ooe by about the first
week in January. This would place the upstream edge of
O°C water somewhere between Sherman and PorfageCreek
by about the middle of January. This regime would
continue through the remainder of the~'1inter until
about April when the net heat exchange again becomes
positive.

During summer, outlet water temperatures will approxi
mate existing baSeline water temperatures. Downstream
water temperatures will essentially be unchanged from
existing water temperature. For example, at Gold Creek
maximum June water temperatures will approximate 13°C.
Through July, temperatures will vary from IO°C to 12°C
and through mid-August temperatures will remain at
about 10°C. About mid-August, temperatures will begin
to decrease •

• Slough Water Temperatures

Pre1i mi nary invest i gati ons show that ground water up
welling temperatures in sloughs reflect the long term
water temperature of the Susitna River. Downstream of
Devil Canyon, the long term average is not expected to
change significantly. '

Post-project summer Susitna Ri ver water temperatures
downstream of Portage Creek will be similar to existing
temperatures. Fall temperatures will be slight'ly
warmer but shou1 d fall to DOC by January and wi 11
remai n at O°C until temperatures begi n to warm. In
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spri ng~ however ~ water temperatures should remai n
cooler longer. This wi 11 counteract the warmer fall
temperatures and result in the average annual water
temperature remaining close to existing conditions in
the Talkeetna to Devil Canyon reach.

- Ice

The delayed occurrence of O°C water in the reach below
Devil Canyon wi 11 tend to del ay the formation of an ice
cover significantly. Since 75-80% of the ice supply be
low Talkeetna is currently from the Susitna River, the
formation of the cover will be delayed until about
December and ice front progression above the confluence
starting in late December or early January. Depending on
the water temperatures upstream~ the ice cover wi 11 pro
gress to a. point between Sherman and Portage Creek.
Staging will range from about 4 ft at Talkeetna to about
3 ft at Sherman. The more likely occurrence is an ice
cover to Portage Creek.

Duri ng breakup, the cover wi 11 tend to thermally erode
from both downstream and upstream. The downstream ero
'sion will be similar to existing conditions while the
upstream will be due to the warm water suppl ied by the
reservoir as well as the positive net atmospheric heat)
exchange. Due to the lower flows, the breakup of the ice
cover wi 11 be 1ess severe than the basel"j ne case•.

- Suspended Sediments

As the sediment laden Sus itnaRi ver enters the ~~atana

reservoir~ the river velocity will decrease and the
larger diameter suspended sediments will settle out to
form a delta at the upstream end of the reservoir. The
delta formation will be constantly adjusting to the

. changing reservoir water level. Sediment will pass
t hrough channel sin the delta to be depos ited over the
lip of the delta. Depending on the relative densities of
the reservoir water and the river water, the river water
containing the finer unsettled suspended sediments will
either enter the lake as overflow (surface current} ,
interflow, or underflow (turbidity current).

Trap effi ci ency estimates usi ng general ized trap effi
ciency envelope curves developed by Brune (l953) indicate
90-100 percent of the incoming sediment would be trapped
in a reservoir the size of Watana Reservoir. HO\'/ever,
sedimentation studies at glacial lakes indicate that the
Brune curve may not be appropriate for Watana. These
studies have shown that the fine glacial sediment may
pass through the reservoir. Indeed, glacial lakes
immediately below glaciers have been reported to have
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trap efficiencies of 70-75 percent.
British Columbia~ a deep glacial lake
River, retains an estimated 66 percent
sediment (Pharo and Carmack~ 1979).

Kamloops Lake,
on the Thompson
of the i ncomi ng

Particle diameters of 3..4 microns have been estimated to
be the approximate maximum size of the sediment particles
that will pass through the Watana reservoir (Peratrovich,
Nottingham & Drage~ 1982). By examining the particle
size distribution curve {figure 12.36),. it is estimated
that about 80 percent of the incorn; ng sediment wi 11 be
trapped.

For an engineering estimate of the time it would take to
fill the reservoir with sediment, a conservative assump
tion of a 100 percent trap efficiency can be made. This
results in· 472,500 ac.. ft. of sediment be; ngdeposited
after 100 years (R&M, 1982d) and is eqUivalent to 5
percent of total reservoir volume and 12.6 percent of the
live storage. Thus, sediment deposition will not affect
the operation of Watana reservoir.

In the Watana reservoir, it is expected that wind mlxlng
will be significant in retaining particles less than 12
mi crons in suspens i on in the upper 50-foot water 1ayer
(Peratrovich, Nottingham & Drage, 1982). Re-entrainment

. of sediment from the shallow depths along the reservoir
boundary during high winds will result in short-term high
turbidity levels. This will be particularly important
during the summer refilling process when water levels
will rise, resubmerging sediment deposited along the
shoreline during the previous winter drawdown period.

Slumping will occur for a number of years until the
valley walls attain stability. This process will cause
locally increased suspended sediment and turbidity
levels. Sediment suspended during this process are
expected to be si lts and c1 ays. Because of their small
size these particles may stay in suspension for a long
period of time. Nonetheless, during summer, the levels
of suspended sediments and turbidity should remain on the
order of five times less than during pre-project riverine
conditions. If slumping occurs during winter, increases
in suspended sediment concentrations over natural condi-

. tions will occur. Since cold ambient air temperatures
during the winter will freeze the valley walls, the num
ber of slides ~"ill be reduced and impacts should be
mi nor.

Suspended sedi ment concentrations downstream will be
similar to that discussed in Section 3.2(b), (iv) except
that maximum particle sizes leaving the reservoir will be
3-4 microns.
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- Turbi dity

Turbidity patterns may have an impact on fisheries, both
in the reservoir and downstream. Turbi dity in the top
100 feet of the reservoir is of primary interest. The
turbidity pattern is a function of the thermal structure,
wind mixing and reentrainment along the reservoir boun
dari es. Turbi dity patterns observed withi n Ek 1utna Lake,
a lake 30 miles north of Anchorage, may provide the best
available physical model of turbidity within Watana
Reservoir. Although it is only one tenth the size of the
Watana Reservoir, its morphometric characteristics are
similar to Watana. It is 7 miles long, 200 feet deep,
has a surface area of 3,420 acres, and has a total stor
age of about 414,000 ac-ft. Bulk annual residence time
is 1.77 years, compared to Watana1s 1.65 years. It also
has 5.2 percent of its basin covered by glaciers, com
pared to 5.9 percent of Watana's drainage area. Conse
quently, it is believed that turbidity patterns in the
two bodies of water will be somewhat similar.

Data collected at Ekl utna from March through October 1982
demonstrates the expected pattern at Watana. In March,
turbidity beneath the ice cover was uniformly less than
10 NTU in the lower end of the lake near the intake to
the Eklutna hydroelectric plant. Shortly after the ice
melted in late May, but before significant glacial melt
had commenced, turbi dity remai ned at 7-10 NTU throughout
the water column. By mid-June, the turbidity had risen
to 14-21 NTU, but no distinct turbidity plume was evi
dent. It is believed the lake had recently completed its
spring overturn, as a warming trend was evident only in
the upper 3 meters. By early July a slight increase in
turbi ditywas noted at the lake bottom near the river
inlet. Distinct turbidity plumes were evident as inter
flows in the upstream end of the 1ake from 1ate July
through mid-September. Turbidity levels had significant
ly decreased by the time the plume had traveled 5 miles
down the lake, as sediment was deposited in the lake. In
1ate September,· a turbi d 1ayer was noted on the bottom of
the 1ake as ri ver water entered as underflow. By mid
October, the lake was in its fall overturn period, with
near-uniform temperatures and turbidity at about 7°C and
30-35 NTU, respectively •.

In Kamloops Lake, B.C., thermal stratification of the
1ake tended to "short-circuit II the ri ver pl urnes especia1
ly during periods of high flow (St. John et at., 1976).
The turbid plume was confined to the surface layers,
resulting in a relatively short residence time of the
ri ver water duri ng summer. St. John et al. (1976) noted
that high turbidity values extended almost the entire
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length of Kamloops Lake during the summer, suggesting
that the effects of dilution and particle settling were
minimal due to the thermocline at lQD_6°C effectively
separating the high turbidity waters in the upper layers
of the lake from hi ghly transparent hypol immi on waters.
This was not apparent in the Eklutna Lake data. Plumes
were evident up to 5 mil es down the 1ake, but they were
below the thermocline. In addition, particle· settling
and dilution were evident, as turbidity continually
decreased down the length of the lake.

The relatively cool, cloudy climate in sout.hcentral
Alaska would tend to prevent a sharp thermocline from
developing, so that the processes evident in Kamloops
lake would not be expected in Eklutna lake, nor will they
be expected in the Watana reservoir.

- Total Dissolved Solids, Conductivity, Alkalinity,
Significant Ions and Metals

The leaching process, as previously identified in Section
3.2.{a)(ii), is expected to result in increased levels of
the above parameters within the reservoir immediately
after impoundment. The magnitude of these changes cannot
be quantified, but should not be significant (Peterson,
1982). Furthermore, Baxter and Glaude (1980) have found
such effects are temporary and diminish with time.

The effects will diminish for two reasons: First, the
most soluable elements will dissolve into the water
rather quickly and the rate of 1eachate production will
decrease with time. Second, much of the inorganic sedi
ment carri ed by the Susitna Ri vel" will settle in the
Watana Reservoir. The formation of an inorganic sediment
blanket on· the reservoir bed will retard leaching
(Peterson and Nichols, 1982).

The effects of the 1eachi ng process shaul d not be re
flected in the river below the dam since the leachate is
expected to be confined to a small layer of water immedi
ately adjacent to the reservoir floor and the ,intake
structures wi 11 be near the surface.

Due to the large surface area of the proposed i mpound
ment, evaporation will be substantially increased over
existing conditions. The annual average evaporation rate
for Hay through September at Watana is estimated at 10.0
inches or 0.3 percent of the reservoir volume (Peterson
and Nichols, 1982). During evaporation, slightly higher
concentrations of dissolved substances have been found at
the surface of impoundments (Love, 1961; Symons, 1969).
Neglecting precipitation which would negate the effects
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of evaporation, the potential increase of less than one
percent is not considered significant (Peterson and
Nichols, 1982).

Dissolved solid concentrations are expected to increase
near the surface of the impoundment during winter.
Mortimer (1941,1942) noted that the formation of ice at
the reservoir surface forces dissolved solids out of the
freezi n9 water, thereby i ncreas i ng concentrations of
these solids at the top of the reservoir. No significant
impacts should result either in the reservoir or down
stream of the dam.

Precipitation of metals such as iron, manganese and other
trace elements have been noticed in reservoirs resulting
in reduced ~oncentrations of these elements (Neal, 1967).
Oligotrophic reservoirs with high pH and high dissolved
salt concentrations generally preci pitate more metal than
reservoirs with low pH and low dissol ved salt concentra
tions. This is attributed to the dissolved salts react
ing with the metal ions and subsequently settling out
(Peterson and Ni chol s, 1982). Average Sus itna Ri ver
conductivity values for Vee Canyon and Gold Creek during
winter are 70 and 125 umhos/cm at 25°C, respectively.
For summer they are somewhat lower, 45 umhos/cm at 25°C
for both stations. Values for pH range between 7.3 and
7.6 for the two stations. Although neither of the para
meters were high, some precipitation of metals is ex
pected to reduce the quant it i es suspended in the
reservoir.

- Dissolved Oxygen

Susitna River inflow will continue to have both high dis
solved oxygen concentrations and high percentage satura
tions. The oxygen demand entering the reservoir should
cant i nue to remain low. No man-made sources of oxygen
demandi ng effl uent exist upstream of the impoundment.
Chemical oxygen demand (COD) measurements at Vee Canyon
during 1980 and 1981 were quite low, averaging 16 mg/l.
No biochemical oxygen demand values were recorded.

Wastewater from the permanent town will not contribute an
oxygen demand of any si gnifi cance to the reservoir. All
wastewater will be treated to avoi d eff] uent related
problems.

The trees within the inundated area will have been
cleared, removing the potential BOD they would have
created. The 1ayer of organi c matter at the reservoir
bottom will still remain and could create some short term
localized oxygen depletion. However, the process of
decomposition should be very slow due to the cold
temperatures.
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The \tleak stratification of the reservoir may cause the
oxygen levels in the hypolimnion to diminish due to lack
of oxygen repleni shment. The spri ng turnover, with its
large inflow of water, will cause mixing; however, the
depth to which this mixing will occur is unknown. As a
resu1t, the hypolimnion could experience reduced oxygen
level s. The upper 200 feet of the impoundment should
maintain high D.O. due to river inflow and continual
mixi ng.

Downstream of the dam, no dissol ved oxygen· changes are
anticipated since water will be drawn from the upper
1ayer of the reservoir.

- Nitrogen Sueersaturation

As previously noted, nitrogensupersaturati on can occur
below high-head dams due to spillage. During project
operation, specially designed fixed cone valves will be
used to discharge spill s up to the once in fifty year
flood.

- Trophic Effects (Nutrients)

Reservoir trophi c status is determi ned in part by the
relative amounts of carbon, silicon, nitrogen and phos
phorus present ina system, as well as the qual Hy and
quantity of light penetration. The C:Si :N:P ratio
indicates which nutrient levels will limit algae produc-
tivity. The nutrient which is least abundant will be
limiting. On this basis, it was concluded that phos-
phorus will be the limiting nutrient in the Susitna
impoundments. Vollenweider1s (1976) model was considered
to be the most reliable in determining phosphorus concen
trations at ~he Watana impoundment. However, because the
val i dity of this model is based on phosphorus data from
temperate, cl ear water 1akes, predi ct ing trophi c status
of silt-laden water bodies with reduced light conditions
and high inorganic phosphorus levels may overestimate the
actual trophic status.

The ~pring phosphorus concentration in phosphorus limited
lakes is considered the best estimate of a lake's trophic
status. Bio-avail ab1e phosphorus is the fraction of the
total phosphorus pool which controls algae growth in a
part i cular 1ake. The measured di ssol ved orthophosphate
concentration at Vee Canyon was considered to be the bio
available fraction in the Susitna River. Accordingly,
the average dissolved orthophosphate concentration in
June was multiplied by the average annual flow to calcu
late spring phosphorus supplies. These values were in
turn combi ned with phosphorus values from preci pitation
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(iv)

and di vided by the surface area of the impoundment. The
resultant spring phosphorus loading values at Watana were
far below the minimum loading levels that would result in
anything other than 01 igotrophic conditions. Likewise,
upon incorporating spring loading values into
Vall enwei der IS (1976) phosphorus model, the vol umetric
spri n9 phosphorusconcentrat i on fell into the same range
as oligotrophic lakes with similar mean depths, flushing
rates, and phosphorus· loading values (Peterson and
Nichols, 1982).

The aforementioned trophic status predictions depend upon
several assumptions that cannot be quantified on the
basis of existing information. These assumptions
include:

• The C:Si:N:P ratio does not fluctuate to the extent
that a nutri ent other than phosphorus becomes 1imit
i n9;

• No appreciable amount of bio-available phosphorus is
rel eased from the soil upon fill i ng of the reservoi rs;

• Phosphorus loading levels are constant throughout the
peak algal growth period;

• June phosphor us concentrati ons measured at Vee Canyon
correspond to the time of peak algal productivity;

• Phosphorus speci es other than di sso 1ved orthophosphate
are not converted to a bio-available form;

• Fl us hi ng rates and phosphorus sedimentation rates are
constant;

• Phosphorus losses occur only through sedimentation and
the outlet; and

• The net loss of phosphorus to sediments is proportional
to the amount of phosphorus in each reservoir.

Effects on Groundwater Conditions

- Mai nstem

Asa result of the annual water level fluctuation in the
reservoir, there will be local ized changes in groundwater
in the i mmedfate vi ci nity of the reservoi r. Groundwater
impacts downstream wi 11 be confi ned to the river area.
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- Impacts on Sloughs

During winter, in the Talkeetna to Devil Canyon reach,
some sloughs (i.e. those nearer Talkeetna) will be adja~

cent to an ice covered section of the Susitna River and
others will be adjacent to an ice free section. In ice
covered sections, the Susitna River will have staged to
form the ice cover at project operation flows of about
10,000 cfs. The associated water level will be a few
feet above normal wi nter water 1eve1s and wi 11 cause
increased upwelling in the sloughs because of the in
creased gradi ent. The berms at' the head end of the
sloughs may be overtopped.

A number of sloughs may be adjacent to open water sec
tions of the Susitna River. Since flows w"i11 average

, approximately 10,000 cfs in winter, the associated water.
level will be less than the existing baseline Susitna
River water levels in winter because ice staging under
present conditions yields a water level equivalent to an
open water di scharge that is greater than 20, 000 cfs.
Hence, it is expected that the winter gradient will be
reduced and will result in a decreased upwelling rate in
the sloughs.

Duirng summer, the mainstem - slough ground water inter
action will be similar to that discussed in Section 3.2
(b}(v), with the exception that operational flows will be
greater than the downstream flows dur i ng fi 11 i ng and thus
upwelling rates will be closer to the natural condition
than were th~ upwelling rates during filling.

(v) Instream Flow Uses

- Fishing Resources, Riparian Vegetatio~

and Wildlife Habitat

Impacts of project operation on the fi shery resources,
riparian vegetation and wildlife habitat are discussed in
Chapter 3.

- Navigation and Transportation

Withi n the reservoir area, water craft navi gat i on will
extend to November because of the delay in ice cover for
mation. During winter, the' reservoir will be available
for use by dogsled and snow machi ne.

ATthough summer flows will be reduced from natural condi
tions during project operation, navigation and transpor
tation in the \~atana to Talkeetna reach \'lill not be
significantly impacted. Flows will be stabilized due to
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a base-loaded operation. However, because of the reduced
water -levels, caution will be required in navigating
various reaches. There will be less floating debris in
t his reach of the ri vel", wh i ch will reduce the
navigational hazards.

During the fall and winter a significant reach of the
river downstream of Watana will contain open water. This
will allow for a longer boating season but will impede
use of the river as a transportation corridor by snow
machine or dog sled.

Downstream of Talkeetna, ice formation may be delayed and
river stage during freezeup will be increased. This may
impede winter transportation across the ice.

- Estuarine Salinity

Salinity changes in Cook Inlet due to project operations
were projected through the use of a computer model
(Resource Management Associates, 1982). A comparison of
the sal inity impacts of average project flows with aver
age natural i nfl ow showed that under project operation,
the salinity range decreased a maximum of two parts per
thousand (ppt) near the mouth of the Susitna River. The
change was most notable at the end of winter when post
project salinities were 1.5 ppt lower than exjsting con
ditions. At the end of September post project salinities
were about 0.5 ppt higher than natural salinities because
of the reduced summer freshwater inflow. Although there
will be seasonal differences in sal i nity, the post pro
ject salinity changes should not have a significant
impact.
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3.3 - Devil Canyon Development

{a} Watana Operation/Devil Canyon Construction

Construction of the Devi 1 Canyon site· is scheduled to begin in
1995. When completed~ the Devi 1 Canyon development wi 11 consi st
of a 646 foot high~ concrete arch dam~ outlet facilities capable
of passing 38~500 cfs~ a flipbucket spillway with a capacity of
125 ~OOO cfs, an emergency spi llway with a capacity of 160~000 cfs,
and a 600 MW capacity powerhouse. Further i nformat lonon the
physical features of the Devi 1 Canyon development can be found in
Section 7 of Exhibit A.

The Devil Canyon diversion is designed for the 25 year recurrence
interval flood. This is because of the degree of regulation·
provided by Watana.

Any differences in the Quant ity and quality of the water from
existing baseline conditons during the Devil Canyon construction
will be primarily due to the presence and operation of the Watana
facility. Therefore~ the impacts described in Section 3.2{c)
will~ in most cases~ be referred to when discussing the impacts of
Devil Canyon construct ion.

{i} Flows

Operation of Watana will be unchan~ed during the construc
tion of Devil Canyon. Hence~ flows will be as discussed in
Section 3.2(c). Mean monthly flows for Watana~ Gold Creek~

. Sunshine~ and Susitna Station are illustrated in Tables
E.2.21~ E.2.24, E.2.27~ and E.2.29. Monthly flow duration
curves are shown in Figures L2.85 through E.2.88.

During construction of the diversion tunnel, the flow in
the mai nstem wi 11 be unaffected. Upon comp 1et i on of the
diversion tunnels in 1996, the upstream cofferdam will be
closed and flow diverted through the diversion tunnel with
out any interruption in flow. This action will dewater
approximately 1,100 feet of the Susitna River between the
upstream and downstream cofferdams. .

Because little ice will be generated through the ~~atana

Devil Canyon reach~ ponding during winter will be unneces
s ary at Devi 1 Canyon.

Velocites through the 30 foot diameter tunnel at flows of
10~OOO cfs will be 14 feet per second. .

The diversion tunnel is designed to pass flood flows up to
the once in 25 year summer flood, routed through Watana.
The flood frequency curve for Devil Canyon is illustrated
in Figure E.2.93. Initially~ there is little change in
di scharge with frequency. Thi sis due to the fact that the
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Watana Reservoir can absorb the one in fifty year flood~

discharging a maximum of 31~OOO cfs (24~OOO cfs through the
outlet facilities and 7~OOO cfs through the powerhouse
[assuming minimum energy demand]).

(ii) Water Quality

- Water Temperatures

There will be no detectable difference in water tempera
. tures at Devil Canyon or points downstream from those
discussed in Section 3.2(c)(iii) Watana Operation.

- Ice

Ice processes will be unchanged from those discussed in
Section 3.2(c)(iii) Watana Operation except that in the
event water temperatures are lowered to aoc upstream of
Devi 1 Canyon, any frazi 1 ice produced wi 11 be passed
through the diversion tunnel.

- Suspended Sediment/Turbidity/Vertical Illumination

Construction of the Devil Canyon facility will have im
pacts similar to those expected during the Watana con
struction. Increases in suspended sediments and turbid
ity are expected dur i ng tunne 1 excavat i on ~ placement of
the cofferdams, blasting~ excavation of gravel from bor
row areas, gravel washing, and clearing of vegetation
from the reservoir. Any impacts that occur during summer
will be minimal compared to pre-Watana baseline condi
tions. However, stringent construction practices will
have to be imposed during the construction of Devi 1
Canyon to prohibit suspended sediments from entering the
river and negating the improved water quality, relative
to suspended sediments, that wi II result when Watana
becomes operational. During winter, slightly increased
suspended sediment concentrations can be expected since
particles less than 3-4 microns in diameter wi 11 probably
pass through the reservoir.

No impoundment of water wi 11 occur duri ng the pl acement
and existence of the cofferdam. As a result, no settling
of sediments will occur.

Slightly decreased vertical illumination will occur with
any increase in turbidity.

- Metals

Similar to Watana construction, disturbances to soi Is and
rock or shorelines and riverbeds wi II increase dissolved
and suspended materials to the river. Although this may
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result in elevated metal levels within the construction
area and downstream~ the water quality should not be·
significantly impaired since substantial concentrations
of many metals already exist in the river· (Section
2.3{a}).

Petroleum Contamination

Construction activities at Devil Canyon will increase the
potent i al for contami nat ion of the Susitna Ri ver by
petroleum products. However, as per the \~atana construc
tion, precautions will be taken to ensure this does not
happen (Section 3.2(a)i;).

- Concrete Contamination

The potential for concrete contamination of the Susitna
River during the construction of the Devil Canyon Dam
wi 11 be greater than during Watana construction because
of the large volume of concrete required. It is esti
mated that 1.3 million cubic yards of concrete will be
used in the construction of the dam. The wastewater
associ ated wi th the batchi ng of the concrete coul d, if
directly discharged into the river~. seriously degrade
downstream water quality with subsequent fish mortality.
To prevent thi s, the wastewater will be neutralized and
settling ponds will be employed to allow settlement of
concrete cant ami nants pri or to the di scharge of waste-
water to the ri ver. .

- Other Par~meters

No additional ground water quality impacts are expected
from those discussed for the proposed operat i on of the
Watana facility •

. (iii) Ground Water

There wi 11 be no ground water impacts from Devil Canyon
construction other than in the immediate vicinity of the
construction site.

(i v) Impact on Lakesand Str;eams in Impoundment

The perched 1ake adj acent to the Devn Canyon dams i te wi 11
be impacted by constructi.on of the saddle dam across the
low area on the south bank between the emergency spi llway
and the mai n dam. The 1ake is just west of the downstream
toe of the saddle dam and wi 11 be drained and parti ally
filled during construcion of the saddle dam.

(v) Instream Flow Uses

The diversion tunnel and cofferdams will block upstream
fish movement at the Devil Canyon construction site.
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However~ the Devi 1 Canyon and Devi 1 Creek rapids~ them
selves act as natural barriers to most upstream fish move
ment.

Navigational impacts will be the same as during Watana
operation, except that the whitewater rapids at Devil
Canyon will be inaccessible because of construction activi
ties.

Fad 1it ies

The construct i on of the Devi 1 Canyon power project wi 11
require the construction, operation and maintenance of sup
port facilities capable of providing the basic needs for a
maximum population of 1,900 people (Acres 1982). The·
faci lities, including roads, buildings, utilities, stores,
recreation facilities, etc., will be essentially completed
during the first three years (1993-1995) of the proposed
nine-year construction period. The Devil Canyon con
struction camp and village will be built using components
from the Watana camp. The camp and vi 11 age wi 11 be located
approximately 2.5 mi les southwest of the Devi 1 Canyon dam
site. The location and layout of the camp and village
f aci 1it i es are presented in Pl ates 70, 71, and 72 of
Exhi bit F.

- Water Supply and Wastewater Treaatment

The Watana water treatment and wastewater treatment
plants wi 11 be reduced in si ze and reut i 1i zed at Devi 1
Canyon. As a result, processes identical to those
employed at Watana will be used to process the domestic
water supply and treat the wastewater.

The water intake has been designed to withdraw a maximum
of 775,000 gallons/day to provide for the needs of the
support communities, or 1ess than 1 cfs (Acres 1982).
Since the source of this supply is the Suistna River no
impacts on flows. \'1i11 occur throughout the duration of
the camps existence.

The wastewater treatment facility will be sized to handle
500,000 gallons daily. The effluent from this secondary
treatment facility will not affect the waste assimilative
capacity of the river. The effl uentwi 11 be di scharged
approximately 1,000 feet downstream of the intake.

Prior to the completion of the wastewater treatment faci
lity, all wastewater will be chemically treated and
stored for future processing by the facility.
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The applicant wi 11 obtain all the necessary permits for
the water supply and waste discharge facilities.

- (onstruction~ Operation and Maintenance

Similar to Watana, the construction~ operation and main..
tenance of the camp and village could cause slight
increases in turbidity and suspended sediments in the
local drainage basins· (i.e. ~ Cheechacko Creek and Jack
Long Creek). In addition, there will be a potential for
accidental spillage and leakage of petroleum contaminat
ing groundwater and local streams and lakes. Through
appropri ate preventative techniques, these potenti a1
impacts will be minimized.

(b) Watana Operation/Devi 1 Canyon Impoundment

(i) Reservoir Filling

".Upon completion of the main dam to a height sufficient to
allow ponding above the primary outlet facil Hies (eleva
tions 930 feet and 1~050 feet), the intake gates will be
partially closed to raise the upstream water level from its
natural level of about 850 feet. Flow wi 11 be maintained
at a minimum of 5~OOO cfs at Gold Creek if this process
occurs between October and Apri 1. From May through
September~ the minimum environmental flows described in
Section 3.2(b) will be released (See Table E.2.17).

Once the level rises above the lower level discharge
valves, the diversion gates will be permanently closed and
flow passed through the fixed cone valves.

Since the storage volume required before operation of the
cone valves can commence is less than 76,000 acre feet, the
filling process will require about one to four weeks. The
reservoir will not be allowed to rise above 1135 feet for
approximately one year; while the diversion tunnel is being
plugged with concrete.

When the dam is completed, an additional storage volume of
one mi 11 ion acre feet wi 11 be required to fi 11 the reser
voir to its normal operating elevation of 1455 feet.
fi lling will be accompl ished as quickly as possible (cur
rently estimated to be between 5 and 8 weeks) utilizing
maximum powerhouse flows at Watana. During filling of
Devil Canyon Reservoir, Gold Creek flows will be maintained
at or· above the minimum target flows depicted in Table
E.2.17 .

(ii) . Flows

Because of the two distinct filling periods, the two-stage
impoundment sequence will. be several years 1ong ~ even
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though the actual time for fi 11 i ng wi 11 only be about two
months 1nng. Flows during the first stage of filling will
be impacted for a short duration.

Between the first stage and second stage of filling, the
reservoir wi 11 not be allo'.'/ed to exceed 1135 feet. Thus,
the Devil Canyon reservoir wi 11 be more or less held at a
constant level. Flows along the Susitna wi 11 be unchanged
from those duri ng Devi 1 Canyon construct i on (See Section
3.3{a)).

During the second stage of filling, wherein 1,014,000
acre-feet are added to the Devi 1 Canyon reservoi r, the
Watana reservoir w-i 11 be lowered about 2.5 feet if fi 11 ing
occurs during either fall or winter. Although the flow
into Devll Canyon wi 11 be approximately twice normal power
flow from Watana. the impact of increased flow will be
mi nima1 in the Devi 1 Canyon-Watana reach because the two
sites are close to one another.

Flow downstream of Devil Canyon wi 11 be s 1i ght ly reduced
during this filling process. However, the time period will
be short and flows wi 11 be maintained at or above the mini'
mum target flow at Gold Creek.

Since actual filling times are short and since filling will
likely occur in fall or winter, floods are likely to be
important only during the time the reservoir is not allowed
to increase above 1135 feet. If a flood should occur dur
ing this time, the cone valves are designed to pass the
once in fifty year design flood of 38,500 cfs.

Effects on Water Quality

- Water Temperature

The outlet water temperatures from Watana will be
unchanged from those of the Watana alone scenario.
Because of the rapid filling of the Devil Canyon reser
·voir, there will be minimal impact on the outlet tempera
tures at Devil Canyon during both stages of fi 11 i ng.

Between the filling stages, the larger surface area of
the reservoi r wi 11 offer more opportunity for atmospheri c
heat exch ange. However, s i nee the retent ion time wi 11
only be in the order of 4 days, it is expected that
little change in water temperature wi 11 occur from that
experi enced under Watana along at the Devi 1 Canyon out let
or downstream.
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- Ice

An extensive ice cover is not expected to form on the
Devil Canyon reservoir during the period wherein a pool
at approximate elevation 1135 is maintained. Addition
ally, si nce wi nter temperatures downstream wi 11 not be
significantly affected by the pool, ice processes down
stream of Devi 1 Canyon wi 11 remain the same as during
Devil Canyon construction.

- Suspended Sediments/Turbidity/Vertical Illumination

As previously discussed, the Watana reservoir will act as
a sediment trap, greatly reducing the quantity of sus
pended sediment enter-i n9 the Devil Canyon reservoi r.
During the filling of Devi 1 Canyon from approximately
elevation 1135 feet to full pool, the flow will be
increased to the maximum power flow from Watana.

Because of the reduced residence time, this could cause a
slight increase in suspended sediment concentrations
1eavingWatana reservoir. However, Devi 1 Canyon will
provide additional settling capabi lily and thus, the net
result in suspended sed iment concentration downstream of
Devil Canyon will Rot be different from that during
operation of Watana alone. Turbidity levels and vertical
illumination wi 11 remain unchanged from Watana only
operati on. . .

Some short-term increases in suspended sedi ment concen
trat i on and turbidity may occur with i n the Devil Canyon
impoundment from slumping of valley walls. However,
since the Devi 1 Canyon impoundment area is characteri zed
by a very shallow overburden 1ayer with numerous out
croppings of bedrock, slope instability should not signi
ficantly affect turbidity and suspended sediment concen
tration. A further discussion of slope stability can be
found in Appendix K of the Susitna Hydroelectric Project
Geotechnical Report (Acres 1981).

- Total Dissolved Solids, Cpnductivity, Alkalinity,
Significant Ions and Metals

Similar to the process occurring during Watana filling,
increases in dissolved soilds, conductivity and most of
the major ions will likely result from leaching of the
impoundment soils and rocks during Devil Canyon filling.
However, for initial filling, from elevation 850 to 1135,
no significant downstream impacts are foreseen ,si nee it
will take only about two weeks to accumulate the 76,000
acre-feet of storage. In such a short time, insignifi
cant leaching would occur which could be detrimental to
downstream water quality.
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Subsequent to initial filling and for the remainder of
the filling process, fixed-cone valves will be utilized
for reservoir discharge. Since they will be drawing
water from well above the bottom of the impoundment and
since the 1eachi ng process will be confi ned to a 1ayer of
water near the bottom (Peterson and Nichols, 1982) down
stream water quality should not be adversely impacted.

Ev aporat i on at the Devil Canyon reservoi r surf ace wi 11 be
increased above existing riverine evaporation, but this
will be negated by precipitation falling directly on the
reservoir. Hencetthere will be no impact on total dis
solved solid concentration from evaporation.

- Dissolved Oxysen

As previously discussed in Section 3.2{c), (iii) Watana
Operat ion, water enteri ng Devi 1 Canyon wi 11 have a high
dissolved oxygen concentration and low BOD.

Because of the extremely short residence times, no hypo
limentic oxygen depletion is expected to develop during
either the one year that the reservoi r is held near
elevation 1135 feet or the final six weeks of reservoir
filling.

Treated wastewater wi 11 cont i nue to be di scharged down
stream of the dam, but the river flow will be more than
ample to assimilate any wastes.

- Nitrogen Supersaturation.·

Nitrogen supersaturation will not be a concern during the
filling of Devil Canyon reservoir. During the initial
filling to an elevation of no greater than 1135, low
level outlets \'/i11 ,be employed. No superstauration with
in the lower level of the reservoir will occur during
this two week time frame. Further, there wi 11 be no
plunging discharge to entrain nitrogen.

During the remainder of the fill i ng sequence, di scharge
will be via the fixed cone valves. Therefore, no nitro
gen superstauration conditions are expected downstream of
the dam.

- Support Facilities

No impacts are anticipated during the filling process as
the result of the \'/ithdrawal of water and the subsequent
discharge of the treated wastewater from either the camp
or village.
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Some loca1ized increases in suspended sediments and tur
bidity are expected to occur during the dismantling of
the camp which may begin at this time. Using the appro
priate preventive procedures~ any impacts should be mini
mized.

(iv) Groundwater

No major groundwater impacts are anticipated during the
impoundment of Devi 1 Canyon. The increased water level
within the reservoir will be confined between bedrock
walls. Downstream there may bea slight decrease i 0 water
I eve 1 from reduced flows if fi 11 i og occurs other than in
August or the fi rst 3 weeks of September. The associ ated
change in groundwater level will be confined tathe
immediate area of the riverbank.

(v) Impacts on Lakes and Streams in Impoundment

As the Devi 1 Canyon pool level ri ses, .the mouths of the
tributaries entering the reservoir wi 11 be inundated for up
to 1.6 miles (See Table E.2.11). Sediment transporated by
these streams wi 11 be deposited at the ne~'i stream mouth·
established when the reservoir is filled.

(vi) Instream Flow U~es

Fisheries

As Devil Canyon reservoir is filled, additional fishery
habitat will become available within the reservoir. How
ever, impacts to fi sh habi tat wi 11 occur as tributary
mouths become inundated. Further information on reser
va; r and downstream impacts in Chapter 3.

Navigation and Transportation

During filling, the rapids upstream of Devil Canyon win
be inundated and whi te water kayaki ng opportunit; es will
be lost. Since the reservoir will be rising about as
much as 8 feet per day during filling, the reservoir will
be unsafe for boating. Downstream water level s may be
51 i ght ly lowered, but thi sis not expected to affect
navigation because of the slight change most likely con
fined to the winter season.

- Waste Assimilative Capacity

Although flows in the river will be reduced during the
two segments of reservoir filling, the waste assimllative
capacity of the river will not be affected.
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""" (c) Watana/Devll Canyon Operation

(i) Flows

- Project Operation

When Devi 1- Canyon comes -on 1i ne, Watana wi 11 be operated
as a peaking plant and Devil Canyon wlll be baseloaded.
Advantage ~'1i 11 be taken of the reservoi r storage at Devi 1
Canyon to optimize energy production whi1e at the same
time providing the downstream flow requirements.

Each September, the Watana reservoir will be filled to as
near the maximum water level of 2190 feet as possible,
while still meeting the downstream flow requirements.
From October to May the reservoir will be drawn down to
approximately elevation 2080 feet, althoughi the reservoir
will be allowed to fall to a minimum reservoir level of
2065 feet during dry years. In May, the spring runoff
will begin to fill the reservoir.

However, the reservoir will not be allowed to fill above
e 1evat i on 2185 unt ill ate August when the threat of a
summer flood wi 11 have passed. If September is a wet
month, the reservoir will be allowed to fi 11 an addi
tional 5 feet to elevation 2190 because the probability
of significant flooding will have passed until the next
spring.

From November through the end of Ju ly, Dev-j 1 Canyon wi 11
be operated at the normal maximum headpond elevation of
1455 feet to optimize power production. In August, the
Devil Canyon reservoir will be allowed to fall to a mini
mum level of 1405 feet. In this way, much of the August
downstream flow requirement at Gold Creek can be met from
water coming out of storage at Devll Canyon. This will
allow most of the water entering the Watana reservoir to
be stored rather than pass through the turbines and pro
duce unsalable energy. In September, the Devil Canyon
reservoir will be further lowered if it is not already at
its minimum elevation of 1405 feet and if the \~atana

reservoir is not full. When the downstream flow require
ments dimi ni sh in October, the Devi 1 Canyon reservoi r
will be filled to 1455 feet.

- Minimum Downstream Target Flows

The minimum dOI'Jnstream target flows at Gold Creek which
controlled the summer operation of Watana alone will be
unchanged when Devil Canyon comes on line. Table E.2.17
illustrates these flows (A further expl anation is pro
vided in Section 3.2(c)(i}).
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. Monthly Energy Simulations

The monthly energy simulation program was run using the
32 years of Watana and Devi 1 Canyon synthesi zed flow
data. Pre-project flow data is presented in Tables
E.2.32 and E.2.33. (The development of the \~atana and
Devi 1 Canyon flow sequences used in the simulation was
discussed in Sections 2.1(a) and 3.2(c), (i).)

Monthly maximum, minimum, and medi an Watana and Devil
Canyon reservoir levels for the 32 year simulation are
illustrated in Figures E.2.94 and E.2.95 .

• Daily Operation

With both Devil Canyon and Watana operating, Watana
will operate as a peaking plant since it will dis
charge directly into the Devil Canyon reservoir where
the flow can be regulated. Water levels in Devi 1
Canyon will fluctuate less than one foot on a daily
basis due to the peaking operation of Watana. Devi 1
Canyon wi 11 operate as a base loaded plant for the 1ife
of the project.

- Mean Monthly and Annual Flows

Monthly Watana, Devil Canyon and Gold Creek flows for the
32 year monthly energy simulation are presented in Tables
E.2.34, E.2.35, and E.2.36. The maximum, mean, and mini
mum flows for each month are summarized and compared to
pre-project flows and Watana on 1y post-project flows
(where appropriate) in Tables E.2.22, E.2.37, and E.2.25.
From October through Apri 1, the post-project flows are
many times greater than the natural, unregulated flows.
Post-project flows during the months of June, July,
August, and September are 36, 34, 56, and 79 percent of
the average mean monthly pre-project flow at Gold Creek
respectively. The reductions represent the flow volume
used to fill the Watana reservoir. Variations in mean
monthly post-project flows occur but the range is
substanti ally reduced from pre-project flows.

further downstream, percentage differences between pre
and post-project flows are reduced by tributary inflows.
The pre- and post-project monthly flow summaries for
Sunshine and Susitna Station are compared in Tables
£.2. 30 and E.2.31. Monthly post-project flows are
presented in Tables £.2.38 and E.2.39. Although summer
flows from May through October average about 8 percent
less at Susitna station, winter flows are about 100
percent greater than existing conditions.
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A compari son of post-project mean month ly flows. with
Watana operating alone~ and with Watana and Devil Canyon
both operating shows that although there are some differ
ences~ the differences are minor .

- Floods

• Spring Floods

For the 32 years simulated~ no flow releases occurred
between May and July at either Watana or Devi 1 Canyon.
All flow was either absorbed in the Watana reservoir or
passed through the respective powerhouses. The June 7~

1964 flood of record with an annual flood recurrence
interval of better than 20 years~ resulted in a Watana
reservoir elevation of 2151 feet at the end of June, an
elevation well below the elevation at which flow is
released.

The maximum mean monthly di scharge at Devi 1 Canyon dur
ing the sprirtg flood period was approximately 10~500

cfs. If peak inflow into Devil Canyon reservoir con
tri buted from the drai nage area downstream of Watana
approached thi s di scharge~ flow at Watana would be
virtually shut off to maintain a Devi 1 Canyon reservoir
level of 1455 feet. Lateral inflow would supply most
of the power needs. However~ it is unlikely the peak
contribution downstream of Watana would be as large as
10,500cfs. For example~ the Gold Creek maximum his
torical one day peak flow to mean monthly flow ratio
for the month of June is 2.05. If it is assumed this
is valid for the drainage area between Watana and Devil
Canyon~ the peak 1 day June inflow during the simu
lation period would approximate 9300 cfs.

For the once in fifty year flood~ the downstream flow
with both Watana and Devil Canyon in operation wi 11 be
similar to the flow with Watana operating alone. The
Watana reservoir will be drawn down sufficiently such
that the once-in-fifty-year flood volume can be stored
within the reservoir if the flood occurs in June. The.
flow contribution at Devil Canyon for the drainage area
between Watana and Devi 1 Canyon would approximate
11,000 cfs. Hence~ power needs would be met by running
Devi 1 Canyon to near capacity and reducing outflow from
Watana as much as possible to prevent flow wastage .

For flood events greater than the once in fifty year
event and after Watana reservoir elevation reaches
2185. 5 ~ the powerhouse and out 1et f aci 1i ti es at both
Watana and DevU Canyon wi 11 be operated to match
inflow up to the full operating capacity of the power
house and outlet facilities. If inflow to the Watana
reservoi r cont i nues to be greater than outfl ow~ the
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reservoir will gradually rise to elevation 2193. When
the reservolr level reaches 2193, the rnai n spi l1way.
gates wi 11 be opened and operated so that outflow
matches inflow. Concurrent with opening the Watana
main spi llway gates, the main spi l1way gates at Dev; 1.
Canyon wi llbe opened such that inflow matches outflow.
The mai n spi llways at both Watana and Devil Canyon will
have sufficient capacity to pass the one in 10,000
year event. Peak i nfl ow for the one in 10,000 year
flood will exceed outflow capacity at Watana resulting
ina slight increase above 2193 feet. At Devil Canyon
there will be no increase in water leve1. The dis
charges and water levels associated with a once in
10,000 year flood for both Watana and Devi 1 Canyon are
illustrated in Figures E.2.83 and E.2.96.

If the probable maximum flood (PMF) were to occur, the
operat i on at Watana woul d be unchanged whether \~atana

is operating alone or in series with Devil Canyon. The
mai n spillway wi 11 be operated to match i nfl ow unt il
the capacity of the spillway is exceeded. At thi s
point, the reservoir elevation would rise until it
reached elevation 2200. . If the water level exceeds
elevation 2200, the erodible dike in the emergency.
spillway would be washed out and flow would be passed
through the emergency spillway. The resulting total
outflow through all discharge structures would be
311,000 cfs, 15,000 cfs less than the PMF.

At Devi 1 Canyon a simi 1ar scenari 0 woul d occur. The
main spillway would continue to operate, passing the
main spil lway di scharge from Watana. Once the emer
gency spillway at Watana started operating, the Devil
Canyon reservoi r would surcharge to 1465 and its emer
gency spi llway would begi n to operate. Peak outflow
would occur immediately after the fuse plug eroded
away. However, the peak is slightly less than the peak
inflow. The inflow and outflow hydrographs for both
the Watana and Devi 1 Canyon PMF are shown in Fi gures
E~2.83 and E.2.96, respectively.

. Summer Floods .

Although there were no flow re leases at the Watana site
during August or September in the 32 year simulation,
in wet years Watana and Devi 1 CanyOn may produce more
energy than can be used. If thi s occurs, flow will
have to be released through the outlet facilities.
However, on a mean monthly basis, the total discharge
at Watana wi 11 be less than the Hatana powerhouse flo';J
capacity of 19,400 cfs. Fl ow wi 11 only be rel eased
when the reserVOir exceeds elevation 2185.5 feet.

-
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Since Watana was designed to pass the once·in·fifty
year summer flood without requiring operation of the
main spillway and since the capacity of the powerhouse
and outlet facilities is 31,000 cfs, Watana summer
flood flows will vary from a low value equal to the
powerhouse flows up to 31,000 -cfs for floods with a
recurrence interval less than fifty years.

For the once- i n-fi fty-year summer flood, the Watana
discharge will be mainta.ined at 31,000 cfs but the
reservoir will surcharge to 2193 feet (refer to Section.
3.2(c)(i) for the derivation of the once-in-fifty-year
summer flood hydrograph).

At Devil Canyon, design consideration were also estab
lished to ensure that the Devil Canyon powerhouse and

. outlet facilities will have sufficient capacity to pass
the once in fifty year summer flood of 39,000 cfs with
out operating the main spillway as the resultant nitro
gen supersaturation could be detrimented to downstream
fisheries. This flood is passed through the Devil
Canyon reservoir without any change in water level. It
includes the 31,000 cfs inflow from the once in fifty
year summer flood routed through Watana plus a lateral
inflow of 8000 cfs. The lateral inflow of 8000 cfs was
obtained by subtracting the once-in-:-fifty-year Watana
natural flood peak from the once-in-fifty-year Devil
Canyon natural flood peak. .

In the 32 year simul at ion peri ad there were four years
in which flow releases occurred during high summer
flow periods. Although the maximum monthly release was
only 4100 cfs, the peak flow may vary well have been
higher depending on the variability of the tr'ibutary
inflow downstream of Watana and on the Watana reservoir
level. However, the peak Devil Canyon outflow would
not have exceeded the capaci ty of the powerhouse and
outlet facilities.

- Flow Variability

As di scussed above, at both Watana and Devi 1 Canyon, peak
monthly flows may differ from mean monthly flows if the
reservoir exceeds elevation 2185.5 at Watana and flow is
released. For Devi 1 Canyon, as reservoir inflow from
sources other than the Watana Reservoir varies, the peak
outflow may also dlffer from the mean monthly flow.

For the 32 years of simulation, the maximum Devil Canyon
discharge in August was 17,900 cfs which included 14,100
cfs from Watana and 3800 cfs from tributary inflow into
the Devil Canyon reservoir .. In examining flow ratios of
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one day peaks to mean monthly flow at Gold Creek for the
month of August it can be seen that these ratlos vary
from 1.10 to 2.40. If these ratios can be applied to the
tributary inflow, then the peak inflow could have been as
high as 9100 cfs. Also, if the Hatana powerhouse flow
was not constant for the month, then some flow vari a
bility could also be attributed to Hatana. The net
result is a Devi 1 Canyon outflow that could be a constant
value for the entire month or a variable outflow that has
the same mean value but a peak on the order of 30,000
cfs. The actual variabilitywould depend on the daily
inflow hydrograph for Devil Canyon.

The monthly and annual flow duration curves for pre
project and post-project conditions for the 32 year simu
lation period are illustrated in Figures E.2.97 through
£.2.100 for Watana, Gold Creek, Sunshine, and Susitna
Station. The flow duration curves show less variability
during post-project operations and a diminished pre- and
post-project difference with distance downstream of Devil
Canyon.

(ii) Effects on Water Quality

- Water Temperatures

The winter time temperatures discharged from Devil Canyon
wi 11 range from about 4GC to 1GC. The temperature wi 11
s lowly decrease in the downstream di rect i on because of

. heat exchange with the colder atmosphere. In January by
the time the flow reaches Sherman, a drop in temperature
of about I.3°e will be expected whlle a drop of about 4°C
wi 11 occur to Ta 1keetna. Dependi ng on the outflow tem
perature, the threshhold of O°C water wi 11 vary. from
Ta lkeetna to Sherman. Throughout the wi nter water tem
peratures upstream of Sherman wi 11 always· be above
freezing, approaching the outflow temperature as it moves
upstream. The minimum temperature expected at Gold Creek
will be between O.SoC and 3GC.
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The summer time temperatures will be slightly higher than
those for the Watana because of the larger surface area
for heat exchange. A peak temperature of about 13°C will
be reached at Gold Creek about the middle of June.
Through July and the first· half of August, the temper-

. atures will ab about 10 to 12°C, slowly decreasing
through the 1atter part of August to the end of
September.

- Ice

The initiation of ice formation at Talkeetna will be
delayed by several months. The large volume of warm
water from upstream wi 11 de 1ay and reduce the quantity of
ice supplied from the Upper Susitna River. Depending on
the reservoi r outflow temperatures, the ice cover wi 11
start to form by the end of January and progress a short
distance upstream through February. The location of the
ice front is expected to be between Talkeetna and
Sherman. Staging due to the ice cover will be about 3-4
feet.

The breakup in the spri ng wi 11 occur downstream due to
warmer climatic conditions and also from the upstream
front because of the warmer water from the project. The.
cover will tend to thermally decay in place. Therefore,
the intensity of the breakup should be less severe with
fewer ice jams than the preproject occurances.

- Suspended Sediments/Turbi dity/Vert leal III umi nat ion

Of the suspended sediments passi ng through the Watana
reservoir, only a small percentage is expected to settle
in the Devil Canyon reservoir. This is attributable to
the small sizes of the particles (less than 3-4 microns
in diameter) entering the reservoir and the relatively
short retention time. The suspended sediment, turbidity,
and vertical illumination levels that occur within the
impoundment and downstream wiT be on ly s1i ghtly reduced
from that which exists at the outflow from Watana ..

Some minor sTumping of the reservoir walls and resuspen
sian of shoreline sediment will probably continue to
occur, especially during August and September when the
reservoir may be drawn down as much as 50 feet. These
processes wilT produce short term, localized increases in
suspended sediments. However, as previously noted, the
overburden layer is shallow so no significant problems
will arise. Additionally, since most of this sediment
will settle out, downstream increases will be minor.
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- Total Dissolved Solids, Conductivity, Alkalinity,
Significant Ions and Metals

As previously identified in Section 3.3{b}(i ii} the
1eaching process is expected to resuH in increased
levels of the aforementioned water quality properties.
These effects are not expected to di~inish as rapidly as
was indicated for Watana. Although leaching of the more
soluable chemicals will diminish, others will continue to
be leached because large quantities of inorganic sediment
will not be covering the reservoir bottom. It is, how
ever, anticipated that the leachate will be confined to a
1ayer of water near the impoundment floor and should not
degrade the remai nder of the reservoi r or downstream
water quality.

As was the case at Watana, the increased surface area
will lead to an increase in the amount of evaporation.
However, because of the 2.0 month retention time and the
mixing actions of the winds and waves, the concentrations
of dissolved substances should virtually be unchanged and
no adverse affect on water qual i ty with i n the reservoi r
or downstream should occur.

Since no ice cover is anticipated, no increased concen
trations of dissolved solids will result at the ice-water·
interface.

- Dissolved Oxygen

As was previously discussed in Section 3.2 (c)(ili),
reduction of dissolved oxygen concentrations can occur in
the hypolimnion of deep reservoirs.

Stratification and the slow biochemical decomposition of
organic matter wi 11 promote low oxygen levels near the
reservoir bottom over time. No estimates of the extent
of oxygen depletion are available.

Within the upper layers (epilimnion) of the reservoir,
dissolved oxygen concentrations wi 11 remain high. Inflow
water to the impoundment will continue to have a high
di ssolved oxygen content and low BOO. Si nce water for
energy generat i on is drawn from the upper 1ayers of the

. reservoir, no adverse effects to downstream oxygen levels
will occur.

- Nitrogen Supersaturation

No supersaturated conditions ~"i 11 occur downstream of the
Devil Canyon Dam. Fixed-cone valves will be employed to
minimize potential nitrogen supersaturation problems for
all floods with a recurrence interval less than one in
fifty years.
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For flood flows greater than once in fi fty year f1 ood
when spillage will unavoidably occur, nitrogen super
saturation will be minimized through the installation of
spi 11 age def1 ectors wh i ch wi 11 prevent the creat i on of a
plunging action that could entrain air.

- Fac 11 it i es

The construction camp and village will be decommissioned
upon completion of construction and filling. Localized
increases in turbidity and suspended sediments will occur
in the local drainage basins due to these activities, but
these effects will not be significant as erosion control
measures will be employed.

(i i 1) . Effects on Groundwater Conditions

_~ Effects on ground water conditions will be confined to the
Devil Canyon reservoir itself. Downstream flows and hence
impacts wi 11 be simi 1ar to those occurring with Watana

. operating alone.

(iv) Impact on Lakes and Streams

-

.....

(v)

All the effects identified in Section 3.2(c)(ii) for the
streams in the Watana reservo; r wi 11 be experi enced by the·
streams flowing into the Devil Canyon reservoir listed in
Table E.2.11. No lakes in the Devil Canyon impoundment
will be impacted other than the previously described small
lake at the Devil Canyon damsite. The tributaries down
stream of Devi 1 Canyon wi 11 not change from the conditions
established when Watana was operating alone as discussed
ear 1i er •

Instream Flow Uses

The effects on the fishery, wildlife habitat, and riparian
vegetation are described in Chapter 3.

- Navigation and Transporation

The Devi 1 Canyon reservoi r wi 11 transform the heavy
whitewater upstream of the dam into flat water. This
will afford recreational opportunities for less experi
enced boaters but totally eliminate the whitewater kayak
ing opportunities.

E-2-85



Since the Devil Canyon facility will be operated as a
base loaded plant, downstream impacts should remain simi
1ar to the Watana only operation. The reach of river
that remains free of ice may be extended somewhat further
downstream.

- ~stuarine Salinity

Salinity variations in Cook Inlet were computed using a
numerical model of Cook Inlet (Resource Management Asso
ciates, 1982). As expected, the salinity changes from
baseline conditions were almost identical with those
determined for Watana operation alone. The post- project
salinity range is reduced, there being lower salinities
in winter and higher salinity in summer. Figure E.3.101
illustrates the comparison of annual salinity variation
off the mouth of the Susitna Ri ver usi ng mean monthly
pre- and post-project Susitna Station flows.

3.4 Access Plan Impacts

The Watana access route wi 11 begi n with the construct ion of a 2-mi 1e
road from the Alaska Railroad at Cantwell, to the junction of the
George Parks and Denali Highways. Access will then follow the existing
Denali Highway for twenty-one miles. Portions of this road segment
wi 11 be upgraded to meet standards necessary for the ant i ci pated con
struction traffic. From the Denali Highway, a 42 mile road will be
constructed in a southerly direction to the Watana site.

Access to the Devil Canyon site will be via a 37 mile road from Watana,
north of the Susitna River, and a 12 mile railroad extension from Gold
Creek, on the south side of the Susitna River. For a more detailed
description of the access routes refer to Exhibit A, Section 1.12 and
7.12.

(a) Flows

Flow rates on streams crossed by the access road wi 11 not be
impacted. However, localized impacts on water levels and flow
velocities could occur if crossings are poorly designed. Because
they do not restrict streamflow, bridge crossings are preferred to
culverts or low-water crossings. Bridge supports should be
located outside active channels, if possible.

Where not properly designed, culverts can restrict fish movement·
due to hi gh ve loci ties or perchi ng . of the culvert above the
streambed. Culverts are also more susceptible to icing problems,
causing restricted drainage, especially during winter snowmelt
periods.
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- LLow-water cross i ngs may be used in areas of infrequent, li ght
<traffic. They should conform to the local streambed slope and are
I to be constructed of materials so that water will flow over them
l-'instead of percolating through them, which would also restrict

fish passage. .

(b) Water Quality

Most water quality impacts associ ated with the proposed access
routes will occur during construction. The principal anticipated
water quality impacts associated with construction will be in
creased suspended sediment and turbidity levels and accidental
1eak age and sp i 11 age of petro 1eum products. Given proper des i go
and construction techniques, few water quality impacts are antici
pated from the subsequent use and mai ntenance of these f aci 1i
ties.

(i) Turbidity and Sedimenta~ion

~ Some of the more apparent potential sources of turbidity and
sedimentation problems include:

- Instream operation of heavy equipment;
P1 acement and types of permanent stream crossi ngs
(culverts vs. bridgesY;

- Location of borrow areas;
- Lateral stream transits;
- Vegetative clearing;
- Side hill cuts;
- Disturbances to permafrost; and
- Timing and schedules for construction.

These potential sources of turbidity and sedimentation are
discussed more fully in Chapter 3.

(ii) . Contamination by Petroleum Products

Cant ami nat i on of water courses from aCel denta1 spi 11 s of
hazardous materials, namely fuels and oils, is a major con
cern. During construction of the trans-Alaska oil pipeline,
it became apparent that oil spills of various sorts were a
greater problem than anticipated. Most spills occurred as a
result of equipment repair, refueling and vehicle accidents.
When equipment with leaky hydraulic hoses are operated in
streams petroleum products are very likely to reach the
water. To avoid this, vehicles and equipment will be prop
erly maintained.

Water pumping for dust control, gravel processing,dewater
ing, and other purposes can also lead to petroleum spills if
proper care is not taken. Since water pumps are usually
placed on river or lake banks very near the water, poor
refueling practices could result in frequent oil spills into
the water.
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3.5 Transmission Corridor Impacts

The transmission line can be divided into 4 segments: central (Watana
to Gold. Creek), intertie (Wi low to Healy), northern (Healy to Ester),
and southern (Willow to Anchorage).

The central segment is composed of two sect ions; Wat ana to Cheechako
Creek and Cheechako Creek to Gold Creek. Construction of the portion
from the Watana damsite to Cheechako Creek wi 11 be undertaken during
winter with minimal disturbance to vegetation. Hence, impact on stream
flow and water quality should be minimal. From Cheechako Creek to the
intertie, the transmission corridor will follow the existing trail.
This should also result in minimal impacts.

The Willow-Healy intertie is being built as a separate project and will
be completed in 1984 (Commonwealth Associates, 1982). The Susitna pro
ject will add another line of towers within the same right-of-way. The
impacts, then, will be similar to those experienced during intertie
construction. The existing access points and construction trails will
be uti 1i zed. The Environmental Assessment Report for the i ntert i e
(Commonwealth Associ ates, 1982) di scusses the expected envi ronmental
impacts of transmission line construction in this segment.

For construction of the north and south stubs, stream crossings wi 11 be
required. The potential effects will be of the same type as those dis
cussed in Section 3.4, although generally much less severe because of
the limited access needed to construct a transmission line. Erosion·
related problems can be caused by stream crossings vegetative clearing"
siting of transmission towers, locations and methods of access, and
disturbances to the permafrost. However, given proper design and ~on

struction practices, few erosion related problems are anticipated.

Contamination of local waters from accidental spills of fuels and oils
is another potential water quality impact. To minimize this potential,
vehicles will be properly maintained and appropriate refueling prac
tices will be required.

Once the transmission line has been built, there should be very few
impacts associated with routine inspection and maintenance of towers
and lines.

Some localized temporary sedimentation and turbidity problems could
occur when maintenance vehicles are required to cross wetlands and
streams to repai r damaged 1i nes or towers. Permanent. roads wi 11 not be
built in conjunction with transmission lines. Rather, gr·asses and
shrubs will be allowed to grow along the transmission corridor but will
be kept trimmed so that vehicles are able to follow the right-of-way
associ ated wi th the 1i nes. Streams may need to be forded, samet imes
repeatedly~ in order to effect repairs. Depending on the season,
crossing location, type and frequency of vehicle traffic, this could
cause erosion downstream reaches.
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4 - AGENCY CONCERNS AND RECOMMENDATIONS

Throughout the past three years, state and federal resource agencies
have been consulted. Numerous water quantity and quality concerns were
raised. The issues identified have been emphasized in this report.
Some of the major topics include:

- Flow regimes during filling and operation;
- Reservoir and downstream thermal regime;
- Sedimentation process in the reservoir and downstream suspended sedi-

ment I~vel~ and turbidity;
- Nitrogen supersaturat ion downstream of the dams;
- Wi nter ice regi me;
- Trophic status of the reservoirs;
- Dissolved oxygen levels in the reservoir and downstream;
- Downstream ground water and water table impacts;
- Effects on instream flow uses;
- Sediment and turbidity increases during construction;
- Potential contamination from accidental petroleum spills and leak-

age; and
- Wastewater discharge from the temporary community.

A thor'ough and camp Iete comp Ii ment of agency concerns and recommenda~

ti ons wi 11 be presented pursuant to the review of thi s draft 1icense
application.
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5 - MITIGATION, ENHANCEMENT, AND PROTECTIVE MEASURES

5.1 - Introduetion

Mitigation measures were developed to protect, maintain, or enhance the
the water quality and quantity of the Susitna River. These measures
were developed primarily to avoid or minimize impacts to aquatic habi
ta.ts, but they will also have a beneficial effect on other instream
flow uses. .

.The first phase of the mitigation process identified water quality and
quantity impacts from construction, filling and operation, and incor
porated mitigative measures "in the preconstruction planning, design,
and scheduling. Threeke1. mitigation measures were incorporated into

~~he . engi ng.erir:1.g..-.des+grr:·~-.f,){l) Mi ni mum flow requirements were sel ected
/ lIun-n'9~ne salmon spaWnl ng season that were greater than what would be

discharged if flow was selected solely from an optimum economic point
of view.. (2) A multilevel intake was added to improve temperature con
troT and minimize project effects. (3) Fixed-cone valves were incor
porated to prevent nitrogen supersaturati on from occurri ng more fre
quently than once in fifty years. Other mitigation measures incor-.
porated in the project design and construction procedures are discussed·
below.

The second phase of the mitigation process will be the implementation
of environmentally sound construction practices during the construction
planning process. This will involve the education of project personnel
to the proper techniques needed to minimize impacts to aquatic habi
tats. Monitoring of construction practices \'Jill be required to identi
fy and correct construction related problems. Upon completion of con
struction~ the third phase of mitigation consists of operational
monitoring and surveillance to identify problems and employ corrective
measures.

5.2 - Construction

The mitigation, enhancement, and protective measures included in
Chapter 3.2.4(a) are appropriate for construction of the Watana and
Devil Canyon facilities; the access road construction; and the
transmission line construction.

5.3 - Mitigation of Watana Impoundment Impacts

The primary concerns duri ng fi 11 i ng of the reservoir discussed 1n
Section 3 of this chapter include:

- Maintenance of minimum downstream flows;
- Maintenance of an acceptable downstream thermal regime throughout the

year;
- Changes in downstream sediment loads, deposition and flushing;
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- Downstream gas supersaturation;
- Eutrophication processes and trophic status; and
- Effects on ground water levels and ground water upwelling rates.

("1 Mi nimum downstream' f1 ows, wi 11 be provided to mitigate the impact the
. i fill i ng of the reservoir coul d have on downstream fi sh,gnd-·o~er>..

~7instream flow uses. Although access maybe difficult, thl12,000 cfs)
fL..~( flow at Gold Creek· in August will provide spawning salmoh--.§.ccessto
V most of the sloughs between Devil Canyon and Talkeetna. \Addifionillly,

the se1 ected downstream flow of 12,000 cfs will assi st i r1.~maintai ni ng
adequate ground water levels and upwelling rates in the sloughs •

. Eutrophicat ion was determi ned not be a probl em and therefore no mit i ga
tion is required.

Dm'instream gas supersaturati on wi 11 be prevented by the des i gn of the
energy disipating valves and chambers incorporated in the emergency
rel ease outlet.

Changes in the downstream river morphology will occur but are not
expected to be significant enough to warrant mitigation except for
the mouth of some tributaries between D€vil Canyon and Talkeetna where \

--G.. .s.e1ective reshaping of the mouth. may be required to insure salmon \
CJ/t~·access. .

From the first winter of fi 11 i ng to the commencement of project opera
tion, the water temperature at the Watana low level outlet will appr;ox
imate 4°C to 5°C. Although these temperatures will be moderated some
what downstream, downstream impacts are likely to occur. No mitigation
measures have been incorporated in the design to offset these low

. downstream temperatures duri ng the second and thi rd year of the fi 11 i og
process. If during the final design phase of the project a technically
acceptable cost-effective method can be developed to . mitigate this
potential temperaturei mpact, it wi 11 be incorporated into the fi na1
designs.

5.4 - Mitigation of Watana Operation Impacts

The primary concerns during Watana operation are identified in Section
5.3.

(a) Flows

The minimum downstream flows at Gold Creek will. be unchanged from
those provi ded during impoundment from May through September.
However, for October through April, the minimum flow at Gold Creek
will be increased to 5000 cfs.

These mininum flows are not the most attractive from a project
economic point of view. However, they do provide a base flm'i of
suffici ent magnitude that permits the development of mit i gat i on
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measures to substantially reduce the project1s impact on the
downstream fi shery. Hence, the minimum downstream flows will
provide a bal ance between power generation and downstream flow
requirements •.

To· provide stable nows downstream and minimize the potential for
downstream ice jams, Watana when it is operating alone will be
operated primari1y as a base loaded plant, even though it would be
desirable to operate Watana as a peaking plant.

(b) Temperature and D.O.

As noted in Section 3, the impoundment of the Watana reservoir
will change the downstream temperature· regime of the Susitna
River. Multilevel intakes have been incorporated in the power
pl ant intake structures so that water can be drawn from various
depths (usually the surface). By selectively withdrawing
water, the desired temperature can be maintained at the powerhouse
tailrace and downstream. Using a reservoir temperature model, it
was possible to closely match existing Susitna River water
temperatures except for periods in spring and fall.

(c) Nitrogen Supersaturation

Nitrogen supersaturation is avoided by the inclusion of fixed-cone
valves in the outlet facilities. Fixed-cone valves have been
proven effective in preventing nitrogen supersaturation
(Ecological Analysts Inc. 1982). Instead of passing water over
the spillway into a plunge pool, excess water is released through
the valves. These facilities are designed to pass a once in fifty
year flood event without creating supersaturated water conditions
downstream.

-
-

-

-.

The. Watana facil ities incorporate six fixed-cone valves that are
capable of passing a total design flow of 24,000 cfs.

5.5 - Mitigation of Devil Canyon Impo~ndment Impacts

Other than the continuance of the downstream flows at Gold Creek -
establ ished during the operation of Watana no additional mitigation
measures· are pI anned during the Devil Canyon impoundment period.

5.6 - Mitigation of Devil Canyon!WatanaOperation

(a) Flows

The downstream flow requirement at Gold Creek will be the same as
for Watana operation alone. After Devil Canyon is on 1ine, Watana
will be operated as a peaking plant since the discharge feeds
directly into the Devil· Canyon reservoir. The Devil Canyon
reservoir will provide the flow regulation required to stabilize
the downstream flows.
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(b) Temperature

As with Watana~ multilevel intakes will be incorporated into the
Dev il Canyon des i gn. Two intake ports will be needed because of
the 1imited drawdown at Devil Canyon.

-

-

( c) Nitrogen Supersaturation

The Devil Canyon Dam is designed with seven fixed~cone valves,
three with a diameter of 90 inches and four more with a diameter
of 102 inches. Total design capacity of the seven valves will be
38,500 cfs.
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TABLE L2.1: GAGING STATION DATA

~.J1l

USGS Gage Drainage 2
Years of River

Station Number Area (mi ) Record Mile

Denali 15291000 950 25 291

Maclaren 15291200 280 24 260(1)
,~

Cantwell 15291500 4140 20 225

Gold Creek 15292000 6160 32 137

Chulitna 15292400 2570 23 98

Talkeetna 15291500 2006 18 97( 1)

Skwenta 15294300 2250 20 28(1)

Susitna 15294350 19400 9 26

"'"
(1) Confluence of tributary with Susitna River.

"--\,

~,

!
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TABLE E.2.2: BASELINE MONTHLY FLOWS (cfs)

Vee Devil Gold Susitna Maclaren ChuITfna
Denali1 Canyon2 WatanaZ Canyon2 Creek Station (Paxson) Station Talkeetna

(20) (0) (2) (2) (32) (5) (21) (14) (15)
Skwenta

(2ei )

OCT Max 2135 4626 6458 7518 8212 52636 687 9314 4438 6196
Mean 1132 3033 4523 5324 5654 31250 409 4859 2505 4297
Min 528 1638 2403 2867 3124 15940 249 2898 1450 1929

NOV Max . 680 2200 3525 3955 3954 21548 265 3014 1786 3094
Mean SOD 1449 2050 2391 2476 13247 177 1994 1146 1780
Min 192 780 1021 1146 1215 6606 95 1236 770 678

DEC Max 575 1535 2259 2905 3264 15081 190 2143 1239 2871
Mean 317 998 1415 1665 1788 9070 118 1457 842 1267
Min 146 543 709 810 866 4279 49 891 515 628

JAN t'1ax 651 DOD '1780 2212 2452 12269 162 1673 1001 2829
Mean 246 . 824 1166 1362 1466 8205 96 1276 675 1078
Min 85 437 636 757 824 6072 44 974 504 600

FEB Max 321 12on 1560 1836 2028 1153Z----------Tlin 1400 8~ 18Z1
Mean 206 722 983 1153 1242 7409 84 1099 565 903
Min 64 426 602 709 768 4993 42 820 401 490

ffiWCH Max 287 '1273 1560 1779 1900 9193 121 DOD 743 . 1200
Mean 188 692 898 1042 1115 6562 76 978 496 809
MIn 42 408 569 664 713 4910 36 738 379 522

APRIL Max 415 1702 1965 2405 2650 9-aD3 145 1600 7'1 0---1700
Mean 230 853 1099 1267 1351 7214 87 1154 569 1016
Min 43 465 609 697 745 5531 50 700 371 607

MAY Max 4259 13751 15973 19777 21890 94143 2084 20025 7790 13460
Mean 2D56 7520 10355 12190 13277 60822 802 8371 4195 7920
Min 629 2643 2857 3428 3745 29809 208 3971 16941635

JUNE Max 12210 34630 42842 47816 50580 176219 4297 40330 19040 403~

Mean 7306 19655 23024 26078 28095 122510 2891 22495 11610 18583
Min 4647 9909 13233 14710 15530 67838 1751 15587 7429 10650

JULY-- r;fax 12110 22890 . 2876T-----J238Ir 34400 16B81>4-649 ----------J5Sm- --·14440 ----252m
Mean 9399 17079 20810 23152 23919 130980 3165 26424 10560 17089
Min 6756 12220 15871 17291 18093 1D2121 2441 22761 7080 11670

JillGUST Max 1040U 22710 ~r435--J5270 32620 13H334 374r n

--JJ6TO 18lJJ3-----ZIT5'JD
Mean 8124 14474 18629 20928 21727 109360 2566 22292 9331 13374
Min 3919 6597 13412 15257 16220 62368 974 11300 3787 7471

SEPT Max 5452 12910 17206 19799 21240 104218 2439 23260 10610 13371
Mean 3356 7897 792 12414 13327 68060 1166 12003 5546 8156
Min 1822 3376 5712 6463 6881 34085 470 6424 2070 3783

ANNUAL Max
Mean
Min

NOTES:

1 Years of Record
2 Computed

3651
2723
2127

7962
6295
4159

9833
8023
6100

10947
9130
7200

11565
9670
7200

59395
48148
31228

1276
975
693

12114
8748
6078

5276
4029
2233

10024
6386
4939

I J; ] 1 - -J I I ! J J It r J



TABLE [.2.3: INSTANTANEOUS PEAK FLOWS OF RECORD

GOLD CREEK CANTWELL DENALI MACLAREN
Date cfs Date cfs Date cfs Date cfs

8/25/59 62,300 6/23/61 30,500 8/18/63 17,000 9/13/60 8,900

6/15/62 80,600 6/15/62 47,000 6/07/64 16,000 6/14/62 6,650

6/07/64 90,700 6/07/64 50,500 9/09/65 15,800 7/18/65 7,350

6/Q6/66 62,600 8/11/70 20,500 8/14/67 28,200 8/14/67 7,600

8/15/67 80,200 8/10/71 60,000 7/27/68 19,000 8/10/71 9,300

8/10/71 87,400 6/22/72 45,000 8/08/71 38,200 6/17/72 7,100

6/17 /72 82,600



-
TABLE E.2.4: COMPARISON OF SUSITNAREGIONAl flOOD PEAK ESTIMATES

WITH USGS METHODS fOR GOLD CREEK

2 3 -USGS USGS
Single Susitna /\rea II Cook Inlet

Return Station Regional Regional Regional
Station location Period Estimate Estimate Estimate Estimate

(Yrs. ) (ers) (ers) (efs) (efs)

Susitna River at Gold Creek 1.25 37,100 37,100 48,700

2 49,500 49,000 59,200 43,800

5 67,000 64,200 73,000 53,400

10 79,000 74,500 83,400 55,300
~'

50 106,000 100,000 104,000 71,600.

100 118,000 110,000 115,000

1 Based on three parameter log normal distribution and shown to three significant
figures.

Z lamke, R.D. (1970) Flood Characteristics of Alaskan Stream,USGS, Water
Resources Investigation, 78-129.

3 freethey, G. W., and D. R. Scully "1980) \~ater Resources of the Cook Inlet Basin,
Alaska, USGS, Hydrological Investigations Atlas HA-62o.

-



TABLE E.2.~: SUSITNA RIVER REACH DEFINITIONS

Average
River Mile Slope

~ RM 149 to 144 0.00195

RM 144 to 139 0.00260

RM 139 to 129.5 0.00210

Predominent Channel Pattern

Single channel confined by valley
walls. Frequent bedrock control
points.

Split channel confined by valley wall
and terraces.

Split channel confined occasionally by
terraces and valley walls. Main chan
nels, side channels sloughs occupy
valley bottom.

-

-

RM 129.5 to 119

RM 119 to 104

RI1 104 to 95

RM 95 to 61

RM 61 to 42

RH 42 to 0

0.00173

0.00153

0.00147

0.0010~

0.00073

0.00030

Split channel with occasional tendency
to braid. Main channel frequently flows
against west valley wall. Subchannels
and Sloughs occupy east floodplain.

Single channel frequently incised and
occasional islands.

Transition from split channel to
braided. Occasionally bounded by
terraces. Braided through the con
fluence with Chulitna and Talkeetna
Rivers.

Braided with occasional confinement by
terraces.

Combined patterns; western floodplain
braided, eastern floodplain split
channel.

Split channel with occasional tendency
to braid. Deltaic distributary channels
begin forming at about RM 20.



fABLE E.2.6: DEfECTION LIMITS FOR WATER QUALITY PARAMETERS

-

Field Parameters
Dissolved Oxygen'
D. O. Percent Saturation
pH, pH Units
Conductivity, umhos/cm @ 25°C
Temperature, °c

Free Carbon Dioxide
Alkalinity, as CaCO}
Settleable Solids, mIll

laboratory Parameters

Ammonia Nitrogen
Organic Nitrogen
Kjeldahl Nitrogen
Nitrate Nitrogen
Nitrate Nitrogen
Tot al Nitrogen
Ortho-Phosphate
Total Phosphorus
Chemical Oxygen Demand
Chlol'ide
Color, Platinum Cobalt Units
Hardness
Sulfate .
Total Dissolved SOlidsij»
Total Suspended Solids

Turbidity (NTU)

Gross Alpha, picocurie/liter
Total Organic Carbon
Total Inorganic Carbon

Organic Chemicals
- Endrin, ug/l
- lindane, ug/l
- Methoxychlor, ug/l
- Toxaphene, ug/l
- 2, 4-0, ug/l
- 2, 4, 5-TP Silvex, ug/l

leAP Scan(4)
- A.g, Silver
- AI. Aluminum
- As, Arsenic
- Au. Gold
- B, Boron
- Ba, Bar ium
- 8i, Bismuth
- Ca, Calcium
- Cd, Cadmium
-'- Co, Cobalt
- Cr, Chromium

R&M
Detection

L ~ .t ( 1.)
1m1

0.1
1

+0.01
-1

0.1

1
2
0.1

0.05
0.1
0.1
0.1
0.01
0.1
0.01
0.01
1
0.2
1
1
1
1
1

O.OS

3
1.0
1.0

0.0002
0.004
0.1
O.ooS
0.1
0.01

O.O~

o.OS
0.10
O.OS

. 0.05
0.05
O.O~

0.05
0.01
0.05
0.05

USGS
Detection

L " "t(S)
~m~

.01

.1

.01

.01

.01

.01

.01

.0"1
1

.05
1
1

1

00

.00001

.00001

.00001

.001

.00001

.00001

.001

.01

.001

.01

.1

.01

.001

.001

.001

Criteria

levels

7-17
110
6.5 - 9.0

20,15 (M),
13 (Sp)

20

0.02

10

0.01

200
SO

200
"'.500
no
measurable
measurable
increase
25 NTU
increase
15
3.0 (S)
00

0.004
0.01
0.03
0.01 J
100
10

O.OS
0.07..5 (5)
0.440

0.043
1.0
0.003S (5)

0.0012, 0.0004

0.1

"",,,

-

-
-
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TABLE (.2.6: DETECTION LIMITS fOR WATER QUALITY PARAMETERS (Contld)

-

laboratorr Parameters (Contld)

- Cu, Copper
- fe, Iron
- Hg, Mercury
- K, Potass ium
- Mg, Magnesium
.,.. MI'l, Manganese
- Mo, Molybdenum
- Na, Sodium
- Ni, Nickel
- Pb, lead
- Pt, Platinum
- Sb, Ant imony
- Se, Selenium
- Si, Silicon
- So,' Tin
- Sr, Strollt ium
- Ti, Titanium
.,.. W, Tungsten
- V, Vanadium
- Zn, Zinc
- Zr, Zirconium

R&M
Detection

L " 't(l)lml

0.05
0.05
0.1
0.05
0.05
0.05
0.05
0.05
0.05
0.05
O.OS
0.10
0.10
0.05
0.10
0.05
0.05
1.0
0.05
0.05
0.05

USGS
Detection

l " "t(5)1ffi1

.001

.01

.0001

.1

.1

.001

.001

.1

.001

.001

.001

.001

.1

.01 .

.01

Criteria

levels

0.01
1.0
0.00005

0.05
0.07

0.025
0.0.3

9
0.01

0.007 (S)
0.0.3

-
-

(1) ,
All values are expressed 1n mg/l unless otherwise noted.

(2)TDS - (filterable) material that passes through a standard glass fiber filter and
remains after evaporation (SM p 93).

(J)TSS - (nonfilterable) material requi:red on a standard fiber filter after filtration of
aiWell-mixed sample.

(4)ICAP SCAN - thirty-two (,32) element computerized scan in parts/million (Ag, AI, As, Au,
B, Ba, Bi, Ca, Cd, Co, Cr, Cu, fe, Hg, K, Mg, Mn, Mo, Na, Ni, Pb, pt, Sb, Se, 5i, 5n,
Sr, Ti, V, W, Zn, Zr).

(S)USGS detection limits are taken from "1982 Water Quality laboratory Services Catalog"
USGS Open-File Report 81-1016. The limits used are the limits for the most precise
test available.

(5) - Suggested Criteria

(M) - Migration Routes

(Sp) - Spawning Areas



Parameter Station Season. Criteria

D.O. ':lI Saturation G S L

pH T 5, W, B L
G B

Color T, 5 5 L

Phosphorus, Total (d) V, G, r, 5, 55 5, W, B L

Total Organic Carbon G, SS 5 5
V, G, 55 W
55 B

Aluminum (d) V, G 5, W 5
Aluminum (t) G, S, 55 5

Bismuth (d) V, G 5 5
G W

Cadmium (d) T, 55 S, W L
5S B

Cadmium (t) r- T, 5, 55 Su,
T, 55 W, B

Copper (d) T, 55 5 A
T W
55 B

Copper (t) G, T, 5, 55 S
T, 5, 55 W
T, 55

Iron (d) 0, V, C S L
Iron (t) G, T, S. 55 S

T B

Lead (t) G, T, 5, 55 S A
T, SS W, B

Manganese (d) 0, V, G, e S L
Manganese (t) G, T, 5 5

T, SS B

Mercury (d) G, 5 S L
5 W

Mercury (t) G, T, 5, SS 5
T, 5, SS W
T, 55 B

Nickel (t) r- 5, 55 5 Au,

Zinc (d) V 5 A
Zinc (t) G, 5, 55 S

T, S. 55 W
55 B

TABLE £.2.7: PARAMETERS EXCEEDING CRITERIA BY STATION AND SEASON

Stations

o - Denali
V - Vee Canyon
G - Gold Creek
C - Chulitna
T - Talkeetna
5 - Sunshine
55 - Susitna Station

Seasons

5 - Summer
W- Winter
B - Breakup

Criteria

L - Established by law as per
Alaska Water Quality
Standards

5 - Criteria that have been
suggested but are now law~

or levels which natural
waters usually do not exceed

A - Alternate level to 0.02 of
the 96-hour LC50
determined through bioassay

-
-
-

-
-
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TABLE £.2.8: 1982 TURBIDITY ANALYSIS OF THE SUSITNA, CHULI TNA

AND TALKEETNA RIVERS CONFLUENCE AREA

....-
3

Suspended

1 2
Sediment

4~

.DischargeDate Date Turbidity Concentration
Location Sampled Analyzed (NTU) (mg/l) (cfs)

Susitna at Sunshine 6/3/82 6/11/82 164 71,800,..... (Parks Highway Bridge) 6/10/82 6/24/82 200 403 62,100
6/17/82 6/24/82 136 322 48,700
6/21/82 8/3/82 360 755 76,600
6/28/82 8/18/82 1,056 71,600
7/6/82 8/3/82 352 44,800
7/12/82 8/3/82 912 58,000
7/19/82 8/18/82 552 59,400
7/26/82 8/18/82 696 97,100
8/2/82 8/18/82 544 61,000
8/9/82 8/26/82 720 50,200
8/16/82 8/26/82 784 45,600
8/23/82 9/14/82 552
8/30/82 9/14/82 292
9/17/82 10/12/82 784

Susitna Below Talkeetna 5/26/82* 5/29/82 98
5/28/82* 6/2/82 256 43,600- 5/29/82* 6/2/82 140 42,900
5/30/82* 6/2/82 65 38,400
5/31/82* 6/2/82 130 39,200
6/1/82* . 6/2/82 130 47,000

r- Susitna at LRX-45 5/26/82* 5/29/82 81

Susitna near Chase5 6/3/82 6/11/82 140
(R.R. rHle 232) 6/8/82 6/24/82 130 547

"""" 6/15/82 6/24/82 94 170 20,700
6/22/82 8/3/82 74 426
6/30/82 8/18/82 376
7/8/82 8/18/82 132 18,100

~ 7/14/82 8/3/82 728 27,300.
7/21/82 8/18/82 316 21,900

·7/28/82 8/18/82 300 25,600
8/4/82 8/18/82 352 18,500
8/10/82 8/26/82 364 16,700- 8/18/82 8/26/82 304
8/25/82 9/14/82 244
8/31/82 9/14/82 188
9/19/82 10/12/82 328

Susitna at Vee Canyon 6/4/82 6/11/82 82
6/30/82 8/3/82 384
7/27/82 8/18/82 720

'I~
8/26/82 9/14/82 320

Chulitna (Canyon)6 6/4/82 6/11/82 272
6/22/82 8/3/82 680
6/29/82 8/18/82 1,424
7/7/82 8/3/82 976
7/13/82 8/18/82 1,136
7/20/82 8/18/82 1,392
7/27/82 8/18/82 664

yo- 8/3/82 8/18/82 70'~

8/1'1/82 8/26/82 592
8/17/82 8/26/82 1,296
8/24/82 9/14/82 632

!'"'"
9/1/82 9/14/82 316
9/18/82 . 10/12/82 1,920



Notes: 1*Refers to samples collected by R&M Consultants, all other sanples were collected
by USGS.

2 R&M Consultants conducted all turbidity measurements.

3 Suspended sediment concentrations are preliminary, unpublished data provided by
the U.S. Geological Survey.

4 Discharges for "Susitna at Sunshine" and "Susitna Below Talkeetna" are from the
U.S. Geological Survey stream gage at the Parks Highway Bridge at Sunshine.

S Discharges for "Susitna at lRX-4" and "Susitna near Chase" are from the USGS stream
gage at the Alaska Railroad Bridge at Gold Creek.

6 Discharges for "Chulitna" and "Chulitna near Confluence" are from the USGS stream
gage at the Parks Highway Bridge at Chulitna.

7 Discharges for "Talkeetna at USGS Cable" and "Talkeetna at R.R. Bridge" are from
the USGS stream gage near Talkeetna.

-

-



TABLE E.2.9: SIGNIFICANT ION CONCENTRATIONS

Ranges of Concentrations (mg!l)

U stream of Pro'ect Downstream of Pro "ect

Summer Winter Summer Winter---
Bicarbonate (alkalinity) 39 - 81 57 - 187 25 - 86 45 - 145

Chloride o - 11 4 - 30 1 - 15 6 - 35

Sulfate 2 - 2J 11 - 39 1 - 28 10 - 38

CalciUll (dissolved) 13 - 29 23 - 51 10 - 37 22 - 32

MagnesiUll(dissolved) - 4 o - 16 1 - 6 1 - 10
,~

Sodium (dissolved) 2 - 10 4 - 23 2 - 8 5 - 17

PotassiL.m (dissolved) - 7 0-9 1 - 4 1 - 5

-
.....



TABLE E.2.10: STREAMS TO 8E PARTIALLY OR COMPLETELY
INUNDATED BY WATANA RESERVOI R (n. 2,185)

Approximate Length
Existing Approximate of Stream

Susitna Elevation Stream Gradient to be
River Mile at Mouth at t>fouth Inundated

Stream Name at Mouth (ft. ms!) (rt/mile) (miles)

1- unnamed 240.8 2,185 380 mouth only
2. unnamed 240.0 2,175 1,000 mouth only
3. unnamed 239.4 2,170 500 mouth only·
4. unnamed 238.5 2,165 6ilO mouth only
5. unnamed 236.0 2,140 500 0.1
6. unname~ 233.8 2,055 400 0.3
7. Oshetna River 233.5 2,050 65 2.0
B. unnamed 232.7 2,040 1,500 0.2
9. Goose Creek 231.2 2,0.30 125 1.2

10. unnamed 230.8 2,025 1,400 0.2

11. unnamed 229.8 2,015 550 0.3
12. unnamed 229.7 2,015 1,500 0.2
13. unnamed 229.1 2,010 2,000 0.1
14. unnamed 228.5 2,000 1,300 0.1
15. unnamed 228.4 2,000 2,000 0.2
16. unnamed 227.4 1,980 1,700 0.1
17. unnamed 226.8 1,970 250 0.6
18. unnamed 225.0 1,930 400 0.4
19. unnamed 224.4 1,920 1,250 0.2
20. unnamed 221.5 1,875 230 1.0

21. unnamed 220.9 1,865 1,000 0.2
22. unnamed 219.2 1,845 350 1.0
23. unnamed 217.6 1,830 700 0.5
24. unnamed 215.1 1,785 900 0.3
25. unnamed 213.2 1,760 1,000 0.4
26. unnamed 213.0 1,755 600 0.6
27. unnamed 212.1 1,750 1,200 0.3
2B. unnamed slough 212.0 1,750 13 0.5 (full

length)
29. unnamed slough 211.7 1,745 1,000 0.3
30. unnamed 210.2 1,720 400 0.7

31. Jay Creek 208.6 1,700 120 3.2
32. unnamed 207.3 1,690 300 0.9 (full

length)
33. unnamed 207.0 1,685 160 1.0
34. Kosina Creek 206.9 1,685 120 4.2
35 •. unnamed 205.0 1,665 1,100 0.5 (full

length)
36. unnamed 204.9 1,665 750 0.4 (full

length)
37. unnamed 20.3.9 1,6)5 800 0.7
38. unnamed 203.4 1,650 350 0.5 (full

length)
39. unnamed 201.8 1.635 400 0.8
40. unnamed 200.7 1,625 1,000 1.0

41. unnamed 198.7 1,610 400 0.7
42. unnamed 198.6 1,605 700 0.6
43. unnamed 197.9 1,600 500 0.6
44. unnamed 197.1 1,595 650 0.7
45. unnamed 196.7 1,590 1,000 0.7
46. unnamed 196.2 1,585 550 1.0
47. unnamed 195.8 1,580 350 1.1
48. unnamed 195.2 1,575 200 1.3 (fuII

length)
49. unnamed 194.9 1,570 200 1.7
50. Wafana Creek 194.1 1,560 SO 10.0 (longest

fork)

-

-

-
-
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TABLE E.2.10 - (Cont'd)

Approximate length
Existing Approximate of Stream

Susitna Elevation Stream Gradient to be
River Mile at Mouth at Mouth Inundated

Stream Name at Mouth (ft. msl) (ft/mile) .. (miles)

50A. Delusion Creek -- 1,700 200 1.9
(tributary to
Watana Creek)

51. unnamed 192.7 1,550 400 1.5 (full
length)

52. unnamed 192.0 1,545 200 }.9 (longest
fork)

5}. unnamed 190.0 1,530 1,300 0.5
54. unnamed 187.0 1,505 1,250 0.7
55. unnamed 186.9 1,505 2,000 1.7
56. Deadman Creek 186.7 1,500 450 2.}



TABLE E.2.1'1: STREAMS TO BE PARTiALLY OR COMPLETELY INUNDATED
BY DEVIL CANYON RESERVOIR (EL. 1,455)

Approximate length
Existing Approximate of Stream

Susitna Elevation Stream Gradient to be
River Mile at Mouth at Mouth Inundated

Stream Name at Mouth (ft. msl) (rt/mile) (miles)

1. TSl,Isena Creek 181.9 1,450 250 0.2
2. unnamed 181.2 1,440 250 0.2
3. unnamed slough 180.1 1,430 10 0.6 (full

length)
4. unnamed slough 179.3 1,420 250 0.1
5. unnamed' slough' 179.1 1,420 500 0.2
6. unnamed slough 177.0 1,385 600 0.1
7. fog Creek 176.7 1,380 125 1.0
8. unnamed 175.3 1,370 75 0.6
9. unnamed 175.1 1,365 1,100 0.1

10. unnamed 174.9 1,360 650 0.1

11. unnamed 174.3 1,350 350 0.3
12. unnamed slough 174.0 . 1,350 15 2.0 (full

(tributary
length)

12A. unnamed
to slough) -- 1,350 550 0.2

12B. unnamed (tributary
to slough) -- 1,350 550 0.2

12C. unnamed (tributary
to slough) -- 1,3,}0 1,600 0.1

13. unnamed slough 173.4 1,340 20 0.5 (full
length)

14. unnamed 173.0 1,335 600 0.1
15. unnamed 173.0 1,335 1,000 0.2
16. unnamed 172.9 1,330 1,300 0.2
17. unnamed slough 172.1 1,320 15 0.8 (full

length)
17A. unnamed (tributary

to slough) -- 1,320 2,000 0.1
176. unnamed (tributary

to slough) -- 1,320 2,000 0.1
18. unnamed 171.4 1,315 2,000 0.1
19. unnamed 171.0 1,310 250 0.6
20. unnamed slough 169.5 1,290 15 0.7 (full

length)

21. unnamed 168.8 1,280 1,400 0.2
22. unnamed 166.5 1,235 350 0.6
23. unnamed 166.0 1,230 1,250 0.2
24. unnamed 164.0 1,200 2,000 0.2
25. unnamed 163.7 1,180 1,350 0~2
26. Devil Creek 161.4 1,120 180 1.4
27. unnamed 157.0 1,030 .400 1.3
28. unnamed 154.5 985 3,000 0.4
29. unnamed

(Cheechako Creek) 152.4 950 500 1.6

-

-,
-
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TABLE L2.12: DOWNSTREAM TRIBUTARIES POTENTIALLY IMPACTED BY PROJECT OPERATION

River Bank of Reason
....- 1

No. Name Mile Susitna for Concern

1 Portage Creek 148.9 RB fish

2 Jack Long Creek 144.8 LB fish

3 Indian River 138.5 RB fish

~-
4 Gold Creek 136.7 LB fish

5 Trib. @ 132.0 132.0 LB RR

6 Fourth of July Creek 131.1 RB fish

7 Sherman Creek 130.9 LB RR t fish

8 Trib. @ 128.5 128.5 LB RR
r-:

9 Trib. ® 127.3 127.3 LB RR

10 Skull Creek 124.7 LB RR
....

11 Trib. ® 123.9 123.9 RB fish

12 Deadhorse Creek 121.0 LB fish, RR

13 Tr ib. @ 121.0 121.0 RB fish

14 little Portage Creek 117.8 LB RR

f"'" 15 McKenzie Creek 116.7 LB fish

16 Lane Creek 113.6 LB fish

r 17 Gash Creek 11"1.7 LB fish

18 Trib. ® 110.1 110.1 LB RR

19 Whiskers Creek 101.2 RB fish

1Referenced by facing downstream (LB = left bank, RB = right bank).

-



TABLE £.2.13: SUMMARY OF SURFACE WATER AND GROUND WAT£R
APPROPRIATIONS IN EQUIVAlE~T FLOW RATES

Townshio Grid Surface Water Equivalent Ground Water Equivalent

efs ae-n/yr cfs ac-ft!vr

Susitna .153 50.0 .0498 16.3

Fish Creek .000116 .02100 .00300 2.24

Willow Creek 18.3 5,660 .153 128

Little Willow Creek .00613 1.42 .001907 1.37

Montana Creek .0196 7.85 .366 264

Chulina .00322 .797 .000B31 .601

Susitna Reservoir .00465 3.36

Chulitna .00329 2.38

Kroto-Trapper Creek .0564 10.7

Kahiltna 125 37,000

Yentna .00155 .565

Skwentna .00551 1.90 .000775 .560

-
-

-

-

-
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TABLE E.2.14: SUSITNA RIVER - LIMITATIONS TO NAVIGATION

~
I

-

River Mile location*

19

52

61

127-128

151

160-161

225

291

Description

Alexander Slough Head

Mouth of Willow Creek

Sutitna/Landing Mouth
of Kashwitna River

River Cross-Over near
Sherman and Cross
Section 32

Devil Canyon

Devil Creek Rapids

Vee Canyon

Denali Highway Bridge

Severity

Access to slough limited
at low water due to
shallow channel

. Access from creek limited
at low water

Access from launching site
limited at low water

Shallow in riffle at low
water

Severe rapids at all flow
levels

Severe rapids at all flow
levels

Hazardous but accessible
rapids at most flows

Shallow water and frequent
sand bars at low water

,....

*Reference: River Mile Index (R&M Consultants, 1981)



TABLE £.2.15: ESTHIAT£O LO~I AND HIGH flOWS AT ACCESS ROAD STREAt1 CROSSINGS

A
Drainage1

Ar~a 30-Day Minimum Flow (cfs) Peak Flows (cfs)
Basin (mi ) Recurrence Interval (yrs) Recurrence Interval (Yl's)

2 10 20 2 10 25 50- -. - - - -
Denali Highway to
Watana Camp

Lily Creek 3.70 0.8 0.6 0.5 25 54 7B 96

Seattle Creek 11.13 2.4 1.8 1.5 74 147 205 24B

Seattle Creek
Tributary 1.49 0.3 0.2 0.2 10 24 35 44

Seattle Creek
Tributary 2.70 O.B 0.5 0.4 13 29 42 51

Brushkana Creek 22.00 5.5 3.8 3.4 115 217 299 354

Brushkana Creek
Site 21.01 4.9 3.5 3.1 121 228 315 374

Upper Deadman
Creek 12.08 3.0 2.1 1.9 64 127 177 211

Deadman Creek
Tributary 21.28 4.6 3.3 2.9 13B 263 363 432

Deadman Creek
Tributary 14.71 3.2 2.3 2.0 97 1B9 262 315

Wat ana to Dev il
Canyon

Tsusena Creek 126.61 26 19 17 780 1309 1744 2000

Devil Creek 31.0 6.7 4.8 4.2 199 369 506 597

Dev il .Canyon to
Gold Creek

Gold Creek 25.00 5.4 3.9 3.4 162 304 418 497

~I

-

1Minimum flows estimated from the following equation (Freethey and Scully, 1980,
Water Resources of the Cook Inlet Basin, U.S. Geological Survey, Atlas HA-620)

M
d,rt

bed= aA (LP + 1) (J + 10)
,.

where: M =mInImum flow (cfs)
d = number of days
rt = recurrence interv~l (yrs)
A =drainage area (mi )
LP = area of lakes and ponds (percent)
J =mean minimum January air temperature (OF)

-
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TABLE E2.16; AVAILABLE STREAMFLOW RECORDS FOR MAJOR STREAMS
CROSSED BY TRANSMISSION CORRIDOR

----------------------- -----------rransmlsSIDrl [~Ae- ------

_ Per iad of Crossing from Mean Annua1
USGS Gage Continuous DrainagzArea1 Gage Streamflow

Stream Name Description USGS Number Record (mi ) - (approx.) (cfg)

Anchorage-Willow Segment

Little Susitna
River Near Palmer 15290000 1948- 61.9 35 mi. dis
Willow Creek Near Will ow 15294005 1978- 166 7 mi. dis

Fairbanks-Heal~ Segment

Nenana River H1 Near Healy 15518000 1950-1979 1,910 2 mi. dis
Nenana River H2 Near Healy 15518000 1950-1979 1,910 20 mi. dis
Tanana River At Nenana 15515500 1962- 15,600 5 mi. u/s

Willow-Healy Intertie

Talkeetna River Near Talkeetna 15292700 1964- 2,006 5 mi. dis
Susitna River At Gol d Creek 15292000 1949- 6,160 5 mi. u/s
Indian River -- -- -- 82 15 mi. u/s
E. F. Chulitna Chulitna River 15292400 1958-72,1980- 2,570 40 mi. u/s

River near Talkeetna
M.F. Chulitna Chulitna River 15292400 1958-72,1980- 2,570 50 mi. u/s

River near Talkeetna
Nenana River Near Windy 15516000 . 1950-56,1958-73 710 5 mi. u/s
Yanent Fork -- -- -- N/A 1 mi. u/s
Healy Creek -- -- -- N/A 1 mi. u/s

Watana-Gold Creek Segment

Tsusena Creek -- -- -- 149 3 mi. u/s
Devil Creek -- -- -- N/A 3 mi. u/s
Susitna River At Gold Creek 15292000 1949- 6,160 15 mi. u/s

206
472

3,506
3,506

23,460

4,050
9,647

8,748

8,748

9,647

1Areas for ungaged streams are at the mouth.
~d/S =downstream, u/s = upstream. Distances for ungaged stream are from the mouth.
Averages determined through the 1980 water year at gage sites.
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TABLE E2.17: DOWNSTREAN fLOW REQUIREMENTS AT GOLD CREEK

flow (cfs) !""'!

Month DUrIng fillIng Dperatfon

Jan 1,000 5,000 -
feb 1,000 5,000

Mar 1,000 5,000 .-.,

Apr 1,000 5,000

May 6,000 6,000 -Jun 6,000 6,000

Jul 6,480(1) 6,480 -Aug 12,000 12,000

Sep 9 300(2) 9,300,
Oct 2,000 5,000

Nov 1,000 5,000

Dec 1,000 5;000 .-

-
-



1 -J 1 ] 1 1 ) J 1 - 1 ) -I 1 J

TABLE E2.18: WATANA INFLOW AND OUTFLOW FOR FILLING CASES

IU,o .5U~o 90~•

uutflow ,cfs) Uutflow ,crs) Uutrlow ,crs)
Inflow Inflow Inflow

"' ".(cfs) 1991 1992 1993 (efs) 1991 1992 1993 (cfs) 1991 1992 1993

Jan 1,340 1,340 1,340 1,340 1,190 1,198 1,198 1,000 1,071 1,071 1,071 1,000

Feb 1,138 1,138 1,138 1,138 1,018 1,018 1,018 1,000 910 910 910 910

Mar 1,028 1,028 1,028 1,028 919 919 919 919 822 822 822 822

Apr 1,261 1,261 1,000 1,000 1,127 1,127 1,000 1,000 1,008 1,008 1,000 1,000

May 12,158 8,690 3,276 3,276 10,870 7,402 3,649 3,649 9,715 6,247 4,016 4,016

Jun 25,326 20,005 1,000 10,527 22,644 17,323 1,103 1,939 20,238 14,917 1,867 1,867

Jul 22,327 5,309 9,031 1,000 19,963 2,945 2,181 2,163 17,842 2,836 2,836 2,836

Aug 20,142 "14,993 8,649 15,859 18,008 12,859 8,105 10,198 16,095 8,934 8,713 8,713

Sep 12,064 6,743 6,597 12,064 10,787 6,967 6,967 10,787 9,641 7,331 7,331 7,331

Oct 5,272 5,272 1,000 5,272 4,713 3,261 1,000 4,713 4,213 1,230 1,000 1,000

Nov 2,352 2,352 1,000 2,352 2,102 2,102 1,000 2,102 1,879 1,879 1,000 1,000

Dec 1,642 1,642 1,020 1,642 1,468 1,468 1,000 1,468 1,312 1,312 1,000 1,000

Note: I Prior to 1991, no water is stored in Watana reservoir.



TABLE E2.19: FLOWS AT GOLD CREEK DURING WATANA FILLING

lUJ. ::>u~. ~U)o

UurIng ~ Illlng WrIng tl1llng UUrlng ~ Illlng
Pre- Pre- Pre-
Project 1991 1992 1993 Project 1991 1992 1993 Project 1991 1992 1993

Jan 1,640 1,640 1,640 1,640 1,457 1,457 1,457 1,259 1,290 1,290 1,290 1,219

Feb 1,393 1,393 1,393 1,393 1,238 1,238 1,238 1,220 1,096 1,096 1,096 1,096

Mar 1,258 1,258 1,258 1,258 1,118 1,118 1,118 1,118 990 990 990 990

Apr 1,544 1,544 1,283 1,283 1,371 1,371 1,244 1,244 1,214 1,214 1,206 1,206

May 14,882 11,414 6,000 6,000 13,221 9,753 6,000 6,000 11,699 8,231 6,000 6,000

Ju·n 31,002 25,680 6,675 16,202 27,541 22,220 6,000 6,836 24,371 19,050 6,000 6,000

Jul 27,331 10,312 4,034 6,003 24,280 7,262 6,498 6,480 21,486 6,480 6,480 6,480

Aug 24,655 19,506 3,162 20,371 21,903 16,754 2,000 14,093 19,382 12,221 12,000 12,000

Sep 14,767 9,446 9,300 14,767 13,119 9,300 9,300 3,120 11,609 9,300 9,300 9,300

Oct 6,453 6,453 2,181 6,453 5,732 4,280 2,019 5,732 5,073 2,159 1,860 1,860

Nov 2,879 2,879 1,527 2,879 2,557 2,557 1,455 2,557 2,263 2,263 1,384 1,384

Dec 2,010 2,010 1,388 2,010 1,785 1,785 1,317 1,785 1,580 1,580 1,268 1,268

I . J I J I J I t } j 1 .1 ) I I J )



TABLE E2.20: MONTHLY AVERAGE PRE-PROJECT AND WATANA fILLING
FLOWS AT GOLD CREEK, SUNSHINE AND SUSITNA STATIONS

1
Pre-Project During Filling- Month Gold Creek Sunshine Susitna Gold Creek Sunshine Susitna

Oct 5,654 13,755 30,401 2,019 10,120 26,766

Nov 2,476 5,844 12,808 1,455 4,823 11,787

Dec 1,788 4,219 8,312 1,317 3,748 7,841

Jan 1,466 3,514 7,969 1,457 3,505 7,960

Feb . 1,242 2,940 7,072 1,238 2,936 7,068

Mar 1,115 2,629 6,332 1,118 2,632 6,335
11f!i¥I!tIr

Apr 1,351 3,143 6,967 1,244 3,036 6,860

May 13,277 27,710 60,750 6,000 20,433 53,473

Jun 28,095 64,496 124,535 6,000 42,401 102,440

Jul 23,919 63,288 132,379 6,498 45,867 114,958

Aug 21,727 56,510 111,998 12,000 46,783 102,271

Sep 13,327 32,656 66,753 9,300 28,629 62,726

Notes:

1. Assume 50% filling case, year 1992 (lowest).
i""""
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TABLE 2.23 F'RE;-PfWJECT Fl 014 Al fHlUJ [;RI:F.I\ (d!))
HOBH'XED H'([IROLOGY

YEAR OCT NOV J,I~' r; JAN FEB MflR (~F'R H(;IY JlIN JUL· Aim Sf. f' AHNUAL

1 6~~~~~j ,() ~!:'W~L I) 14.39,0 1!)V ,I) 7Ha,!) 7~!6 .1) H/I) ,() U ~H l) ,I) 19MI) , i) .~~U~I)I>,Q t 9tHiI).O H:iO 1.1) 8032.1

2 3848.0 1300dl ' 1300.0 960.0 B20.(I 7t10,() 1f.l1.(1 14090.0 ?0790.0 ~!n;10,01lU,7(1«0'n2"0.0 910!;.O
3 ~) ~j'J,l ,I) ~~7<i4>() 1'i!)1) ,I) 1M() >() 1(01) >0 flHI),!) 'no>o 5419>0 32371»1 26390>0 2()920>~ 14491»0 n)~j::,! .1
4 8202,0 :~·19·7. (l 000.0 1100.0 B2.0,0 B20,(1 1613.0 19~70.0 27320.1 20200,0 20610,0 15'10.0 ·1009(l.4
5 ~j61)4 ,I) ~! ii)l) , () l~jl)O ,I) UI)I).O 1I) I)!) ,I) ;JHI) >0 1~!~~hl) Ai'~W(),I) 2~)~!~'il).i) ~!l):~M,Q ~!61()l),O l~!nl),I)' 9681.6
6 5370.0 ~!U,(l,(l 20·4~i.O ) 79f\ ,,0 1400, (I 1100" (I ).~~oo. 0 9319 dl ~l ~\,B60.(1 :O~.,{lO.(1 )!~)7~l(I« (l 14:~90 •0 1M!fi6.4
7 4'n51 ,I) ), 9 I)!) ,I) 1:~ I) I), I) 981),1) 971) >I) 740,0 951),1) 17660,U 33341),0 J1090,1 24530,0 18J3U,U H473 .3
8 5806.0 ~H)50. 0 2142.0 1700 dl 1:)(1(1. (I 1200(0)'°0.0 13750.0 30160.0 23310,0 20540.0 19800.0 Hi:~B4, 1
9 ll~! 1~! ,I) :Sl)fi.<} ,I) ~i~!64, 0 19M'), () DI) 7, l) 114(1. I) 1533,0 12900,0 25700,0 22891).0 22540~0 75~jO ,() '}476.4

10 4811. 0 2150.0 1513.0 j,~4B. () 1:~(l7.{1 980.0 1250.0 15990.0 23320.0 2500(1.0 31180.0 16920.0 HI:)~j9, 'i
11 6:)~jB ,0 ~!il:'j<) >I) nOI) ,I) lfl4~j,i) 1<} ~j:-!. I) 1197,1) 1300,0 15'00,0 15530,0 22980,0 2J590.0 20510.0 9712.3
12 7794.0 3000.0 26911.(1 :~·1::j;1. 0 ~,ni4. 0 tBl0.0 2MjO,(1 1'7:~6(1.{1 ;'!l] ..H)(),O ?4570.0 22100.0 l:t~~·l(I.(I 10BM. :~

13 ~j91 b >0 VOO>I) ~!t l)1), 0 1 Ii'£) I) • () 1~jl)l), l) 1 ~l)!), 0 l'lOu'O 12590,0 4J270.0 25850,0 23550>0 16890,0 J.1. ~jb5 ,2
14 ·6723.0 7800.0 ~!(l00.() 16(lO.O 150'0.0 ~(lOO.o B3(l,0 1903P.~ 26000.0 34400.0 23610.0 12320.0 11072.9
15 6447.0 n~jl),I) 1494,1) 104B,I) Y66,1) 713,0 74fj ,~) 'l.'SO 7 ,0 S()~HlI),0 2:~9~)0. 0 16440,0 n'i71 , I) 9799.6
16 . 6291.(l :099, (i Ul j.O 960.0 B60.(1 9(10.{1 U60.(l l;l9VO.O 25720.0?7IHO.('1 ~!:i1~~(1.0 lV:~:iO.O 1(H6B.B
17 no:') >i) ~!09B .0 16:H ) I) HI)!), () :l~SOI), I) 1JI)O~0 17n),o 9645,0 J2950,() 19860,0 21HJO,() 11750,() 94:U .s
18 41,H,O lQOO,() 1:)00.0 1500;0 1400.{) 1:.!(I(l. () 1167~(l 1~1ao.02'i510.0 2~BOp.O 3262~,Q 16870.0 1121B. ~
19 .I) 91) I) • I) n:'·;:s ,l) ~! L) ~'i:') , I) 19{~LO 1901),I) 19(1) ,() 1910,() 16100,() 31530,0 26420.0 t/170,() BHH)!I) '1(UO.6

20 4277,.0 1.90n dl 1330.0 H)SfI '<l 92'. (I H:~:L() . 102?0 9852.0 2a~2~.O 18093.0 1632',0 9776.0 7700.1
21 ~H ~!-1 ,0 ln~).() aM,1) fJ24,() 7MLI) 77,),1) 10BO.Q I1JOO,O 10630,0 22660.0 lV9al)~() nu,!) 7:191.2
22 5288.0 3407.0 2290~O ),4 tl~? • () 1(1M); 0 9~W, () 10B?.0 3745.0 32930,(l 23950.0 3J9tO.O 14440.(1 1(12:51. (I

23 :')847, I) :Sl)9~{, C) ~!~j.l.l). I) ~!2~~1}. i) ~! O~!H .1) 1W~!.LO 1710,4 21090,() 3<i<iJO,() 22770,0 19290.0 124(1),1) lo.Hfl5.5
24 4826.0 2253.0 1465.0 12()"(I.O 120(l,(I 1000.0 1M~'J .,0 H2:~~)' (I ;UU(I(I,(I I B~?:Hl.(l 2o:?90. 0 907-1.(1 HM~6 .~!

25 ;O;:l.~, l) l~jn,l) 10:H,1) fl'J<},Q 777, I) 7~!') ,I) 992,0 16ID(),O 17R70,O 1n80(),O 16220,0 12251),1) J.Bl.O
26 3739,0 1700 d> 16();~. (I I~H6 dl 147L0 1400.0 1593.0 1535(1.0 ~2310.0 27720.0 18090.0 16310.0 Hln:S.1
27 n:w, I) 191.J:~,() 1031,1) 974~() S~~jl) ,l) 'JI)!)' I) n'l~LI) 1~!b~!I),O ~!11;~{-10.1) 10941),0 19HOI),l) 6(Hll,t) 8199.3
28 3874.0 ?6~'\O. (I ~!4(l:~, (I lH29.() 1618.0 15:00.0 16BO;0 126BO.0 37910.0 22870,0 jY240.012640.(I 10:109.0
29 7:)/.1. ,0 :~~) ~! :') ,() ~!~'H~9, I) 2i)~!9 ,0 1bba,l) l.s()~i,l) 1702,0 11950>4 19050,0 210~O,O 16390,0 a60l.0 1I194.5
;50 4907.('1 2 ~);~::;. (I 1691'() ~397tO' 1286.0 1200.0 . 1450.0 13870.0 246'0.0 28»80,1 20460.0 10770.0 9489.3

MAX H2.l~!,I) J9~H >1) :i~!6·4 ,I) ~! 4t,)2 ,() ~! 02a , 0 ,191)0.0 26~O,O 2189(),O 50590,0 34400.0 32620.0 21240,0 115!l5.2
MIN 3124.(> 121 ~j, 0 866;0 B2'1. () 76kd) t:l:~,O '4~). () 374~h(i l~j~}~iO.(1 :tB(Il)3.() 16:nOI(I 6881.0 . nOO.l

1J51.3 13276,7 20095,1 2J919.4 21726,7 13327.2
,

9670.1MEAN f),~~j4 ,.l ~!'l J.i ,:~ 17iHhO 1 'It>~). 7 1~~4~!,:i U.l-i,H
$

1 I
'.

..~ J 1 J ~ _.J J I J I .... 1 .,~ ) ~
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TABLE 2.24 POST-PROJECT FL()W" AT GOLDCREfK (cfs)
, WATANA t CASE C

YEAR OCT NOV {lEe ,If-:N FE.B MAR APR tif.\ Y .Hm .11I1 f1UG SEF' (.:NHUf{J..

1 1279.7 10215.7 11555.4 lJ917. ~j 9104 •~j an7.7 757.~ H~ B4U(, ./) flt)21 .8 OQ24.0 l~OOO.O 9281.6 ·9H5.8
2 6389.8 6833.4 7\~09.B n41.9. 6H7 •. 0 658B.S 5\'B9.:I 10:H4.:~ 1101.6 ·7561.5:12000.0 9:~(l0. (I 7B:H.3
3 8061.0 101JH~O 12~16 •• 10490.5 9~~1,~ •~j BJ9t.7 7623 HS M,~!9 .:s 115';"1. I) ')076. ~~ 1201)l),1) 9:i00 .0 9~j95. 1., 10185.6 11490.9 I1B16.4 99\'0.5 ·9136.5 R331.7 B318.6 15608.4 10BOY.9 7405.~ .12000.0 9:HI(I. (I 10::'80.5
"'" 71)71) ,,~ 7092.~ 11616.4 10190.5 9:n 6 •~j B~!91 .7 7938.6 13952.510735.5 7967.2 ~2000.0 9:iOO.O 96:~5. 0,J

6 7194~S 7955.0 12161,4 10A84.S 97H..5 8611.7 7(JO:~.6 7H59.R 10153.2 10~21.7 16~76.1 930(1.(1 9HB2.5
7 84biL 7 'f H9<I •0 .t H .l6 •4 <)fJ'JO. ~j IJ~!U,S .~, 8451.7 . 765J.6 14206.a 15256.3 14077.5 15432.0 13410.6 1H68. 8
B 9376.5 11044.0 12~5H.4 10590.5 9816.5 H711'. 'l 7903.6 10574.5 j200B.4 R10IJ.3 12000.0 12213.0 10384.1
9 11782.5 11940.0 1JJHO.4 10855.5 I)t;~!.L fj i1.s~·j9. "7 Hn/; .b 9"7<1b.4 i1~jMj •U '7fla:~ ~ 0 I ~!I)I)I). () 91::,!! .:i 10162.0

10 6874.9 6S'3:~, ;~ fl170.4 1033ll.5 \?h23.~:, B49:t.7 79::;:L b 1281 8•1 9H~1fl. 6 9::~tr7.B 162(llt.li l1B43 •., 9fl74.3
11 101~a)5 10843.9 12316.4 10735.5 1)7{)iL ~j B71)B •.J BOO.~ H~ .I. n 17 • i' 71.~7.1) B~!B6.tol 1~!001>, 0 9~H)() •° 9978.8
12 B?27.4 10993.9 12810.4 ]134~.5 10070.5 9;~:.H .7 9353,6 13B38.4 11969.2 9477.6 1~!OOO.O 9300.0 10:n6.1.
13 /328.7 1069.<\,0 12216.4 10770.5 9B.t6.fj B7.u .7 (141)~~ •{; 9~!lJfl. it ~!~11 rH •B 9985.7 14666.' 10429.8 lBfl1.9
14 10293.5 10794.0 121j6.4 la490.~ 9B16. :, e~11. 7 7533.6 :15342.2 10296.0 13140.5 15146.6 9300.0 H~l6:L :~

15 7777.9 10244.0 116.1.0.4 '19"ll. ~j 92H2)rj B~~~!4.7 7~}'HLb Mtd. • ~s ;!f>091. (; 7!187 •.~ 1. 2t)t)t).0 9~iOI). 0 104b8.3
16 7290.9 6961... 6 7h7H.9 .$'6::;/. ~j 9:t76.~) 8411.7 806:{ .6 \'n::;.6 9469.8 9771.5 12000.0 13506.1 930\'.7
1/ 10775.5 10092.0 11747.4 10~90.5 9b16.r·j anJ.! .7 U47B H~ 7HOl) .8 B48b. 7 U".:!,H.6120t)1).0 nIH) .0 10i)~j6.4
18 6615.5 M(~~. 6 7S'R4. 7 t(l:~9().:5 9716.5 fP11.7 7B10.6 12U6616 11633.8 10362.9 '2104.4 119~0.6 1O~:i93. 9
19 8410.5 10346,9 12171.4 10871.5 102J6.5 9411.73613.6 12739.5 13601.8 10042.612000.0 noo.o 10,~:54.4

20 i!.,581.B 6882,1 71l7.(I.O 7B~H~. 5 92,38. ~ a:H·1.7 71?5.6 7:l61L 9 7865.7 6U5:l. 7 1~?0()(1. (l 9:~0(l. () IH2B.7
21 1;6~~8. B 7()() ~~ •:.j 110.1,2.9 i' ~j J.B •~! 6~H16 • 1 fiT/i). 'J f)9J. 9. a 7Vl.7 921.L6 B9'l1.1 1~!I)I)O .0 ~:~QO .0 7947.1
fOJ'"l 7491.4 . f7(l(l,8 B481.6 7681.2 6677.7 6/H7, ? 6(1):1..4 6:'1-111.6 104H4.0 7162 .:~ I:U"W, (I 9:~OO. 0 . 8181.2.t.. k

23 O}2IL 1 U OBIL 'J 1~!,~26. 4 111 ~!IJ .~, 1OJ·H. ~j. "H:~'\' 7 0413.6 101J4.9 16601i1 16rn..O 1~!OI)I). 0 noo •I) U2R9.7
~.!4 6221.8 6804,6 11581.4 10090.5 9:'1 tIl:) B:H 1. 7 7730.6 6206.9 89H. :~ 64/l ..L () 12(1(1(l. () 9300.0 8M~j.7
25 b4~jl ,l) 674.l •fj n;,!.:\ ••~ 1179.3 /;n~,.:{ B~!.~:·j.7 71;95.6 127JJ.3" 7948.9 7482.9 1~!l)l)I).Q no(). t) fr.~10 .1
26 655:L.3 7008 t 3 8.137.7 7~74.4 1,7 i 9. ;~ 6895,0 6120.8 9024,5 13490.5 i101l0.7 12000.0 9300, (I Bt,7!. (l
r) ..) 9fl.l.6,1) 'NUl,l) .l1J97 d 9B64.~j nM.~j n'Hl.1 HI)/6.6 9:160. :S 9~mo. :~ M)J.2." 1~!I)OO. () a()~jl) • ~j '~~~j17. 6... ,
28 6na.2 7351.4 $~92.5 7bj6.~~ 1,646.5 7982.3 8:iB:~.6 9Ul~)'~? H'(}()1•a 7901l.1 l~IOOO.o 9300.0 \'2~)~). 0
29 7469,2 10067.7 12705.4 10919.5 1904. rj 9.lJ.,~.7 H40fj .,~ H(j{)9.1) 6616.9 '24~.2 12000.Q 9:ii)() .1) . 9:US.3
30 7014+9· 7274.0 81:19.1 "in). a 6:);~7. 4 6576.7 5HU .1 9H:lO.6 690R.0 11710.4 12000.0 cnoo. (I B~!.:S::;. 0
31 6942r2 11972.1 12532,4 10638.5 97a2 •~j . wn 1 •"7 H~173 .6 0000.2 11112.6 15151.9 12030.1 ,9300.0 lM69.9
'2 '"l 10320.3 1197'.9 11889;5 10344.1 9552.1 ali:?6.(l Bond 1(ll1n.:~ 6000.0 979~.O 26494.0 10461.1 I 1U 72.4
\J ""

MAX 11792.5 11979.9 13380.' 11342.5 10344.5 9Hl.1 9333.6 181J4.9 26091.6 15131.9 26474.0 13506,1 11468.8
MIN 6221.B 674115 7678.9 7179.3 &437.0 M,76.7 5811.1 6061.3 b()('lO. (l 64U4.0 12(HW.{l 8(1~)(! • ~, .. 7831 .3

Mj:"MJ !-lO I ~\ ,I) 9 IW:' ,7 <I M.·~.~ • ~.( 'nl) '1. A !I(}r:'1 ." !I~{~',".{. "1 77AO.1 JOaaa.9 '1419.~ 9JIH.J. 17C.(7A ••~ 9A:,(9.A 9745.4



TAnLE 2.25~lONTHI.Y NtlXH1lJNJ WOHl1tHlr tlND Mf'AN FLOl4H f.'lTHOI.)) CI'::fo~F1(

110NTH

Mr1X

POSt' "':'RfUECT
IdtHANn f.II~ONF tdt-lT flNtl/TJF. v:o.. (ZriNVfJN

MIN ~1EAN I1AX MIN ~lEAN .

OCT 82:L2.0 :n ~~4 .0 rjt.5·-I!.3 j :I. i'B~~. :~.) 6=?~;!:1. .8 IHI :1.4. () :l.O'T83.0 6-1·rj:~. ~? . 1'11>4.9
NOV :, '7 ~5 4 •() 1. ~~ :I. rj • I) . ~~4/6.;S l:l.979.9 674J..U ') .u~tj ...; :I.~.H4a.u 7 H):, • ') 'l6:'O. H
DEC 3264.0 866;0 ' 1?BBd) 13380.4 '/1,7H ,9 :I. (1(",9:,. :1- :I.:, l. 34 •. 1 H<J4(1. ~) :I. :i.~n(l. 9
JAN 2.01::)~~~ ~ t) W.!4.() 146!:~ .7 J.US4~~.r-; 7t 'J9 • ~s (71)i' d'~ J.~!()4r-;.a 74~~;h9· ~.c):)9,~.7
FEr!- 202H.O ?68.0 ;I.~~42.3. j () ~~ -1 4 • rj f; ,1 :~ I' ,(I WJ:H.:1. 1:lI.\52.8 6A~'$1.;' 1<l:l.li'(l,9
MAR 1. ?()() .1) /:t.:~.<) U.:I.'1.H 'i'H 1. .7 .'>;)"/6.7 H:~ :.~ ~$ • "; ;I.()61)4.~! 66tH.! 9~:!8:::;.6

AF' F~ 26~)O+O '14~') .0 :!3r·)j•• 3 9~~53.6 r') B j. 1, " '7"740. :1. 9/~·i9. 4: :W:H'i I 4 g:/'(l(l.4

t-hiY ~!1.H90.() ,174;'; .0 C~~:!I'6. J 1~,}:I,:~4 .9 f, 0 ,I; ,. • :;s :l.O4l)4.'1' :I. '.~! :~ At) • I) 6 l)<)() • () W106.3
..JUN :i0580.0 :t :'.i;j:~ 0 • () ;HlO 9 :7i • 1 2b091.6 60()(I.O ~.;l/n!T,:) :I. :~:~o:"). 2 6(10(.1,. () '>\BO:?, 'l
JUI.. ,~14 ()O .0 J,BO!T;S .0 ~!~919.4 ,. :') ,I, ~••)~. ) 9 (11.}H4.t) 'l:J.B4.b ',lH·~6. ~! 64H4,() n:HJJ.3
AUG 3:~620.() 16:~:~O. 0 ~~:l i':~6. 7 :~c.4 94.0 j. ~~()()(l, 0 :I.:n7H. 'l :~1146. ~) :l~? () 00 • () .. 1 ;,~ IS:~:~ < r·)
!;) E: F' ?1.~! -1 () • () MW1.. () b~3~! 7. ::! :t. :~:..)Ob , :to n!) :..) O. :'j 'lH:'~ '-) • ,S :I. B::S::SO. () '1' ~5()c) • () :I. l):) l 0 •.3

I~NNUf'lL 1156:::;.2 "7 :;! 00 .:1 11670.1 U 4f..fl.. 8 :?H:U .:~ 9:74::;. ~ :1.:1.413.3 7"/76.4 974:'.i, '1
$
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TABLE 2.26 f·f<f. ... PRO.JF.·CT FI.O\l! {IT BlINSHIUF «~'l'!»

MODIfIED HYDROLOGY

YEAR OCT NOV DEC ,U:N FEB HtlF: flPr: HtlY ,IBN .l\ll AUG SEF' (JHHJ(1i
-~.

1 HI)!)] .1) ~j6:S9 .0 ~~6.t.l • () V4H. () n76.1) ;.~i)3;~) I) 2311.1) 22410.0 4561J,0 ~9179.0 54049.0 27734.0 :,Il)~S'l7 .1

2 12226.0 47j?(l :;804 •. 0 29:~(). () ;~'B:j< (l ~'Hfl,.O 3563.~ 1219~.(l 58872.0 69474.0 ~83~~.(l 51069,0 ?6Ht:..1

:5 J.~S7J.J.I) ~'i 70~! .0 TlH2.1) ,'$<\ 71) • I) ~~ :'j J..l •t) ,~~~~H~~ )t) 2]~f7.1) ,I.l?;:;n.o bfITW.I) (;lli~~O.() ~;~L16:~.i) ~S~~0~j7.i) ;:~~~lJ?t5

4 17394.0 71S'9.0 '1()80 10 2B1H.O 2:~4:~( () 2;~17 .0 4~Hr? (i :)():~O;?'<l 6407:). () :'i42JL () J\S'S'~:i1, (l :nn.7, (l ?,·~~)/~·1« :{
r.o"

n~!~·~7 .1) ~:i09~~ ,l) ;'S9?? t) ~SMll, I) ~~HH9 , I) ~!4 ~~~1 • I) :.~~.! l)<j • I) ~Q~::;9~;, t) ~'; 'HlO~'; • () ~;~S:Wb.1) :')7 10.~ •0 ~~n:'~ 1.~, 0 ~! 19? t d3,J

6 12188.0 6::\lt(l, (I 4;U;L(1 ;:<l);.!? • (I :H89,O n'i7i'.(1 ;n:';8 .(1 ;?:l?~;B.(1 {,9f..B6. (l i(lf)S'IL (l 'J76 fn di ;1,:5:m::;. 0 ?(I(i/d. , t.
l ,l .ll) J. J. • I) '\:16/,1) ~Lltd , () :,~b.l. ~~ .• I) nH6.1) ~!~!1)9 ,I) 2~44,1) ~JlS7~0 73941,0 80369.0 69034.0 44495,0 '?'l~:iB:'~.4
fJ 1525?O 702~'. () 4 1,'{i? (I ,1(1(;6. () ~,4'l1.0 ;.)H4'1 c (i ~901.0 ~1140.(l 791~J.O ~23(l~.(l ~3?~3,0 481~1.0 2f:.~):';O. ?
9 .l B3't9, l) (l():~:!, l) 6.l;:IV,l) 'll)S7, I) ~~99!;', !) ~) (; 1.\ ~5 , l) J399,0 27759.0 60152.0 5YH50,1) 56902,0 20098.0 ?~~fJ~~·1t2

10 11578,(i ::j~nJ. 0 :m'l?, {l ~387.0 ~ O:5~' • (i VHO. (l ?Wl:';, () ;,,194 flO. 0 M?Hf.• () ~7::';?:i. (I n 94B,(1 u,n ~'i. (j 2::',345.8

1.1. J. ~.;.I.].I; ,0 (; 'I J. ~;.; • I) 'WD ,I) '1l)~jY •() :5~~() 1> 0 :·~b 7~j ~ () ~! n H, 0 ~5'1il O~! ,I) ~51,l:H J. , I) :')fl ~~2 4 • I) :·:i:·)~lJ. ~-;. () 4 ]OB6 • l) ?~·~6 ~j 1. t 3
12 LWI'6.{i (t..:i (i() ( (k :i :50 '1. () O:W.O :1478.0 ;1,4 GO. (l ::d.OY,O 32438,.() f.(iBBf.• (i b:"f,!i(l,(l (;06:U,,0 U.(i/LO ~:~~){}7~:i i ~)

n J. <\:0.; 7'J , () 66~')? ;. () 'IB)O • () 4 ~! ':! :.! , i) ~! ;.~,\ 2 .• t) ~! YI'~j , 0 ;·5~W.l; , I) ~! 4:";;~I) , t) 117:D·I. 0 /I n~jt) • 0 Ill.lH.I;.1) ~WlJ..l..1) ~~ /;""J f-;..~} ., 6

1.4 :1. ;:, If' ::; f., • (l ~.(I:);:; .0 4690.0 401 -1, (1 ;~(,?:( • (I n9lJ. (: ?025.0 J524~.O 56629.0 18219,0 5293B.0 ?9182.0 ;~4?f,(i I g
1:'j I. H·:·j ~j:h I) ~j90/, 0 ~~ ~j ~5:'5 , () ;USlj,O ~~HI>1) ',~ 0 .I. ~~ , 0 ~.l:W.l..O Hb <I~), 0.1. J..l on, 0 ~';HB~i6, 1) 41>~~?'1. () 2:·5~!,l;J.0 nO/;'! .9

:1.6 1~i47;:"O 741?() '1:)~i6. (I ;nn.(l ;~ f) {; :.? • 0 ~,'p,18.0 31\ ~~;, (l :(1 ::;97. o:mJ\ llB • (j t>::;04 ~~ • 0 :'i6;~1:L (l ::;;~7n I () ?Ij~'l:i,,:l..

.11 .I. B~!l)il , l) ~"i:)? J. • I) ;'S9Mj, I) ;'S 4I),;} , l) ~W09. I) :·!B7~; > I) J~9a,0 .1;6479,1) 69569.0 3S~4].O 6~i)01.1) ]015b.0 nV:H. ~,

:1.8 11551.0 429',', .0 ;~B:5f,. (J Ui!)l-l, (I :~ :.)() It ~ () ~??9;~. 0 ~639.0 3~912.0 66162.0 7?j?S.O R2717,0 37379.0 ;~i~){)6 c :i
19 .l.l)?O6.0 ~j 4.[ J , () '\~'i6~}. t) <\.1, B:~ , I) ;'i9Hli, I) ~W9B .0 4]59,0 J696.1..0 76770.0 69135,1) 461JO.O 209"5,0 :·~!.\J19.1

2(1 ~O524.0 4·1 B:i. • () ;:(~!~?B. 0 ?6HV.0 j731.0 ;~(I:.l~. 0 ?~1j2.0 21306,0 4934Y.0 4AS6~.0 42970.0 24832,0 :( 19::;0.7
21 9 <\.1. Ii, 0 :'S919,O ~!H4B, 0 ) \) I) I.) , 0 :·!{I -:Ill, I) ~~ ~') B~.~ ) () 3.1.50,0 ~5687.1) 47602,0 (;0171.0 549?6.0 27191.1) :.!1);'\93.7
,r, ,_, :1.226,1.(; /A!.,'l,(l 4no.O :~:~~~:~, t (I ~~:H!.\ • (l ~~:~:)l t (j ?6-1(i,(l :l.(If):)~.O If.208.0 t.47trl.(i 14:',:(9,0 ;~2J\(1;?.() ?-1'~;~9 cO,a;.••::...

"J'" .I. '1:5.1, :! , I) 61·:):'·; ,0 '19n ,0 'I ~~ ~'i? , I) JHOl·,O :"~ ;:5 :5 :'j , l) J210,1) J6.1.80,0 66056.0 62~92,0 51254,1) 34156,1) ;:~ .\ <\ () 7 • 1.c, ,~

24 :D~8fL (l (i (I:lB • (! ,'l(i:~O. 0 3312'() :?!JB·4. (l :U,I}{-.. (i 282'.0 1~21~.0 ~9933.(l ~l?IJ.O ~10B5.0 2523B.0 20n~:;, 8
nr" J.:1. :~H4 , I) 116?9. t) ;'S :'j2 '1 , 0 ';!HB~!, I) ~~~'i.t. V. 0 :~nl) •I) ~!9J,ti>0 ~n1HfI.o 4:\i'.I.:'5,O :H~Ui7.1) 4:i~~n,i) 2<JUA,t) .I. 9 .I.'t::i. 1,':,J

;:6 ~,;.l :~(t? () 4 ~':~!: • (! ~r:rn. (~ ~J,~i!; II, (). :~990 < 0 ?B:i. (). 0 3j60.0 293BO.O 12RJ~.0 75692.0 ~16/8.0 35567.0 2~)()~..):~ i ~?

"") .~ ~)~jM:i, 0 r.\·;~:sH, () ~!7;H, () ~!~j()? , I) :.~ ,'~ ~".\ ~j > () ~.~ :.~a,I, ~ () ;'S:·!'14.0 ~I~,~O?~;,() ~j(;.'SM;,O :";~j:";()li,O ~';~~l:'j~j,O .l.H~j()~!,1) ~!I)OI)O 17
'".J

,.) fj J. (I ,~. ;:' (~ t· () 5888.0 ~2S~) t (, 4:n:i ,(l ;~{; Jl (J • (l :U7J.O i\~j;~7 • (, ?n9~~. 0 Bln;'..(l 6;~ ~~ 94. 0 :5~i1 ~i 7.0 3;'71 fJ • (; oI'),:"'}/)": t

.t. 'W ,:... ~E ,', , ....J. t ()

~9 .I. 7~19lJ. I) 7.1. :!O > 0 ~·j~S.I.;·S. I) !}~!.I.:~,t) J~!n,l) ~~t)n, I) J542,0 2?101.0 40044,0 31930.0 421.1.0.0 22742.0 .l ?~n.(). 2

;~Q 3.3. :~;,~:·I. ('I %48.0 ';:Wll. (I ~~l.. ~:1!\ i () ;7,~?(if•• () 2963.0 Tl(l4.(i :~;~H:i'(;.(l ::iVBt:9.(i '11J14.0 J1HB97,O ?f,7f;'O.O ??l :i. ~1 /~ i :~

MAX "n~)~j:'j ,I) f)()~~~~ • I) b.l~9,1) 'll~~<J .0 ;WH6 i () :Hno ,I) 5J.OY,O 50J02.1)11J.07~,0 00569.0 02747.0 5370J.() ?7:'iHB. -4
MIN 9416.() ~wnL (l ~?7:H-. (I ~?n(l7 , (I l /';~1 .(l ~! (it ;~ • (l :? (l ~l:) .(l 86~5.0 3!J31j~O ~~56n.o 421jOl0 lH502.(l :i.i~'~i(l. l

MEAN .I.:F;H.H ~w <)J ,II ~I ~! .lfl • ~j ~S:'H~LB ~~9 41) • ;.~ 26~!fl. 7 ]l41,4 27109.9 64495,0 bJ~88,4 56510.2 32656.() :.~ ] r~ :.? ~'.; t I:,

$
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TABLE 2,:W PF:E>PF;O.lECT FUltJ AT SUSITNA (ch;)

HOnIFX(D HVDROLOGY

YEAr: OCT Nfll,J DEC .1(.lN fEB 11M~ APR Hf.:Y .Hm ,JUl, AIJB SFP MmU('.l,

13100,0 10jOO,0 8911,0
7529,0 6974,0 6771,0
9306~O DH2~(O 7~46,0

J. O.f~~~~)) J /~j~'j'~~) 9 6]Ob i?
4763.4 779~,1 6564,3
fOi).:}>,'"; /,?l\~.~~ 6JJ.(),t)

13768.2 12669.] 10034,0
0':11 I) , /1 Yi):';!) > .I. /d a:~ .~)

6.1.97,0 6071,9 5255,5
~980.9 707~,6 72~1,~

b'i fW , :'j fl ~~;;4 , :~ ? 0:~6 , II
9746,0 806H,7 6774.5
~27.1.~6 7202.0 4993.1
6183,0 72~4,6 5845.1
7294)7 6179,2 6830,9
141~A,3 10600.1 8356.j

1
"C....
'"
.J

'!
<:
oJ

6
?
8
9

10
11.
12
15
J, t.\
1....

,)

j,;j

17
IE!
t9
;'0
~t
I] rj
l" J.~.

n
24
"1C"
.....J
.t') f

A:' 0

V
'Hl
J.U

29
:50

:~Mll,'i ,1

lB026,.1
:~ :t () ~;.; ~,~ i \S
44S'~j2. 4
~'~()ll~g:- ~'j

2389:;.7
t'!9?:~,4

4tB21.f.,
:'.;)6;~b, ()
30~i4 3. J
::~ ~··.i·? ~j .\} ,j J
3~:I?g? '1;\

:~~ Ijl {.) :'~ :'.; , ?
~)7'/.1 (~~ ~ ;~

] ?H l1r:\ ~:)

?fl7,1c..S'
'\~ /) ~'j ~j,~ ) :.~

~:?/139t.. t 2
:~l / l :.~ -4 }< ~"j

26:~,22 ~ ~

:~?f,t)J, ,'I
:3231 7·~ ~~
J f) ..) J 'J .. ,
,,' ,'..... ~" ,. ,:

26781.9
~~ (iin;), "I
,19~;;W. ()
.1 .~ :') ~j t) , ()

30!4<),(l
;.~ (~n0 , ()
36B10, (I

,1.J:~b?,.I.

i.C)"l""> 0
~,~, l ~,-J '" t \.'

.U;3f1:l,n
11::2f:S't :t
,1• .l.W?Y, J.

91.1.."1, fl
J, () ;j~!.I. ,')
:? t ~; 'I 'i' t ~)

:I.':lHB(., ,i,
~\:'j~~B (i1

.I. t) ,( ,1,:\ , ;:;

~l :l ';' J. ·1 \ :\.)
.!, JI) 'IJ, :'{,
j ()? ~!Jl ( ~,;

.I,.l ?Ol "~

1045£:.0
,l :~:I .I. ~,~ , ~"j

129,r\;~'.f.

1~jH/-<??B

110I::f.,'\
~199~J

1hA07,2
149)1,1
14B~;2\9

10113.3
10400.0

9933,0
18270.0
126JO,0
15000,0

HB6·1.6
5~~!~'3'()

6126.6
9159.3
B:~~!1 ~ c,'
!~Oat,0

7194.5
50J,614
8lJ3,?
Di'9~,H

8147.1
6081,0
9419.0
b000.0

fl6'/O,7 70'.):1,(-,
,~:~~H>l :rl/:·J.,6
f,9',5:i,9 1",19::" B
Hi),10,1l :74B9, ,'I
8(l;'IB,~l 7'726.1

:l1 t, () <\ ;, ~~ :I. J. ~·;:s ~~ , ~.~

6n4.() 6H·:~.,~:i

6 l) ? ,} ,.~~ f"; :'-j( lJ. , :1
,,508. ? 6~t~D, f~

l.J:rn , "j a,j ~'j:L]

7609.2 74?6./
'l ~()1. II /; 7 .<} 7 • :~

B~:i9'l,() 7fW-'1,(1
I~:·j~~? () r;6.1. 4; l)

~j:~~/l) 1'?
l;~~Bl • ~
:'jwn,o
6347'.8
4979,7
531 ~'i. I>
l)::$~~4 i {)

n~:d,l

b",/B,}!
5l"f,:.) (:,:t
I'" I r: ". A
",t (} Ill.l, ~ 'r

9:t ?:~~ t fi
:'j ') ~.; 0 , ()
l,(>:'j~~t"l

i:V.l,i).4
f>:lI.:.S'.S'
/,1)90 ,~)

6683.2
H7n ,0
5~:'1 ~~) { :~

~') :J ;) J. )' ..f:.
~.iHB2, (;
61;4:"; ,H
fJ:H;~.6

6~~9\~ ~?

704B.O
5368.0
~774.0

6590,0
70:'7.0

!')Mj,~, ~

"'""l·r.. A 'J
f IohJ ~I • ~,

~j<JH~'j , 1
71'9:1. t.
\~ ;'\ 0~:i • :')
f,I}:I,2,tl
7 J.B~~ ~ ~,!

?:to~,)". :"~

B<)9f'~ ~ {,
~~.:~ t· '71 ~~

",' (},") lJ i'
d,\"i'. , 3' \)
(If:~()2 f 6
/, \i:l ~~~) jo ~,~

5564.7
~·;~)~~l),n
n~w.j

HO'1H,]
7?80.,o
Hi'b~~, ,I.,

f.1:I.? • 0
:'j/o?, :1,

~)'lH'l. r~;

68'/:}, 'I
?(~BH.,2

1I'16:~, fl
68f,7.0
7~!~3)O

623~.O

7033.0
8683.0

6629J.5101b13.1.1.24H89.BI06431.R J93~1.~

S9?7?,5 U225~,6123164,1100946.9734/1,0
45294.3.1.J~547,J131321.811b.l.U6,182076,3
flB})40, (I:I:W:l!.,:i., :H~,!:;'CJ49,2 Sl7fd.O,O 4416? 1'/
~)H:').f.6, <\ .f.IHlflO.l. • () J. 1. ,t;./:~.I, , ,1)1211~W,~, 7 b,S:·!7~).:!

58164.016~041,814887~.5120120.0 53~04.2

B;; I) i) ~'j , B.l (, :I. :14 /; • 1 .I. I~ II ~~ .1. <} , 6 J, .l.l. I~ J. '; , ~) .I, () 4 ;~ .I, a• 'I
f;:~ ;:! 01 •41 'I6? j H, fH -1 (I:~ 111 • :~ 1~~ "! fH:! ,II HlH?:'j , (I

?.;);)?O , :;.1. .I. ;iB''i I) ,fH ~~ ~~ :~(it) .? '/9 /)0 a,fj :):~()~'j:~,:~
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TABLE 2.35 POST-'F'R8,JFrT now AT }"lEVU f;(':NYfIN (cf£.)

\4Ar:·)N~) IIJ~:I)H. CMffON : CASE C

YEAR OCT Nl)\' !"lFC J(:N FEB t'ii':F: t~PR /1(., Y JUN .1111. {illG f;I:P (j /-II! \ltd.
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TABLE 2.36 F'OST-·PRll,IF.f;T FI. mlf: t:T GOLrl Cr.:EEI( (cfs)
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1:I.OR!L'!1 D6J.'1',9
7l ;'C!, :1. '~i(l00, ()
I., 'NL~ • 1. Li: I,) I) 0, i)

79 II') ,4 1. :Fl C:L 3
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,I)/.;!ll).() ~,;:)(I(iO{O 93()()'()
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DATA COLLECTED

• STREAMFLOW - CONTI"UOUS RECORD

o STR£AMFlDW - f\6.RTIAL RECORD

.. WATER OUAUTY

T WATER TEMPERATURE
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o CLIMATE

FREEZING RAI" AND INCtDUO lONG

S>40W COURSE

SHOW CREEP

INDeX HvMBERING

OKlO

0200

0300

0400

0=<:>0

06D0

0700

060D

D900

NOTES

oer.2

Z. CONTINLlOUS WATER QUAurr MONITOR I>4STAU£D

3. DATA COLLECTION 19BI SEASON

... TliE LETTER BEFORE EACH STATION NAME IN THE
TABLE IS USED ON THE MAP TO !.lARK THE
APPlIDXIMATE lDCATiON OF THE STATIONS.

~. STATION NUMBERS UNDERLINED lNOICATES OATA COLLECTED
BY STUDT TEAM IN 1980-82. SHOW COURSES MEASURED
-ARE NOT UNDERLINED FOR CLARITY.RAPIDS

e 067..'''''1
I

!
I

'.
~
\~ PA~SON

'-'=:----..:------1 €I Or.Tr.

\
"'i.~ ....-....'



j ] J ) I .~ J J J J ] J ] J 1

Susitna R. near Denali
THRFE PARAMETEQ LOG-NORMAL DISTRlflUTIQN-WITH q5 PrT rl

PARAMETERS ESTIMATED AY MAXIMUM IIKLlHOOD
10E5------------------------------------------------------------------------------------.------------- ~ -- - _

, I , I I I I I I I I
q --------------------------------------------------------.-------------------------------------------------------------------I I I I I I I I I I

, I I I I I I I I I I
B -----------------------------------------------------------.----------------------------------------------- _, 1 , 1 I 1 I I I , I

I I I 1 I I 1 I I I
7 -------------------------------------------------------------------------~------.----------------- - - _

, 1 1 I 1 1 11
I I 1 I I I I I

6 ------------------------------------------------------.---------------------------------------------- ---------------.- ---, 1 1 I I I 1 I
, I I 11 I I 1 I

, I I I I I I I
5 ------------------------------------------------------------.----------------------------------- ---------------- --------, I I 1 1 I I I

I 1 , I 1 1 1 1
I I 1 1 I I I

4 ------------------------------------------------------------------------------------------- ----------------I I' I 1 , I
, 1 I I 1 I I, I' I 1 , I, , I I I I
, I I I I I
, I I I I 1 I

3 -------------------------------------------------------------------------------- ----------- ------------------------------, I 1 I IX , I
I 1 1 I 1 , I
I 1 I I I I
I I I I
, I' I I 1
, 1 I I I I
, I' I X 1 I

2 ------------------------------------------------------------- ----------------------- ------------------------, 1 1 I I I
t I I I I I
, 1 I I I I
, 1 I I 1 I
I I 1 I I I I
, 1 , I 1 I I
I 1 I I I I I
, I I I I I

1 I I I I
I I 1 1 1 I

I I 1 I I
I II I I

, I I , I 1 I I I I
I I I I I I I I I I 1

10E4-------------------------------------------------------------------~----------------------------------.---------------------
1.005 1.05 1.2<; 2.0 5.0 10. 20. 50. 100. 200. SOO.

RECURRENCE INTERVAL IN YEARS
X--OASERVFD DATA
O--F5TIMATED DATA
*--QSI CONF1DENrF LIMITS

ANNUAL FLOOD FREQUENCY CURVE

SUSITNA RIVER NEAR DENALI

FIGURE E.2.2
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SUHjtna R. 11Cilr Cantwell
l I) (, - r: 0 IH' AL 0 I ~ Till [j 'j t lOrI -lll Tfl 'I ~ P CT C L
lQ[~-----------------------------------------·----~---.------------------------------------------------------------------------

~ ----------------------------------~-----~--~----------~------------------.-----------------------------j---- ----------------

,
I
I
l
I
I

I
---~-------------------------------------------------- -----------------------------------------------------_.

I I I I I
I I I I I

.----------------------------------------------------------------------------------------------------------------------
I I I
'I I I
I I I
I I I

?

r)

~.

'1

7 -------------------------------------------------------------------------------------------
A --------------------------------------------~--------------------------------------------

I
I
I
I
I
I

1 ') C 4 •
I

, :::::::::::::1:::::::::::::::::::::::::::::::::::::::::::::::-----------
I
I

5 ----------------~-------------------~-------------------------~-------------------

? --------.---------------~---------------------------------------------------------------------------------------------------
I
I
I
I

I I I I I I I I I I •
I I I . I I I I I I I I

10[3--------------------------------------------------------------------------------------------------------------.-------------1.005 1.05 1.25 2.0 ~.O 10. 20. 50. 100.200. 500.
RECU~RENCE INTCRVAl IN VEARS

x--nnSERVED DATA
O--ESTIMATED DATA
.--9S( CONFIDENCE LIMITS

ANNUAL FLOOD FREQUENCY CURVE

SUSITNA RIVER NEAR CANTWELL

FIGURE E.2.3
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Susitna R. at Gold Creek
THRFE ~ARAMFTF~ lOG-NORMAL DI5TRIRIJTIQN-WITH 95 peT CL

PARAMFTFRS ESTIMATFD ~Y MAXIMUM I.IKLIHOOD
lOFb------------------------------.---------------------.-----------------------------------------------------------------------

q ----------------------------------------------------------------------------------------------------------------------------
A -----------------------------------------------------.-------------------------------------------------------- _

I
I
I

.... I ..------~-------

I

X--OASFRVfO DATIl
0--E5TIMATFO DATA
*--95( CONFIDENCF LIMITS

I
b ---------------------------------------------------I
')

I _

4 -------------,----

7 -----------------------------.--------~------------------------------------------------------"------.-------------~-----~--
& .---------------------------------------------------------------------------------------------------------------------------I I I I I I I I I
5 ----------------------------------------------------------------------------------------------------------------------------I I I I I

I I I I I
4 -------------------------------------------~-~------------~-------------------.-----------------------------------_-- _I, I I I I I I I I

I I I I I I I I I
3 ,.-----------------------------------------------------------------------------------------------------------------.---------I I I I I I I I

I. I I I I I I
I I I I I I I I

2 ---------~-------------------------------------~----------~~---------------------------------~---~------------------ ------
I I I II I I
I I I
I I I

I I I I I I
10F5--------------------------------------------------------------------------------------

I I I I I
9 ----~---------------------------------~------------------.~-----~-----~------R
7

-------------_!_-----------------------------I I
-~----------------------------------------------_.--------I

"---_.-------------------~----------------------.---------------------I
I

3 ~~~----------------I---------~--------~I----------I--------I---------,-----,------,------j

~
I I I I I II I I

1·1 I I I I I I I I I
2 --- -------,------------------j--------------------,-------------------,----------,--------1---------,-----1------,------j

I I I I I I I I I I I
I I I I I I I I I I I
I I I II I I I II I
I I r I I I I I I I I
I I I I I I I I I I I

10F4-----------------------------------------~------------------------------------------------------------ • _
1.005 1.05 1.25 2.0 5.0 10. 20. 50. 100. 200. 500.

PECuRRENCE INTERVAL IN YEARS

ANNUAL FLOOD FREQUENCY CURVE

SUSITNA RIVER AT GOLD CREEK

FIGURE E.2.4
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M&claren R. near Paxson

~-------------

I

V!
, I
I I
I I
I I
I I

~-------------------_!_----_!,

---------x--

X--OA5ERVFO DATA
O--fSTIMATEO DATA*--951 CONFIDENCE LIMITS

-------~---------.---------~-------------------------- ------------------------------------------------------ ---~----------

b -------------f------------------1-----~

_____________________________________________ w ~ ~ ------_. _

" , I I 1 I I I , I
7 ---------------.---------------------------------------------------------------------------------------------------------~-
6

5 --------------------------.
4

5 1------------------I I ----------------------- '
4 -------------, ,-----------------------'

, -__, , __---________' I
I ,---------------------------' ' -------------------------!--, ______, I ----_ I ' I --------__________________________!___________ I ---------------,'---------!--------!------- I ---_______________ I I I ----------

2 I ------------------- I , '________________________________________________1___ I ------i--------,---------!--_________ I I I_. .- I

, I ------,--------,---

IOF4------- I ' 0
1

I " !_ I'
9 I ------------ I I I '~ ! =======~==================-f------ I

--X---------------- - ----------.---------J I I I I
--,-~-*~-~-------------------------------------.._-- I I I I I I

~--------------------------------_._-------_..-._----------. I I I' I I I I
~-----------------------------------------------------------~-------------------_._-------I I I I I I I I1 I I , I I I I I I I

3 --------------------------------------------------------------.-----------------.-.-----------------------------------------I I I I I II I I I I II I I I I II I I I , I
2 ~------------------------~----------------------------------------------------------------.-------.-----------------.-------I I I I I II I I I I II I I I I II I I I I I1 , i I I I I I I I I, I I I I I I I I I IIOF3-----------------------------------------------------.------------------------------------------------------------------.---1.005 1.05 1.25. 2.0 5.0 10. 20. 50. 100. 200. 500.

RF.CURRENCE INTERVAL IN YEARS

THRFF PARAMFTER lOG-NORMAL DISTRIRUTI1N-WITH q5 PCT Cl
PARM1FTfRS fSTlMATED RY MAXI~'U~' I.IKlIHOOD

IO~S::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
A

ANNUAL FLOOD FREQUENCY CURVE

MACLAREN RIVER NEAR PAXSON

FIGURE E.2.5



B -1 '] J J ] J ) ] 1 1 ] 1 1 -- -1 '1 ) J

\

3

Chulitna R. near Talkeetna
THR~E PARAMETER LOG-NORMAL DI5TRIRUTlaN-WITH 95 PCT CL

PARAMETERS ESTIMATED BY MAXIMUM LIKLIHOOD

10:5~:===========!==================!====================!===================I==========I========I=========I=~ _I I I I I I I
I I I I I I I

A --------------------------------------------------------------------------------------------------I I I I I X) I
I I I I I I

7 -----------------------------------------------------------------------------.------------ -------------I I I I I I I
I I I I I I I

b -~--------------------------------------------------------------------------------- -----------------------I I I I I I I I
I I I I) I I II
I I I X I I

5 -----------------------~-------------------------------------------- ----------------------------------
I I I I I I I

.J I I I I I I
4 --------------------------------------------------- --------------------------------------------I I I I I I I I

I I I I I I I )1
I I I I I I I
I I I I I I I I

II I I ) I
I , I I I I I I

----- ---------~---------------------------------~------------------------------------.--~~-------------• • • • I I I I I I
I I I I I )
I I I I I I
I I I I I I
I I I I I I
I I I I I I

I I I I I I I I I I I
? ----------------------------------------------------------------------------------------------------------------------------I I I I I I

I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I lit I
I I I I I I

I I I I I I I I I I I
IOF4------------------------------------------------------.---------------------------------------------------------------------1.005 I.U5 1.2~ 2.0 5.0 10. 20. 50. 10~. 200. 500.

RECURRENCE INTERVAL IN YEARS
X--065FRVED DATA
O--ESTIMATED DATA
it--951 CONFIDFNCF LIMITS

ANNUAL FLOOD FREQUENCY CURVE

CHULITNA RIVER NEAR TALKEETNA

FIGURE E.2.6
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Talkeetna R. near Talkeetna
THREE PARAMFTER LOG-~ORMAL DISTRIBUTiON-WITH 95 PCT CL

PARAMETE~S ESTIMATED BY MAXIMUM LIKLIHOOD
10Fb-----~-----------------------------------------------------------------------------------------------~------.-------.--- _

q ----------------------~--------------------------.---------------------------~-----------------------.---------------------
A --------------------------------------------------------~----.----------------------------------------------------------.---

-------~---------------------------------------------------~----------------------------------------------------------------
7 ---------------------------------------------------------------------------.---~-~------------------------------------------
b

I
. I*-------
I I
I I
T I----------------
I I
I I
I I

_V1
-~-------I

2

I
._----------------------~-------------------I

I
4 ---------------------------------------------------------------.--------------------------------------------------.-----I

I
3 --------.----.~---------------------.-----------------------------------:----------~-.-----------------------------

I
I

2 ----------~-----------.-----------------.-----------------------------------~~----------------~-----------I
I
I

I It, I I
I I I I I

IOF5--------------------------------------------------------------------------------------------
I I I I I I

q ----------------------~-----------~----------~-------------------~--------------------
B -----------------------------------------------------------------------------------
7 -~------------------~----------~-------------------------------~-----------------I I I I I X I I I I
b --------------------------------------------------------------------------- ----X---------- -----------------------------I I I I I I I I 1
S -------------------------------------------------------------------- ----------------------------------I I I I I I I I
4 -----------------------------------------------------.------ --------------------------- --------------I I I I I I I

I I I I I I
3 -----------~---------------------------------- ---------------------------------------I I I T I I I

I I I I I I I
I I I I I I I
I I I I I I I

----- --------------------------------------------------------------------------------I X I I I I I I
T I I I I I I I

It I I I I I
I I I I I I I I I
I I I T I I I I
I I I I I I I I I I I

10F4----------------------------------------------------------------------------------------------------------------------------
1.OOS 1.05 1.25 2.0 5.0 10. 20. 50. 100. 200. 500.

RECURRENCE INTERVAL IN YEARS
X--OBSFRVFD DATA
0--E5TIHATFDOATA
A--q51 CONFIDFNCF LIMITS

ANNUAL FLOOD FREQUENCY CURVE

TALKEETNA RIVER NEAR TALKEETNA

FIGURE E.2.?



1 ·~·-l } -1 1 -) 1 1 1 ] J 1

_ I
----------

I
I

I I I I
~_--------------------------I I J I

I J J I
I

J~ I ---,--------------
~J I I
I I I I
I I I
J I I I
I J I I

---------------_~_-----------------------------------------------I I J I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I
I I I I I I
I I I I I I

--~-----------------------------------------------------------------------------------------------------------T I I I ITT TTl
T I I I T I I T I I
TTl TIT TIT I
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
I t I I I I I I , I

, I I I I I I I I I I10F4----------------------------------------------------------------------------------------------------------------------------1.005 1.05 1.25. 2.0 5.0 10. ·20. 50. 100. 200. 500.
RECURPENCF INTERVAL IN YEARS

Skwentna R. near Skwcl,tna
THREE PAl~AI'IETFR LOG-NORMAL () 15 TR I plIT I rHl-W ITH 9'; PeT CL

PARAMfTERS E5TIMAT£D BY MAXIMUM LIKLIHOOD
lOF5----------------------------------------------------------------------------------------------------------------------------

I I I ITT I I I I I
9 ----------------------------------------.-----------------------------------------------------------------------------------I ITT I I I I I I

I I I I I I I 11 1 I
n ------------------------------------------------------------_------------------------------------------------I I I I I I I I

I I I I I I I I
7 -----------------------------------------------------------------------------------------------~------I T I I I I t I

I I I I I I I
b -------------------------------------------------------------------------_----.-------------I I I I I

I I I I I
1 I I I I

5 ----------------------------.---.-----.----------------------------------------I I I I
I , I ~
, , 1.----- I

4 ----------------------------------------------------------------I
I
I
I
I
T

3 -----------------------------I

X--OASFRvro DATA
O--ESTI~ATFO OATA
*--951 CONFIDENCF LIMITS

ANNUAL FLOOD FREQUENCY CURVE

SKWENTNA RIVER NEAR SKWENTNA
FIGURE E.2.8
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• MAXIMUM

- MEAN

• MINIMUM

'""OBSERVATION

SUMMER :WINTER BREAKUP
0- DENALI V- VEE CANYON. a~ aOlD CREEK 0- CHULITNA T- TALKEETNA S - SUNSHINE 8S- SU8lTNA STATtON. ......" . .

A. Shall not exceed 20Ge at any time. The following maximum temperatur.e shall not be
exceeded where appl±cable: migration routes and rearing areas--150C, spawning areas
and egg and fry incubation--130C (ADEC,1979)
Established to protect sensitive important fish species, and for the successful migration,
spawning, egg-incubation, fry-rearing, and other reproductive functions of important species.

DATA SUMMARY -TEMPERATURE
FIGURE E.2.30
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:8'11_[1-.;-__ JI~[:~:· *OBSERVATION

SUi\llMER :WINTER BREAKLJP
0- DENALI V- VEl: CANYON G~ GOLD CAEl:K C- CHULITNA T- TALKEETNA S. -SUNSHINE:: SS- SUSITNA STATION

No measurable increase above natural conditions (ADEC,1979).

Established to prevent deleter~6us effects on aquatic animal and·plant life, their reproduction
ane! habitat. . . ..

f

DATA SUMMARY - TOTAL SUSPENDED SEDIMENTS
FIGURE E.2.34
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PARAMETER; TURBIDITY, NTU
.~ - -- ."
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1500
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• MAXIMUM

- MEAN

-_ . "--'''_-0-.1'-+++++++
--~-f+I-+-t .•-.•~--~-

• MINIMUM

o I-W-+·~+++I+t I I I I I t I I I I I TI I I 1I I I I +I 1-; I I I I I I 114-1 1·4"1 I 1I III II 1111 I II I I I I I I I I I-H

:.IIJ~ El_l~f?~tJ'3~t~~~·21:=t15f~~tf.~:t$.t~:~1:4r8=4rf::l:-tt~!pm--.~n:iIlm_-.11_-IH100"P'4-~J.-+*n-~ n-ttt! tttt~ ttLlttttt!J-.tt-:tttltj~-- rJ.t --. -±
:t"OBSERVATION

SUMMER -WINTER BREAI{UP
D- DENALI V- VEe CANYON G- GOLD GREEK C- CUULlTUA T- TALKEETNA S - SUNSHINE: SS- SUSITNA STATION

Shall not exceed 25 NTU abov~ natural conditions (ADEC, 1979)

l,;~;tclL)l.i.shed to prevent the reduction of the compensation point for: photosynthetic activity, 'which
WilY have adverse effects on aquatic life.

,
DATA SUMMARY - TURB I DI TY

FIGURE E.2.37
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PARAMETER I TOTALJ:>J:Qf)OLVED SOLIDS, (mg. /1. )

- -

-

-

-
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- --
-

-

.
-

r-. 1?2
~ Or '3-

II~( ~,1- Ij; "1 ojJ t.JjJ ~I 'l'
- - - - ,- -

I

• MAXIMUM

- MEAN

., MINIMUM

*OBSERVATION

SUMMER :WINTER BREAKUP
D- DENALI- V- VEe OANYON" Q- CHiLD CREEK C- CHULITNA T- TALKEETNA ~ - SUNSHINI: SS- SUSITNA STATION

A. 1,500 mg/l(ADEC, 1979).

Established to protect natural condition of ~reshwater ecosystems (500 mg/l is the cricerion
for water supplies). .

DATA SUMMARY - TOTAL DISSOLVED SOLIDS
FIGURE E.2.39
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PARAMETER; CONDUCTIVITY, ~mhos/cm @ 2SoC

-""H-I---J--.-Ul-H-f-H-f+..f·++-I+I-+H I , I , I , , I I , , I+'-I-++++++-I--++-+,-J++H
400

·I+I-+--I--+--I-I····-···-~'.•-

"".,~ .•-.-~-·,.-l-++-+·~

_+-I-,l--l_l--+,-1_·~---I-++++++-+-I+H--I----I-~·-H..-I--I-+-++++-l+H-H

300 • MAXIMUM

•• __••+_ ._•.~ _-I-l-J-+J-++-J-+-I-H+-1·-l-++~-+-I-+--I-+-I--I--I-+-H-+,-J-+-.I-+·-I-H-H++-I-I-'"
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__._.x
··_·+··-~·l--I-I+I-l---l-
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JOO -1--1--1-+---1---1, .•.• ~-~-.

_...... .0.-._ I __ &.-~' 1. ........ _ - - ''''-.'''_-C'.'.'''__ ''_''_''''_'''_

*OBSERVATION
1+++-t+H-... ·..~-·-

~
'. " .. -, - -. '-T. " -.' ."Tt-,I-t . T' .., - -,'. ··'·rr.'. . T.·. lTT - " .

•, ' •. _I l_ ' 1131" r~:: ,Ilc - .~,~. ~.:;i -~,.)..• ,~~- f .. -2'1,,.:.:~~t· .:::, 1 -- ~ 'J~" :JO~tT:l.1
,. ,.', .•• ,) . : ..~••. I#'.,}+ l': .. ~', '". }~,.:':~ .... f':-i : ... -: :: cf:Wt=.. .... \1- ·~i .... :rTTT~ttj§ml

SUMMER WINTER BREAKUP
D- DENALI V- VEe CANYON, G~ GOLD CREEK C- CI-tULITNA T- TALKEETNA $ - SUNSHINE SS- SUSITNA STATION

No criterion established

DATA SUMMARY - CONDUCT I VI TY
FIGURE E.2.40
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PARAMETER; CHLORlm~ ._fmK.JL)
It-I·-+-+-~····,~,~·

.•.~..•-..... •.. f-l-I-f--H-
"-~""cJ-H....J.+'H"·.f+f-I·-f+H..·.f+f-f-I++++f+I++~

20 1+.w~:t+W=tf·.. ·- _.. _.... - ... .~"-f+-++H-+++-H++-I-J..+4+J-HI+++++++-H
• MAXIMUM

..•-.....~- •.4.+-I-+.J-++·

.--1 I I I I I I ..' ...~....---.-
__......_._•.•~.t-l-W~-4-+ - MEAN
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..~ ~~.•.+-+---1--+++-110 H++H+++·H++ I I I I I I I I I I I I t I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I H+4++H I f I I I ! I I l--H
.........-.-~..++--I--I--+-I

.~.-~ -_·l-+-1+H-·J-H·-l--{ +++..t-H-H..·H-I·I·H++-H-+

• MINIMUM

o
T-t---I--H--I-----j-~..... -----....--..·_-

.11.. ~ I ". 'J;" ~ I~ i.5C '-~.~ ~~. -~r'-' . '~4 ..:: i3. . .'. .~ftHm!m~.-".: -. .
I~ l-ft~: .- .:: .:. ---.: .::: ..... ::-:. -_.:-.. -_: -: .:-:-::: _:.: -•

SUMMER •WINTER BREAKUP

tt:'OBSERVATION

0- DEUALI v- VEE CANYON G~ GOLD CREEK C- CHULITNA T- TALKEETNA S - SUNSIIINE SS- sUSnNA STATION

Less than 200 rug/Ix (ADEC, 1979)

Estublished to protect water supplies.

r

OATA SUMMARY - CHLOR I DE
FIGURE E.2.4I
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PARAMETER: SULFATE, (rug. / l~)

··~·~·~--l··-··-·

·-~~~++H-+-l+-l-

..- .-..-.·~·I--+-l-+-+- -I-+-~..J-".'~ -.-.- _~
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*OBSERVATION

SUMMER .WI~n·ER BREAICUP
0- DliNAL.I V- VEE CANYON G~ GOLD VREEK C- CHULITNA T- TALKEETNA S - SUNSHU~Ei SS- SUSITNA STATION

A. Shilll not. exceed 200 rug/I. (ADEC, 1979).

1~::;t31)lished to protect water supplies.

DATA SUMMARY - SULFATE
FIGURE E:2.42
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PARAMETER I CALCIUM (CaLj)I~.§OLVED. (mg. /1. )

-.--~-.-~ -..-l H+-I-+++-I+H+H-
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-. --.---.--~-.- .. --.-.-.-~+-~I~

_...._.• _-1 __ .--1-'- .-a, t··- .·--t----.-~..--t -.J----I--J-..I.~-

.f......J.+-I--.J._..J__.l- .i. ••_ .1. __ 1 .• L_.• _..-I - I _ ---I- ,..0,-.-
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40
-~--~-~--.--.-.-.-~--~1-++-++ • MAXIMUM

____._~_._._h·_·-I+-I-+-+--I-
._ •__._ .-~H-_~-t_I_I__+~--I I , I I I-I I I I 11-+-l--l-+--l~+1 I I I I I I I I I II I I 1-++

··-······-.--.+-1-1 I I I I I I-++H-
-'."--'--h·--·-I+J-I++H-++-t+-I-+
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2.0
:.:IJ+ rl~J::.n::H+
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-+-+-I-t~--·-· -~-.--

++++-+-l-~-~-'-"- .-

o "....---.. --..-- .··--.--f--,,- t··~-t--1· r"'-"'- -++l-l+H+H~
-~-~-.-~-+++-H

llilJ' ;~08SERVATION

_...__..• _.-..._._~ ...._.,·_._+_t'_.f_._-I__-J-+-l-+-i-I

.LL.J...J-J..-LLL.LJ-L.I...l-J....J....L...J....J..J...J-L.L.J:..J...J......L.LL..LLJ...L.l...Ll-L.L.1
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...L.L.:-~ -.J....J...1~~m:mwm-
SUMMER :WINTER BREAKUP

D- DENALI V- VEl: CANYON G~ GOLD GAl:EK C- CIiULlTNA T- TALKEETNA ~ - SUNSHINE:: SS- SUSITNA STATION

I~() Cl: LU~ri.on es tab1ished

,
DATA SUMMARY - CALC I Ur'1 (d)

FIGURE E.2.43
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PARAMETER I MAGNESIUM (Mg) DISSOLVED. (mg .jl.)
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10 • MAXIMUM

U"'-H-.-H4-++-H I I I I I I I I-

- F_ , ..•·-.,-~,.-,,'·.·-l--I-I----I I I I I I - MEAN

f--+l---l-l-"-'-~- .

-F F'-'-'..•-,-' '=fl l=I-Tl=1=

t.--l...J,..·H-.-~-+- ~ ++-+-~--4-+-I-----J--J--I---I--+--I-l-+-I-++-+-~-

6

~71=: L_l•. I_..1-L:·-..... __ ......__

.•._. el-t .-....

l-littj:M-<- . ..•.•__ ._....~..•--, ·-t--I.-4-'=FI ...
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I
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*OBSERVATION
• ,- ,[ .', ~ ¥.~' ,~=~= -~.1E= g~_l;.. ~. =-_ ....~.~ :- ~r~f[f::=~. -E·':::.= =:rll'~~ ~', 'n"~-m,·-••-- ~-- =- . :-- J L -. .. - .

~ .- -,IT-.- -- _.. -·~C_·~:: ~._-c·::·::::1.--·_c-:~. --.--- ·~:::mM
SUMMEIl ': WINTER BREAI{UP

D- DENAl.I v- VEe CANYON G~GOLD (HIEEIC C- CI-IUUTNA T- TALKEETNA S - SUNSHINe SS- SUSITNA STATION

NI.) ccLterion established.

DATA'SUMMARY - MAGNESIUM (d)

FIGURE E.2.44
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----_._-----,----------------------_....._---------------------------------------------,-_.-----.-._-
PARAMETER: SODIUM (Na) DISSOLVED, (mg. /1. )

_ ....~_+.~._.c •..l:::tttttt:::lj.tmttt~
-~...- ... - ... --...- ..........f--".&-~.-

-._.~- ...-
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:fFOBSERVATION

J
l111j- -1 c I _.\ - -J I .. - - - I -' - - -~.-lllI-r ~-Bttill·----- -.. - --1----g-I ::. .... - 6 _5 ::. - .. 5- __ :: -. --2 -- -- -' - 4 :- 2 - - - - ~ - : -- Il : -' - --

J = -----.-- ::-::. -- .. :-- -= '. ::.' --=---- - - -' :=:-=-- ..:---

SUMMER WINTER BREAKUP
[)_ DEtlALI V- VEE CANYON G~ GOLD CREEK C- CHULITNA T- TALKEETNA ~ - SUNStllNE 55- SUSITNA'STATION

lJn cd terion es tablished.

DATA'SUMMAIlV - SODIUH (d)

FIGURE E.2.45,
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PARAMETER I POTASSIUM (KLDl~SOLVED, (mg. /1.)
- ...-....- ..-...--------.-.-.•._._.-.._..- .. _•.- .._.--_..-... -~
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*OBSERVATION

BREAI(UP
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_ .0-._.0-.-- •._ •• __ • __ -a- __~_~_ ••-s_.- •• _ •.. _.•_ ••• ---------a _- - -. _.

SUMMER :WINTER

..... _ ........_ ...._ .. _ ...... _" •.__.••. _.l- __ • • __ • ._._-a_-t'_._ +---'t......_-.-.'1'......,..... r---I--1 -t--l---'-·~

·1~f.m:16~·I~··I:·I:~~18-~125/tJl-1l1··~·llt-12~~111·-1i(flll:~~'~ln*r-:
'. L1'J f I f tl-~·t: ~III·~ .. lflfll·-llllftL

U •• OEUALI V- VEE CANYON G~ GOLD IJREEK C- CHUllTUA ,.- TALKEETNA ~ - SUNSHINE SS- SUSITHA STATION

No criterion established.

DATA SUMMARY POTASSIUM (d) FIGURE E.2.46
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SUMMER WINTER

'1lUlftljif-rr£1:ltI31~1 *OBSERVATION

BREAI{UP
D- DENALI v- VEt;; CANYON a- GOLD CREEK C- CliULITNA T- TALt(EETNA S - SUNSUINf: SS- SUSITNA STATION

A, Not less than 6.5 or greater than 9.0. Shall not vary more than 0.5 pH unit
from natural condition (ADEC, 1979).

Established to protect freshwater aquatic organisms.

DATA SUUVlIVIARV - PH
FIGURE E.2.47
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PARAMETER: HARDNESS J as Ca C03' (mg. /1. )
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·WINTER BREAI(UP

#=OBSERVATION

D- DENALI V- VEf CANYON a .. aOLD CRffK c- CHULiTNA 1'- TALKEETNA $ - SUNSHINE: SS- SUSITNA STATION

No criterion established

SOllle Hlutals have variable synergi stic effects with hardness, dependent on the prevailing,
ll'lrd1J8ss in the water. 'the criteria fqr cadium, for example, is 0.'0012 mgjl in hard water
and 0.0004 mgjl in soft water.

DATA SUMMARY - HARDNESS
FIGURE E.2.48
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PARAMETER:-ALKALINITY, as CACD). (mg./l.)

I
1-(5

..•-- ...-·-...-.-·.. ·~·,._·-t-·I--+----+--l-4-- _........_._~_~I_ ...-.t--l---++1--I-..L_.J.-~I--.l..,- ..L .-..-. I_.1 ....__•... .£ __ -1'-----""_

._-~.-.-...+-i-l+H+l--+-l~-+·H-H-I++++-H-++-f-H

.+-l-l---J--+..w--·-~··-··-~·

12.5 • MAXIMUM

.__._+++++++++++~
- MEAN

75 _.•---... .-.--t-.-+--..\...+.+-1-1---1-
-.-o_-.._+-l-+-H

.~k~.-·.-.
to;

-~---+-.---.-++ I I I I I I
• MINIMUM

-.----r·~··--·l--+t--l+4A--H

1-+++-H·-l-l-+++l+++.l.-+4+t+

··1++++ H-+++-H-f-f-+I-f--H
_'_r__' -~-~-H-H-+-"-I-I··+-I-+--H--I--I++f

1_-I-:;"-l-+--l-~I-l-I--++--I-H-t-+-+-.+-W-++l-f-+'.-'~"-'-'-- ~.~-~ -_.- 0->-

25
--~

-+-+---I-+-I---J--+..l-.-.-.-.-~-~---.,

UI~~~ ·O~ffi~mN

SUMMER .WINTER BREAI{UP
0- OEUALI V- VEE CANYON G~ GOLD CREEI( C- CIiULITI~A T- TALKEETNA ~ - SUNSHINE; SS- SUSITNA STATION

2011l(!,/1 ~!E__mo!:~ except where natural conditions are less. (EPA. 1976).

j~:;j LdllLished Lo protect freshwater aqua tic organisms_

DATA SUMMARY - ALKALINITY
FIGURE E.2.49
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PARAMETER. TRUE COLQR, PJ"ATINUM COBALT UNIT

-o_.~._..' ..._m__ • __•• • • • • • .-I-.--t-,rt-r-H-t--+--H-l-I I I I I l-H·++++++++-H+~H-I-+++--I-I-I~++++-H

150

._•.-~-.- •.•- •.-I--J.--I--+-l-I.. __.._.... __•~~~ ...__._>.._~_'-I'~_ .._-.....__ a.-a- _~ .~-

_._.~_.__._•._I--++++-t-
I-t-+-l--l-l+-I-l-l--I··+-l+++++-H

100 • MAXIMUM

....._...... -~. - t-1'-...-,.-J-J---I-I-+--I- _.--1-~-'-

- MEAN

·H-+-+-.-·-~-~-~-.-
4-1-4 I I I I ~_H--I-l-J----I_·-l-I4-+-I--+-I--I-H-l+H+H-I--H+I+H+H-4-+++-H-W-I-l-I-+++-I-+

·._.-._.-.-.+-H-I-H-+-
A.--..:o- 50

-pt--l-l--+-+-l--l-+++-l'4-+-I-
~._. _ ... __ •.__ ..._'._ •._ ............~ ..._ ....._ ..._._ ...........~_._....._._.... _.a._&.-._ "_-1._ a---a .

., MINIMUM

o
-t-~H~mt±ttttt1-I-l--l-H . ~.-I~ _........... _ ...--&-J_

_.-l--J-l-+-+

#=OBSERVATION

~t=-.

:WINTEB BREAKLJP

~~2.·~::tl~~~tfjJftt~~I~:-Alt~t!frl~f~$_t.~Jjrr=~f-f~f
F~f.J <t t= tt::lJ. ~r±IJ~Jt __ijtt~tttL:l --

_._~I._'''''''''''_~_. ·~·'''-''_·'''~A--'---''_·''_'''''· __·-'-
l-l--l-H4-'''''- .-~-•.

.=J~Eff£f{

SUMMER

:.~:~TJl"ff~Tf~Ttfll}~.-
,4_4_.·._._.__._1--1-1-+--++-1-1-+-\--+·++1-

D- DENALI v- VEE CANYON G~ GOLD CREEK C- CHUL.ITNA T- TALKEETNA ~ - SUNSllINE SS- SUSITNASTATION

Shall not exceed 50 units (ADEC, 1979)

Established to prevent the reduction of photosynthetic activity which may ha.ve deleteriou~

effects on aquatic life.

,
DAT A SUMMABV - TRUE COLOR

FIGURE E.2.50
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PARAMETER I ALUMINUM (Ai) DISSOLVED, (mg./l.)

;3 I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I II II I II I I I I I I II I I I I I I I I I I I I I I I I I I

2

-·~-·-·-~·_~-··~-t-l-t-I--+--f-+-t-f-· -.-.-.-~_.~-~-

8-7o

lJ

• MAXIMUM

- MEAN

• MINIMUM

*OBSERVATION

SUMMER WINTER BREAKUP
D- DENALI v- veE CAN'VON. Q~ GOLD CREEK C- CHULITNA T- TALKEETNA S - SUNSHINe SS- SUSlTNA STATION

A. No criterion established

B. A limit of 0.073 mg/l h~s been suggested by EPA (Sittig, 1981).

This suggested limit is based on the effects of aluminum on human health;

DATA SUMMARY - ALUMINUM (d)

FIGURE E.2.51
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20

10

~o

PARAMETER' ALUMINUM (Al) Total Recoverab le (mg. /1.)

_._~_Lo/.Tr!-=ttlt:tJttt:lfrHSSH-I+t-IlH-Pl-H-tli-H-tt-H-'t-H~-l--IsS1I I I I~ I I*I I$ I~I-+t

• MAXIMUM

- MEAN

•. MINIMUM

*OBSERVATION

SUMMER WINTER BREAICUP
D- DENALI V- VES CANYON G~ GOLD CREEK C- CHULITNA T- TALKEETNA ~ - SUNSHINE: SS- SUSITNA STATION

A. No criterion established
B. A limit of 0.073 mg/l.has been suggested by EPA (Sittig, 1981)

This suggested litnit is based on the effects of aluminum. on human health.

DATA SUMMARY - ALUMINUM (t) FIGURE E.2.52



1 i J
-c- .j . 1 1 } J J ] 1 ] 1 ] J }

PARAMETER I CADMIUM (Cd) _DISSOLVED, (mg ./1.)

O. 003 U-t--l-+++~+t++++-I-H-f+++-++1f-H-t+++-/-H++-++++H-l+t++-t+iH-t+t+t-tt1-rttttTH"1--rtttt't1

o.002 1-W-+.t-++-t+l-t-t++--t+-I-+-4rH-+t-a-lH-+-H-+f-I-H++++++H-t-H--f+it-HH-t++++t-H:+t++++-t-H+t;...-tti

A ....

0.001 EHmmmIE8!at:mmrn~~mmm~~~mm:t+1~~EJ±mm±j

A-?i- I I I I I I I I I I I I I I I I I I I I I I I I II I I

a II I II 1

--- I 1 I I 1
0.000 1 .1 u..;

• MAXIMUM

- MEAN

• MINIMUM

:tFOBSERVATION

SUMMER WINTER BREAKUP
D- DENALI V- VEe CANYON G- GOLD CREEK C- CHULITNA T- TALKEETNA S - SUNSHINti SS- SUSITNA STATION

A. 0.0012 mg/1 in hard water and 0.0004 in soft water. (EPA, 1976)

B. Less than O.0002mg/l. (McNeely, 1979)

Established to protect freshwater aquatic organisms.

DATA SUMMARY - CADMIUM (d)

FIGURE E.2.53
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0.02

O.OL

~O

PARAMETER I CADtHUM (CdJ Total Recoverable (mg. II.)

Ii IIII :r II Y.I ,~1+f++~1t1 I I Id'd I-dr++lh I IIh II J.rt+M+t.1111 I«ill mil mil U~J I l<tll d> 114111

• MAXIMUM

- MEAN

• MINIMUM

*OBSERVATION

SUMMER WINTER BREAKUP
D- DENALI V- VEE CANYON a- aOLD CREEK c- CHULITNA T- TALKEETNA S. - SUNSHINE: SS- SUSITNA STATION

A. 0.0012 in hard water and 0.0004 mgl1 in soft 'water (EPA~ .1976).

B. Less than 0.0002 mgll (McNeely et aI, 1979).

Established to protect freshwater aquatic organisms,

DATA SUMMARY - CADMIUM (t) FIGURE E.2.54
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PARAMETER I COPPER (eu) DISSOLVED (rug. /1.)

O. 02 I 1 I I I I II 1 I I I I , J I I I. I I I I I I I I J I I I I I I I I I I I I I -, I I , I , I I I I I I I I I I I J I I I I I I I J I II I J. I I I

0.01

B ----?-

0.00 I 1 I I I I I I 1+1 I I I I I I I I I I I I I I 1 1 I I 1 I I 1+1 1+4 I , I Ie II I I I" I I I I I I Ie, ,., , I , I itl , I I I I I I J

• MAXIMUM

- MEAN

• MINIMUM

*OBSERVATION

SUMMER WINTER BREAKUP
0- DENAl.I V- VEE CANYON G- GOLD CREEK C- CHULITNA T ... TALKEETNA ~ - SUNSHINE; SS- SUSITNA STATION

A. 0.01 of the 96-hour LC50 determined through bioassay ~EPA. 1976).

B. 0.005 mg/l, (McNeely et a1. 1979)

Established to protect freshwater aquatic organisms.

DATA SUMMARY - COPPER (d)

FIGURE E.2.55
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PARAMETER' COPPER (G~) ~mg./l.) Total Recoverable

0.2 -~mHr+ttt:=ttt+mt1W~~:tml:1tt:t:t:t:t:t:~~±t±J:l±t±t±l±tt±±±1 • MAXIMUM

- MEAN

O. 1 mrrHi"iTt-tt-H-t-Hi1-t+rH-t+t-t-H-t+t-HrH-H-t-H-t++-HH-+#-H-444-~~~I-++++W-l++-t.--W

•. MINIMUM

B .-----;;-0

#: 08SERVATION
rl
c;

l~._I-w--H- iii f-f-lf:+t--l'--H

SUMMER WINTER BREAKUP
D-DENALI. V- VEE CANYON G- GOLD CREEK C- CHULITNA T'" TALKEETNA ~ - SUNSHINE: SS- SUSITNA STATION

A. 0.01 of the 96 - hour LeSO determined through bioassay (EPA, 1976).

B. 0.005 mg/1 (McNeely et al, 1979).

Established to protect freshwater aquatic organisms,

DATA SUMMARY - COPPER (t) FIGURE E.2.56
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3
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PARAMETER I IRON LEg) DISSOLVED, (mg. /1. )
- 11 if. - - ;3 -

--

~

-
.

-1
- 'l"

• MAXIMUM

- MEAN

., MINIMUM

#OBSERVATION

SUMMER WINTER BREAKUP
D- DENALI Y- VEe CANYON G" GOLD CREEK 0- CHULITNA T- TALKEETNA $ - SUNSHIN~ SS- SUSITNA STATION

A. Less than 1.0 mgjl (EPA, 197&; Sittig, 1981).

Established to protect freshwater aquatip organisms.

DATA SUMMARY - I RON (d)

FIGURE E.2.57
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PARAMETER I IRON _~(Fe) Total Recoverable (mg./l.)

LiO lttt:t:m+i=rn+t=m=R=mCHH=I+t-H-I-H-f+t-H-t+tHffti±H:t:±±tt1:tltfj:tl:tt1ttlttttijj • MAXIMUM

- MEAN

20 IJt-tt--H-iH+++-W-1--+lUD

• _MINIMUM

H-++l-H+H+I I I I I h-H-H I I I I I+++H-i- [:1 II I I I I I II III I II I I I I I ·111 III II I II I II 1II1 II IIA.---> o-Il=rrnllil II f 11111* •

'""OBSERVATION
lnTlT

J-l-+-t---4+~tL'ttlj.tj::tf+r-rt$-H~H--f#I1H-~di-H-a+-H'~~1I I I 11&1 '" I 1G++¢ I IT I ISIISSH-l

SUMMER WINTER BREAKUP
D- DENALI V- VEE CANYON 3~ GOLD CREEK C- CHULITNA T- TALKEETNA s." SUNSHINE: SS- SUSITNA STATION

A. Less than 1.0 mg/l (EPA, 1976j Sittig, 1981)

Established to protect freshwater aquatic organisms.

DATA SUMMARY - IRON (t) FIGURE E.2.58
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~0.03

0.02

0.01

0.00

PARAMETER I LEAD (Pb) DISSQL1TED, (mg ./1. )

TlIrr-hhH-<lIi-t-clrH~-H-~ , 1.1.1 I I , ',I. I I 4 I I 4 I I '" I I '" I I , I I ,I, I I I I 1.1.. II I I 1.1. I I '" I I I I I '" I I:J, I I I

-I-+-I-I-t-l-J-F++T-' -~.-.--

• MAXIMUM

- MEAN

•. MINIMUM

'""OBSERVATION

SUMMER WINTER BREAKUP
D-DENALI V- VEE CANYON. G- (HiLD CREEK C- CHULITNA T- TALKEETNA S. - SUNSHINE SS- SUSITNA STATION

A. Less than 0.03 mgl1, (McNeely et a1, 1979).

B. 0.01 of the 96-hour LC SO determined through bioassaY.. (EPA, 1976).

Established to protect freshwater aquatic orgqnisms,

DATA SUMMARY - LEAD (d)

FIGURE E.2.59
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A

PARAMETER' LEAD (Ph) (ffiK~l.) Total Recoverable

o. 3 r+rrrrmm rrrll / / rIt/ / I I I /1·// / I I I I I I I I I I IIII I II I I I I I I I I I I I I t I II I II I I I I I I I I

O. 2 J+H~f+t=i+t:t+t-tmmmmmmmmmmmtti:tti:t:tit:l:tl:i::Pl:l:Ul:l±ll±t:lttl

O. 1 III II I II I ITI. I III I t rI II H I I I I 1I I I I I I I I II 114/1 I I III II I I I 1111 ! II 1IIItili I 1+/11

-=-
a

I I I I I IA I 11ft I 1-4-H-rIr+h!-I I el I hhi I I I I ,,' I I to I I,~ I I,{ II AI I , I Id I I II I,~ I I,~ I 1111 'ii 1I t I I,h I 14 I I I

• MAXIMUM

- MEAN

•. MINIMUM

'""OBSERVATION

H--I-H+l-f-++++-1-+-'-" ._..

SUMMER WINTER BREAKUP
D- DENALI V- VEE CANYON G- GOLD CREEK C- CHULITNA r- TALKEETNA 8'" SUNSHINE: SS- SUSITNA STATION

A. Less than 0.03 mg/l (McNeely et al, 1979).

B. 0.01 of the 96 - hour LC SO determined through bioass~y (EPA, .1976).

Established to protect freshwater aquatic organisms.

DATA SUMMARY - LEAD (t) FIGURE E.2.60
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0.3

0.2

0.1

---?-

0.0

PARAMETER I MANGANESE (Mnl DISSOLVED. (mg. /1. )

• MAXIMUM

- MEAN

•. MINIMUM

*OBSERVATION

SUMMER WINTER BREAKUP
0- DENALI Y- VEe CANYON 0- OOLD CREEK C- CHULITNA T- TALKEETNA ~ - SUNSHINE: SS- SUSITNA STATION

A. Less than 0.05 mg/1 for water supply. (EPA. 1976).

Established to protect water supplies.

DATA SUMMARY - MANGANESE (d)
FIGURE E.2.61
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PARAMETER I __MANGANESE (Mn) (mg. /1.) Total Recoverable
djttttjj:tt=t=tl:ttt=tttttt~I-+++++..H+H-l+f-+++-H+1 I II II I I I III II III I I t I II 11111

.1 I I I I I--I...·H-++++-H-H·+H-H-I-H I I I I I I I 11+l-l I II I I I I I I I I I I II I I I I I I I I II I I I I I

O. ltittt:tmm+t=l+t=mm+RR+rnmrn*H+Htt±-l±±:Jt±±tt±:l±tlli:t:bttttttttt:ttt • MAXIMUM

- MEAN

o'1tl.-. ·:t:I+1=P++rn=+t+H++=t+HH-H-f-H-J--H+t+++++Hllit±±±:i±i±ttltJJJJtttttttt:ttt:t::t:t:+I

• MINIMUM

A .~0 I-W-l-+-W..j I I I I I f I f II I I I 1+1-1

LLLLl=L~ltt ·[~E'1:::r~-pr~T+'f=I+r+r~---I~1 11111"1 I , I Il+! T I I I I I T I ITI I I

'""OBSERVATION

BREAICUPWINTERSUMMER
0- DENALI V- VEE CANYON a- aOLD CREEK COo CHULITNA T- TALKEETNA ~ .. SUNSHINE: SS- SUSITNA ST A nON

A. Less than 0.05 mg!l for water supply (EPA, 1976)

Established to protect water supplies.

DATA SUMMARY - MANGANESE (t) FIGURE E.2.62
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PARAMETER I MERCURY (Hg) DISBOLVED, (mg ./1.)

_·_-·~-·-H++I I I I I 1-1-+1 I I I I I I I II I I I I I I I I I I I I I I I II I I I I I I I I I I II I I I I I I I J

0.0002 II I I I I I I II I I ~ I I I I I t I I I I I t I I I I I I I I I I I I I I I I'll II I I I I I I t I I I I I II I I I I I I I I I I I I I IIII

O. 0001 ffillifrC!±ili±tl±t±tid±t±±tti=ttt=tiWm:t+1#t+t:~*m:t+1H+m*mrnm

A --:- I-I-l-li I I I I I I I I+H I 1+1-I~H+J--.I.-4+ 1 I I I I I I I I I I I 14 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

O. 0000 tftmlliffittEmm±t1=tfFt+m+H+R~mmffitt=mm:m:mBfmmtEEE8

H-H++J.+-htrH-4-H-~-f-+-...H-t.) I IA I I 1 I Id, I I .h I I ,I" I ,1.1 14 I I I I I ~ I I I I lilt I 1,1.1 I ~d l.h I "~I I tit I l.h I I I

• MAXIMUM

- MEAN

• MINIMUM

*OBSERVATION

SUMMER 'WINTER BREAKUP
D- DENALI V- VEE CANYON, G- GOLD CREEK C- CHULITNA T- TALKEETNA ~ - SUNSHINE: SS- SUSITNA STATION

A. Less than 0.00005 mg/1. (EPA, 1976).

Established to protect freshwater aquatic organisms.

DATA SUMMARY - MERCURY (d)
FIGURE E.2.63
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PARAMETER I MERCllRY (H2:L----'ffr-tal Recoverable (lJg/l)

o0 611 I II I I I I I I I I 1.1 I 1I I I. 1II I I I I I I I I I III I I I I I II I I I I I I I I I I I I I I I I I I II I II 1·1 I I I I I I I I I

.. -,-•. ~·-~I-H II I I I I I I I I 1 1+1++·+++1 I I I II I I I I H I I I I I I I I I I I I I

OolJtfj-_------m

A.--->
o

I I I I I IT H-H-J--f-I+H-H-I PF IITI 1·111 TI I TII r I ITil r 1111 ITI III I r I I J I IT I ITI I f I ITI ITIII

• MAXIMUM

- MEAN

• MINIMUM

*OBSERVATION

SUMMER 'WINTER BREAKUP
D- DENALI V- VEE CANYON, G- QOLD CREEK C" CHUL'TNA T- TALKEETNA ~ - SUNSHINE SS- SUSITNA STATION

A. Less than 0.05 lJg/1 (EPA, 1976)

Established to prot~ct freshwater aquatic organisms.

DATA SUMMARY - MERCURY (t)
FIGURE E.2.64
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tA

0.004

0.002

0.000

PARAMETER I NICKEL (Ni) DISSOLVED, (mg./l.)

1+++++ll>tt"'-H-$++I:--++:t-H~-H«H+H

• MAXIMUM

- MEAN

• MINIMUM

'""OBSERVATION

SUMMER 'WINTER BREAKUP
0- DENALI V- VEe CANYON a- GOLD CREEK C- CHULITNA T- TALKEETNA $ - SUNSHINE; SS- SUSITNA STATION

A. Less than 0.025 mg/i. (McNeely et ial, 1979).

B. 0.01 of the 96-h~ur LC SO determined through bioassay. (EPA, 1976).

Established to protect freshwater aquatic organisms.

DATA SUMMARY - NICKEL (d)
t ~

FIGURE E.2.65
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0.1

PARAMETER '.NICKE~Ni) Total Recoverable (mg. 11;)

• MAXIMUM

o. os Et±8±t±Emmmmmmffimmmmmmmmmffiittt1±EI±atffi
A >- H++++--I++H+-I-I-+-t I I I I I I I I H ..--.j..

o

n-
..·~l--l-~++d: I I t I I m+--l*I---l-I-4+IIH+'i++iIi+-HI: I I t I I ~ I Issl I II lib I I ~ I I di I I d: I 11"1 Hi-HS~

-·MEAN

• MINIMUM

*OBSERVATION

SUMMER WINTER BREAKUP
D- DENALI v- vee CANYON G- GOLD CREEK C- CHULITNA T- TALKEETNA ~ - 8UNSHINE: 8S- 8USITNA STATION

A. Less than 0.025 mgll (McNeely et al, 1979).

B. 0.01 of the 96 -hour LC SO determined through bioassay (EPA, 1976)

Established to protect freshwater aquatic organisms,

DATA SUMMARY - NICKEL (t)
FIGURE E.2.66
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0.2

0.1

A-->-

o

PARAMETER I ZINC (Zn) DISSOLVED, (mg. /1.)

• MAXIMUM

- MEAN

• MINIMUM

'"'OBSERVATION

SUMMER WINTER BREAKUP
0- DENALI V- VEE CANYON. G~ GOLD CREEK C- CHULITNA T- TALKEETNA ~ - SUNSHINE 8S- SUSITNA STATION

A. Less than 0.03 mg/1 (McNeely, 1979)

B. 0.01 of the 96-hour LC SO determined through bioassay (EPA. 19.76).

The suggested limit is based on human health effects.

DATA SUMMARY - ZINC (~)

FIGURE E.2.67
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PARAMETER I ZINC ~_(Zn) Total Recoverable (mg. 11.)

o.20 P+:++t++++l-+-Ie-t+++if-++-J+J-H-f+t-H-H-1+H-t-H-H1+tt+1I+t-t+t+t+rtt1H-t+t-H-ttTtHntH • MAXIMUM

- MEAN

O. 10 H±llilli±:t:Jl±tllitltffi:ti=mmW:tl=ttt::ttt::ttt#l+t=m:t:t:t=t+ttt:mm~m:t+t=t

•. MINIMUM

o
A ------;;-r-m=m=t=m=tit1mtlMm±m±f3I§IEE~~~WEtt3m

#OBSERVATION

SUMMER :WINTER BREAKUP
0- DENALI V- VEE CANYON. G- GOLD cnE~K C- CHULITNA T- TALKEETNA ~ - SUNSHINE 88- 8USITNA STATION

A. Less than 0~'03 m~/l (McNeely, 1979).

B. 0.01 of the 96 -.hour LCSO determi~ed through bioassay (EPA, 1976).

Established to protect freshwater aquatic organisms.

DATA SUMMARY - ZINC (t)
FIGURE E.2.68
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PARAMETER:. DISSOLVED OXyGEN .... (mg. /1.)

H--\:jjjttllfA'- \.-H-I-l-l++I-H17

t
A 14
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D- DENALI v- VEE CANYON G- GOLD GA&:EK C- CUULITNA T- TALKEETNA S - SUNSHINE SS- SUSITNA STATION

A. G~eater than 7mg/l, hut in no case shall D.O. exceed 17mg/l (ADEC, 1979).

l:;~-; Labli::;llCd for the protection of anadromous and resident fish.

DATA SUMMARY - OXYGEN) DISSOLVED FIGURE E.2.69
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A. The concentration of total disolved gas shall not exceed 110% saturation at
dnypoint. (ADEC, 1979).

ESldblisheu for the protection of anadromous and resident fish.

DATA SUMMARY - D.OI) % SATURATION
FIGURE E.2.70
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Less than 10 mg/1 (Hater supply). (EPA, 1976).

L;::; I. cd, J i Sll,"d La protect water supplies.

DATA SUMMARY;:.· NITRATE NITHOGEN
FIGURE E.2.71
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No criterion established

DATA SUMMARY - ORTHO PHOSPHATE FIGURE E. 2. 72
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(j. Cantwell

LOCATION OF TOWNSHIP GRIDS

IN THE SUSITNA RIVER BASIN

I. Susilna 10. Susitna Reservoir

2. r-ish Creek II. Chulitna

3. Willow Creek 12. Tokosifna

4 Little Willow Creek 13. Kroto - Trapper Creek

5. Kashwifna 14. Kahiltna

6. Sheep Creek 15. Yentna

7. Monfana Creek 16. Skwentna

8. Talkeetna 17. Happy

9. Chulina /8. Alexander Creek

o 10 20 MILE

SCALE 1t#¥S¥it4*~ J
r 5w:~

FIGURE E.2.73
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LOCATION MAP

/
o 4 8 MILES

SCALE ~i~~~~~;;i
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C~~::J 80RROW IOUARRY LIMITS

NOTE
I. MAP INOEX SHOWN ON FIGURE 6.1
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~~~
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~ROW SITE MAP

FIGURE E.2.74



-

f I~ ·o oog 00 0o 00 00 0
o I(l <:t 0 <:t r-- 0 o .fiJ ~ ~~~O'l (l)
II II U II II II U 00
o 000000 ~

-----.
_________l

~. _.,...;....i((

lJITD 00

<:.-.
0..::.-

~j, -,... - .u.. ·

r Jt~::J
__":.n ... 00
\ o~
I

t
i
I•
I

00 .•
i o~

I
I

I ·
•I
f 00
I
I 0, .;:',
I
I

;_~_J,
/,,

,/ 0-

00
0

°cfl O~ 0 00 06'/'

. . ,IS' . . . . -19 . /l!:) <.9 ;s:t. . .
NOI.L'Q'1\3l3 SM'J

z
o

~



2200

WATANA DAM CREST ELEVATION

2000

--_--.:::!~- --

1992
TIME (YR)

WATANA WATER LE
GOLD CREEK FLOWS DURING I

1991

--_...../
~-

o
1990

10% EXCEEDENCE PROBABILITY

50% EXCEEDENCE PROBABILITY

90% EXCEEDENCE PROBABILITY

25

20

1800

1600

1400

z
Q
ti
>
ILl
..J
ILl

ro
0.. 15

I
III

I-l.l
~

fw
(l) .,a::
c:( 10 I:%:
U

I~
0

f
I

5 I
I



10%

IYATANA WATER LEVELS

1993 1994

VELS AND
RESERVOIR FILLING

1993 1994
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FLOWS - WATANA MINIMUM STORAGE
CRITERIA VIOLATED

FILLING SEQUENCE 2, AUGUST 1958
FLOWS- WATANA CAPABLE OF
ABSORBING HYOROGRAPH

AUGUST
NOTES:

f. WATANA FLOW 84 % OF GOLD CREEK
FLOW

2. RESERVOIR FILUNG CRITERIA EXCEEDED
AUGUST WITH SEQUENCE ®

3. NEGLIGIBLE CHANGE .IN DAM HEIGHT
DURING FLOOD EVENT
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FLOW VARIABILITY
NATURAL AND FILLING CONDITIONS
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