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2 - WATER USE AND QUALITY

1 - INTRODUCTION

The Report on Mater Use and Quality is divided into four basic sec-
tions: haseline conditions, project impacts, agency concerns and recom-
mendations, and mitigative, enhancement, and protective measures.
Within the sections on baseline conditions and project impacts., empha-
sis 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 impertant fo all instream uses. Mean flows, Tiood
flows, Tow 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 fisn populations
and other aguatic 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 reserveoirs
and downstream, turbidity, dissgived oxygen, nitrogen supersaturation
and nutrients. These parameters have previously been identified as
areas of greatest concern.

Mainstem-siough groundwater interaction downstream of Devil Canyon 1is
important to salmonid spawning in sioughs and is discussed.

The primary instream flow uses of the Susitna are for fish, wiidlife
and riparian vegetation. As these are fully diicussed in Chapter 3,
they are only briefly discussed in this Chapter. However, other in-
stream Tiow uses including navigation and transportation, waste assimi-
lative capacity and freshwater recruitment to Cook Inlet estuary 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.

Project impacts have been separated by development. Impacts, asso-
ciated with each development, are presented 1in chroncliogical order:
construction, impoundment and operation.

The agency concerns and recommendations received to date are sum-
marized.

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




2 - BASELINE DESCRIPTICH

The entire drainage aree of the Susitna River is about 19,400 square
miles, of which the drainage area above Gold Creek comprises approxi-
mately 6160 square miles (Figure E.2.1). Three glaciers in the Alaska
Range feed forks of the Susitna River, flow southward for about 18
miles and then join to form the Susitna River. The river fiows an
additional 5% miles southward through a broad valley where much of the
coarse sediment from the glaciers setties 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 waterfalls as they enter the gorge. As the Susitna curves
south past Gold Creek, 12 miles downstream of the mouth of Devil
Canyon, its gradient gradualiy decreases. The river is joinea about 40
miles beyond Gold Creek in the vicinity of Talkeetna by Iwe major tri-
butaries, the Chulitna and Talkeetna Rivers. From this confluence, the
Susitna flows south through braided channels about 97 miles wntil it
empties into Cook Inlet near Anchorage, approximately 318 miles from
its source.

The Susitna River 1is typical of unregulated northern giacial 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 persists throughout the summer. The large sus-
pended sediment concentration in the Jdune to September time pericd
causes the river to be highly turbid. Glacial silt contributes most of
the turbidity of the river when the glaciers begin to meit in late
spring.

Rainfalli=related fioods often occur in August and early September, but
generally these fioods are not as severe as the spring snow meltl
floods.

As the weather begins to cool in the fall, the glacial melt rate de-
creases and the fiows in the river gradually decrease correspondingly.
Because most of the river suspended sediment is caused by glacial melt,
the river alsc begins to clear. Freeze up normally begins in October
and continues through early Decembsr, progressing upstream from natural
lodgement points in the river to the next upstream lodgement point.
Freeze up generally begins at the upper basin Todgement points first.
The river breakup generally begins in late April or early May near the
mouth and progresses upstream with breakup at the damsite occurring in
mid-May.

2

ke




- Susitna River Water Quantity

2.1.1 - Mean Monthly and Annual Flows

Continuous historical streamflow records of various record length
{7 to 32 years through water year 1981) exist for gaging stations
on the Susitna River and its Tributaries: USGS gages are located

th

at Denali, Cantwell (Vee Canyon), Gold Creek and Susitna Station
on the Susitna %iverg on the Maclaren River near Paxson; Chulitna
Station on the Chulitna River: Talkeetna on the Talkeeina River:
and Skwentna on the Skwentna River. In 1980 a USGS gaging sta
tion was instalied on the Yentna River and in 1981 a USGS gag?ﬁg
station was installed at Sunshine on the Susitna River. Statis-
tics on river mile, drainage area and years of record are shown
in Table E.2.1, and a summary of the annual maximum, mean and
maximum flow for the respective periods of record are shown in
Table E.2.2. Because of the short duration of the stream flow
precord at Sunshine and on the Yentna, summaries have not been
included. The station locations are 1illustrated in Figure
E.2.1.

A complete 30 vear streamfiow data set for each gaging station
illustrated in Table E.2.2, was generated through a correlation
analysis, whereby missing mean monthly flows were estimated
(Acres 1982a). The analysis 1is based on the program FILLIN
developed by the Texas Water Development Board (December 197§).
The procedure adopted is a multisite regression technique which
anglyzes monthly time series data and fills in missing portions
in the incompliete records. The program evaluates statistical
parameters which characterize the data set (i.2., seasonal means,
seasonal standard deviations, lag-one auto-correlation coeffi-
cients and multi-site spatial correlation coefficients) and
creates a filled-in data set in which these statistical para-
meters are preserved. For the analysis, all streamflow data up
to Bégt@mﬂ@f 1879 have been used §3% years data at Gold Creek).

The resultant monthly and annual maximum, mean and minimum Tlows
for the 30 year record are presented in Table E.Z2.3.

At the mainstem Susitna gaging stations, historical data from
water vears 198¢ and 1981 were added to the 30 years of histori-
cal and filled records to provide a 32 year record. Through an
apnual volume frequency analysis, the 1969 drought was determined
to have a recurrence interval of once in ~ years, as iilu-
strated in Figure E.2.2. This was considered too extreme in
event for an energy simulation analysis and was modified accord-
ingly to a once in 32 year event based on the long term average,
month flow distribution. (Yor a more detailed discussion refer
to Section 3.2(c) Monthly Energy Simulation). A summary of the
resulting 32 vear modified hydrology for Cantwell, Goid Creek,
Sunshine and Susitna Station is presented in Table E.2.4.

o %
2.3



Mean monthly flows at the Watana and Devil Canyon damsites were
estimated using a linear drainage area-flow relationship betwee
the Gold Creek and Saﬂ?weié gagﬁ sites, The rw“u?t&ﬁ? mas imum

n, and minimum wmonthly flows are alse provided in Tabl

w

.’3.7:

!”Qw

lonthly summaries for each month of the 32 year modified record
far Ca%iwg?i Watana, Devil Canyon, G@Eé Creek, Sunshine and

g

Susiina Stazsaﬁ are presented in TablesE.Z.5 Lﬂfﬂgﬁh £.2.10.

Comparison of flows in Table E.2.3 indicates that 40 percent of
the streamflow at Gold Creek originates above thz Denali and
Maclaren gages. It is in this catchment that the glaciers which
contribute to the flcw at Gold Creek are Tocated.

The Susitna River above Gold Creek contributes 19 percent of the
mean annual flow measured at Susitna Station near Cook Inletl.
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
miscellaneous tributaries.

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

The maximum and minimum monthly flows for the months of May
through September indicate a high flow variability at all sta-
tions on a year to year basis.

20 16 2 b FEO@‘:‘%S

The most common causes of floods in the Susitna River Basin are
sﬁagﬁe?t or a combination of snowmelt and rainfall over a large
area. This type of flood occurs between May and July with the
majoi ity occurring in June. Floods attributable to heavy rains
have also occcurred in August and September. These floods are
augmented by snowhnelt from higher elevations and glacial runoff.
Q&??y hydrographs for ssser years 1964, 1967 and 1970 S Hay

wewgh Ssseesber for Cantwell, Watana, and Gold Creek are illu-
stfat&é in F?gﬁ?ﬁgﬁ@ﬁ% . T%e daily flow at Watana has been
approximated using the Tlinear drainage d?u& flow relationship
between Cantwell and Gold Creek that was used to determine Watana
average m ﬁtﬁiy flows. (Actual values may gz?fes S?Qﬂzj%can?%y}
e s 19&@;@@@@%@@&%w the largest snoymnelt flood%recorded at
Gold Creek. The EQﬂé?sprzng flood ngdwaggagh has a daily peak
equal to the mean annual daily flood peak. In addition the




summer daily flood peak of 76,000 is the
peak at Gold Creek on record. Water year 1

AT%

low spring Tlood hydrograph.

hae

Esama%gg of the larger annual instantanecus flood peaks for Goid
., Cantwell, Denali and Maclaren are prasented in Table
. Annual instantaneous fiood frequengy.curves ? imdévié«
stations are illustrated in Figures E£.2.& to E.2. %ﬁ Pistr

n statistics are presented in Table E.2.1% (R&M, 198la). In
the majority of cases the three parameter log-normal distribution
orovides the best fit to a given parameter. However the analysis
indicates that either the Tog-normal or hfeg Qarawe?E? 1og
normal are nearly equally satisfactory. The paa%rstv of stream-
flow data in the Susitna area in combination with the variability
of extreme values reguires the fitting of a theoretical distribu-
ftion of simple construction and few parameters. Consequently,
the log-normal distribution has been selected to model peak flows
dug to its simple construction and adequacy in modeling the
simple data parameters.

A regignal Tlood frequency analysis was conducted using the
recorded floods in the Susitna River and its principal trihutar-
ies (R&M 1981a). T%m resulting dimeﬁsaaniess regscﬁai frequency
curve 1s depicted in Figure E.Z2. 8l3 A stepwise muitiple Tinear
regression computer program was used to relate the mean annual
instantaneous peak flow to the physiographic and climatic char-
acteristics of the drainage basins. The mean annual instantane-
cus peak flows for the Watana and Devil Canyon damsites were
computed to be 40,800 cubic feet per second (cfs) and 45,500 cfs
respectively. The regional flood frequency curve was compared to
the station frequency curve at Gold Creek (Table Egzgiﬁ}a As the
Gold Creek freguency curve yielded more conservative flood peaks
(i.e. Targer), it was used to estimate flood peaks at the Watana
and Devil Canyon damsites for floods other than the mean annual
flood. The ratio of a particular recurrence interval flood at
Gold Creek to the mean annual flood at Gold Creek was muitiplied
by the mean annual flood at Watana/ Devil Canyon to obtain the
flood at the given recurrence interval. For examplie, the ratic
of the 1:10,000-year flood to mean annual flood at Gold Creek is
3.8gh.  With the use @? this factor, the 1:10,000-year floods
Watana and Devil Canyon were computed to be 157,000 cfs and
176,000 ofs respectively. The flood f?&g&@ ey curves for Watana
and Devil Canyon are presented in Figures E.2.18 and E.2. K.
19 ity

Dimensioniess flood hydrographs for the Susjtna River at Gold
Creek were developed for the Mev - July snowmelt floods and the
August - QOctober rainfall floods using thd five largest Gold
Creek floods occurring in each period (R&M, 198la). Flood
ﬁjd?@ﬁ?a“ha for the 100, 500, and 10,000 year flood events were

onstructed using the appropriate flood peak and the dimension-
5&%@ hydrograph. Hvdrographs for the May - July and August -
October flood periods are illustrated in Figures E.2.8 and
£.2. 5%?*;g@ctév@2y@ 16
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Probable maximum flood {PMF) studies were conducted for both the
Watana and Devil Canyon damsites for use in the design of project
spill %ay% and related facilities (Acres 1982aj. The PMF floods
were determined by using the SSARR watershed mode! developed by
the Portland District, U.S. Army Corps of Engineers an are based
on Susitna Basin climatic data and hydrology. The probable
maximum precipitation was derived from a maximization study of
historical storms. The studies indicate that the PMF peak at the
Watana damsite is 326,000 cfs. Water surflace elevations during
the Probable Maximum Flood event are given in Figure /8 . These
elevations were determined using the "DAMBRK" forecasting model
develcped by the National Weather Service.

2.1.3 - Flow Variability

The variability of flow in a river svsLem is important to all
instream flow usa2s. 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 statieons (Denali, Cantwell, Gold S?eek and Susitna
Station) and three wmajor tributaries {(Maclaren, Chulitna, and
Talkeetna Rivers) (R&Mg 1982a). These curves which are based on
mean daily flows are illustrated on Figures E.2.& through
E.2. 8. i
22

The shape of the monthly and annual flow duration curves is simi-
lar for each of the stations and is indicative of flow from
northern glacial rivers. Streamfiow is low in the winter months,
with 1Tittle variation in flow and no unusual peaks. Groundwater
contributions are the preliminary source of the small but rela-
tively constant winter flows. Flow begins to increase slightly
in April as breakup approaches. Peak flows in May are an order
of magnitude greater than in April. Flow in May also shows the
greatest variation for any month, as Tow flows may continue into
May before the high Sﬂ@éﬁ%%t/b$eaku9 flows occur. June has the
highest peaks and the highest median flow. The months of July
and August have relativeiy flat fiow duration curves. This
situation is indicative of rivers with strong base flow char-
acteristics, as is the case on the Susitna with its contributions
from snovfelt and q?act“i melt during the summer. More variabil-
ity of f.uw is evident in September and October as cooler weather
becomes more prevalent.

}
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From the flow duration curve for GoldCreek (Figure E.Z. 1% it
can be seen that flows at Gold Creek are less than 20,000 cfs
from October through Aprii. As a resuit of the spring breakup in
May, flows of 20,000 cfs are exceedad 25 percent of the tTime.
w&ﬁ'ﬁg June and July, the percent of time Gold Creek flows exceed
20,000 cfs increases to 75 percent. This percentage decreases io
60 percent 1in August and furiher decreases tc only about 15
percent in September. On an annual basis, a flow of 20,000 cfs
is exceeded Z0 percent of the time.
The 1-day, 3-day, 7-day and 15-day high and low flow values were
termined for each month from May through October for the

riods of record at Gold Creek, Chulitna River near Talkeetna,
lalkeetna River near Talkeetna and Susitna River at Susitna
Stati fon (R&M, 1982a). The hiyh and low filow values are presented

il
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rsagh E.2.8%% May showed the most variability. It i3 the
13Qﬁuh 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 1late
summer months. Flow variability increased in the August through
October perind. Heavy rainstorms often occur in August, with 28
percent of the annual flgods occurring in this month.

The daily %yé?eg:anﬁs for May through oegghmbar for weder EEs
1964, 1987, and 1970 shown in Figure§ 3=%  1illustrate the daily
var%&bé%%t of the Susitna River at GG?Q Creek and Cantwell.

' e 136@ 19&7 &ﬂd 1“?@ reqae wet, average and dry

2.2.1 - Mainstem

The Susitna River originates 1in the glaciers of the southern
slopes of the central Alaskan Range, flowing 318 miles to its
mouth at Cook Inlet.

he headwaters of the Susitna River and its major upper tribu-
taries ere characterized by broad braided gravel floodplains
below the glaciers, with several molistreams exiting from beneath
the glaciers before they combine further downstream. The West
Fork Susitna River jeins the main river about 18 miles beiow
Susitna Glacier. Below the West Fork confluence, the 3Susitra
River becomes & spiéinahaﬁﬂQE configuration with numerous
istands. The river is generally constrained by low bluffs for
about 55 miles. The iacéa?eﬁ River, a significant glacial
tributary, and the Tyone River, which drains Lake Louise and the
swampy lowlards of the southeastern upper basin, both enter the
Susitna River from the east. Below the confluence with the Tyone
River, the Susitna River flows west for 96 miles through steep-
walled canyons before reaching the mouth of Devil Qaﬁyaﬂ@ Fhee

?@? old Creek in tﬁﬁ form of frequency curves in Figures E.2. 8z
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The river has a high gradient throuch this reach and includes the
Watana and Devil Canyon Damsites. It is opr ’wa?ééy a single
channel with intermittent islands. Bed material primarily con-
sists of large grravel cobbles. The mouth @ Devil Canyon., at
River Mile (RM) 149 forms the Tower 1limit of this reach.

Between Devil Canyon and the mouth at Cook Iniet, the river has
been subdivided into nine_ separate reaches. These reaches are
identified in Table L. ¢@§§% ogether with the average slope and
predominent channel pattern. These reaches are discussed in more
detail below.

{a) RM 149 to RM 144

Through this reach, the Susitna flows predcminately in a
single channel confined by valley walis. At locations where
the valley bottom widens, depostion of gravel and cobble has
formed mid-channel or 3:d@wthanneé bars. fOccasionally, a
vegetated island or fragmentary flocdpiain has formed with
elevations above normal flood levels. and has Dbecome
vegetated. Presence of cobbles and boulders in the bed
material aids in stabilization of the channel geomeiry.

(b) RM 144 to RM 139

A broadening of the valley bottom ; ~ough this reach has
allowed the river to develop a split channel with inter-
mittent, 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 -veloped with a top elevation at roughly
bankfull flood s.age. At RM 144, a.periglacial alluvial fan
of coarse sediments confines the river to a single channel.

RM
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39 to RM 129.5
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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 floodplain and receive Susitna water only at
flows above 15,000 to 20,000 cfs. Often, vailey bottom
springs flow inte sloughs. There is & good correlation
between bankfull stage and the mean annual flood.

Where the main channel impinges valiey walls or terraces, a
cobble armor layer has developed with a top elevation at
roughly bankfull flood stage. The main channel bed has been
frequently observed to be well armoured.
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Primary tributaries inciude Indian River, Gold Creek and
Fourth of July Creek. [Lach has formed an alluvial fan ex-
tending into the valley bottom and constricting the Susitna
to a single channel. Each constriction has established a
hydraulic control point that regulates water surface pro-
files and associated hydraulic parameters at varying dis-
charges,

RM 129.5 to RM 119

River patterns through this reach are similar to those in
the previous reach. The most prominent characterisiic be-
tween 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 aliuvial fan at
Curry constricts the Susitna to a single channel and termi-
nates the above described patterns. A fair correlation
exists between bankfull stage and mean annual flood through
this reach. Comparison of 1950 and 1980 airphotos reveals
onccasional local changes in banklines and island morphology.

The west valley wall 1is generally nonerodible and has
occasional bedrock outcrops. The resistant boundary on one
side of the main channel has generaily forced a uniform
channel configuration with a well armored perimeter. The
west valley wall is relatively straight and uniform except
at RM 128 and 125.5. At these locations, bedrock outcrops
deflect the main channel to the east side of the floodplain.

RM 119 to RM 104

Through this reach the river is predominantly a very stable,
single incised channel with a few islands. The channel
banks are well armored with cobbles and boulders, as is the
bed. Several 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
gbstruction to flow and navigation, but do not have a signi-
ficant impact on channel morphology.

RM 104 to RM 95

At the confluence of the Susitna, Chuiitna and Talkeeina
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 laterally. Ample
bedload transport and a gradient decrease also assist in
establishing the braided patiern.
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The Chulitna River has a mean annual fiow simitar to the
Susitna at Gold Creek, yet its drainage basin 1is about 40
percent SWﬁsﬁ@?@ its glacial tributaries are much cioser t
the confluence than the Susitna. As it emerges from the
incised canvon 20 miles upstream of the confluence, the
river transforms into a braided pattern with moderate vege-
tation growth on the intermediate gravel bars. AL about &
midpoint between the canyon and confluence, the Chulitna
exhibits a highly braided pattern with no vegetation on
intermediate gravel bars, evidence of recent lateral insta-
bility. This pattern continues beyond the confluence and
giving the impression that the Susitna is tributary to the
dominant Chulitna River. The split channel Talkeetna River
is tributary to the dominant braided pattern.

Terraces generally bound the broad floodpiain, but provide
Tittle control over channel morphoioagy. neral floodplain
instability results from the three river system striving to
balance out the combined flow and sediment regime.

RM 95 to 61

Downstream of the three-river confliuence, the Susitna con-
tinues its braided pattern, with multiple channels inter-
laced through a sparsely vegetated floodplain.

The channel network consits of the main channel, usually one
or two subchannels and a number of minor channels. The main
channel meanders irregularly tnrcugh the wide gravel flood-
plain and intermittently flows against the vegetated flood-
plain. It has the ability to easily migrate Taterally
within the active gravel floodplain, as the main channel is
simply reworking the gravel that the system previ fously
deposited. When the main channel flows against vegetated
pbank lines, erosion is retarded due to the vegetation and/or
bank materials that are more resistant tc erosion. Flow in
the main channel usually persists throughout the entire
year.

Subfﬁdﬂﬂ@;@ are usually sﬁsétisﬂed near or against the
vegetated floodplain and are genera i1y on the opposite side
of the fi@ﬁdp§a=ﬂ from the main channel. The subchannels
normally bifurcate (split) from the main channel when it
crosses over to the opposite side of the floodplain and
terminate where the main channel meanders back across the
“E@@dp!aiﬁ and intercepts them. The subchannels have

smaller geometric dimensions than the main channel, and
their thalweg is generally about five feet higher. Their
flow regime 1is dependent on the main channel stage and
hydraulic flow controls point of bifurcation. Flow may or
may not persist throughout the year.
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Minor channels are relatively shal
traverse the gravel floodplains and
braided pattern. These channels
generally short-lived.

ow, wide channels that
complete the interiaced
are very unstable and

The main channel 1is intermittently controlled laterally
where it flows against terraces. Since the active flood-
tain is very wide, the presence of terraces has little
significance except for determining 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.  Subchanneis are directly dependent on the same.
Minor channels react to both of the larger channels’
benaviors.

RM 61 to RM 42

Downstream of the Kashwitna River confluence, the Susitna
River branches into multiple channels separated by islands
with established vegetation. This reach of the river has
been named Delta Islands because it resembles the distribu-
rary channel network common with large river deltas. The
muitiple channels are forced together by tferraces Jjust
upstream of Kroto Creek {Deshka River}).

Through this reach, the very broad floudplain and channel
network can be divided into three Qﬁtég@??@S.

- Western braided channels;
- Eastern split channels; and
- Intermediate m&aﬁdering channels.

The western braided channel network is considered to be the
main porticn of this very complex river system.  Although
not substantiated by river surveys, it appears to constitute
the largest flow area and lowest thalweg elevation. The
reason for this is that the western braided channels consti-
tute 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 O

Downstream of the Delta Isiands, the Susitna River gradient
decreases as it approaches Cook Inlet. The river tends
toward a split channel configuration as it adjusts to the
fower energy slope. There are short reaches where a
tendency to braid emerges. Downstream of RM 20, the river
pranches out into delta distributary channels.



races constrict the floodpiain near the Krote Creek con-
e and at Susitpa Station. Further downstream, the
aces have 1ittle or no influence on the river.

River joins the Susitna at RM 28 and is a major
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 Tlower 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.

2.2.2 - Sloughs

Stoughs are spring-fed, perched overfiow channels that only con-
vey glacial meltwater from the mainstem during median and high
flow periods. At intermediate and low flows, the sloughs convey
ciear water from small tributaries and/or upwelling groundwater.
Differences between mainstem water surface elevations and the
streambed elevation of the side sloughs are notably greater at
the upstream entrance to the sloughs than at the mouth of the
stougn. The gradients within the sloughs are typically greater
than the adjacent mainstem because of the shorter path Tength
from the upsiream end of the sloughs to the downstream end than
along the mainstem. The upstream end of the sloughs generally
has a Mhigher gradient than the Tlower end. An  alluvial berm
separates the head of the slough frem the river, whereas the
water surface elevation of the mainstem generally causes a back-
water effect at the mouth of the slough. The sloughs function
1ike small stream systems. Several hundred feet of the slough
channel often conveys water independent of mainstem backwater
effects.

The sloughs vary in length from 2,000 - 6,000 feet. Cross-
sections 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 frequentiy dinhabit 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 f!sws@§§=F§gure = illustrates the
thalweg profile of a typical slough. 1so indicated is the water
surface elevation as measured @n August 24, 1982 and the varia-
tion of substrate material. Compésted hackwater profiles for
various Gold Creek discharges for the downstream end of slough 9
are illustrated in Figure 28 . The backwater profiltes were
determined using the stage-discharge relationship shown in Figure
2% . The rating curve was obtained from 1982 field data.

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



2.3 - Susitna River Hater Quality

prey ?ausiy described in Section 2.2, the Susitna River is charac-
rized by large seasonal fluctuations in discharge. These flow varia-
ions al ﬂg W?zh iee g1a£1aé origins of the river essentially control
e water

Existing water quality data have been compiled for the mainstem Susitna
River from stations located at Denali, 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 compiled correspon é?ﬁg to three seasons: yreakup, 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 fto
essentially 0°C in the fall, and winter is the period from the end of
summer to Dbreakup. The water quality parameters measured and their
respectively detection limits appear in Table E.2.8/§

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

, Water Quality Standards. Alaska Department of Environmental-
ervation, Juneau, Alaska, 197S.

- AS C

C

- EPA, Quality Criteria For Water. U.S. Envircnmental Protection
Agency, Washington, D.C., 18708,

- McNeely, R.N., V.P. Neimanism abd K, Dwyer. \Water Quality Source-
book-- A Guide to Water Quality Parameters. tEnvironment Canada,
Intand Waters Directorate, Water Quality Branch, UOttawa, Canada,
1979,

- Sitting, Marshall. Handbook of Toxic and Hazardous Chemicals. Noyes
Publications, Park Ridge, MNew Jersey, 198l.

- EPA, Water Quality Criteria Documents; Availability. Environmental
Protection Agency, Federal Register, 45, 79318-79379 (November 28,
1980;.

The guidelines or criteria used for the parameters were chosen based on
a pricrity system. Alaska Mater Quality Standards were the first
choice, Tollowed by criteria presented in EPA's Quality Criteria for
Water. If a criterion expressed as a specific concentration was not
nresented in the above two references, the other cited references were
used as the source.
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second priority system was used for selecting the guidelines or

ia presented Tor each parameter. This was reguired because the
s references presented above cite levels of parameters that
provide for the protection of identified water uses, such as (1) the
propagation of fish and other aguatic organisms, {2) water supply for
drinking, food preparation, industrial processes, and agriculiure, and
{(3) water recreation. The first priority, therefore, was to present
the guidelines or criteria that apply to the protection of freshwater
aguatic organisms. The second priority was to present Tfevels of
parameters that are acceptable for water supply, and the third priority
was toe present ovher guidelines or criteria if available. It should be
noted that water quality standards set criteria wnich 1imit man-induced
pollution to protect identified water uses. Although the Susitna River
basin is a pristine area, some parameters naturally exceeded their
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respective criterion. These parameters are presented in Table E.Z2.84

As noted in Table E.2.Bfcriteria for three parameters have been set at
a tevel which natural waters usually do not =sxceed. The suggested
criteria for aluminum and bismuth are based on human health effects.
The criterion for total organic carbon (TCOC) was established at 3 mg/1.
Water containing less than this concentration has been cbserved to be
relatively clean. However, streams in Alaska receiving tundra runoff
commonly exceed this level. The maximum TOC concentration reported
herein, 20 mg/1, is 1ikely the result of natural conditions, The
criterion for manganese was established to protect water supplies for
puman consumption. The criferia presented for the remaining parameters
appearing in Table Eﬂzgﬁg%é?e estaplished by law for protection of
freshwater aquatic organisms. The water quaiity standards apply to
man-induced alterations and constitute the degree of degradation 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, littie additional discussion will be
given to these phencmenon. Also, these rivers support aiverse popula-
tions of fish and other aquatic 1ife. Consequently, it is concluded
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 is usually
Timited. Levels of water quality parameters discussed in the fcellowing
section are reported by R&M (1982b), unless otherwise noted.
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In general, during winter, the entire mainstem
susitna River is at ar near 0°C. However, there are
a number of small discontinucus areas with ground-
water inflow of near 2°C. As spring breakup occurs
the water temperature begins to rise, generally
warming with distance downstream.

In summer, giacial melt is near 0°C as it leaves the
glacier, but as it flows across the wide gravel
floodpiain below the glaciers the water begins to
warm. As the water winds its way downstream to the
proposed Watana damsite it can reach temperatures as
high as 14°C. Further downstream there is generally
some additional warming bul, temperatures may be
cooler at some locations due to the effect of
tributary infiow. In August, temperatures begin to
drop, reaching 0°C in Tate September or October.

The seasonal temperature variation for the Susitna
River at Denaii and Vee Canyon during 1980 and for
Denali and Yatana during 1981 are displayed in
Figures E.2.8 and E.2.2.3/ Weekly averages for
Watana in 1981 are shown in Figure E.2.38.52 The
shaded area indicates the range of temperatures
measured on a mean daily basis. The temperature
variations for eight summer days at Denali, Ves
Canyon__and Susitna Station are presented in Figure
E.2.887° The recorded variation in water temperatures
at the seven USGS gaging stations 1is displayed in
Figure E.2.33

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
(ADF&G) Susitna Hydroelectric Project data reports
(Aguatic Habitat and Instream Flow Project - 1981,
and Aquatic Studies Program - 1982), and in Water
(Quality Data - 1981b, 198ic, R&M Consultants.

sloughs
The sloughs downstream of Devil Canyon have a temper-
ature regime that differs form the mainstem. During
the winter of 1982 intergravel and surface water
temperatures were measured in slcughs 8A, 9, 11, 19}
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20 and 21, tﬁgﬁ!ﬁcauz3ﬂa of which are illustrated in
Figure E.2.3%  These measurements indicated that
intergravel temperatures were relatively constant
through February and March at each location but exhi-
bited some variability from one Tlocation to another.
At most stations intergravel temperatures were within
the 2-3°C range. Slough surface temperatures showed
more var %a&a?ﬁty at each location and were generally
Tower than intergravel temperatures during February

W
and March (Trihey, 1982a).

During spring and summer, when flow at the head of
the slough s cut off, slough temperatures fend to
differ from mainstem temperatures. Ouring periods of
high flows, when the head end is overtopped, slough
water temperatures correspond more closely to main-
stem temperatures. Figure E.2.38&compares weekly
diel surface water temperature variations during
September, 1981 in Slough 21 with the mainstem
Susitna River at Portage Creek (ADF&EG 1982). The
slough temperatures show a marked diurnal variation
caused by increased solar warming of the shailow
water during the day and subsequent long wave back
radiation at night. Mainstem water temperatures are
more constant because of the buffering and wmixing
capability of the river.

Tributaries

The tributaries to the Susitna River generaily exhi-
bit cooler water ifemperatures than dees the mainstem.
Continuous water temperatures have been monitored by
the USGS in the Chulitna and Talkeetna Rivers near
Talkeetna, and alsc by ADF&G in thoss two rivers as
well as 1in Portage, Tsusena, Watana, Kosina, and
Goose Creeks, and in Indian and the Oshetna River.
The 1982 mean daily temperature records for Indian
River and Portage Creek are compared 1in Figure
E.2.%.57 Portage Creek was consistently cocler than
Indian River by 0.1 to 1.9°C. The f?atter terrain in
the Tlower reaches of the Indian River valley is
apparently more conducive to solar and connective
heating than the stcep-walled canyon of Portage
Creek. ngurﬁ Eo gaﬁ%“3533 presents water temperature
data from the mainstem Susitna for the same period,
showing the consistently warmer temperatures in the
mainstem.
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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 Talkeet-
na show uniform variation in temperatures from the
mainstem. Compared to the Talkeetna fishwheel site
on the Susitna, the Taikeetna River temperature is
1-3°C cooler on a daily average basis. The Chulitna
River, being closer to its glacial headwaters. 1is
from 0 to 2°C cooler than the Talkeetna river, and
has less diurnal fluctuations.

Winter stream temperatures are expected Io be very
close to 0°C, as all the tributaries do freeze up.
Groundwater inflow at some locations may create local
conditions  above  freezing, but the overall
temperature regime would be affected by the extreme
cold in the environment.

Freezeup

Air temperatures in the Susitna basin increase from
the headwaters to the Tlower reaches. While the
temperature gradient is partially due to the tTwo -
degree latitudinal span of the river, it 1is, for the
most part due to the 3,300-foot difference 1in
elevation between the lower and upper basins, and the
climate-moderating effect of Cook Inlet on the lower
river reaches. The gradient results in a period
{late October - early November}) 1in which the air
temperatures in the lower basin are above freezin

while subfreezing in the upper basin. The Tlocaticn
of freezing air temperatures moves in a downstream
firection as winter progresses (R&M 1982c).

Frazil ice forms in the upper segment of the river
first, due to the initial cold tfemperatures of
glacial melt and the earlier cold air temperatures.
Additional frazil ice i1s  generated in  the
fast-flowing rapids between Vee Canyon and Devil
Canyon. The frazil ice generation normally continues
for a period of 3-5 wesks before a solid ice cover
forms in the river downstream of Devil Canyon.
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lodgement points, the ice
s upstream as additional ésa
her upstream. However, before
ress  upstream, a leading eﬁse sta
ion must first be satisfied. This trans
velocity at the upstream end of the ice T
%3 sufficiently low to allow the flowing ice

itself to the ice front, causing an upst
ession of the idce front. If the veloci
m of the ice front are too high (i.e. iea
stability criterion not saf '”f?ﬁﬁja the ic
gﬁﬂwﬂ?g ﬁgwﬂﬁ?ream wi?? pe pulled underneath the ice
front to be depos %M:b eneath the established cover
downstream in reag hiss where sthe velocity permits,
thus causing a thickening ® that ice cover. The
thickening ice cover constricts the flow downstiream
of the 1dce front, increasing the resistance and
creating a backwater effect, thereby reducing the
velocity upstream of the ice front to the maximum
ue against which the ic. front can progress
Lream. Expﬁ?%gg fmn hag shown that in the thicken-
g process, the &= i ve%ec:*y attained underneath
e ice deposits is a%ﬁut three feet per second.
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ront ufiea raises water Eﬁvels ﬁy 2 to 4 feet.
Figure 39 ééiagi?ates the open water rating curve
for crass section at RM and the observed
increase in stage as the ice front @?GQ?SSSEu up -
stream of this location in 198 . Once the ice cover
has consolidated, the rating curve will be epproxi
mately parallel with the open water discharge. ﬁ@w
ever, the water level incresso in a p&?i?CL§§F reacl
of the river is dependent QC the prevailing dis-
charge at which the ice cover formed in that reach.

The variability in discharge at freezeup, and hence
water level increase coupled with the varying berm
elevations at the upstream ends of sloughs results in
some sioughs usually being overtopped during freeze-
up, other sloughs being occasionally overt topped and
sti11 others which are, | not overtopped. yar example
in  slough 8A, du,sﬁagigga freezeup the slough wa:
overtopped with an estimated ﬂzxsha; e of 150 c¢fs.
Photoyraphs i1lustrate the increased water level
and flow through slough 8A dur%ng the 1982 freezeup.
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The Susitna River 1is the primary contributor of ice

o the river system below Talkeetna, contributing
75-85 percent of the dce load 1in the Susitna-
Chulitna-Talkeetna Rivers. ice formation on the
Chulitnz and Taikeetna Rivers normally commences
several weeks after freeze-up on tnhe middle and upper
Susitna River,

b

Winter Ice Londitions

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 thicknesses of over 10
feet have been recorded near Vee Canyon.

Some cof the side-channels and sioughs above Talkeetna
have open 1eads during winter due to groundwater ex-
filtration. Table {3 is a preliminary compilation
of open teads that were observed during mid-winter
1982, {Tfrifey personal communication §1982}.  All
open leads identified in Table J$¥ are believed to
be as the result of thermal effects. Winter ground-
water temperatures generally varying between 2°C to
4°C contribute enough heat to yprevent the ice cover
from foriwing {(Trihey 1982a). These areas are often
satmonid egg incubation areas.

Breakup

The onset of warmer air temperatures occurs in the
Tower basin several weeks earlier than in the middle
and upper basins due to the temperature gradient
previously noted. The Tow-elevation snowpack melts
first, causing river discharge to increase. The
rising water level puts pressure on the ice, causing
fractures to develop in the ice cover. The severity
of breakup is dependent on the snowmelt rate, on the
depth of the snowpack and the amount of rainfall, if
it occurs. A light snowpack and warm spring tempera-
tures result in a gradual increase in river dis-
charge. 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
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water level increass initiates ice movement and this
movement coupled with ice left in a strong condition
from the cooler temperatures leads to numercus and
possibly severe ice jams which may result in flooding
and ercsion, as occurred in 1982 (R&M 1982f). Local
velocities during severe ice jams may be u4s high as
10 feet per second.

The flooding results in high flows through numerous
sidechannels 1in the reach above Talkeetna. The
flooding and erosion during breakup are believed to
pe the primary factors influencing river morpholicgy
in thg reach between Devil Canyon and Talkeetna (R&M
1982a ;.

Suspended Sediment

L

The Susitna River and many of its major tributaries are
glacial rivers which experience extreme fluctuations 1in
suspended sediment concentrations as the result of both
glacial melt and runoff from rainfall or snowmelt. Beginn-
ing with spring breakup, suspended sediment concentrations
begin toc rise from their near zero winter levels. During
summer, values as high as 5700 mg/1 have been recorded at
Denali, 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
several clear water tributaries. Maximum summer concentra-
tions of 2600 mg/1 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 Station gage.
A more extensive summary of suspended sediment concentra-
tions is presented in Figure EG2§§§a

Suspended sediment discharga has been shown to increase with
discharge (R&M 1982d). This relationship for various upper
Susitna River stations is illustrated in Figure Egzog%s
Estimates of the average annual suspended sediment load for
three locations on the upper Susitna River are provided in
the following table (R&M 1982d).

Average Annual Suspended

Gaging Station Sediment Load (ton:z/year)
Susitna River at Denali 2,965,000
Susitna River near Cantwell 6,868,000
Susitna River at Gold Creek 7,731,000
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The suspended sediment 1gad 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.2.38%% The analysis indi-
cates that between 20 and 25 percent of the suspended sedi-
ment is Tess than 4 microns (.004 miilimeters) in diameter.

Turbidity
(1) Mainstem

The Susitna River 1is typically clear during the
winter months with values at or very near zero.
Turbidity increases as snowmelt and breakup commence.
The peak turbidity values occur during summer when
glacial input is greatest.

Limited turbidity data are available for the head-
waters of the Susitna River. However, measurements
up to 350 MNepholometer Turbidity units (NTU} have
been recorded at Denali. Turbidity tends to decrease
in the vicinity of the project areas due to clear-
water inflow, although high values still exist. At
the mouth of the Chulitna 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 1in Figure

. E.2.3A%(R&M 1982e). Data collected at various sites
in 1982 are tabulated in Table F.2.%78

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

(i1} Sloughs

Turbidity values for selected sloughs were collected
by ADF&G during the summer of 198l. The turbidity 1in
the sloughs was less than the turbidity ir the main-
stem except when upstream ends were overtopped at
which time the turbidities usually mirrored mainstem
Tevels (ADF&G 1982;. Even with overtopping, some
sltoughs maintained ltower turbidity due to groundwater
or tributary inflow.
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Yertical I1iumination

Vertical illumination through the  water column varies
directly with turbidity and suspended sediment concentration
and hnence follows the same temporal! and spatial patterns.
Although no quantitive assessment was conducted, summer
vertical illumination is generaliy a few inches. During
winter months, the river bottom can be seen 1in areas
without-ice c¢over, as the river 1is exceptionaliy clear.
Yertical 1illumination under an 1ice cover 1is inhibited,
especially if the ice 1is not clear and if a snow cover
exists over the ice.

Total Dissolved Solids (TDS)

Dissolved solids concentratons are higher, and exhibit a
wider range during the winter low-flow periods than during
the summer period. Data at Denali range from 110-270 mg/l
in the winter and from 40-170 mg/1 in the summer. Progress-
ing downstream on the Susitna River basin, TDS concentra-
tions are generally lower.

Gold Creek TDS winter values are 100-190 mg/1, while summer
concentrations are 50-140 mg/l. Measurements at Susitna
Station, range from 100-140 mg/1 during winter and between
55 and 80 mg/1 in the summer. Figure E.Z.3 provides a
graphic representation of the data collected. 4

Specific Conductance {Conductivity)

Susitna River conductivity values are high during winter
low-flow periods and low during the summer. In the upstream
reaches where glacial input 1is most significant, conductiv-
ity is generally nigher, At Denali, values range from
190-510 umhos/an in the winter and from 120-205 umhos/am in
the summer.

Below Devil Canyon, conductivity values range from 160-300
umhos in the winter and from 60-230 umhos/cm in the summer.
The Chulitna and Talkeetna Rivers have stighly lower con-

ductivity values, but are in the same range as 1in the
Susitna River.

. { R . : . ,
Figure E.2.49 graphically provides the maximum, minimum and
the mean values as well as the number of conductivity obser-
vations for the seven gaging stations.

Significant ions

Concentrations of the significant ions are generally low to
moderate, with summer concentrations lower than winter

2.2
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concentrations. The ranges of concentrations recorded up-
stream of the project at Denali and VYee Canyon and down-
stream of the project at Gold Creek, Sunshinz and Susitna
Station are listed 1in Table E.2.%/8a& The ranges of ion
concentrations at each monitoring station are presented in
Figures E.2.48 to E.2.48.

% §2
pH

Average pH vailues tend to be slightly alkaline with values
typically ranging between 7 and 8. A wider range is
generally exhibited during the spring breakup and summer
months with values occasionally dropping below 7. This
phenomenon is common in Alaskan streams and is atiributable
to the acidic tundra runoff. -

Winter pH ranges at the Gold Creek station are between 7.0
and 8.1 while the range of summer values is 6.6 fo 3.1.
Figure Egggégggéésp}ayg the pH information for the seven
stations of record.

Total Hardness

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

Total hardness, measured as calcium magnesium hardness and
reported in terms of (al0,, ranges between 60-120 mg/l1 at
Gold Creek during winter, and betwen 30-10% mg/1 in the
summer. At Susitna Station, winter values are 70-9%5 mg/i
while summer values range from 45 to 60 mg/1.

54
ure E.2.48 presents more detailed total hardness informa-
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Total Alkalinity

Total Alkalinity concentrations with bicarbonate typically
being the only Torm of alkalinity present, exhibit moderate
to high levels and display a much larger range during winter
than the low to moderate summer values. In addition, up-
stream concentrations are generally larger than downstream
values.

Winter values at Gold Creek range between 45 and 145 mg/l,
while summer values are in the range of 25 to 85 mg/l. In
the Tower river at Susitna Station, winter concentrations
are between 60-75 mg/1 and summer levels are in the range of
40-60 mg/i.

e b
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Figure E.2.49 displays a more detailed description of total
alkalinity concentrations.

True Color

True color, measured 1in platinum cobalt units, displays a
wider range during summer than winter. This phenomenon 1S
attributable to organic acids ({especially tannin} character-
istically present in the summer tundra runoff.

Color levels at Gold Creek vary between 0 and 10 color units
during winter and 0 to 40 units in the summer. It is not
uncommon for color levels in Alaska to be as high as 100
units for streams receiving tundra runoff, i.e., the maximum
recorded value at the Sunshine gauge.

5%
Figure £.2.%8 displays the data collected.
Metals

The concentrations of many metals monitored in the river
were low or within the range characteristic of natural
waters. FEight parameters antimony (sb), boron (B), gold
(Bfu), dissolved molybdenum (M), platinum (Pt), tin (Sn),
vanadium {V) and =zirconium (Zr) were below detectabie
1imits. However, the concentrations of some trace elements
exceeded water quality guidelines for the protection of
freshwater organisms. (Table E.2.4). These concentrations
are the result of natural processes, since with the excep-
tion of some placer mining activities, there are no man-
induced sources of these elements in the Susitna River
basin. Metals which have exceeded these limites inciude
aluminum (A1), copper (Cu), iron (Fe), lead (Pb), manganese
(Mn), mercury {Hg), nickel (Ni) and zinc (Zn}.

5% 34
Figures E.2.% through E.2.& summarize the heavy metal data
that were coliected.

2 - Dissolved Gases

Dissolved Oxygen

Dissolved oxygen {(D.0.) concentrations generally remain
quite high throughout the drainage basin. Winter values
average near 13 mg/1 while summer concentrations average
between 11 and 12 mg/1. These concentrations equate to
dissolved oxygen saturation levels generally exceeding 80
percent, although summer values average near 100 percent.
Winter saturation levels decline slightly fTrom summer
levels, averaging near 97 percent at Gold Creek and 80
percent at Susitna Station.

&
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Figures E.2.8 and E.2.% contain additional dissolved
oxygen data.

(b} Nitrogen Supersaturation

Limited sampling 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 (Pugust 8 ~ October 10) during 1982. This data
is not available at this time but will be included when it
is available. The 1981 data indicated that supersaturation
existed above Devil Canyon as well as below ranging from
105, 3 percent to 116.7 percent, respectively.

Alaska water quality statutes call for a maximum dissolved
gas concentration of no higner than 110 percent.

2.3.3 ~ Nutrients

Mutrient concentrations, specificaily nitrate nitrogen and ortho-
phosphate, exist in low to moderate concentration througnout the
Susitna River. Nitrate concentrations are less than 1.0 mg/i
along the Susitna, although Talkeetna River values have reached
2.5 mg/l. Gold Creek nitrate concentrations vary from below
detectable Timits to 0.4 mg/l.

Biologically available orthophosphates are generally less than
0.2 mg/1 throughout the drainage basin. Gold Creek orthophos-
phate values vary from below detectable limits to 0.1 wmg/1. most
values at Vee Canyon are also in this range. This data is de-
picted in Figures Eﬁzﬁgé and £.2.8,

7 78

Studies of glacially influenced lakes in Alaska {Koenings and
Kyle 1982} and Canada (St. John et al. 1976) indicate that over
50 percent of the total phosphorus concentration in the lakes
studied was biclogically inactive. This was attributed to the
fact that the greatest percentage of the lakes' total | osphorus
occurred in the particulate form. Consequently, phosphorus
available 1in the dissolved form 1is much less than recorded
values. This ¢ discussed in more detail by Peterson and
Nichols (1982).

0f the major nutrients--carbon, silica, nitrogen and phosphorus,
the limiting nuturient in the Susitna River s -phosphorus
{Petersoa and Nichols 1982).
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Chlorophyil-a as a measure of algal biomass is quite low due
to %he poor light transmissivity of the glacial waters. The
only chlorophyll-a data available for the Susitna River were
col %ertt& at the Susitna Station gage. Values up to 1.2
mg/m” for chioropnyll-a (periphyton uﬁcsfreﬁteé} have been

ecorded. However, when the chromospeciropic technique was
used, values ranged from 0.004 to 0.029 ﬁg]mg for three
samples in 1976 and 1977. A1l recorded values from 1978
through 1980 were less than detectable Timits when analyzed
using the chromographic fluorometer technique.

Mo 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 chlorophyii-
a values are very low,

tacteria

Mo data are available for bacteria in the upper river basin.
However, because of the glacial crigins of the river and the
absence of domestic, agricultural, and industrial develop-
ment in the watershed, bacteria levels are expected to be
guite Tow.

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

Total coliferm counts were generally quite tfow, with all
three samples at Susitna Station and 70 percent of the
samples on the Talkeetna River registering less than 20
colonies per 100 mi. Occasional high vaiues have been
recorded during summer months, with a maximum value of 130
colonies per 1060 ml.

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

Fecal streptocncci data also display the same pattern; low
values in winter months, with occasional high counts during
the summer months.

wilbemy (]



A11 recorded values are believed to reflect natural varia-
tion within the river, as there are no significant human
influences throughout the Susitna River Basin that would
affect bacterial counts.
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Concentrations of organic pesticides and herbicides, urani-
um, and gross alpha radicactivity were either less than
their respective detection 1imits or were below TJevels
considered to be potentially harmful. Since no significant
sources of these parameters are known to exist 1in the
drainage basin, no further discussions will be pursued.

2.3.5 - 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
winter. MNutrient concentrations, namely nitrate and orthophos-
phate, exist in low-to-moderate concentrations. Dissolved oxygen
concentrations typically remain high, averaging about 12 mg/l
during the summer and 13 mg/1 during winter. Percentage satura-
tion of dissolved oxygen generally exceeds 80 percent and aver-
ages near 100 percent in the summer. Winter saturation levels
decline slightly from the summer levels. Typically, pH values
range between 7 and 8 and exhibit & wider range in the summer
compared to the winter. During summer, pH occasionally drops
below 7, which is attributed to organic acids in the tundra
runoff. True color, also resulting from tundra runoff, displays
a wider range during summer than winter. Values have been
measured as high as 40 color units in the vicinity of the dam-
sites. Temperature remains at or near 0°C during winter, and the
symmer maximum is 14°C. Alkalinity concentrations, with bicar-
ponate as the dominant anion, are low tc 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 Tow 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
organisms. These concentrations are the result of natural pro-
cesses because with the exception of some placer mining activi-
ties there are no man-induced sources of these elements in the
Susitna River basin.

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



. Baseline Ground Hater Conditions

2.4,1 - Description of Water Table and Artesian Conditions

5

Ine landscape of the upper basin consists of relatively barren
bedrock mountains with exposed bedrock c¢liffs in canyons and
along streams, and areas of unconsolidated sediments (outwash,
titl, alluvium) with Tow relief particularly in the valleys. The
arctic climate has retarded development of topsoil. ‘Unconfined
aguifers exist in the unconsolidated sediments, although there is
ne water table data in these areas except in the relict channel
at Watana and the south abutment at Devil Canyon. Winter low
flows 1in the Susitna River and its major tributaries are fed
primarily from ground water storage in unconfined aquifers. The
bedrock within the basin comprises crystalline and metamorphic
rocks. MNo significant bedrock aquifers have been identified or
are anticipated.

Below Talkeetna, the broad plain between the Talkeetna Mountains
and the Alaska Range generally has higher ground water yields,
with the unconfined aquifers immediately adjacent to the Susitna
River having the highest ylelds (Freethey and Scully 1980).

2.4.2 - Hydraulic Connection of Ground Water and Surface Water

Much of the ground water in the system is stored in uncontined
aguifers in the valley bottoms and 1in alluvial fans along the
slopes. Conseguently, there is a direct connection between the
ground water and surface water. Confined aquifers may exist
within some of the unconsolidated sediments, but no data are
available as to their extent.

2.4.3 - Locations of Springs, Wells, and Artesian Flows

Due to the wilderness character of the basin, there is no data on
the location of springs, wells, and artesian flows.  However,
winter aufeis buildups have been observed between Vee Canyon and
Fog Creek, indicating the presence of ground water discharges.
Ground water is the main source of flow during winter months,
when precipitation falls as snow and there is no glacial melt.
it is believed that much of this water comes from unconfined
aquifers (Freethey and Scully 1880).

2.4.4 - Hydraulic Connection of Mainstem and Sloughs

Ground water studies in respresentative sioughs downstream of
Devil Canyon indicate that there 1is a hydraulic connection

between the mainstem Susitna River and the sloughs. These
sloughs are used by salmonid species for spawning, and hence, are
important to the fisheries. Ground water observation wells

indicate that the upwelling in the sloughs, which 1is necessary
for egg incubation, is caused by ground water flow from the
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uplands and from tThe mainstem Susitna. The higher permeability
of the valley te*ta% sediments {saﬁd«grave?uaabbae alTuvium)
compared with the till mantle and bedrock of the valley sides
indicates that the mainstem Susitna River is the maior source of
ground water inflow in the sioughs. Preliminary estimates of the
travel time of the ground water from the mainstem o the sloughs
indicate a time on the order of six months.

Existing Lakes, Reservoirs, and Streams

Z2.5.1 - 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
Reservoirs. MNo lakes 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 normal maximum operating level of 2185 feet 1in the Watana
Reservoir will inundate several lakes, none of which are named on
USGS topographic quadrangie maps. Most of these are small tundra
takes and are located along the Susitna between RM 191 and RM 197
near the mouth of Watana Creek. The largest of these lakes is
Sally Lake. It is situated at geographic location S/32N/07E/29.
Surface area of this lake is 63 acres. If has a maximum depth of
27 feet and a mean depth of 11.6 feet. The shoreline length is
10,500 feet., The water surface elevation is approximately at
elevation 2050 feet. An area-capacity curve 1is illustrated in

Figure 39 .

There, are 27 lakes less than 5 acres in sur?aae area aﬂd one
between 5 and 10 acres .= = : e &b o=
all on the north side of the river. In ad&?t ion, a smaii éake
(Tess 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 cunnected by small streams
to Watana Creek or to the Susitna River itself.

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

2e5.2 - Streams

Several streams in each reservoir will be completely or partially
inundated by “he raised water levels during ﬁrajegt filling and
operation. The streams appearing on the 1:863,3560 scale USGS
quadrangle maps and itlustrated in Figures £4 and ﬁ%? are listed
by reservoir in Tables E.2.¥ and E.2.3. Listed in the tables

/9 20




¢re map name of each stream, river mile locations of ihe mouth,

s}

existing elevation of the stream mouths, the average stream
gradient, the number of miles of stream to be inundated. The
grac i

maximum reservoir elevations of 2160 feet and 1455 feel were used
for these determinations for the Watana and Devil Canyon poois,
respectively.

Within Watana QQS@TJQ§F there is a small slough witn two small

Gfﬁﬁ @2 % at RM 212, four miles upstream from the mouth of Jay
reek. At Jay F@eek there are two c?@uﬂhsa ne just upstream
and the other Jmst downstream from the Bassh of Jay Creek.
Additional sloughs are located at RM 206.7, RM 201.6 and just
uwﬁaiﬁén of Watana Creek. Within Devil Canyon Reservoir, there
are E?gﬂt stoughs (at RM 180.1, 178.3, 179.1, 177.0, 174.0,
173.4, 172.1, and 169,5) which will be totally inundated. The
Tocations of the sloughs to be inundated are also depicted on

Figures 86 and 8/ .

Aside from the streams to be 1inurdated by the two project
impoundments, there are several tribucaries downstream of the
project 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, scme of the
creeks may either degrade to the 1&%@? elevation or remain
perched above the river. Apalysis 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 Alaska Railrcad (R&M 1982). These streams are listed in
Table E.2.8, with their river mile Tlocations and reason for
concern. &f

c..ZL

2.6 -~ Existing Instream Flow Uses

Instream flow 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 Tload 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 a1l these uses except
hydroelectric power operation.

2.6.1 - Downstream Water Rights

The 18 different areas in the Susitna Rivep Basin investigated
for water rights are shown in Figure E.2.7% ‘wight 1981). Table
£.2. %% ndicates the total amount of su .ce water and ground
water appropriated within each area. The only significant uses
of surface water in the Susitna River basin occur in the head-
daters of the Kahiltna and Willow Creek township grids where



a0 erations take place on 3 seasonal basis. o sur-
o8 wa?e? w thd?awﬁis from the Susitna River are eﬂ T?EP with
¢ Alaska Department of Natural Resources {(DNR}. Ground water
propriations on file with DNR for the mainstem Susitna River
rridor are minimal, both in terms of number of users and the
amount of waze? being withdrawn,
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f tepographic maps and overiays showing the specific
of each recorded appropriation within the mainstem
na River corridor indicated that neither the surface water
rsio nh from ¢ma% tributarics nor the groundwater witndrawals
from shallow wells will be adversely a?fe ted by the proposed
Susitna ﬁyér@eiﬁcir?c gragect {Dwight 1981). Hence, no further
discussion on water rights is pregeﬁtedq
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2.6.2 - rishery Resources

The Susitna River supports populations of both anadromous and
resident fish. Important commercial, recreational, and subsis-
tence species include pink, cnhum, c<¢oho, scckeye 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 limb of the hydrograph, the eggs incubate through the
fow-flow pericd and fry emergence nccurs on the ascending limb of
the hydrograph. Rainbow trout and grayling spawn during the nigh
flows of the breakup period with embryo development occurring
during the early summer. Alteration of the natural flow regime

during reservoir Tilling and project operation will Tikely result
in both detrimental and beneficial effects on the fishery
resources of the Susiina River {see Chapter 3J.

2.6.3 - Navigation and Transportation

Navigation and transportation use of the Susitna River presently
consists of boating for recreation sport fishing, hunting., and
some transportation of goods. The reach from the headwaters of
the Susitna River to the Devil Clanyon damsite has UXgaw?ea“ﬁa
Timited use, primarily related to hu ters and fishers' access to
thr Tyone River area after launching at the Denalil Highway. Some
recreational kayaking, canoeing, and rafting has 2lsc takan place
downstream from the Denali Highway Bridge, generally stopping
near Stephan Lake or soma2 other points above the rapids at Devil
Creek. Steep rapids near Devil Creek and at the Devil Canyen
damsite are barriers to most navigation, though a very smail’
nuitber of kayakers have successfully traveled through the Devil
Canyon repids in recent years. There have been several unsuc-
cesstul &?*Qmp to penetrate the canyon, both going upstream and
downstream, in a powerboat and in kayaks.



Below Devil Canyon, the river is used for access to saimon fish-
ing at several sites as far upstream as Portage Creek. This is
undertaken 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 terrzin and wildlife. There is recreational boating
in this reach, frequently by kayakers or canceists floating
downriver to Talkeetna from the railroad access point et Geld
Creek.

Access to the Susitna downstream of Talkeetna is obtained at
Talkeetna, from a boat-launching site at Susitna Landing near
Kashwitna, at several of the minor tributaries betwesen Talkestna
and Cook Inlet, and from Cook Infet. Other primary tributaries
accessible by recad are Willow Creek, Sheep Creek, and Montana
Creek. Virtually this entire reach of the Susitna is navigable
under mcs., ilow conditions although abundant floating debris
during extreme high water and occasional shallow areas during low
water make navigation treacherous at times.

Identivied restrictions of open-water navigation over the full
iength of the river are tabulated in Table E.Z2. 8BZZ

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 river freezing causes discharge of significant
frazil ice for several days in an initial surge, which hinders
boat operaticn, but this 1is often followed by a frazil-free
period of 1 to 2 weeks when navigation is again feasible. The
next sequence of frazil generation gener.lly leads into continu-
ous freezing of the river, prohibitin: open-water navigation
until after the next spring 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 cpen water
season. These are primarily at locations in the Tower 50 miles
above the mouth. Floatplane access also occurs on occcasion with-
in the middle and upper Susitna reaches.

After the river ice cover has solidly formed in the fall, the
river 1s used extensively for transportation access by ground
methods 1in  several areas. Snow machines and doysleds are
commonly used below Talkeetna; the Iditared T
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rail crosses the
piver near the Yentna River confluence and is used for an annual
dogsied race in February. 0Occasional crossings are also made by
automobiles and ski, primarily near Talkeetna and near the

mouth.



Z.6.4 ~ Recreation

Information on the recresation uses o¢on the Susitna River are
presented in Chapter 7.

2.6.5 = Riparian Vegetation and Wildlife Habitat

Wetlands cover large portions of the Susitna River Basin, includ-

ing riparian zones aiong the mainstem Susitna, sloughs, and t rib-

utary streams. Wetlands are biologically important because they
generally support a greater diversity of wildiife species per
unit area than most other habitat types in Alaska. In addition,
riparian wetlands provide winter browse for moose and, during
severe winters, can be a critical survival factor for this
species. They also help to maintain water quality throughout
regional watersheds. Further information on riparian wetlands
and wiidlife habitat can be found in Chapter 3.

2.%.0; Waste Assimilative Capacity
R

Review of the Alaske Department of Environmental Conservation
document entitied “lInventory of Water Pollution Scurces and
Management Actions, Maps and Tables” (1978) indicates that the
primary sources of pollution to the Susitna River watershed are
placer mining operations. Approximately 350 sites were identi-
fied although many of these claims are inactive. As the result
of these aperations, large amounts of suspended sediments are
introduced inte the watershed. However, no biochemical oxygen
demand (BOD) is placed on the system, and therefore, the waste
assimilative capacity remains unaffected by these mining activi-
ties.

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

During ge?soﬁai communication {1982) with Joe LeBeau of the
Alaska ©Department of Environmental Conservation (DEC) it was
noted ?huh no new wastewater discharges of any significance have
developed since the 1978 report. Further, ne noted that the
sources that do exist are believed to be insignificant.

Mr Robert Flint of the DEC indicated that, in -the absence of
gulated Tiows and significant wastewater discharges, the DEC
as not established minimum flow requirements necessary for the
gintenance of the waste assimilative capacity of the river

re
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(personal communication 1982).
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2.6.7 - Freshwater Recruitment fTo Estuaries

The Susitna River is the chief contributor of freshwater to Cook
inlet and as such has a major influence on the salinity of Cook
Inlet. The hignh summer freshwater flows cause a reduction in
Cook Inlet salinities. During wiftfler flows the reduced flows
cermit the more saline water to move up to Cook Inlet from the
oCean. Using a computer model for the Cook Inlet, Resource
Management Associates (RMA 1982) predicted & seasgnal salinity
variation near the mouth of the Susitna River of 15 parts per
thousand (pptj). In the central part of the 1inlet, salinity
varies seasonally by about 5 ppt.

Saiinity measurements were taken at the mouth of the Susitna
River in August 1982 to determine if and to what extent saliwater
intruded upstream. No saltwater intrusion was detected. Flow
was approximately 100,000 cfs at Susitna Station at the time the
measurements were made. Additional salinity measurements will be
made during the 1982-83 winter season to determine if salt water
penetration occurs upstream of the mouth of the river during Tow
flow periods.

The streams crossed by the access road are typical of the subarc-
tic, snow-dominated flow regime, in which a snowmelt flood in
spring is followed by generally low flow through the summer,
punctuated by periedic rainstorm vioods. During October-April,
precipitation falls as snow and remains on the ground. The
annual low flow occurs during this period, and is almost com-
pletely base flow.

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

2.7.2 - Water Quality

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

The transmission corridor consists of  four  segments: the
Anchorage-Wiliow 1ine, the Fairbanks-Healy 1ine, the Willow-Healy
Intertie, and the Gold Creek-Watana line. The first two (from

Anchorage and Fairbanks) have existing facilities, but they will be
upgraded before Watana comes on line. The intertie is currently being
constructed under ancther contract. The line between the dam and the
intertie has yet to be designed, sited, or constructed.

Numerous water bodies 1in each of the four sectigns will be
crossed by the transmission line. Most of these are small creeks
in remote areas of the region, but each segment has some majer
crossings. Data are very Timited on th~ small streams, both with
respect to water quantity and water quality. HMost of the major
crossings, however, have been gaged at some point along their
Tength by the USGS. Major stream crossings are identified below.
Pertinent gage records are summarized in Table E.2. 825

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

The Fairbanks-Healy line will make two cragssvgs of the Nenana
River and one of the Tanana River, both large rivers and gaged.
the intertie route between Willow and Healy will cross several
dozen small creeks, many of which are unnamed. Major streams
include the Talkeetna, Susitna, and Indian Rivers: the East Fork
and Middle Fork of the Chulitna River; the Nenana River:; Yanert
Fork of the Nenana; and Healy Creek.

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

2.8.2 - Water Quality

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

3

13

Proposed Project Reservoirs

O

3.1.1 - Watana Reserveoir Characteristics

The Watana Reservoir will be operated at a normal maximum egﬂr&t«
ing level of 2185 feet above mean sea Tevel, but will be 2liowed
to surcharge to E1 2190 in late August éaréﬁg wet years. Average
annual drawdown will be 105 feet with the maximum drawdown equal-
ing 120 feet. During extreme flood events the reservoir will
rise to E1 2193.3 for the 1 in 10,000 year flood and EY 2200.5
for the probable maximum fliood, respectively.

At E1 2185, the reservoir will have a surface area of 38,000
acres and a total volume of 9.47 miiiion acre-feel as indicated
in the area-capacity curves in Figure 83 . Maximum 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 shoreline length will be 183 miles. Within the Watana reser-
voir area the substrate classification varies greatly. It con-
sists predominantly of glacial, colluvial, and fluvial unconsoli-
dated sediments and several bedrock ?%ths%ogéeac Many of these
deposits are frozen,

3.1.2 - Devil Canyon Reservoir Characteristics

Devil Canyon reserveoir wiil 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 E1 1455 the reservoir has a surface area of 7800 acres
and a volume of 1,09 million acre-feet. Figuregs  iltus-
trates the area capacity curve of the veservoir. 1he maximum
depth will be 565 feet and the mean depth 140 feet. The reser-
voir will have a retention time of 2 months. Shoreline length
will total 76 miles. Materials forming the walls and figors of
the reservoir area are composed predominantly of bedrock and
glacial, coiluvial, and fluvial materials.

Project Operation and Flow Selection

3.2.1 - Simulation Model and Selection Process

A multireservoir energy simulation model was used to evaluate the
optimum method of operating the Susitna Hyrdoelectric project for
a range of post project flows at the Gold Creek gaging station 25
miles downstream of the Devil Canyon damsite.

The simulation model incorportes several features which are
satisfied acording to the following hierarchy:
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- Minimum downstream flow requirements;
- Minimun energy demand;

- Reservoir operating rule curve; and

- Maximum usable energy level.

The physical characteristics of the two reservoirs and the opera-
Lional characteristics of tne powerhouses and either the monthly
or weekly average fTlow at each damsite and Gold Creek for the
nunber of years to be simulated are input to the simulaticn pro-
gram. The program then uses the hierachy 1isted above to satisfy
the minimum flow reguirement at Gold Creek. Hext the minimum
energy requirement is met. The reservoir operating rule curve is
checked and if "extra water" is in storage, the "extra water” is
used to produce additional energy up to the maximun usable energy
ievel. There is a further consideration that the reservoir can-
not be drawn below the macimum allowabie drawdown Timit. The
energy produced, the flow at the damsites and at Goid Creek, and
the reservoir levels are determined for the periocd of record
input to the model.

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

- Determination of pre-project fiows at Gold Creek, Cantwell,
Watana, and Devil Canyon for 32 years of record;

~ Selection of range of flaws 4o he Inejudedd by Fhe amalgeis ]

- Selection of timing of flow releases to match fishery require-
ments:

- Determination of energy produced and net benefits for the seven
flow release sceparios being studied;

- Selection of range of flows acceptable based on economic fac-
tors; am

- Infiuence of instream flow and fishery considerations on selec-
tion of project operational f?ewsgﬁgmﬁ

-~ Selection of maximun drawdown at Watana.

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

3.2.2 - Preproject Flows

As discussed in Section 2.1.1, the 32-year discharge record at
Gold Creek was combined with a regional analysis to develop a 32
year rvecord for the Cantwell gage near Vee Canyon on the upper
end of the proposed Watana reservoir, filling in those years for
which gage data was not recorded. The flow at Watana and Devil
Canyon was then calculated using the Cantwell flow as the base
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and adding an incremental flow proportional to the additional
drainage area between the Cantwell gage and the damsites.

The available 32 year record was considered adequate for deter-
mining a statistical distribution of annual energies for each
annual demand considered, and hence it was not considered neces-
sary to synthesize additional years of record,

he 3Z-years of actual hydrology contained a Tow flow event
ter year 1969) with a recurrence interval of approximately
J0 years as illustrated in Figure 2 . This water year
) was adjusted to reflect a low f?sw frequency of 1:32-vears.
The 1:32-year annual volume was proportioned on a monthly basis
according to the long term average monthly distribution. Tais
resulted in increasing the WY 1969 average annual discharge at
Gold Creek 1600 cfs, from 5600 cfs to 7200 cfs. However, the
verage annual discharge at Gold Creek for the 32 years of record
increased only one-half percent.

Although the freguency of the modified year is a 1:3Z2-year occur-
rence, the two year low flow freguency of the modified year WY
1969 and the succeeding low flow WY 1970 is approximately 1:100
years, The unmodified two year low flow freguency is approxi-
ately 1:250 years. This two year Tow flow event is also impor-
tant in that if the reservoir is drawn down to its minimum Tevel
after the first wear of low flow the reservoir will have less
energy available for the winter following the second summer of
tow flow. Since the modified hydrology had a one year low flow
frequency of 1:32-years and a two year Tow flow freguency of
1:106 years, frequencies which are more indicative of an energy
planning period, the modified record was adopted for use in the
simulation studies. The effects of this change is hydrology are
discussed in Section . The resulting monthly filows at
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Watana, Devil Canyon, and Gold Creek are presented in Tables & s

- , and 8 .

3.2.3 - Project ==

(a) Range of Project Flows

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

The range of project flows analyzed heluded %%&@@@wﬁw@%&f Hogs
§ fﬂ Case A, the minimum target flow at Gold Creek for the
f August and the first half of September was
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established at 6000 cfs. Flow was increased in increments '
of 2000 cfs for this time period, successively for Cases Al,
A2, C, Cl, and 2 to an August/September flow of 16,000 cfs
(Case €2). August/September] #-14 flow was established at
19,000 cfs for Case D. The resulting 7 flow scenarios were
adequate to define the change in project economifs resulting
from a change in project flow requirvements, The monthly
minimum target flows for all seven flow scenarios are pre-
sented in Table 2 and Figure B% .
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Timing of Flow Releases

In the reach of the Susitna River between Talkeetna and
Devil Canyon it is perceived that the most important aspect
of maintaining & natural sockeye and chum salmon reproduc-
tion 1is providing access to the side channel and slough
spawning areas hydraulically connected to the main stem of
the river. Access to these main# sstem spawnly areas is
primarily a function of flow {water level} in the main chan-
nel of the river during the period when the salmon must gain
access to the spawning areas, Field studies during 1981 and
1982 have shown that the most critical period for access is
August and early S@ptembera Thus, the project operational
flow has been scheduled to satasfy this requirement; i.e.,
the flow will be increased the last week of Jduly, held con-
stant during August and the first two weeks of September and
then decreased "0 a level specified by energy demands in mid
September

3.2.4 - Energy Production and Net Benefits

The reservoir simulation model was run for the seven flow cases.
Monthly energies were determined for 32 vears of simulation for
each demand considered {yér 2008ifor Watana and 2010 for Watana/
Bevil Canyon). Tor years 1993 to 2002 it was assumed that the
distribution of éﬂargi&s obtained in the year 2008%zsimulation
would apply and for the years 2002 to 2051, the 2010 simulation.
from year EGEG the demand was assumed canstaht,

To determine the net economic value of the energy produced by the
Susitna Hydroelectric Project the mathematical model commonly
known as OGP 5 ({Optimized Generation Planning Model, Version 5)
was used to determine the present worth value (1982 dollars) of
the long-term (1993 to 2051) production costs (LTPWC) of supply-
ing the Railbelt energy needs by various alternative means of
generation. A more detailed description of the OGP model is con-
tai=eé in Exhibit B, Section 1.5, The analysis was performed for
the "best thermal G@t?@ﬁ as well as for the seven flow scenarios
for opsrating Sus 1tﬁaa The results are prcoented in Exnibit B,
Table 8,55,



net benefit presented in Table B.55 is the difference
the LTPYC for the "best thermal option® and the

ing

between

LTRC for the various Susiina options. In Table B.55, Case
A represents the maximum usable energy option and results in
a net benefit of $1234 million. As flow is transferved from

the winter o the August-September time periocd for fishery
and instream flow mitigation purposes the amount of usable
energy decreases. This decrease is not significant until
the flow provided at Gold Creek during August reaches the
12,000 to 14,000 cfs range. For a fiow of 19,000 cfs at
Gold Creek, a flow scenario that represents minimum down-
stream fishery impact, approximately 46 percent of the po-
tential project nel benefiis have been fO?EgGﬂE¢

3.2.5 - Operational Flow Scenario Selection

Based on the economic analysis discussed above, it was
judged that, while cases A, Al, and AZ flows produced essen-
tially the same net benefit, the los$s in net benefits for
Case C is of an acceptable magnitude. The loss associated
with Case C1 is on the borderiine between acceptable and un-
acceptable. As f?shery and instream flow impact (and hence
mitigation cas associated with the various flow scenarios)
are fﬁﬁgﬁau aaw% Table E.3.  in Chapter 3} the decrease in
mitigation costs associated with higher flows will not war-
rant selecting a higher fiow case such as CI. The loss in
net benefits associated with Cases CZ2 and D are considered
unacceptable and the mitigation cost reduction associated
with these higher flows will not bring them inito the accept-
able range.

3.2.6 - Instream Flow and Fishery Impacts of Flow Selection

a) Mainstem Fishery Impacts

As noted earlier, the primary function controlied by
the late summer flow is the ability of the salmon fo
gain access to their traditional mainstem,side channel,
and slough spawning grounds. Instream flow assessment
conducted during 1981 (the wettest July-August on
record) and 1682 {one of the driest July-Augusts on
record) has indicated that, for flows of the Case A
magnitude, severe impacts wna?d occur which cannot be
mitigated except by compensation through hatchery con-
struction and gperation.

For flows in the 12.000 cfs range {(flows similar to
those that occurved in August, 1982} the salmon can,
with difficuity, obtain access to their spawning
grounds. To insure that the salmon can always obtain
access to spawning areas during a flow of 12 000 c¢fs

i



simple, relatively low cost {see Table E£.3. } phys
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cal mitigation measures are incorporated info the mit
gation afan presented in Chapter 3 of Exhibit E. Ba
on this assessment the Case A, Al, and A2 ¥suw scen
ios are considered a?accepiiﬁ.»g thus establishing the
Towest acceptable flow range of approximately 12,000

cfs (Case€E) at Gold Creek during August.
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(b} Tributary Fishery Impacts

ool s

Since three salmon species {(chinook, coho, and bp ﬁ%ﬁ
use the clear water tributaries for essentially all
their spawning activities a second primary concern
refative to post project fiow modifications is main-
taining access into the itributaries: i.e., the mouth
of tributary cannot be permitted to become perched.
However, perching is a function of tributary flow and
the size of bed material at the mouth of the tributary,
neither of which will be affected by the post project
change in mainstem flow. Thus, perching of tributaries
in general will not be dependent upcn which operational
scenario is selected.

3.2.7 = Maximum Drawdown

==2] Watana reservoir is used fo redistribute the flow

period. The maximum reservoir drawdown is used to produce
firm energy during a low flow sequence which is usually one
to two years in duration for the Susitna River above Gold
Creek. The drawdown of the Devil fanyon reservoir is used
either to provide the specified minimum downstream fishery
flow during August and ear?y September or to produce firm
energy in A@r,? ﬁuriﬁg those years when the Watana reservoir
has reached its maximum drawdown 1imit.

During the Susitna Hydroelectric Feasibility Study {Acres
1982} the maximum drawdown of the Watana reservoir for power
gener ation purposes was selected as 140 feet and for the
Devil Canyon reservoir 50 feet. The 140 foot drawdown was
deierﬂ%ﬁed to be optimal for the (ase A ogperatignal flow
scenario. However, the maximum drawdown was reevaluated for
two reasons. As more flow is released for instream flow
purposes during the summer season, less live storage volume
is required on an annual basis to redistribute the remainder
of the summer runoff into the winter high energy demand
period, On the other hand, during a Tow flow year less fiow
is available for reservsiv storage because of the additional
downstream flow requirements. Th: net effect may influence
the madimumareguired aﬂd was therefore reassessed,
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P’”ha@ﬁ mare @ﬁparaaﬂt;yg in the Case A scenario presente
in the Susitna Hydroelectric Feasibiiity Study {aﬂgev 19821,
the waximum drawlown was required for two years in the 3
year simulation periocd. For the other 30 gcarag the maximun
drawdown was around 100 feet, Therefore, the frequency low
flow sequence was reexanined f@ determine if it was too con-
servative upon which to base the maximum drawdown. As dis-
cussed in Section ~above, WY 1969 was modifier to
reflect a more representative Q?Pﬂﬁiﬁg period.

)

i , taking into account the minimun downstream flow con-
3%&&%&%?9ﬂ33 the average annual and firm eﬂ@;gy graducfzaug
ana the intake structure cost, the reevaluation process
resulted in the selection of 126 feet as the ﬂ&x;ﬁ&f draw-
down for the Watana reservoir with the Case { scenario.
Because the Devil Canyon maximum drawdown is controlled by
technical considerations, the 50 foot drawdown was not
reconsidered and has been retained as the Timit for Devi?
Canyon.

The modified record had 1ittle effect other than on maximum
arawdown which is controlled by the minimum annual or firm
energy production, and vice versa. It has winimal effect on
average tlow, increasing the flow at Gold Creek by only
one-half percent over the unmodified record. Average annual
energy increased by the same one-half percent. Project
operation differed from the unmodified record only during
the two~-year low flow period and the succeeding one vear
recovery period.

Unless both the Watana reservoir s drawdown to its minimum
level and natural flows at Gold Creek are less ihan the f?@w
requivement, the downstrean flow requirement would be mel at
all times. The gegsébiiitw of this occcurring in *he zumﬁer
months is remote. Even if a two-year low T?aw event with a
recurrence interval grea*gr than 100 years occurred, down-
stream flows would be praw?ded at all times. Only during a
tate spring bf%“ka§§ occurring after a severe two-year Jow
flow event when the reservoir is drawndown to its minimum
elevation would there by a possibility of not meeting the
downstream flow requirement,
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- Watana Construction

eatures of the Watana developmnent,
to Section 1 of Ex%?m? A,
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Buring construction of the diversions funnel, the flow of
the mainstem Susitna will be unaffected excopt during spring
flood runoff. Upon complelion of the diversion facilities
in the autumn of 1986, closure of the upstream cofferdam
will be completed and flow will be diverted througn the
ower diversion tunnel without any interruption in fiow.
Tthough flow will not be interrupted, z one-mile section of
the Susitna River will be detwatered. No significant
impacts should result from this action,

Flows, velocities, and associated water levels upstream from
the proposad Watana damsite will be unaffected during con-
struction except for approximately one-haif mile upstream
from the upstream cofferdan during winter and two miles up-
stream during summer flood flows. During winter, ponding to
E1 1470 will be reguired to form a stable ice cover., How-
ever, the volume of water contained in this pond is insig-
nificant relative to the total river fiow.

During the summer, the diversion intake gates will be fully
openad to pass the natural flows resulting in a run-of-viver
operation. A1l flows up to approximately the mean avnual
flood will be passed through the Tower diversion tunnel,
Average velocities through the diversion tunnel w11 be 13
and 35 feet per second (ft/s) at discharges of 20,000 and
40,000 cfs, respectively. The mean annual flood of 40,800

cfs will cause higher than natural water levels for several

mites upstream from the cofferdan. The water level®5F 1468
to E1 1520, Two miles upstream, the water TJevel will be
about 4 foet higher than the natural water level during the
mean annual flood.

The two diversion tunnels are designed to pass the 1:50 year
return period flood of 87,000 cfs with a maximum head-pond
El of 1536. For flows up to the 1:50 year flood event,
water levels and velocities downstream of the diversion
tunnels will be the same as pre-project levels.

Effects of Water Quality

(1) Water Temperature

Since the operation of the diversion structure will
essentially be run-of-river, no impact on the temper-
ature regime will occur downstream from the tunnel
exit. A small amount of porting will occur early in
the freezeup stage to enhance the formation of a
stable ice cover upstrean from the tunnel intake.

This will not have a noticeable effect downstream.

%gﬁ,ﬁgaﬁﬁ
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During freeze_up, the formation of an upstream stable
ice cover by use of an ice boom and some PPNC?FQ io

reduce approacn veiocities will serve to protect the
diversion works and maintain its flow capac1%§ The
early formation of the cover at this point will cause
a more rapid ice front progression upstrean from the
damsite. The ice formed in the upper reach, which
normally feeds the downstream ice growth, will no
longer be available. However, because of th“ DY eg-
ence of a natural Tlodgement point immediately down-
stream of Watana (Photograph ) frazilgice from
upstream of Watana does not contribute to the ice
cover dewnstream of this point under the natural
regime. Hence, no appreciable impact on ice forma-
tion downstream from Watana will occur as a resu%% of
the diversion scheme., The major contributor of
razi% ice will be the rapids through Devil Cany@ﬁ as
t now is (R&Mgz 1982a).

The ice cover upstream from the damsite will therm-
ally decay in place, since its movement downstream
would be vrestricted by the diversion structure.
Downstream from Devil Canyon, the volume of ice in
the cover will be the same as the baseline condi-
tions, and breakup would likely be similar to natural
occurrences,

During construction, suspended sediment concentra-
tions and turbidity levels are expected to increase
within the impoundnent area, and for some distance
downstream. This will re3u3? from the necessary con
struction activities within and immediately &G?&L&ﬁf
to the river, inciuding dredging and excavation of
gravel from borrow areas, excavation of diversion
?u%ﬂe?3§ g,aiﬁmeﬁt of cofferdans, vegetative clear-
ing, blasting, gravel processing and dewatering.

?he tocation and subseguent excavation § the mate-
rial from proposed borrow sites will create the
Graate t aezent?ai for suspended sedimenl .-+ turDid-
ity problems, 8t The gaegasad borrow sites., ide.tified
in Figure E&ﬁgf are tentatively located in the river
floodplain both upstream and downstream from the dam-
site. However, except for the material for the
upstream cofferdan, most of the borrow material will
be obtained from Sites U and E. Material for the
core of the main dam will be obtained from Site D




(10,000,000 yardsj. Material for the filters and
shell of the main dam will be obt a%ﬁed from site E
{52,000, QQG vards) . Borrow excavation will take
plac du; ing the summer months when suﬂgaﬂdeﬁ sedi-
?8?? and turbidity values in the mainstem of the
river are aiready guite high., As a result, incre-
mental impacts during the summer should not be sig-
nificant. Stockpiling of g;avex is expected to alle-
viate the need for excavation during the winter when
the impact on overwintering fish caused by 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 turbid-
ity during winter, but these should be short term and
localized., Downstream, turbidity and suspended sedi-
ment Tevels should remain essentially the same as
baseline conditions.

becreases in summer and winter vertical illumination
are expected to be commensurate with any increased
suspended sediment concentrations

Since summer flows will be passed through the diver-
sion tunnel with no impoundment, no settling of sus-
pended sediments is expected to occur. The insignif-
icant headpond that will be maintained during winter
is not expected to affect the very Tow suspended
sediment and turbidity levels present during the
winter season.

Metals

Slight increases in the concentration of trace metals

could occur during construction when disturbances fo

sgils and rock occur on the shoreline and in the

riverbed. Such increases are expected to be below

detection limits and thus would not indicate a change

?rom baseline conditions described in Section 2.3 (a)
xiii}).

Contamination by Petroleum Products

Accidental spillage and Teakage of petroleum products
can contaminate water during construction. Lack of
maintenance and service to vehicles could increase
the Teakage of fuel, Tubricating oils, hydraulic
fluid, antifreeze, etc. In addition, poor storage
and handling technigues could Tlead to aCQ? dental
spitls, Given the dynamic nature of the river, the
contaminated water would be quickly diluted; ﬁawmv&r

.
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e potential for such situations wiil be mi
1 state and federal regulations governi
ntion and reclamation of accidental spiil
hered t0.

{vi} Concrete Contamination

Construction of the Watana project will create a
potential for concrete contamination of the Susitna
River. The wastewater associated witnh the batching
of concrete, if directly discharged to the river,
could seriously degrade downstream water quality and
resuylt in substantial mortality of fish. However,
this potential problem should not occur, since the
wastewater will be neutralized and settiing ponds
will be employed to allow the concrete contaminants
to settle prior to the discharge of the wastewater to
the river.

{vii) Other

No additional water guality impacts are anticipated.

Effects on Ground Water Conditions

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

Impact on Lakes and Streams in Impoundment Area

There will be minor impacts on Takes and streams in the im-
poundment area caused by excavation of borrow material.
Also, facilities will be constructed to house and support
construction personnel and their families. The construc-
tion, operation and maintenance of these facilities are ex-
pected to impact the Tsusena and Deadman Creek drainage
basins and some of the small lakes Tocated between the two
creeks near the damsite. For a compiete discussion of these
impacts refer to the discussion on facilities in paragraph
{(f) below.

Instream Fiow 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
assimilation or the freshwater recruitment to Cook Iniet for
flows less than the 1:50-year flood event. Since the early

S
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phases ofaconstruction are designed for the 1:50-year flood
event, fio 00ds greater than this could overtop the n
cofferdams and cause failure of the cofferdams. Aithough
damage would occur dOWﬂSt eam, the relatively small vol

of the head pond and the attarvaiiaa downstream would offset
the potential destruction. In any event, if these flood
Tevels were ie occur they would Tikely have necessitated
ion of downstream population centers before the cof-
failed. .

(i) Mavigation and Transportation

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

(i1) Fisheries

or £]

5 &l 470. This will cause VGEQCit3e greater

than 20 feet per second at the gate intake. This,
coupled with the 50-foot-depth at the intake may
impact fisheries. The impacts associated with the
winter diversion are discussed in Chapter 3,

During summer,. the diversion gates will be fully
opened., This will permit downstream fish movement
during low flows of about 10,000 cfs {eguivalent vel-
ocity, 9 feet per second [ft/s]). Higher tunnel vel-
ocities may lead to fish mortality. The impacts
associated with summer tunnel velocities are dis-
cussed in Chapter 3.

{(i1i) Riparian Vegetation

Existing shoreline vegetation upstream from the cof-
ferdam will be inundated approximately 50 feet to El
1520 during flood events. However, the flooding will
be confined to a two-mile river section upstream from
the cofferdan, with the deptn of flooding lessening
with distance upstream. Since the flooding will 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.

@ 7
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Faciltities
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he construction of the Watana power oroject will reguire
he construction, operation and maintenance of support
facilities capable of providing the basic needs for a maxi-
mum population of 4720 people (3600 in the construction camp
and 1120 in the village) ({Acresg 1982). The facilities,
including roads, buildings, utilities, stores, recreation
facilities, airports, etc., will be constructed in stages
during the first three years (1985-1987) of the proposed
ten-year construction period. The camp and village will be
focated approximately 2.5 miles northeast of the Watana dam-
site, between Deadman and Tsusena Creeks. The Tocation and
Tayout of the camp and viilage facilities are presented in
Plates 34, 35, and 36 of Exhibit F.

Hh ot

{1} 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 Cresk
atiuvium as a backup water supply.

During construction, the required capacity of the
water treatment plant has been estimated at 1,000,000
gallons per day, or 700 gallons per minute { 1.5 cfs)
(Acresg 1982). With the use the USES regression
equation described in Table E2.18%*% 30-day minimum
flows (cfs) with recurrence intervals of 20 years
were estimated for Tsusena Creek near the water
suypply intake. The low flow was estimated to be 17
cfs for the approximate 126 square miles of drainage
basin. As a result, no significant adverse impacts
are anticipated from the maximum water supply with-
drawal of 1.5 cfs. Further, a withdrawal of this
magnitude should not occur during the Tow-flow winter
months, since construction personnel will be signifi-
cantly fewer than during summer.

The water supply will be treated by chemical addi-
tion, flocculation, filtration and disinfection prior
to its use. Disinfection should probably be with
ozone to avoid having to dechlorinate. In addition,
the water wili be demineralized and aerated, if
necessary.

(i1) Wastewater Treatment

A secondary wastewater treatment facility will treat
all wastewater prior to its discharge into Deadman
Creek (Plate 34).

-
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Construction, Maintenance and Operation

Treatment will reduce the BOD and TS5 concentratidns
to levels acceptable to the Alaska Department of
Environmental Conservation. The levels are likely to
30 mg/1 BOD and 30 mg/1 T3S. The maximum volume
of effluent, 1 mitlion 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 concentrations to about 2 mg/1 after complete

mixing under the worst case flow conditions (maximum
effluent and low flow in Deadman Creek). Mixing will
occur rapidly in the creek because of turbulent con-
ditions.

The effluent is not expected fo cause any degrada-
tions of water quality in the 1-1/2 mile section 2f
Deadman Creek between the wastewater discharge point
and the creek's confluence with the Susitna River.
Furthermore, no water quality problems are antici-
pated within the impoundment area or downstream on
the Susitna River as a result of the input of this
treated effluent. With the use of the USGS regres-
sion analysis, the 1:20-year, 30-day Tow flow for
Deadman Creek at the confluence with the Susitna was
estimated at 27 cfs. Flow at the point of discharge,
which is Tess than two miles upstream, is not ex-
pected to differ significantiy.

Q@ struction of the wastewater treatment facility is
expected to be completed in the first 12 months of
tn- Watana construction scheduie. Prior to its oper-
ation, all waste will be st&red in a lagoon system
for treatment at a Tater date. No raw sewage will be
discharged to any water body. :

The agﬁsfcaut will obtain all the necessary DEC, EPA,

DNR, and PHS permits for the water supply and wastem
water discharge facilities.

Construction of the Watana camp, vitl af:ze3 airstrips,
etc. will cause impacts to water quality similtar to
many of those occurring from dam construction.
Increases in sedimentation and turbidity Jevels are
anticipated 1in the Tocal drainage basins (i.e.,
Tsusena and Deadman Creeks). Evern with extensive
safety contreols, accidental spillage and leakage .of
petroleun products could occur creating Tocalized
contamination within the watershed. .

4G



]
-

/
\

w»

a

2
b

B

.2 - lupoundment of Watana Reservair

of the Hatana reserveoir is scheduled to commsnce

compieted as rapidly as possible, taking into
downstrean flow regquirements and a flood

i
[ B4 3]
ok D

consideration ¢
storage safety factor.
{1} Minimum Downstream Target Flows

Because of the naturailly occurring Tow flows during
winter, 13ttle opportunity is available for filling
Watana reservoir, Therefore, it is proposed that
the downstream fiow reguirements be similar to the
natural regime. During summer, runoff will be cap-
tured and stored in the reserveir in a similar man-
ner to that which will occur during project opera-
tion., The primary difference will be that the down-
stream fiow requirements will be met by passage of
water through the low level outlet rather than the
powerhouse., Therefore, the downstream flow reguire-
ments selected for the May through September period
are the same as for project operation (see Section

B

g

Table E.2.27 and Figure 8% illustrate@ the tar-
geted minimum Gold Creek fiows. The minimum down-
stream flow of 1G00 c¢fs from November through April
is slightly Tower than the average winter flow at
Gold Creek.

From May tc the last week of July, the target flow
will be increased to 6,000 cfs to allow for mainstem
fishery movement. During June, it may be desirable
to spike the fiows to trigger the outmigration of
salmon fry from the sloughs. ({Schmnidt personal com-
municationg 1982). It is believed that the outmi-
gration is triggered by a combination of stage, dis-
charge, and temperature. Trihey {1982) has observed
that the fry outmigrate during the falling limb of
the spring Tlood hwirograpn.

The G000 c¢fs Gold Creek flow will provide a minimum
of 2 feet of river stage for mainstem fishery move-
ment at all 65 surveyed cross sections betweer
Talkeetna and Devil Canyon. Figure E2.5&4i7%lus-
trates computed water surface elevations for various
discharges at Cross Section 32 Jocated near Sherman
(RM 130), (Accuracy is +1 foot). This cross section

50



is believed to be the shallowest in the Talkeetna to
Devil Canyon reach,. The estimated water surface
etevation for a discharge of 8000 cfs indicates that
the depth is greater than 2 feef.

During the last 5 days of July, flows will be in-
creased from 6000 cfs to 12,000 cfs in increments of
approximately 1800 cfs per day. Flows will be main-
tained at 12,000 cfs from August 1 through nid-
September to coincide approximately with the sockeye
and chum spawning season in the sloughs upstream from
Talkeetna. Adverse impacts to fish resulting from
this flow regime are discussed in Chapter 3.

Sta?ting Se gtember 15, flows will be reduced to 6000
cfs in daily gﬂgchcha of 1000 cfs and then held
constant until October when they will be further
reduced to 2000 cfs. In November, the flow will be
Towered to 1000 cfs.

The minimum target flows at Gold Creek will be
attained by releasing that flow necessary from the
Watana impoundment which, when added to the flow con-
tribution from the intervening drainage area between
Watana and Gold Creek, will egual the minimum Gold
Creek target flow. The absolute minimun flow release
at Watana will be 1000 cfs. ODuring filling, flows at
Gold Creek will be monitored and the flow at Watana
adjusted as necessary to provide the required Gold
Creek fiow.

Flood Flows

Taking inte account the 30,000 c¢fs discharge capabil-
ity of the Tow-level eutiet syfficient storage will
be made available during the fi1ling seguence so that
flood volumes for all floods up to the 250-year
recurrence interval flood can be temporarily stored
in the reservoir without endaﬂgeréng the main dam.
Whenever this storage criterion is violated, dis-
charge from the Watana reservoir will be 3ncr%abed up
to the maximum capacity of the outlet to lower the
reservoir level henind the dam.

(b) Flows and Water Levels During Reservoir Filling

(1)

Simulation of Reservoir Filling

With the use of the reservoir filling criteria, three
reservoir filling sequences were simulated to deter-
mine the mean or likely fiiling sequence and probable
deviations if wet or dry hydrologic sequences
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Qc”vmrﬁﬁ during fi %E?ﬂge Since approximately fhre
years will be ;Pqu?r d to bring the rﬂgewyair o it
normal operating level, thres -year yunui ing average
of the total anrual flow volume at Gold Creek wer
compuced from monthly mean ?TQWJQ Tnie probability of
occurrence for each u? the three yeaf average values
was then determined. (Figure g% ) With the use of
the 10 (wet), 50 (mean), anc 9 ’d”y§ percentile
volumes from Figure 9 ana mu@tép%y?nﬁ by the Tong
term average monthly G m by bwsed Tiow
istribution, Gold ﬁrae?&?ﬁ%@ ryfragraahb wWere syn-
thesized for each case. An identical process was
used to synthesize the 10, 50, and 90 percentiie
volumes and flow distributions at Watana, The inter-
mediate flow contribution was taken as the difference
petween the Watana and Goid Creek monthiy flows. The
Watana and Gold Creek monthly flows for each ﬁf the
three cases are identified as “pre-project” in Tables
E 2.48 and E. 2€13 demmem Lhe downstream ??0% cri-
eria and the flow va?uec at Watana and Gold Creek,
ﬁiggw&ﬁéz?nﬂ sequence for LNe Lhree cases were used to
determine¥by repeating the annual T10W sequence for
each percentile flow until the reservoir was filled.

”f‘)i“i) U'i 13

1S

The Watana reservoir water levels for each of the
three filling cases considered > illustrated in
?igure £.2.890 Under average conditions (50 percent

case}, the vreservoir would fi11 sufficiently by

autumn 1992 to ailow testing and commissioning of the
units to commence. However, the reservoir would not
be filled to its normal operating level until the
foliowing summer. If the dry sequence were to occur,
{90 percentile case) the reservoir would not be suf-
ficently full to permit the start of testing and com-
missioning until Tate spring 1993. If a wet sequence

%f%

%Séﬁﬁwf%f

@ﬁi & 2

were to occur (10 percentile case)¥because the tliood
protection c¢riteria is violated and flow must be by-
passed rather than stored. The dry sequency and wet
sequence would each have a probability of occurrence
of approximately 10 percent.

The Watana discharges for the high (10 percent), mean
(50 percent), and Tow (90 percent) flow cases con-
sidered are compared to the Wacana inflow in Table

£.2.18. For the average hydrologic case, pre-project

discharge for the May-October period is reduced by

approximately 60 percent during the filling period.
However, from November through fpril there is little
difference.

For the Devil Canyon to Talkeetna reach, Gold Creek
flows are considered representative. Monthly pre-
project and filling flows at Gold Creelk for the wet,
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(10 percent), mean (50 percent). and dry {90 percent)
sequences considered are iilustrated 1in §Figure
£.2.8%and Table E.2.49. Percentage summer and
winter fliow changes are similar to those at Watana
but are somewhal reduced because of additional tribu-
tary 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
¢il flow Tess the downstream flow requirement.

Flow will be altered in che Talkeetna to Cook Inlet
reacn, but because of significant tributary contribu-
tions, the impact on sumnmer flows will be 9reaii re-
duced with distance downstream. Table E.Z2. is a
comp&r?ss e; mean pre«prGJQCv ﬂanth;y f?ews aﬂa

A‘m-.

aga SuS?tra S?anxoﬁﬂ Pre- progag% f?aws a?e udSEd on
the long-term average ratic between the respective
stations and Goid Creek. Filling flows are pre-
project flows reduced by the flow stored in the
reserveir.,

Floods

The reservoir filling criteria dictate that available
storage volume in the reservoir must provide protec-
tion for ali flioods up to the 250-year recurrence
interval flgod. Thus, the reservoir must be capable
of storing all flood inflow except for the flow which
can be discharged through the outiet facilities dur-
ing the fliood event. The maximum discharge of the
outiet facilities at Watana is 30,000 cfs. The maxi-
mum f?ow 0€ 30,000 cfs r prase“ié a subsgéntigxﬁggaad
roals—oubad s 1. For exanple,
the 1: 50~yia§ flood at Gold Creek would be reduced
from 106,000 cfs to 49,000 cfs.

After the flood event, the outlet facility will con-
tinue to discharge at its maximum caeacéty until the
storage volume criteria are reestablished. This will
cause the flood duration fto be extended beyond its
normal darat%an aithough at a reduced flow as noted
above,

Flow Variability

The variability of flow in the Watana to Talkeetna

reach will be altered. Under natural conditions,
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substantial change in flows can occur daily. Thi
Tow variability will be reduced during filling.
sing August 1958 as an example, Figure E.2,28%hows
he daily flow variation that would occur, x%s aver-
age monthly flow of 22,540 cfs during August 1958
ie

is

U)

“'h 1]

8]
t

ids a value close to the long term average monthly

charge of 22,000 c¢fs.  Superimposed on Figure
£.2.78 are the flow variations that could occur under
filling conditions with the August 1588 ?ﬁféewg

a@ssuning that the reservoir storage criterion was
viotated (i.2., 30,000 cfe discharge at Watana) and
assuning that the reservoir was capable of accom-
modating the inflow. Both Gold Creek hydrographs
nave reduced flood pesks. In filling Sequence 1,
outflow is greater than inflow at Watana on the
receding 1imb of the hydrograph in oraer to meet the
reservoir storage volume criteria, Hence, during
this time period, Gold Creek fiows 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 addi-
tional storage would be permitted, thus reducing the
required outflow from Watana. This would correspond-
ingly reduce the Goid Creek discharge.

¥
g

Tﬂ filling Sequence 2, Goid Creek flow is constant at
12,000 cfs. However, the flow release at Watana dur-
Eh” the filling sequence would be 4350 cfs at the
ﬂaturai Gold Creek flood peak and about 10,000 cfs
when the natural Gold Creek flow drops to $2,000
cfs.

Farther downsteam, the daily variation in flow for
both sequences, %ﬁgg increase as a result of the vari-
ability ?ﬁ@‘“ﬁz w, but will be Tless than under
natural conditions and the percent difference from
natural flow will be less becaus~ of the added tribu-
tary infiow.

Impact of Testing and Commissioning on Flows

As reservoir filling nears completion and the reservoir
Tevel is above the powerhouse intake QQQV“kiéﬁ testing and
commissioning of the powerhouse units will commence. This
procesg may take several months and will regquire a number of
tests for each unit. Every attempt wiil be made to commis-
sion the units so that the impact con flew will be a minimum.
The most severe interruptions in flow will occur during the
full load to load off and loadé off to full load on tests
when the filow through the turbine being tested will quickly

&)
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be reduced from approximately 3500 cfs to 0 cfs and from O
cfs to 3500 cfs, respectively. However, th:s will be com-
pensated for by opening & closing the outlet facility
gates or other units wnich have previousiy been tested in an
effort to stabilize flows downstream. If testing is done
during summer, the additional downstream flows required from
Watana and passed through the gutlet facilities will act as
a buffer. he natural attenuation of fiow variation wit

distance downstream will also serve to stabilize the flows.

I testing occurs in yinter and flow is near the minimum of
1000 cfs effiatana, $will gradually be increased to 3500
cfs over & one day period and maintained af that Tevel

through the test%ng period. if testing is *emp0y3?1§§
ha?%eé flow will gradually be reduced to the minimum re-

gquirement over a one day period.

River Morphology

furing the filling of Watana reservgir, the trapping of bed-
toad and suspended sediment by the reservoir will greatly
reduce the csediment transport by the Susitna River in the
Watana-Talkeetna reach. Except for isolated areas, bedload
movement will remain limited over this reacn because of the
armor layer and the Tow flows. The tack of suspended sedi-
ments will significantly roduce silttation in calmer areas.
The Susitna River main channel will tend to become more
defined with a narrower channel in this reach. The main
channel river pattern will strive for a tighter, better
defined meander pattern within the existing banks. A trend
of channel width reduction by encroachment of vegetation
will begin and will continue during reservoir operation.
Tributary streams, including Portage Creek, Indian River,
Gold Creek, and Fourth of July Creek, will extend their
alluvial fans into the river. Figure £.2, $'% 11ustrates the
influence of the mainstem Susitna River on the sedimentation
process occurring at the mouth of the fributaries. Overfiow
into most of the side channels will not occur, as nigh flows
will be greatly reduced. The backwater effects at the
mouths of side channels and sloughs will be significantly
reduced.

At the Chulitna confiuence, the Chulitna River is expected
tn exrand and extend its alluvial deposits. Reduced summer
flows in the itna River may allow the Chulitna River to
extend its albuvial deposits to the east and south. How-
ever, high flows in the Chulitna River may cause rapid chan-
nel changes, inducing the wmain channel to migrate to the
west. This would tend to relocate the deOb‘ ion to the
west,
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Downstream from the Susitna-Chulitna confluence, the pre-
project mean annual bankfull fiood will now have a recur-
rence interval of Tive to ten years. This will tend to
decrease the fregquency of occurrence of both bed material
movement and, conseguently, of changes in braided channel
shape, form and network. A trend toward relative stabiliza-
tion of the floodplain features will begin, but this would
occur over a long period of time (R&M 1982a).

Effects on Water Quality

Beginning with the filling of the reservoir, many of the
physical, chemical, and biological processes common fo a
lentic enviromment should begin to appear. Some of the more
important  processes include sedimentation, leaching,
nutrient enrichment, stratification, evaporaticn, 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 discus-
sion of the processes and their interactions is provided in
Peterson and Nichols (1982).

{1} Water Temperature

3

Buring the first summer of filling, the temperature
in the Watana reservoir will be essentially a com-
posite of the inflow temperature, increased somewnat
by the effects of solar heating. The reservoir will
fi11 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 1is
located. Therefore, outlet temperatures during the
first summer of filling should be an average of the
existing river water temperatures wicth csome lagging
with the inflow water temperatures.

During fall, the reservoir will grauw «ily cool to
4°C. Once at this temperature, the Tow-level outlet
will centinue to discharge water at just above 4°C
until the reservoir water Tlevel has increased to
where the fixea cone valves can be used.

Downsiream from the Watana development, the water
temperature will be modified by heat exchange with
the atmosphere. The filling sequence will cover two
wWinter periods and the temperature at the du.nstreanm
end of Devil Canyon will reach 0°C at or about the
beginning of November in the first year and toward
the end of October in the sscondg, This will have the
effect of Tlagging the downstream temperatures by
about 5 weeks from the baseline. Farther downstream,
the lagging in temperatures will be reduced as cli-
matic conditions continue to influence the water
temperatura.
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During the second summer of filling, outlet tempera-
tures will be 4°C until the outlet facilities start
aperation in August. Downstream from Watana, the
water tTemperature will increase but will be well
below normal water temperatures.

Ice

TR

With the delay of freezing water temperatures, the
entire ice formation process will occur 3-4 weeks
later than for natural conditions. However, because

of the Tower flows, the _severity of Jams ww%i be

ned and th

sxaasﬂg caused by ice will be Tess

dim
than ﬁrﬁseﬁt3y experienced. At breakup, the reduced

flows in combination with the diminished jamming in
the river will tend to produce a Tess severe breakup
than currently occurs.

Suspended Sediments/Turbidity/Vertical I1lumination

- Watana Reservoir

As the reservoir begins to fill, velocities will be
reduced and dﬂposéticn of the Targer suspended
Séﬁ*wtﬁi particies will occur. Initially, all but
the Targer particles will pass through the reser-
voir: but with more and more water impounded,
smaller diameter particies wiil settle. As the

reservoir approaches normal operating levels, the
percentage of particles settling will be similar to
that occurring during reservoir operation. How-
ever, since during the first one and one-half years
of filling water will be passed through the low-
level outlet which is at invert ET 1490, whereas
during operation it will be drawn from above El
2065, Tlarger particles would be expected to pass
through the reservoir during early Tilling than
during operation. (The deposition process during
reservoir operation is discussed in detail in
Section 3.2 (¢} iiil.)

During the filling process, reservoir tTurbidity
will decrease in conjunction with the settling of
suspended sediments. Turbidity will be highest at
the upper end of the reservoir where the Susitna
River enters. Turbid interflows and underfiows may
occur during summer months, depending on the rela-
tive densities of the reservoir and river waters.
Turbidity Tlevels in the winter are expected 1o
decrease significantly from summer levels; however,
turbidity is likely to be greater than pre-project
winter levels.

4
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Vertical itlumination in the reservoir wil
decrease during breakup as flow begins to bring
glacial silts into the reservoir., Vertical iliumi-
nation during the summer will vary, depending on
where the river water finds its egquilibrium depth
{overflow, interfiow, or underfiow}. Data from
glacially fed Eklutna Lake indicate that vertical
itlumination will not exceed 4. meters during the
nid-summer months (Figure E.2.8F). Vertical illum-
ination will gradually increase during the autumn
as glacial input decreases.

During the filling process, additional suspended
sediments will be introduced tc the reservoir by
the siumping of the valley walls and continued con-
struction activities. The siumping of valley walls
will provide intermittent quantities of suspended
sediments. Although no gquantitative estimates of
this impact are available, it is anticipated that
these impacts will be localized, of short duration,
and thus not very significant. Howaver, slumping
is expected to continue after operation of the
project begins until equilibrium is attained. Con-
struction activities such as the removal of timber
from within the proposed impoundment area are also
expected to contribute to increased suspended sedi-
ment concentrations and turbidity Tevels and
decreased vertical illumination. Once removed, the
lack of soil-stabilizing vegetative cover will
Tikely accelerate wall slumping. However, the
increase in suspended sediments because of vailey
wall stumping will be significantly less than the
reduction caused by the sedimentation process, and
thus, the river will be clearer than under natural
conditions,

Watana to Talkeetna

Max imum suspended particle sizes passing through
the oproject area downstream will decrease from
about 500 microns during pre-project conditions to
about 5 microns as filiing progresses. As can be
observed from,, the particie size distribution
(Figure E.2.87, this resulis in a retention of
about 80 percent of the pre-project suspended sedi-
ment at Watana. Because of the clear water tribu-
tary infiow in the Watana fo Talkeetna reach,
further reduction of the suspended sediment concen-
tration will occur as the flow moves downsiream.
During high tributary flow periods, additional sus-
pended sediment will be added to the river by the
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tributaries. Talus slides may also contribute to
the downstream suspended sediment concentrations.
In general, the suspended sediment concentration in
the Watana to Talkeetna reach will be reduced by
approximately 80 percent during the summer months
and slightly increased during the winter months,

Downstream summer turbidity Jevels will be reduced
to an estimated 30-50 NTU. Winter turbidity
levels, although not presenily guantifiable, will
be increased above natural levels of near zero.
Because of the reduced turbidity in summer, the
vertical illumination will be enhanced. Winter

-
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vertical 11lumination will be reduyced.

- Talkeetna to Cook Inlet

in the Talkeetna to Cook Inlet reach, the suspended
sediment and turbidity levels during summer will
decrease slightly from pre-project Jlevels. The
Chulitna River is a major sediment contributor to
the Susiina with 28 percent of its drainage area
covered by glacier. As such, it will tend to keep
the suspended sediment concentrations high during
summer.  Therefore, the summer character of this
reach will not change significantly.

Dissolved Oxygen

Initially, during the 3-year filling process, the
reservoir D.0.  Tlevels should approximate riverine
conditions. As filling progresses, some weak strati-
fication may begin to develep, but no substantial
decreases in dissolved oxygen levels are anticipated.
The volume of freshwater inflow, the effects of wind
and waves, and the location of the outlet structure
at the bottom of the reservoir are expected to keep
the reservoir Tairly well mixed, thereby replenishing
oxygen Tevels in the hypolimnion,

Mo significant biochemical oxygen demand is antici-
pated. The timber 1in the reservoir area will be
cleared, thereby eliminating the associated oxygen
demand that would be created by the inundation and
decomposition of this vegetation. Further, the chem-
ical oxygen demand {(COD) in the Susitna River s
guite Tow, COD levels measured wupstream at Vee
Canyon during 1980 and 1981, averaged 16 mg/1,

No significant BOD loading is expected from the con-
struction camp and village.
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As previousiy noted, a low-level gutiet will be util-
izad for discharging water., s%erefare§ the levels of
oxygen immediately downstream frum the outlet could
be siightly reduced. However, pre-project values
will be estabiished within a short distance down-
stream from the cutlei because of reaeration enhanced
by the turbulent nature of the river.

MNitrogen Supersaturation

Nitrogen supersaturation of water below a dam is pos-
sible in certain seasons, extending & considerable
distance downstream. The detrimental impact of
nitrogen supersaturation is its iethal effect on
fish., If dissolved gases reach lethal Tlevels of
supersaturation, a fish kill caused by gas embolisms
may result for miles downsiream from an impoundment
(Turkheim 1975).

Mitrogen gagersaturai‘on can be caused by passing
water over a high spiliway into a deep plunge pool.
The facisrs influencing this phenomenon inciude the
depth of the y?uﬂge pool, the height of the sg??3wa
and the amount of water being spilied. Since ali
flow will be passed through the Tow-level diversion
tunnel and no spilling of water will occur at the
Watana damsite, this problem will not exist during
filling.

Nutrients

Two opposing factors will affect nutrient concentra-
tions during the filling process. First, initial
inundation will Tikely cause an increase in nutrient
concentrations. Second, sedimentation will strip
some nutrients from the water column. The magnitude
of net change in nufrient concentrations is unknown,
but it is likely that nutrient concentrations will
increase for at least a short term during filling.

Qtﬁei

No significant changes in any other water quality
paraneters are anticipated.

Effects on Ground Water Conditions

(1)

Alluvial gravels in the river and tributary ha?t&w
will be inundated. MNo significant aquifers are knowr
to be in the reservoir area, other than the uvcanw
fined aguifers at the relict channel and in valley
bottoms
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Summer releases from the reservoir during filling are
discussed in Section 3.2(bj(i). As =z result of the
decreased summer flows, water Tevels will be reduced,
especially above Talkeetna, This will in turn cause
a reduction in ground water levels downsiream, but
the ground water Tevel changes will be confined to
the rviver floodplain area. The ground water table
will be reduced by about Z feet in summer near the
shoreline with less change occurring with distance
away from the river.

A similar process will occur downstream from
Talkeetna, but the changes 1in ground water Tlevels
will be aof Tless magﬁﬁtude as the result of the

decrsaced effect on river g'i-,aggnq‘

Impacts on Sloughs

The reduced mainstem flows and subseguently Tower
Susitna River water Tlevels will reduce the water
tevel gradient between the mainstem and the sloughs.
At Tocations 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 vrate and the slough upwelling eleva-
tions indicates & continued positive flow toward
these upwelling areas with the exception that the
intersection of the slough and the ground water table
will move downstream. Data to confirm the areal
extent of upwelling at low flows are unavailable at
this time,

The thalweg profile in Stough 9 and computed mainsiem
water surface ;rsfi3es in the V’”Tﬂity of Slough §
are 333g5ard*ed in Figure E £.2.882% The thalweg pro-
file &=f=ms e = : S

together with the ma?ﬂstUﬂ water leve€ss shaas *%at
ugwe??3ag will continue at Tower mainstem flows.
{The water surface profiles which were computed using
HEC-2 are sufficiently accurate to illustrate the
relationship.) It should also be noted that the
ground water driving head is more in an upsiream-
dﬂwn Lr@aﬂ direction than in a direction perpendicu-
Tar the mainstem. This can, in general, be atiri-
bmted to the TJocation of most sloughs at natural
hends in the river. The distance from the mainstem
at the head end of the sloughs to the mainstem at the
mouth of the sloughs s usually shorter through the

sloughs than along the mainstem.
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At the slough upwelling locations which are affected
by the mainstem backwater, the ground water gradient
between mainstem and slough is relatively unaffected
by discharge until backwater effects are no longer
present at the upwelling location. (As the mainstem
water Tevel decreases at the head end of the slough,
there is a corresponding decrease in mainstem water
level at the mouth of the slough where the backwater
is controlled. Therefore, the gradient between the
mainstem water level upstream and the backwater ele-
vation in the slough is essentially unchanged.)
Hence upwelling rates in backwater areas would remain
virtually unchanged until the area is no longer
affected by backwater. At that time, the upwelling

wniilA h
would behave

as discussed above.

Under dice conditions, the mainstem water Tlevels
increase, rasulting in an increased head differential
between mainstem and siough and increassd upwelling
in the stoughs. Under reserveir filling conditions
during winter, discharge will be reduced to about
1000 cfs at Gold Creek during the freezeup period.
This will result in reduced staging from pre-project
ice-staging levels. Hence, during winter, the main-
stem slough water level differential will be reduced
with a corresponding reduction in upwelling area.

In summary, based on avaiiable information to date,
unpwelling in sloughs will continue but at an egual or
slightly reduced rate from the natural rate. Addi-
tionally, the upper ends of some sloughs may be
dewatered because of the lower ground water table
associated with the decresase in mainstem water
levels.

{g) Impacts on Lakes and Streams

Several tundra Takes will be inundated as the reserveir
approaches full pool. The mouths of tributary streams enter-
ing the reservoir will be inundated for several miles (Sec-
tion 2.4 [b]). Bedload and suspended sediment carried by
these streams will be depsosited at or near the new mouths of
the streams as the river mouths move upstream during the
filling process. No significant impacts to Tsusena or Dead-
man Creeks are anticipated from their use as water supply and
waste recipient, respectively.



Fishery Resources, Riparian Vegetation,
anc Wildiife n?b?t&?

Impacts on fTishery resources, rzgarz@r vegetation,
and wiidlife habitat during %%e filling process are
discussed more fully in Chapter 3. As summer flow
are reduced, fish access to slough habitats will be
gecreased.  Since temperatures of upwelling ground
water in sloughs are expected to be unchanged and up-
welling should continue at most locations, though
possibly at a reduced rate, impacts on the ;ncuba?zsw
of salmonid eggs are not expected to be severe,

{T
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Navigation and Transportation

Once impoundment of the reservoir commences, the
character of the river §mm5#?a G?g upstream from the
dam will change from a fast-flowing river with numer-
ous rapids to a stili-water reservoir. The reservoir
will ultimately extend 54 vriver miles upstream, &
mites downstream from the confluence with the Tyone
inundate the major rapids at Vee

River, and will

Canyon. The reservoir will allow increased boat

1raff€c to this reach of river by decreasing the
ati

onal difficulties.

The reduced summer fiows released from the reservoir
during filling could reduce the navigation diffi-

ulties between Watane 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 whitewater rapids suitable only for
expert kayakers.

Navigational difficulties between Devil Canyon and
the confluence with the Chulitna River will be
increased as the result of shallower water and a
somewhat constricted channel. Although there will be
sufficient depth in the river to navigate, greater
care will be reguired to avoid grounding. There will

he Y@ﬁ filoating debris in this reach of the river,
which will reduce the navigational danger somewhat.

There will be 1ittle impact on n.sigation below the
Cﬁﬁf?ﬁ@ﬁﬁ@ of the Chulitna River. The Susitna River
%a highly braided from Talkeetna to Cook Inlet with

numercus Ch«ﬂﬂg? which can change wapsé?v ﬁ@aau e of
Lﬁﬁ high bedload movement and read i ly erodible bed
material. Navigation can be d?{frCng atr present,

o~



and knowledge of the river 1is beneficial at low
fiows. The reduced summer flows from the Susitna
River will be somewhat compensated for by the high
flows from other tributaries. No impacts near the
existing boat access points of Susitna landing,
Kashwitna River, or Willow Creek have been identi-
fied. Minor restrictions on navigation may occur at
the upstream access to Alexander Slough, but this
would occur only in Tow streamflow years when the
other tributaries also have low flow.

Recreation

Information on recreation can be found in Chapter 7.

Waste Assimilative Capacity

The previously noted reductions to downstream summer
flows could result in a slight reduction in the waste
assimilative capacity of the river. However, no
significant impact is anticipated given the Timited
sources of waste Tecading on the river {see Section
3.2{(a){(i1)).

rreshwater Recruitment to Estuaries

Buring filling, under average flow conditions, the
mearnn annual freshwater inflow to Cook Inlet will be
reduced by about 12 percent. This will cause a few
parts per thousand increase in the natural salinity

- conditions. However, the salinity change would still

be within the range of normal variation. If filling
were to take place during an average hydrologic
sequence, then the annual freshwater input to Cook
InTet would still be greater than tne existing annual
flows into Cook Inlet 15 percent of the time.

During a dry-flow sequence, the downstream flow
requirements at Gold Creek would be maintained.
Thus, a smalier percentage of the Gold Creek flow is
available for storage. Consequentiy, the percent
reduction in freshwater inflow into Cook Inlet is
Tess for a sequence of dry years than for average
conditions.

The higner Cook I
project operation
will be establ
3.2 {c) {v).

nlet salinities will Tast only until
s, at which time a new equilibrium
ished as described in  Section



3.3.2 - Hatana Operation

la) Flows

{1} Project Gperation

Watana will be operated in a storage-and-vrelease
mode, so that summer flows will be captured for
release in winter., Generally, the Watana reservoir
will be at or near its normal maximum operating level
of 2185 feet each year at the end of September.
Gradually, the reservoir will be drawn down to meet
winter energy demand. In early May, the reservoir
will reach its minimum annual level and then begin to
refill from the spring melt. Fiow in excess of both
the downstream flow reguirements and power needs will
be stored during the summer until the reservoir
reaches the normal maximum operating level of 2185
feet. If the reservoir reaches E1 2185 flow greater
than that required for power generation will be
wasted.  However, after the threat of significant
flooding has passed in Tlate Augusi, the reservoir
will be allowed to surcharge to E1 2190 to minimize
wasting of water in late August and September.

- Minimum Downstream Target F

During project operation, minimum Gold Creek target
flows from May through September will be unchanged
from those during reserveir impoundment. Flows
from October through April will be maintained at or
above 5,000 ctfs. It should be noted that these
flows are minimum target flows. Tn reality, proj-
ect operation flows will normally be greater than
the targeted minimum flows during winter. During
May, dJdune, July and Octcber, operational flows will
also normally be greater than the minimums. The
Tate July, August, and September fiows will pro-
bably coincide very closely with the minimum re-
guirements. The minimun target Tlows during opera-
tion are shown in Table E.2.37.

If, during summer the natural fiows fall below the
Gold Creek minimum target, then these flows will be
augmented to maintain the downstream flow require-
ment,

- Monthly Energy Simulations

A monthly energy simulation program was vun using
the 32 years of Watana synthesized flow data given
in Table E,2.86 exeept—that—the—extremetrough
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which pscupred—"fi =~ —dominated—the—pnalysis
F i Stheceliors—pegtfited—tr—reftegt—ig—gdroughl
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SRRRGY - HaRRIRg—IRd—arandewa—abtinrizatien., [Energy

production was optimized, iax%ag into account thne
reservoir apewaisﬁg criteria and the downstream
flow requirements. The energy simulation program
is discussed in Volume 4, Appendix A of the Feasi-
bility Report (Acres 198x}

OM

Menthly maximum, minimum, and median Watana reser-
voir levels for the 32 year simulation are 111
trated in Figure E.2. @894

- lheekle Keserysir [immula™iomn

- Daily Uperation

In an effort to stabilize downstream flows, Watana
will be operated as a base-loaded plant until Devil
Canyon is completed., This will produce daily flows
that are virtually constant throughout a 24 hour
period for most of the vyear, Th%"~ will be a
gradual change in daily flow to adjust to :u=
changing seasonal demand for en.rgy. During summer
it may be economically desirable to vary fiow on a
daily 5&;35 to take advantage of the Flow contri-
bution downstream from Watana to meet the flow
requ%rements at Gold Creek. This would yield rela-
tively stable flows from Portage Creek to Guld
Creek, but somewhat variablie river flows betwsen
Watana and Portage Creek.

{i11) Mean Monthly and Annual Flows

Monthly discharges at Watana for the 3Z-year pericu
were computed using the monthly energy simulation
program and are presented in Table E.2. 83! The maxi-
mum, mean, and minimum flows for each month are sum-
ana%azﬂd in Table £,2.8832 Pre-project flows are also
presented for comparison, In general, powerhouse
flows from October through April will be much greater
than natural flows. For exanpie, in March the opera-
tional flows wil' be eight times greater than natural
river flow. Average pu%* project flow for May will
be about 30 percent Tess than the natural fiow. Mean
daily p@gtw@rmjetf filows during May will be similar
for each day of the month. In contrast, existing
baseline flows vary considerably from the start of
the month to the end of the month because of the
timing of the snowmelt. Fiows during June, Jul
August and Seplember will be substantially reduce

-

to effect reservoir filling.
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Pre- and poste-project monthly flows at Gold Creek are
listed in Tables E.2, #%and £.2.8833 A summary is
presented in Table taQQgﬁﬁ The compayison s similar
to that for Watana aithough the wure-project/post-
project percentage tﬂanga is less.

Farther downstream at the Sunshine and Susitna Sta-
tion, gaging station pre- and post-project flow dif-
ferences will become less significant. During July,
average monthily flows will be reduced by 11 perceni
at Susitna Station. However, during the winter flows
will be 100 percent greater than existing conditions.
Monthly pre- and post-project T}OWE X LhuaSggsn?r
and Qngafua \?”Ti"ig} are 4M§}uzsé~@f}_ LUPTET S

T &;ﬂ oL TS Zedm

<

E. %36, &Jiﬁﬁ et
Mean annual flow w&?i yaﬁazn {ﬁe Sdmﬁ at all sta-
tions. However, flow will be redistributed from the
summer months to the winter months.

k4

Floods

- Spring Floods

For the 32 years simulated, Watana reservoir had
SJ§F3Csent storage capacity to absorb all floods.

The targest flood of record, June 7, 1964, had a
peak discharge of 90,700 cfs at Gold bregkg coryes-
ponding to an annual flood recurrence interval of
better than 20 years. This flood provided the
Targest mean monthly inflow on record at Gold
Creek, 50,580 cfs, and contained the largest flood
volune on record. However, even with this large a
flood, the simulated reservoir ievel increased only
49 feet from E1 2089 to E1 2138. A further 47 feet
of storage were available before reservoir spillage
would have occurred,

The flood volume for a May-July 1:50-year fliood was
determined to be 2.3 willion acre feet (R&M,
198la). This is equivalent to the storage volume
contained between El 2117 and 2185, neglecting dis-
charge. Since the matimum elevation at the begin-
ning of June was atways less than 2117 during the
simulation, the 50-year flood volume can be stored
without spillage if it occurs in June. Assuming
the maximum June 30th water Tevel in the simula-
tion, 1f the flood event occurs in Jj¥y% the 1:50-
flood velume can also be accommodated without ex-
ceeding Elevation 2185 if the powerhouse discharge
averages 10,000 cfs. Thus, for flows up to the
1:50-flood event, Watana reservoir capacity is cap-
able of totally absorbing the figod without spil
lage.
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Oniy for flood events greater than the 1:5
year event and eafter the vreservoir ela t
reaches 2185.5, will the outlet facilities be ope
ated. uxschagge would be S@% equal to infiow up 1
the full auefaz$ﬂg capacity of tme cutlet ?erv3?m
ties. During flood events of this magnitude the
powerhouse would also operate at maximum demand
capacity thereby reducing tne flood level 1in the
reservoir. If inflow continues to be greater than
outflow, the reservoir wiil gradually rise to El
2193, At that time, the main spiilway gates will
be opened and operated so that the outflow matches
the inflow. The main spillway will be ab?e to
handle floods up to the lgéﬁaﬁbﬁ -year evenl. Peak
inflow for a 1:10,000-year flood will exceed com-
bined powerhouse, out?et facilities and main spili-
way outflow capacity resulting in a slight increase
in water level above 2193 feet. The discharges and
water levels associated with a 1:10,00C-year flood
are shown in Figure E.2.8F5

If a fiood greater than a 1:10,000-year flood were
to occur, the main spiliway would be operated to
match inflow until the inflow rate exceeds the
capacity of the spillway. The reservoir elevation
would then rise until it reached EV 2200. At this
elevation, the erodible dike 1in the emergency
spiilway would be eroded and the emergency spillway
would operate. The resulting total outflow through
all the discharge structures would be 15,000 cfs
tess than the probable maximum flood (Pé%} of
326,000 cfs. The inflow and ocutfiow hydrographs
for the PMF are illustrated in Figure E.2.8%5

Summer F ioods

For floods occurring in August and September, it is
probable that the Watana reservoir could reach El
2185, Design considerations were therefore estab-
lished to ensure that the powerhouse and outlet
Facilities will have sufticient capacity to pass
the 1:50-year summer flood without operating the
main s&?“?way as the resultant nitrogen supersatur-
ation could be detrimental to downstream fisheries.
During the flcod, the reservoir will be allowed to
surcharge to E1 2193,

An analysis of the 1:50-year summer flocs was
carried cut assuming that the reservoir was at 2185
feet when the flood commenced. The inflow flood
hydrograra at Watana was derived by multiplying the
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mean annual flood peak at Watana by the ratic of
the 1l:2-year summer flood peak at Gold Creek o
mean annual flood peak 2t Gold Creek to obtain the
l:2-year summer flood peak at Watana. This value
was then multiplied by the ratio of the 1:50-year
summer flood to the liZ-vear summer flood af Gold
Creek, to obtain the Watana 1:50-year summer flood
peak of 64,500 cfs. The August to October dimen-
sionless hydrograph (R&M 1981a) was next multiplied
by the Watana peak flood fiow to obtain the inflow
hydrograph. The inflow was then routed through the
reservoir to obtain the cutflow nhydrograph, Maxi-
muan outfiow is the sum of the outlet facility dis-

. ks N £ 7 rar rl
charge and the powerhouse flows, Flows and asso-

ciated water levels are illustrated in Figure
E.2. 875

It summer floods of Tlesser magnitude than the
50-year event occur with the reservoir full, inflow
will match outfiow up to the discharge capability
of the outlet facilities and powerhouse.

August floods occurring in the 3Z2-year energy simu-
lation period did not cause the reservoir to exceed
E1 Z2190; hence, no spills occurred. The simulation
included the August 15, 1967, fiood, which had an
instantaneous peak of 80,200 cfs at Gold Creek and
an equivalent summer return period of 1:65-years,
thus demonstrating the conservative nature of the
above analysis.

Downstream from Watana, flood flows at Geld Creek
will 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 inflow flood freguency curves
for Watana are illustrated in Figure E.2.8{4

Flow Variability

Under normal hwdrologic conditions, flow from the
Watana development will be totally reguiated. The
downstream flow will be controlied by one of the fol-
lowing criteria: downstream flow requirements, mini-
mum power demand, or reservoir level operating rule
curve. There will generally not be significant
changes in mean daily flow from one day to the next,
However, there can be significant variations wn dis-
charge from one season to the next and for the samne
month from one year to the next.
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(Weekly fased

[ * Flows
Duration
Curve at
Gold Creek
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Monthly and annual Tliow duration curves ba
monthly  average flows for pre-proj
post-project operating conditions for th sim Jiatégn
QP;‘LM%?aYQ illustrated in Figures E.Z. gwre through
£.2.88 for Watana, Gold Creek, Qaasbaneg *E Susitna
Station, The flow duration curves show a diminished
pre- and post-project difference with distaﬁcg down-
stream of Watana.
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River Morphology

Impacts on river morphology during Watana operation will be
similar to those occurring during reservor impoundment {Sec-
tion 3.2(bj(ii), although flow Tevels will generally be
increased for power Gperationsa The reduction in streamflow
peaks and the trapping of bedload and suspended sediments
will continue to significantly reduce morphological changes
in the river above the Susitna-Chulitna confluence., The
mainstem river channel will tend tc become tighter and bet-
ter defined.  Channel width reduction by vegetation en-
creachment will continue.

The effects of ice forces during breakup on the river mor-
phology above the Chulitna River will be effectively elim-
inated. Although an ice cover could form up to Devil
Canyon, the rapid rise in streamflows which causes the
initial ice wmovement at breakup will be eliminated because
of the reservoir regulation. Iﬂstead of moving downriver
and forming ice jams, the ice will thermally degrade. Uhen
it does move, it will be in a weakened state and will not
cause a significant amount of damage.

Occurvences of the overtopping of the gravel berms at the
upstream end of sioughs will be virtually eliminated. Move-
ment of sand and gravel bars will be minimized. Debris jams
and beaver dams, which previously were washed out by high
flows, will remain in place, with resuitant ponding. Vege-
tation encroachment in the sloughs and side channels will
also be evident as the high flows are reduced.

Impacts av the Chulitna confluence and downstream will be
similar to those occurring during reservoir impoundment.

Water Quality

2y

(i) Water Temperature

- Reservoir and Outlet Water Temperature

After impoundment, Watana esmrvoiw will exhibit
the thermal characteristics @f a deep glacial lake,
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Deep glacial lakes commonly show Lemperature strat-
ification both during WIﬁtaf and summer (Mathews
1956; Gilberte 1973; Pharo and Carmack 1979,
Gustavson 1975}, although stratification is often
regﬁggve% weak. Bradiey Lake, Alaska, (Figure
E,Eagﬁd demonstrated a weak thermocliine 1in late
Juty 1980, but was virtually isothermal by Tlate
September, and demonstrated a reverse thermocline
during winter months (Corps of Engineers, unpub-
Tished data).

The range and seasonal variation in tiemperature
within the Watana reservoir and for a distance
downstream will change after imgguﬂdm@ nt, Bolke

af‘ié w@uu::é ‘} {19".@‘{;} nﬁi‘\l‘{é %‘{% ah 5 ?.fu wdufu M%Iié: 3}: uéy
that .he reservoir not only reduced the range in

temperature but alsc changed the t1m1ﬁg of the nigh
and low temperature. This will aisc be 2 case
for the Susitna River where pre-’ ﬁrcjeﬁ“ te pera-
tures generally range from 0°C to 14°C with the
Tows occurring from October through April and the
nighs in July or August. However, to minimize the
pre-project to post-project temperafure differences
downstream, Watana will be operated toc take advant-
age of the temperature stratification within the
reservoir.,

During summer, warmer reservoir water will be with-
drawn from the surface through a multilevel intake
structure (Figure E.2.8%° The intake nearest the
surface generally will be used. In this way warmer

b

waters will be passed downstream.

When water is released from the epilimnion of a
deep reservoir, there is Tlikely to be a3 warm%ﬂg
effect on the stream below the dam (Tu?khﬂ1m 1975;
Baxter and Glaude 1980). However, given the hyﬁra»
logical and meteorclogical conditions at Watana,
this may not occur.

To provide guantitative predictions of the reser-
voir temperature behavior and outlet temperatures,
resevvoir thermal studies were undertaken in 1981
and 1982, To date, detailed studies have been com-
pieted for only the open walter period. A one
dimensional computer model, DYRESM, was wused to
determine the thermal regime of the Watana reser-
voir and the outlet temperatures.

Temperature profiles were simulated for the June
through October time period using 1981 field data.

.



Monthily reservoir temperature profiles and the mean
daily inflow and outlet wat§g temperatures are 1il-
ustrated in Figures E.2.&  “and E,Eqﬁﬁf The maxi-
mum reservoir temperature simulated was 10.4°C and
occurved in early August. This s less than the
maximum recorded inflow temperature of 13°C. Al-
though there is an initial lag in outflow tempera-
tures in early June, it is possibie to reascnably
match inflow temperatures from late June to mid--
September,  Thus, the summer outlet temperatures
from Watana will not be significantly different
then pre-project temperature conditions,

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

From September through November, reservoir water
temperatures will gradually decrease until an ice
cover 1is developed in Tate November or December.
During the ice cover formation process and through-
out the winter, out flow temperatures will be be-
tween 0°C and 4°C, but most likely the Tow tempera-
ture will be 1°C or greater. This range of outflow
temperature (1°C to 4°C) can be obtained by selec-
tively witharawing water of the desired temperature
from the appropriate level within the intake struc~
ture., Thus, when the optimum temperature, (between
approximately 1°C and 4°C) has been determined, the
reservoir will be operated to match that tfempera-
ture as closely as possible.

Downstream Mainstem Water Temperatures

In winter, the outfiow temperature will initially
decrease as reservoir heat is exchanged with the
cold atmosphere. The downstream temperatures were
investigated 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 operation.

At the downstream end of Devil Canyon, the tempera-
tures would be in the range of 1.5° to 0°C by about
the first week in January. This would place the
upstream edge of O0°C water somewhere between
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Sherman and Portage Creek by about the middle of
January., This regime would continue through the
remainder of the winter until about April vhen the
net heat exchange again becomes positive.

During summer, outlet water temperatures will
approximate existing baseline water temperatures.
Downstream water temperatures will essentially be
unchanged from existing water temperature. For
example, at Gold Creek, maximum June water tempera-
tures will approximate 13°C. Through July, temper-
atures will vary from 10°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

Preliminary investigations show that ground water
upwelling temperatures in sloughs reflect the long-
term water temperature of the Susitna River. Oown-
strean from Devil Canyon, the long term average is
not expected to change significantly.

Post-project summer Susitna River water tempera-
tures downstream from Portage Creek will be similar
to existing temperatures. Fall temperatures will
be slightly warmer but should fall to ¢°C by dJan-
vary and will remain at 0°C until temperatures
begin to warm. In spring, however, water tempera-
tures will remain cooler longer., This will count-
eract 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 0°C water in the reach
below Devil Canyon will tend to delay the formation
of an ice cover significantly. Since 75-80 percent
of the ice supply below Talkeetna is currently from
the Susitna River, the formation of the cover in the
Tower river will be delaved until about December with
the ice front progression above the confluence start-
ing in late December or early January. Depending on
the water temperatures upstiream, the ice cover will
progress to a point between Sherman and Portage
Creek. Staging will range from about 4 feet at
Tatkeetna to about 3 feet at Sherman. The more
likely occurrence is an ice cover to Portage Creek.
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During breakup, the cover will tend to thermally
erode from both downstream and upsiream. The down-
stream erosion will be similar to existing conditions
while the upstream will be caused by the warm water
supplied by the reservoir as well as the positive net
atmospheric heat exchange. Because of the lower
flows, the breakup of the ice cover will be less
severe than the baseline case.

Suspended Sediments

As the sediment-Tladen Susitna River enfers the Watana
reservoir, the river velocity will decrease and the
Targer 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 Tevel. Sediment will
pass tnrough channels in the delta to be deposited
over the 1ip of the delta. Depending on the relative
densities of the reservoir water and the river water,
the river water containing tne finer unsettled sus-
pended sediments will either enter the lake as over-
flow (surface current), interflow, or underflow {tur-
bidity curvent).

Trap efficiency estimates using generalized trap
efficiency envelope curves developed by Brune (1953)
indicate 90-100 percent of the dncoming sediment
would be trapped in a reservoir the size of Watana
Reservoir. However, sedimentation studies at glacial
takes indicate that the Brune curve may not be appro-
priate 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 trap efficiencies of 70-75
percent. Kamloops Lake, British Columbia, a deep
gltacial lake on the Thompson River, retains an esti-
mated 66 percent of the incoming sediment (Pharo and
Carmack 1979).

Particie diameters of 3-4 microns have been estimated
to be the approximate maximum size of the sediment
particles that will pass through the Watana reserveir
(Peratrovich, Nottingham & Drage, 1982). By examin-
@ﬂg tne pdr*icﬁe size distribution curve (Figure
£.2. 8% it is estimated that about 80 percent of the
?ﬂtom?ﬂg sediment will be trapped.

Srome,

In the Watana reservoir, it is expected that wind
ixing will be significant 1in retaining particles
tess iﬁaﬂ 12 microns in suspension in the upper
0-foot water layer (Peratrovich, Nottingham & Drage
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19823, Re-entrainment of sediment from the shallow
depths along the reservoir boundary during high winds
will vesult 1in shori-term high turbidity ievels.
This will be particularly important during the summer
refiiling process when water levels will rise, resub-
merging sediment deposited along the shoreline during
the previous winter drawdown period.

Stunping will occur for a number of years until the
valley walls attain stability. This process will
cause locally increased suspended sediment and tur-
bidity levels. Particieg that will result in pro-
Tonged sediment suspendsion during this process are
the Vimited amount of silis and clays contained in
the valley walls. Because of their small size, these
particles will stay in suspension for a long pericd
of time similar to the fine glacial materials. Dur-
ing summer, the levels of suspended sediments and
turbidity should remain about five times less than
during pre-project riverine conditions. If slumping
occurs during winter, increases in suspended sediment
concentrations over natural conditions will occur.

For an engineering estimate of the time it would take
to fill the reservoir with sediment, a conservative
assumption of a 100 percent trap efficiency can be
made. This results in 472,500 acre-feet. of sediment
being deposited after 100 years (R&M 1982d) and fis
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,

Suspended sediment concentrations downstream will be
similar to that discussed in Section 3,2(b), {iv)
except that maximum particie sizes leaving the reser-
voir will be 3-4 microns,

Turbidity

Turbidity patterns may have an impact on fisheries,
both in the reservoir and downstream. Turbidity 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
atong the reservoir boundaries. Turbidity patterns
observed within Ekiutna Lake, a Take 30 miles norih
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 Reser-
voir, its morphometric characteristics are similar to
Watana. It is 7 mites long, 200 feet deep, has a




surface area of 3,420 acres, and has a total storage
of about 414,000 acre-feet. Bulk annual residence
time is 1,77 years, compared to Watana's 1.65 years,
It also has 5.2 percent of its basin covered by
glaciers, compared toc 5.9 percent of Watana's drain-
age area. C(onseguentiy, it is believed that turbid-
ity patterns in the two bodies uf water will be some-
what similar,

Data collected at Eklutna from March through October
1982 camonstrate the expected pattern at Watana. In
March, turbidity beneath the ice cover was uniformly
Tess than 10 NTU in the Jower 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, turbidity
remained 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 evident. It is believed
the Take had recently completed its spring overturn,
since a warming trend was evident only in the upper 3
meters. By eariy July, a siight increase in turbid-
ity was noted at the lake bottom near the river
intet. Distinct turbidity plumes were evident as
interfiows in the upstream end of the lake from late
July through mid-September, Turbidity Teveis had
significantly decreased by the time the plume had
traveled 5 miles down the 1lake, as sedimeni was
deposited in the lake, In tlate September, a turbid
tayer was noted on the bottom of the lake as river
water entered as underflow. By midUctober, the Take
was in its fall overturn period, with near-uniform
temperatures at about 7°C and a turbidity of 30-35
MTU, e :

In Kamloops Lake, B.C., thermal stratification of the
lake tended to ‘“short-circuit® the river plumes
especially during pericds of high flow (St. John et
al.a 1976). The turbid plume was confined to the
surface Tayers, resulting in a relatively short resi-
dence time of the river waler during summer.  St.
John et al., (1976) noted that high turbidity values
extended almost the entire length cf Kamloops Lake
during the summer, sugjesting that the etffects of
dilution and particle settling were minimal because
of the thermocline at 10°-6°C effectively separating
the high turbidity waters in the upper layers of the
Take from highly transparent hypolimmion waters.
This was not apparert in the Eklutna Lake data where
plunes were evident up to 5 miles down the Take, but
they were below the thermocline. In addition, for
Eklutna Lake particle settling and dilution were
evident, as turbidity continually decreased down the
tength of the lake.




The relatively cool, cloudy climate in southcentral
Alaska would tend to prevent a sharp thermocline from
deveioping, so that the processes evident in Kamlcops
take would not be expected in Eklutna Lake, nor will
they be expected in the Watana reservoir.

Total Dissolved Sclids, Conductivity,
Alkalinity, Significant lons and Metals

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

The effects will diminish for two reasons. First,
the most soluble elements will dissolve into the
water rather quickly and the rate of leachate produc-
tion will decrease with time., Second, much of the
inorganic sediment carried by the Susitna River wil]l
settle in the Watana reservoir. The formation of an
inorganic sediment bianket on the reservoir bed will
retard leaching (Peterson and Nichols 1982),

The effects of the leaching process should not be
reflected in the river below the dam, since the
teachate is expected to be confined to a small layer
of water immediately adjacent to the reservoir floor

and the intake structures will be near the surface.

Because of the large surface area of the proposed im-
pouncment, evaporation will be substantially in-
creased over existing conditions. The annual average
evaporation rate for May through September at Watana
1s estimated at 10.0 inches or 0.3 percent of the
reservoir volune (Peterson and Nichols 1982). During
evaporation, siightly higher concentrations of dis-
solved substances have been found at the surface of
inpoundments (Loveg 1961; Symons 1969). HNeglecting
precipitation which would negate the effects of evap-
oration, the potential increase of less than one per-
cent 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 forma-
tion of ice at the reservoir surface forces dissolved
solids out of the freezing water, thereby ircreasing
concentrations of these solids at the top of the
reservol , No significant impacts should result

either in the reservoilr or downstream from the dan,




Precipitation of metals such as iron, manganese and
other irace elements have been noticed in reservoirs,
resulting in reduced concentrations of these elements
(Neal 1967). OQligotropnic reservoirs with high pH
and high dissolved salt concentrations generally pre-
cipitate more metal than reservoirs with low pH and
Tow disscived salt concentrations., This is attrib-
uted to the dissolved salts reacting with the metal
jons and subseguently settling out ({Peterson and
Nichols, 1982). Average Susitna River 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 parameters was high, some precipitation of metals
is expected to reduce the quantities suspended in the
reservoir,

Dissolved Oxygen

Susitna River infiow will continue to have both high
dissolved oxygen concentrations and high percentage
saturations. The oxygen demand entering the reser-
voir should continue to remain low. No man-made
sources of oxygen demnanding effluent exist upstream
from the impoundment. Chemical oxygen demand {COD)
measurements at Vee Canyon during 1980 and 1981 were
quite low, averaging 16 mg/1. No biochemical oxygen
demand values were recorded.

Wastewater from the permanent town will not contri-
bute an oxygen demand of any significance to the res-
ervoir, A1T wastewater will be treated to avoid
effluent-related problems.

The trees within the inundated area will have been
cleared, removing the potential BOD they would have
created., The layer of organic matter at the reser-
voir bottom will still remain and could create some
short-term localized oxygen depietion. However, the
process of decompositinn should be very slow because
of the cold temperatures.

The weak stratification of the reservoir may cause
the oxygen levels in the hypolimnicn to diminish as
the result of lack of oxygen replenishment. The
spring turnover, with its large inflow of water, will
cause mixing; however, the depth to which this mixing
will occur is unknown, As a vesult, the hypolimnion
could exprrience reduces axygen levels, The upper
200 feet of the impoundment should maintain high D.0,
because of river inflow and continual mixing.
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Downstrean from the dam, no dissolved oxygen changes
are anticipated, since water will be drawn from the
upper 1z3er of the reservoir,

Nitrogen Supersaturation

As previously noted, nitrogen supersaturation can
occur below high-head dams as the result of spillage.
During project operation, specially designed fixed
cone valves will be used to discharge flow releases
up to the 1:50-vear flood.

Trophic Effects {Nutrients)

Reservoir trophic status is determined in part by the
relative amounts of carbon, silicon, nitrogen, and
phosphorus present irn a system, as well as the qual-
ity and guantity of Tight penetration. The C:Si:N:P
ratio indicates which nutrient Tlevels will 1imit
algae productivity. The nutrient which is least
abundant will be limiting. On this basis, it was
concluded that phosphorus will be the limiting nut-
rient in the Susitna impoundments. Vollenweider's
(1976} model was considered to be the most reliable
ir.  determining phosphorus concentrations at  the
Watana impoundment. However, because the validity of
this model is based on phosphorus data from temper-
ate, clear water lakes, predicting trophic status of
silt-laden water bodies with reduced 1ight conditions
and high inorganic phosphorus levels may overestimate
the actual trophic status.

The spring phosphorus concentration 1in phosphorus
Timited Takes is considered the best estimate of a
Take's trophic status. Bi.-available phosphorus is
the fraction of the total phosphorus pool which con-
trois algae growth in a particular lake. The meas-
ured dissoived orthophosphate concentration at Vee
Canyon was considerad to be the bicavailable fraction
in the Susitna River. Accordingly, the average dis-
solved orthophosphate concentration in June was mul-
tiplied by the average annual flow to calcuiate
spring phosphorus supplies.  These values were in
turn combined with phosphorus values from precipita-
tion and divided by the surface area of the impound-
ment. The resultant spring phosphorus loading values
at datana were for below the minimun loading Tevels
that would rewult in anything other than oligot-ophic
conditions., Likewise, wupcn incorporating spring
Toading values into Vollenweider's (1973) phosphorus
model, the volumetric spring phosphorus concentration
fell into the same range as oligotrophic Tlakes with
simitar mean deptns, flushing rates, and phosphorus
Toading values (Peierson and Nichols 1982).
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The aforementioned tveph‘g status predictions depend
upon several assumptions that cannot be guantified on
the basis of existing information. These assumptions

include:

a0 C:ST:N:P ratio does not fluctuate to the extent
that a nutrient other than phosphorus becomes
Timiting;

= No appreciable amount of bio-availablie phosphorus

is released from the soil upon filling of the res-
ervoirs;

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

- June phosphorus concentrations measured at Vee

Canyon correspond to the time of peak algal produc-
Tivity:

== PhOSphorus species other than dissolved orthophos-

phate are not converted to a bic-avaiiable form;

= Clustiing rates and phosphorus sedimentation rates

are constant;

« Phosphorus Tosses occur only through sedimentation
and the outlet; and

« 1he net loss of phosphorus to sediments is propor-
pnasp prop
tional to the amount of phosphorus in each reser-
voir,

{d} Effects on Ground Water Conditions

(1)

ﬁaiﬂstgm

As a result ¢f the annual water level fluctuation in
the reserveir, there will be TJocalized changes in
ground water in the immediate vicinity of the reser-
voir., ‘Ground water impacts downstream will be con-
fined to the river area.

Impacts on Slouahs

Juring winter in the Talkeetna to Devil Canyon reach,
some sloughs {1.e., those nearer Talkeetna) will be
adjacent to an ice-covered section of the Susitna
River., In dce-covered sections, the Sysitna River
will have staged to form the idce cover at project
operation flows of about 10,000 cfs. The associated

water level ws?i be a few feet above normal winter

RO



Tevels and will cause increased upwelling in
the sloughs because of the increased gradient. The
at the head end of the sloughs may be over-

A number of sloughs upstream of Gold Cresk will be
adjacent to open water sections of the Susitna River.
Since flows will average approximately 10,000 c¢fs 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 dis-
charge 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.

3

During summer, the mainstem-siough ground water
interaction will be similar to that discussed in Sec-
tion 3.2 (b}{v), with the exception that operational
flows will be greater than the downstream flows dur-
ing filling, and thus, upwelling rates will be clioser
to the natural condition than were the upwelling
rates during filling.

() Instream Flow Uses

(1)

i

Fishing Resocurces, Riparian Vegetation
and Wildlife Habitat

Impacts oFf project operation on the fishery re-
sources, . .parian vegetation, and wildlife habitat
are discussed in Chapter 3.

Navigation and Transportation

Within the reservoir area, water craft navigation
will extend to November because of the delay in ice-
cover formation. During tate winter and early
spring, the reservoir will be available for use by
dogsled and snow machine. '

Although summer flows downstream of the dam will be
reduced from natural conditions during project opera-
tion, navigation and transportation in the Watana to
Talkeetna reach will not be significantly impacted.
Flows will be stabilized because of a base-loaded
operation. However, because of the reduczd water
levels, caution will be required in navigating vari-
ous reaches. There will be less floating debris in
this reach of the river, which will reduce the navi-
gationail hazards.




During the fall and winter, a significant reach of
the river downstream from 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 from Talkeetna, ice-cover formation will
be detayed and river stage during freezeup will be
increased.  This may impede winter transportaticn
across the ice.

(111} Estuarine Salinity

Salinity changes in {Lock Inlet caused by project
operations were projected through the use of a com-
puter model (Resource Management Associates 1982). A
comparison of the salinity impacts of average project
flows with average natural inflow showed that under
project operation, the salinity range decreased 2
max imum of two parts per thousand (ppt) near the
mouth of the Susitna River. The change was most not-
abie at the end of winter when post project salini-
ties were 1.5 ppt Tower than existing conditions. 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 d°fferences in salinity, the
post-project salinity changes should not have a sig-
nificant impact.

3.4 - Devil Canyon Development

3.4.1 - UWatana Operation/Devil Canyon Construction

Access tunnel construction at the Devil Canyon site is scheduled
to begin in 1995, The Devil Canyon development when completed in
2002 will consist of a 646-foot high, concrete arch dam, outlet
facilities capable of passing 38,500 cfs; a flipbucket spiilway
with a capacity of 125,000 cfs; an emergency spillway with a
capacity of 160,000 cfs; and a 600-MW capacity underground power-
house. Further information on the physical features of the Devil
Canyon development can be found in Section 7 of Exhibit A.

The Devil Canyon diversion tunnel is designed to pass the 1:25-
year recurrence interval flood without endangering the diversion
dam, This Tower level of flood protection than used for Watane
is possible because of the degree of regulation provided by the
Watana Dam.
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isting baseline conditions during the Devil Canyon constructicon
ily because of the presence and operation of the
i Ve Therefore, the impacts described in Section
I, in most cases, be referred to when discussing the

(i) Normal Watana Dam Operation

Operation of Watana will be unchanged during the con-
struction of Devil Canyon. Hence, flows will be as
discussed in Section 3.2{(c).

During construction of the diversion tunnel, the flow
in the mainstem will be unaffected. Upon compietion
of the diversion tunnels in 1996, the upstream cof-
ferdam will be closed and flow diverted through the
diversion tunnel without any interruption in flow.
This action will dewater approximately 1100 feet of
the Susitna River between the upstream and downsiream
cofferdams.

Because Tittle idce will be generated through the
Watana Devil Canyon reach, ponding during winter will
be unnecessary at Devil Canvon.

~(11) Flood Flows

i

% Velocites through the 30-foot-diameter tunnel at
E%%%m@ Tow: of 10,000 cfs will be 14 feet per second.

The diversion tunnel is designed to pass fiood flows
up to the 1:25-year summer flood, vouted through
Watana. The flood freguency curve for Devil Canyon
is illustrated in Figure E.Za%%fﬁ?Iﬂ?iéa}Eyg there is
1ittle change in discharge with freguency because the
due to the fact that the Watana sleservoir can absorb
the 1:50-year flood, discharging a maximum of 31,000
cfs {24,000 cfs through the outlet facitities and
7000 c¢fs through the powerhouse [assuming minimum
energy demand]).

{b) Hater Quality

(1) Water Temperatures

There will be no detectable difference in water temp-
eratyres at Devil Canyon or points downstream from
those discussed in Section 3.2 {c) (i1i) Watana Oper-
ation.
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(iv)

Ice

Ice processes will be unchanged from those discussed
in Section 3.2(c)(111) Watana Operation except that,
in the event water temperatures are Jowered to 0°C
upstream from Devil Canyon, any frazil ice produced
will be passed through the diversion tunnel.

Suspended Sediment/Turbidity/Vertical 1 1lumination

Construction of the Devil Canyon facility will have
impacts similar to those expected during the Watana
construction. Increases in suspended sediments and
turbidity are expected during tunnel excavation,
placement of the cofferdams, blasting, excavation of
gravel from borrow aveas, gravel washing, and clear-
ing of vegetation from the reservoir. Any impacts
that occur during summer will be minimal compared to
pre-Watana baseiine conditions. However, stringent
construction practices will have to be imposed during
the construction of Devil Canyon to prohibit sus-
pended sediments from entering the river and negating
the improved water gquality, relative to suspended
sediments, that will result when Watana becomes oper-
ational. During winter slightly increased suspended
sediment concentrations can be expected, since par-
ticles less than 3-4 microns in diameter will pro-
bably pass through the reservoir.

No impoundment of water will occur during the place-
ment and existence of the cofferdam. . a result, no
settling of sediments will occur,

Stightiy decreased vertical iilumination will occur
witi any increase in turbidity.

Metaii

Similar to Watana construction, disturbances to soils
and rock or shorelines and riverbeds will increase
dissolved and suspended materials to the river., Al-
though this may result in elevated metal Tevels with-
in the construction area and downstream, the water
quality should not be significantly impaired, since
substantial concentrations of many metals aiready
exist in the river {(Section 2.3[al).

Petroleum Contamination

Construction activities at Devii Canyon will increase
the potential for contamination of the Susitna River
by petroleum products., However, as per the Watana
construction, precautions will be taken fo ensure

-y

this does not happen (Section 3.2(a) [ii]).
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(vi) Concrete Contamination
The npotential for concrete contamination of the
Susitna River during the construction sf ne Devil
Caﬁyﬁﬁ Dam will be greater than during Wat o=
struction because of the large volume ﬁ¥ cangwaﬁg
r@gug%@d, It is estimated that 1.3 milldon cubic

yards of concrete will be used in the construction of
the dam. The wastewater associated with the batching
of the concrete could, if directly discharged into
the V?ver& seriously degrade downstream water guality
with subsegquent 15% mortality. To prevent this, the

wastewater will be neutralized and settiing ponds

will he ;:mp?nu::(f to allow seitlement of concrate con-

et §F [Reth B9 AT

taminants prior to the discharge of wastewater to the
river.

(vii) Other Parameters

No additional ground water quality impacts are ex-
pected from %ﬁcse discussed for the proposed opera-
tion of the Watana facility.

Ground Water

~

There will be no ground water ?mgaﬁts from Devil Canvon con-
struction other than in the immediate vicinity of the con-
struction site.

Impact on Lakes and Streams in Impoundment

The perched lake adjacent to the Devil Canyon damsite will
be impacted by construction of the saddle dam across the low
area on the south bank between the emergency spillway aﬂd
the main dam. The Take is just west of the downstrean toe
of the saddie daw and will be drained and partially fé?%ed
during construction of the saddle dam.

Instream F iow Uses

The diversion tunnel and cofferdams will hlock upstream Tish
movenent at the Devil Canyon construction site.

However, the Devil Canyon and Devil Creek rapids act as
natural barriers to most upstream fish movement,

Navigational impacts will be the same as during Watana oper-

ation, except that the whitewater rapids at Devil Canyon
will be inaccessible because of construction activities,
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(f)

Facilities

B e o

The construction of the Devil Canyon power project will
require the construction, operation and maintenance of sup-
port facilities capabie of providing the basic needs for a
max imum population of 1,900 people (Acres 1982). The facil-
ities, including roads, buildings, utiiities, stores, rec-
reation facilities, etc., will be essentially completed dur-
ing the first six years {1992-1997) of the proposed eleven-
year construction period. The Devil Canyon construction
camp and village will be built using components from the
Watana camp. The camp and village will be located approxi-
mately 2.5 miles southwest of the Devil Canyon damsite. The
focation and layout of the camp and village facilities are
presented in Plates F.70, F.71, and F.72 of Exhibit F.

(1) Water Supply and Wastewater Treagtment

The Watana water treatment and wastewater f{reatment
plants will be vreduced in size and reutilized at
Devil 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 1intake has been designed to withdraw a
maximum of 775,000 gallons/day to provide for the
needs of the support communities, or less than 1 cfs
(Acres 1982). Since the source of this supply is the
Suistna Rivery,no impacts on flows will occur through-
out the duration of the camps®existence.

The wastewater freatment facility will be sized to
nandle 500,000 gallons daily. The effluent from this
secondary treatment facility will not affect the
waste assimilative capacity of the river. The effliu-
ent will be discharged approximately 1000 feet down-
stream from the intake.

Prior to the completion of the wastewater treatment
facility, all wastewater will be chemically treated
and stored for future processing by the facility.

The applicant will obtain all the necessary permits
for the water supply and waste discharge facilities.

(i11) Construction, Operation and Maintenance

Similar to Watana, the construction, operation and
maintenance of the camp and viilage could cause
stight 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 Tleakage of



petroleun contaminating groun %&ter and local streams
and lakes.  Through appropriate preventative tech-
nigues, these potential impacts will be minimized.

3.4.2 - Watana Qperation/Devil Canvon Impoundment

{a)
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servoir Fiiling

Upon completion of the main dam to a height sufficient to
allow ponding above the primary outlet facilities (E1 930
and 1050), the intake gates will be partially closed to
raise the upstream water level from its natural level of
about 850 feet. Flow will be maintained at a winimum of
5,060 cfs at Gold Creek if this process occurs between
October and April., From May through September, the minimum
enviromnmental flows described in  Section 3.2(b) will be
released {See Table E.2.47).

Once the level rises above the lower level discharge vaives,
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 acresfeet, the
filling process will require about one to four weeks. The
reservoir will not be allowed fto 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 million acre feet will be required to fill the reservoir
to its normal operating elevation of 1455, Filling wiil be
accomplished as quickly as possible (currently estimated to
be between 5 and 8 weeks) utilizing maximum powerhouse fiows
at Watana, During filling of Devil Canyon reservoir, Golid
Creek flows will be maintained at or above the minimum tar-
get operation flows depicted in Table E.2.27.

Flows

Because of the two distinct filling periods, the two-stage
impoundment sequence will be several years long, even
though the actual time for filling will only be about two
months long. Flows during the first stage of filling will
be impacted for only a few weeks.

Between the first stage and second stage of filling, the
reservoir will not be allowed to exceed 1135 feet. Thus,
the Devil Canyon reservoir will be more or less held at a
constant tlevel, Flows 1in the Susitna River will be un-
changed from those during Devil Canyon construction (see
Section 3.3.1. :
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(c)

During the second stage of fiiling, 1,014,000 acre-feet are
addea to the Devil Canyon reservoir, The Watana powerhouse
woulid be operated to supply either the fotal railbelt energy
demand or maximum powerhouse capacity whichever is lesg, The
flow from the Watana reserveir that is in excess of the
downstream requirements (Table E.2.47), that result from
this higher than novmal level of energy production will be
used to fill the Devil Canyon reservoir. During thézpro-
cess, the Watana reservoir will be lowered about 2% feet in
order to fill the Devil Canyon reservoir. Although the flow
from the Watana powerhouse 2 will be approx-
imately twice the normal power flow ==, the impact
of increased flow will be minimal in the Devil Canyon-Watana
veacn.

Flow downstream from Devil Canyon will be slightly reduced
during this filling process. Howsver, the time period will
be short and fiows will be maintained at or above the mini-
mum target flow at Gold Creek (Table £.2.27).

Since actual filling times are short and since filling will
occur in fall or winter, floods are likely to be important
only during the time the reservoir is not allowed to in-
crease above 1135 feet. If a flood should occur during this
time, the cone valves are designed to pass the a1:50-year

design flood of 38,500 cfs. routed

Effects on Water Quality

{1) Water Temperature

The outlet water temperatures from Watana will be un-
changed from those of the "Watana only" scenario.
Because of the rapid filling of the Devil Canyon
reservoir, there witl be minimal impact on the ocutlet
temperatures at Devil Canyon during filling.

Between the filling stages, the larger surface area
of the reservoir will offer more opportunity for
atmospharic heat exchange. However, since the reten-
tion time will only be about 4 days, it is expected
that at the Devil Canyon outliet or downstream 1ittle
cnange "n water femperature will occur from that ex-
perienced under "Watana only".

(i1) Ice

An extensive ice cover is not expected to form on the
Devil Canyon reservoir during the period when the
pocl is maintained at E1 1135, Additionally, since

.



e,

ot
P
ek

oy
Rm—

winter temperatures downstream wiil not be signifi-
cantly affected by the pool, ice processes downsiream
from Devil Canyon will remain the same as during
Devil Canyon construction.

Suspended Sediments/Turbidity/Nertical I1lumination

As previously discussed, the Watana reservoir will
act as a sediment trap, greatly reducing the guantity
of suspended sediment entering the Devil Canyon res-
ervoir.  During the filling of Devii Canyon from
approximately E1 1135 to full pool, the filow wiil be
increased to the maximum power Tlow from Watana.

Some short-term increases in suspended sediment con-
centreation and turbidity may occur within the Devil
Canyon impoundment from slumping of valley walls.
However, since the Devil Canyon impoundment area is
characterized by a very shallow overburden Tayer with
numerous outcroppings of bedrock, slope instability
should not significantly affect turbdidity and sus-
pended sediment concentration. A further discussion
of slope stability can be found in Appendix K of the
Susitna Hydroelectric Preject Gentechnical Report
{Acres 1981).

As the Devil Canyon reservoir is filled the increased
reserveir volume will provide additional settling

capabiiity and thus the net result in suspended sedi-

ment concentration downstream from Devil Canyon will

not be different from that during operaticn of Watana

alone. Turbidity levels and vertical iliumination

will remain unchanged from “"HWatana only” operation.

Total Dissolved Solids, Conductivity, Alkalinity,
Significant lTons and Metals

Similar to the process occurring during Watana fill-
ing, increases in dissolved solids, conductivity and
most of the maior ions will Tikely result from leach-
ing of the impoundment soils and rocks during Devil
Canyon filling. However, for initial filling from E1
850 to 1135, no significant downstream impacts are
foreseen, since it will take only about two weeks to
accumulate the 76,000 acre-feet of storage. In such
a short time, finsignificant Teaching would occur
which could be detrimental to downstream water
quality.



{vii)

Subsequent to initial [illing and for the remainder
of the filling process, fixed-cone valves will be
utilized for reservoir discharge. Since they wiil be
drawing water from well above the bottom of the im-
pounidment and since the leaching process will be con-~
fined to a layer of water near the bottom (Peterson
and Nichols 1982), downstream water quality should
not be adversely impacted.

Evaporation at the Devil Canyon reservoir surface
will be increased above existing riverine evapora-
tion, but this will be negated by precipitation fal-
Ting directly on the reservoir. Hence, there will be
no impact on total dissoived solid concentration from
evaporation.

Dissolved Oxygen

As previously discussed in Section 3.2(c), {(iii)
Watana Operation, water entering Devil Canyon will
have a high dissolved oxygen concentration and low
BOD,

Because of the extremely short residence times, no
hypoTimentic oxygen depletion is expected to deveiop
during either the one year that the reservoir is held
near E1 1135 or the Tinal six weeks of reservoir
filling.

Treated wastewater will continue to be discharged

downstream from the dam, but the river flow wiil 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, lTow=level outlets will be employed. No super-
saturation within the JTower level of the reserve’r
will occur during this two week time frame. Fur- :
there will be no 2iunging discharge to ent amn
nitrogen,

During the remainder of the filling sequence, dis-
charge will be via the fixed-cone valves. Therefore,
no nitrogen supersaturation conditions are expected
downstream from the dam.

Support Facilities

Mo impacts are anticipated during the filling process
as the result of the withdrawal of water and the sub-
sequent discharge of the treated wastewater from
either the camp ov village.

90
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Some Tocelized increases in suspended sediments and
turbidity are expected to occur during the dismant-
1ing of the camp wEV hmay begin at this time. Using
the appropriate preventive nrocedures, any impacts
should be minimized.

Ground Water

No major ground water impacts are anticipated during the
impoundment of Devii Canyon.  The fdncreased water level
within the reservoir will be confined between bedrock walls,
Downstream there may be a siight decrease in water Tevel
from reduced flows if fil1ing occurs other than in August or
the first 3 weeks of September. The assuciated change in
ground water Tevel will be confined fo the immediate area of
the riverbank.

Impacts on Lakes and Streams in Impoundment

iwn

the Devil Canyon pool Tevel rises, the mouths of the
but aries entering the reservoir will be inundated for up
.6 miles {See Tabie E.2. . Sediment transported by

streams will be depssited at the new stream mouth
Tished when the reservoir is filled.
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As Devil Canyon reservoir is filled, additional fish-
ery habitat will become available within the reser-
voir, However, impacts to fish habitat will occur as
tributary mouths become inundated. Further informea-
tion on reservoir and downstream imgpacts may be found
in Chapter 3.

s

(ii} Mavigation and Transportation

Buring filling, the rapids upstream from Devil Canyon
will be inundated and whitewater kayaking opportuni-
ties will be lost, Since the reservoir will be rise
ing as much as 8 feet per day during fitling, the
reservoir will be unsafe for boating. Downstream
water levels may be s?ightly lowered, but this is not
expected to affect navigation because of the slight
change most likely confined to the winter season.

(111} HWaste Assimilative Capacity

Although flows in the river will be reduced during
the two  segmerts 0? reservoir filling, the waste
as ?zaifvw capacity of the river i1l not be
a
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- Watana/Oevil Canyen Operation
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(i) Project Gperation

When Devil Canyon comes on line, Watana will be oper-
ated as a peaking plant and Devil Canyon will be base-
loaded. Advantage wiil be taken of the two reservoir
system to optimize energy production while at the same
time providing the downstream flow reguirements.

Fach Sentember, the Watana reservoir will be filied to
as near the maximum water level of 2190 feet as pos-
sible, while still meeting the downstream flow
reguirements. From October to May the reservoir will
normally be drawn down to approximately ET 2080, al-
though the reservoir will be allowed to fall to a min-
imum reservoir level of 2065 feet during dry years.
In May, the spring runoff will begin to fill the res-
ervoir,

However, the reservoir will not be aliowed to fill
above E1 2185 until late August when the threat of a
significant summer flood will have passed. If
September is a wet month, the reservoir will be
allowed to fi11 an additional 5 feet to E1 2190
because the probability of significant flooding will
have passed until the next spring.

From November through the end of July, Dewil Canyon
will be operated at the normal maximum headpond eleva-
tion of 1455 to optimize power production. In August,
the Devil Canyon reservoir will be allowed to fall to
a minimum 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 Devil
Canyon. This will allow most of the water entering
the Watana reservoir to be stored rather than pass
through the turbines and produce unsalable energy. In
September, the Devil Canyon reservoir will be further
Towered if it is not already at its minimum elevation
of 1405 and if the Watana reservoir is not full. When
the downstream flow reguiremerts diminish in October,
the Devii Canyon reservoir will be filled to 1455
reet.

£41)  Minimum Downstream Target Flows

Thne minimum downstrean tfarget flows at Gold COreek
which controlled the summer uperation of Watana alone
will be unchanged when Devil Canyon comes on line,
Table £.2.47 iilustrates tnese flows. (A further
explanation is provided in Section 3.2(c} {é}&ﬁ
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Energy Simulations

The monthly ea%rgy simulation prsgrﬁm was run using
the 32 years of Watana and Devil CLanyon synthesizad
flow data. ﬁrEw@rogecaﬁfEnw data are presented in
Tables F.2.9% and E.2. 8. The development of the
Watana and Devil Canyon flow sequences used in the
simulation was discussed in Sections 2.1{a) and

3.2(c), (1),

Monthly maximum, minimum, and median Watana and
Devil Canyon reservoir levels for the 3Z2-year simu-
lation are illustrated in Figures E.2.& and
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- 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 reservair
where the flow can be reguiated. Water levels in
Devil Canyon will fluctuate less than one foot on a
daily basis because of the peaking operation of
Watana. Devil Canyon will operate as a baseloaded
plant for the 1ife of the project.

ean Monthly and Annuat Fiows

Monthly Watana, Devil Canyon, and Gold Creek flows
for the 32-year monthly energy >?mu.at30n are pre-
sented in Tables E.2, @I E.2.8Y and E£.2.87% The
max imum, mean, and minimum fisws for eabh month at
Watana, Devil Canyon, and Gold Creek are summarized
and compared fo pre-project flows and "Watana-only®
ﬁas% prcgeCL < 1ows fwhere appropriate} in Tables

é% g% and E.2.8% From October through
ﬁﬁf??s iﬁe pﬁst project f?sws are many times greater
than the natural, unregulated flows. Post-project
flows during the months of June, July, August, and
Loptember are 36, 34, 56, and 79 percent of the aver-
age mean monthly pre-project flow at Gold Creek,
rospectively. The reductions vrepresent the flow
volune used to fill the Watana reservoir., Variations
in mean monthly post-project flows occur, but the
range is substantially vreduced 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 sum-

maries for Sunshine aﬂd Susitna Station are compared

in Tebies E.2.88 and E.2.8. Monthly post-project
o ag
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£
flows are presented in Tables E£.2.38 and E.2. 5. A
though summer flows from May through October avera
about 100 percent greater than existing conditions,

-
ge

A comparison of post-project mean monthly Tlows with
Watana operating alone and with Watana and Devil
Canyon both operating shows that, although there are
some differences, the differences are minor.

For the 32 years simulated, no flow releases
occurred between May and July at either Watana or
Devil Canyon. A1l flow was either absorbed in the
Watana reservoir or passed through the respective
powerhouses. The dune 7, 1964, flood of record
with an annual flood recurrence interval of better
than 20 years, resulted in a Watana reservoir ele-
vation of 2151 at the end of June, an elevation 35
feet below the elevation at which flow s
released,

The maximum mean monthly discharge at Devil Canyon
during the spring flood period was approximately
10,500 cfs. If peak inflow intc Devil Canyon res-
ervoir contributed from the drainage area down-
stream from Watana approached this discharge, flow
at Watana would be virtually shut off to maintain a
Devil Canyon reservoir level of 1455 feet. Lateral
inflow would supply most of the power needs. How-
ever, it s unlikely the peak contrib tion down-
stream from Watana would be as large as 10,500 cfs.
For exanpie, the Gold Creek maximum historical one
day peax flow to mean monthly flow ratio for the
month of June is 2.05, If it is assumed this ratio
is valid for the drainage area between Watana and
Devil Canyon, the peak one day June inflow during
the simulation period would zpproximate 9300 cfs.

For the 1:50-year fiood, the downstream flow with
hoth Watana and Devil Canyon in operation will be
similar to the flow with Watana coperating alone.
The Watana reservoir will be drawn down suffi-
ciently such that the 1:50-year flood vclume can be
stored within the reservoir if the flood occurs in
June. The flow contribution at Devil Canvon for
the drainage area between Watana and Devil Canyon
would approximate 11,000 cfs. Hence, power needs
would be met by running Devil Canyon to near capac-
ity and reducing outflow from Watana as much as

possible to prevent flow wastage.
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For flood events gvea%er than the ecowes=
yvear event and after Watana reservoir elevation
reaches 2185.5, the powerhouse and outlet facil-
ities at both Watana and Devil Canyon will be cper-
ated to match inflow up to the full operating
capacity of the powerhouse and outlet facilities.
It inflow to the Watana reservoir continues to be
greater than outflow, the reservoir will gradually
rise to £1 2193. When the reservoir level reaches
2193, tnhe main spiliway gates will be opened and
operated so that outflow matches ~flow. Concur-
rent with opening the Watana main spillway gates,
the main spillway gates at Devil Canwon will be
opened so that inflow maiches outflow. The main
spillways at both Watana and Deviil Canyon will have
sufficient capacity to pass the 1:10,000-year
event. Peak inflow for the 1:10,000-year flood
will exceed outflow capacity at Watara resulting in
a slight increase above 2183 feet. At Devil Canyon
there will be no increase in water level. The dis-
charges and water levels associated with a
1:10,000-year flood for both Watana and Devil
Canyon are illustrated in Figures E.2,8F and
£.2.88. g5
S

If the probable maximum flood {(PMF) were to occur,
the operation at Watana would be unchanged whether
Watana is operating alone or in series with Devil
Canyon. The main spillway will be operated to
match inflow until the capacity of the spillway °s
exceeded. At this point, the reservoir elevation
would rise until it reached ET1 2200, If the water
level exceeds E1 2200, the erodible dike in the
emergency spillway would be washed out and flow
would be passed through the emergency spillway.
The resulting total outfiow through all discharge
structures would be 311,000 cfs, 15,000 cfs Tess
than the PMF,

At Devil Canvon a similar scenaric would occur,
The main spillway would continue to aperate, pass-
ing the main spillway discharge from Watana. Once
the eiergency spillway at Watana started operating,
the Devil Canyon reservoir would surcharge to 1465
and its emergency spiliway would begin to operate.
Peak outflow wou'd occur immediately after the fuse
plug eroded away. However, the peak is slightly
iess than the peak inflow. The infiow and outflow
hydrographs for both the Watana and Devil Canyon
PMF  are shown 1in Figures E.2. 8 and E.Z2.85,
raspectively, 95 2
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- Summer Floods

Atthough there were no flow releases at the Watana
site during August or September 1in the 32-year
simulation, in wet years Watana and Devil Canyon
may produce more energy than can be used. If this
occurs, flow will have to be released through the
outiet facilities. However, on & mean monthly
basis the total discharge at Watama will be less

T D et e () UD O o Qe 2 ST . . . c
oo oSO =0o T =t tnan the Watana powerhouse flow capacity of £
b LS I R = T i Ty W ) :
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facilities.
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{v) Flow VYariability

As discussed above, at both Watana and Devil Canyon,
peak monthly flows may differ from mean monthiy flows
it the reservoir exceeds E1 2185.5 at Watana and flow
is released. For Devil Canyon, as reservoir inflow
from sources cther than the Watana reserveoir varies,
the peak outflow may alse differ from the mean
monthly flow.

For the 32 years of simulation, the maximum Devil
Canyon discharge in August was 17,900 c¢fs, which
included 14,100 c¢fs from wWatna and 3800 cfs from
tributary inflow into the Devil Canyon reservoir,




In examining flow ratios of one day peaks o mean
monthly flow at Goid Creek for the month of August,
it can be seen that these ratios vary from 1.10 to
2.40. If these ratios can be applied to the fribu-
tary inflow, then the peak inflow could have been as
high as 9100 cfs. Also, if the Watana powerhouse
flow was not constant for the month, then some flow
variability could alsc be atiributed to Watana. The
net result is a Devil Canyon outflow that could be a
constant vaiue 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 variability
would depend on the daily infiow hydrograph for both
Watana and Devil Canyon.

The monthly and annual flow duration curves for pre-
project and post-project conditions for the 3Z-year
simulation 3&?5&% are illustrated in Figures E.2. %13
through E.2. % or Watana, Gold Creek, Sunshine, and
Susitna Station. The flow duration curves show less
variabitity during post-project operations and a
diminished pre- and post-project difference with dis-
tance downstream from Watana.

Effects on Water Quality

(1)

Yater Temperatures

The winter temperatures discharged from Devil Canyon
will range from about 4°C to 1°C. The temperature
wiil slowly decrease in the downstream direction
because of heat exchange with the colder atmosphere.
In January, by the time the flow reaches Sherman a
drop in temperature of about 1.3°C will be expected,
whniie a drop of about 4°C will occur to Talkeetna.
Depending on the coutflow temperature, and climatic
conditions the threshhold of 0°C water will vary from
Talkeetna to Sherman. Throughout the winter; water
temperatures upstream from Sherman will be above
freezing, approaching the outflow temperature as it
moves upstveam. The minimum temperature expected at
Gold Creek will be between 0.5°C and 3°C.

The summer temperatures will be stightly higher than
those for the Watana because of the larger surface
area Tor 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 temperatures will be about 10 to 12°C, siowly
decreasing through the latter part of August to the
end of September.
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The initiation of ice formation at Talkeeina will be
detayed by several months., The large volune of warm
water from upstrean will delay and reduce the
quantity of ice supplied from tfthe Susitna River
upstream of Talkeetna. Depending on the reservoir
cutfiow temperatures, the ice cover will start to
form by the end of January and progress a short
distance upstream through February. The Tocation of
the ice front is expected to be between Talkeetna and
Sherman. S*agiﬂg caused by the dice cover will be
about 3-4 feet.

The breakup in the spring will occur downsiream
because of warmer climatic conditions and also fram
the upstream front because of the warmer water from
tha project.  The cover will tend to thermally decay
in place. Therefore, the intensity of the breakup

&£§§u @@ be less severe with fewer ice Jjams than the

§ré%r63@ri ecfuré%cez

Suspended Sediments/Turbidity/Vertical I1lumination

Of the suspended sediments passing through the Watana
reservoir, only a small percentage s expected to

settie in tne Devi! Canyon reservoir. This s
%%t?ﬁhj%a53$ 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
illunination levels that occur within the impoundment
and downstream will be only slightly reduced from
that wnich exists at the outfliow from Watane.

Some minor slumping of the reservoir walls and
resuspension o¢f 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 gprocesses will produce
short-term, localized increases in suspended
sediments, However, as opreviously noted the
overburden layer 1s shallow 30 no significant
problems will arise, Additionally, since most of
this sediment will settie out downstream increases
will be minor.

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

As previously identified in Section 3.3(b) [iii], the
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ieaching process is expected to result in increased
levels of the aforementioned water gquality proper-
ties. These effects are not expected to diminish as
rapidly as was indicated for Watana. Although leach-
ing of the more soluble chemicals will diminish,
others will continue to be Jeached because large
quantities of inorganic sediment will not be covering
the reservoir bottom. It is, however, anticipated
that the leachate will be confined to a layer of
water near the impoundment floor and should not
degrade the remainder of the reservoir or downstream
water quality.

As was the case at MWatasa, the increased surface area
will lead fo an increase in the amount of evapora-
tion. However, because of the two 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 quality within the reservoir or downstream
should occur.

Since no ice cover is anticipated, no increased con-
centrations of dissoived sglids will result at the
ice~water interface.

Dissolved Qxygen

As was previousiy discussed in Secticon 3.2 (c)(iii},
reduction of dissolved oxygen concentrations can
gccur in the hypolimnion of deep reservoirs.

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

Within the upper layers (epilimnion) of the reser-
voir, dissolved oxygen concentrations will remain
nigh. Inflow water to the impoundment will continue
to have a high dissolved oxygen content and Tow BOD.
Since water for energy generation is drawn from the
upper layers of the reservoir, no adverse effects to
downstream oxygen levels will occur.

Nitrogen Supersaturation

Mo supersaturated conditions will occur downstream
from the Uevil Canyon Dam. Fixed-cone valves will be
employed to minimize potential nitrogen supersatura-
tion problems for all floods with a recurrence inter-
val Tess than 1:50-years,
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Fgr flood flows greater tﬁaﬁ%:§”5”«year flood when
: 7 will unavoidably occur, nitrogen supersatur-
jon will be minimized through the installation of
wosmege deflectors which will prevent the creation
a plunging action that could entrain air.

(vii) Faci ilities

The construction camp and village will be decommis-
sioned upon completion of construction and filling,
Lccalized in the local drainage basins because of due
to these activities, but these effects will not be
significant since erosion control measures will be
employed.

Effects on Ground Water Conditions

Effects on ground water conditions will be confined to the
Pevil Canyon reservoir itself. Downstream flows and hence
impacts will be similar to those occurring with Watana oper-
ating alone.

Impact on Lakes and Streams

A1T the effects identified in Section 3.2.3(b) for the
streams in the Watana reservoir will be experienced by the
streams f?ﬁwéﬁg into the Devil Canyon reservgir listed in
Table E. 2. %iz No Takes in the Deviy Canyon impoundment will
be impacted other than the previously described small lake
at the Devil Canyon damsite. The tributaries downstreanm
from Devii Canyon will not change froum the conditions estab-
Tished when MWatana was operating <lone as discussed
eariier,

Instream Flow Uses

The effects on the fishery, wildlif
vegetation are described in Chapter

e habitat, and riparian
3

(1) Mavigation and Transporation

The Devil Canyon reservoir will transform the heavy
whitewater upstream from the damn intc flat water.
This will afford recreational opportunities for less
experienced boaters but totally eliminate the white-
water kayaking opportunities.




Since the Devil Canyon facility will be operated as a
h&ge30aded plant, downstream impacts should remain
similar to the "Wata%a«a&?y“ operation. The reach of
river that remains free of ice may be extended some-
what fTarther downsirean

(i1} Estuarine Salinity

Salinity variations in Cook Iniet were computed using
a numerical model of Cook Inlet (Resource Management
Associates, 1982). As expected, the salinity changes
from baseline conditions were almost identical w'.h
those determined for Watana operation alone. The
post-project salini ty range 1s reduced, since there
are lower :a31naties; n winter and higher salinity in
summer. Figure E.4 1 illustrates the compariscn of
annual  salinity variation off the mouth of the
Susitna River using mean monthly pre-  and
post-project Susitna Station flows

3.5 Access Plan Impacts

The Watana access route will begin with the construction of a 2-mile
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 21 miles. Portions of this road segment will be
upgraded to meet standards necessary for the anticipated construction
traffic. From the Denali Highway, a 42-mile road will be constructed
ir 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 1Z«mile railroad extension from Gold
Creek, on the south side of the Susitna River. For z more detailed
description of the access routes refer to Exhibit A, Sections 1,12 and
7.12.

3.5.1 - Flows

Flow rates on streams crossed by the access road will not
be impacted. However, localized impacts on water levels
and fiow velocities could occur if c¢rossings are poorly
designed. Because they do not restrict streamflow,
bréége crossings are preferred to cuiverts or low-water

crossings.  Bridge supports should be located outside
active channels, if possible.

Where net properly designed, culverts can resirict fish
movement because of high velocities or perching of the
culvert above the streambed. ﬁu?wgrts are also more sus-

%H%ar'ﬁ a@ ?gﬁﬂg grehigw” causing v&%ar?c%aﬁ drainage,
especially during winter snownelt

JO



Low-water crossings may be used in areas of infrequent, Tignt
traffic. They should conform to the local streambed siope and
@ constructed of materials so that water will flow over them
instead of percolating throuch them, which would also restrict
Tish passage.
3.5.2 - Water Quality
Most water gqua Ei ity mpact associated with the pvnpsﬂeé access
routes will occur during construction. The principal gﬂ? u7ﬁﬁiﬂﬁ
gaﬁgr quality i Qaci associated with construction will bes in-
Creased ausuemdeé sedimer:: and turbidity levels and accidental
leakage and spillage of petr@ieﬁﬂ products. Given proper design
and construction techniques, few water gquality impacts are anti-
cipated from the subseguent use and maintenance of these facili-
ties,

(&) Turbidi~y and Sedimentation
Some of the more apparent potential sources of turbidity and
sedimentation pvca?ewg include:
- Instream operation of heavy eguipment;
- Placement and types ¢f permanent stream crossings {cul-
verts vs, bridges);
- Location of borrow sites;
- Lateral stream transits;
- Yegetative clearing;
- Side hill cuts;
- Disturbances to permafrost; and
- Timing and schedules for LQﬁ truction.
These potential sources of terbidity and sedimentation are
discussed ms?e fully in Chapter 3.
(b} Contamination by Petroleum Products

Contamination of water courses from accidental spills of
nazardous materials, namely fuels and oils, is a major con-
cern. During construction of the trans-Alaska oil pipeline,
it became apparent that oil spiil icus sorts were a
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creater problem than anticipated. Most spiils occurred as 2
resutt of equipment repair, refueling, and vehicie a cédea%sg
When equipment with ?%&ky nydraulic hoses are operated in
streams, petroleun products are very likely to V&&Lh the
water. To avoid this, vehicles and equipment will be prop-
erly maintained,
water pumping for dust ~ontroi  gravel processing, dewater-
j er purpose- Jan a'so Tead to petroleun spilis if
is net taken, Since water pumps are usually
ver or lake banks very near the water, poor
trces could result in freguernt o311 spillis dn
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3.6 Transmission Corridor Impacts

The ftransmission line can b divided into four segments: central
{Watana to Gold i:eak;s intertie (Willow to Healy), northern {(Healy to
Ester}, and southern {Willow to Anchorage).

The central segment is composed of two sections: Watana to Cheechako
Creek and Cheerhako Creek to Gold Creek. Construction of the portion
from the Watana damsite to Cheechako Creek will be undertaken during
winter with minimal disturbance to vegetation. Hence, impact on stream
flow and water quality should be minimal. From Cheechako Creek fo 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 proj-
ect will add another iiae of towers within the same right-of-way. The
impacts then will be similar to those experienced during intertie con-
siruction. The existing access points and construction trails will be
utilized. The Environmental Assessment Report for the intertie {Com-
monwealth Associates 1982) discusses the expected environmental impacts
of transmission Tine construction in this segment.

-
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For construction of the nortn and th stubs, stream crossings will be
required. The pa%eﬁﬁ? effects wz?! be of the same type as those dis-
cussed in Section 3.4, a? though generally much less s-vere because of
the Timited access needed to construct a transmission line. Erosion
related problems can h% caused by stream crossings, vegetative clear-
ing, siting of transmission towers, locations and methods of access,
and disturbances to the permafrost. However, given proper design and
construction practices, few erosion-related pwub ems are anticipated.
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Contaminaticn »f Jocal waters ‘rom accidental spills of fuels and oils
is ancther potential water quality impact. To minimize this potential,
vehicies 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 Tocalized temporary sedimentation and turbidity problems could
occur when maintenance vehicles are required fo cross wetlands and
streams to repair damaged Tines or towers. Permanent roads will not be
built in conjunction with transmission lines., Thowever, land access
will be provided for maintenance of the lines and towers. Rather,
grasses 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 associated with the lines. Streams may need fo be
forded, sometimes repeatedly, in order to effect repairs. Depending on
the season, crossing ?esat€@n$ type and freguency of vehicie traffic,
this could cause erosion problems at stream crossings.

5
{03



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

~ F1

ow regimes during filling and operation;

- Raservoir and downstream thermal regime;

A

entation process in the reservoir and downstream suspended sedi-
tevels and turbidity;

1
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- Nitrogen supersaturation downstream from the dams;

- Winter ice regime;

- Trophic status of the reservoirs;

~ Uissclved oxygen levels in the reservgir and downstream;

- Downstream ground water and water table impacts

'K

- £ffects on instream flow uses:

- Sediment and turbidity increases during construction;

H

Wastewater discharge from the temporary community

A thorough and complete complement of agency concerns and recommenda-
tions will be presented pursuant to the review of this draft license
application.
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o - MITIGATION, EMHANCEMENT, AND PROTECTIVE MEASURES

asures were aevwéﬁgs to protect, maintain, or enhance the
ity and quantity of the Susitna River. These measures
el rimarily to avoid or minimize impacts to aguatic habi-
, but they will also have a beneficial effect on other instream

The first phase of the mitigation process identified water @Q&??Ej and
quantity sm;ac?s from construction, filling and operation, and incor-
porated mitigative measures in the preconstruction planning, design,
and scheduling. Three Xey mitigation measures were incorporated into
the engineering design: {1) nﬁﬁ?mum Tiow requirements were selected
during the salmon spawning season that were greater than what would be
discharged if flow were selected solely from an optimum economic point
of view. (2) multilevel intakes were added to improve temperature
control and minimize project effects; and (3} fixed-cone valves were
incorporated to prevent nitrogen supersaturation from occurring more

Trequently than cnce in fifty years Other mitigation measures incor-
porated in the project design and censtruat3en 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 aguatic habi-
tats. Monitoring of construction practices will be required to identi-
fy and correct construction-related problems. Upon completion of con-
struction, the third phase of mitigation will consist of operaticnal
menitoring 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 trans-
mission line construction.

5.3 - Mitigation of Watana Impoundment Impacts

The primary concerns during filling and operation of the ressrvoir
Ao ]

aiscussed in Section 3 of this chapter include:

- Maintenance of minimu um dawnstream flows

- Maintenance of an acceptable downstream thermal regime throughout the
year;

- Changes in downstream sediment loads, deposition, and fiushing;
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- Downstream gas supersaturation;
- Eutrophication processes and tropnic status; and
- Effects on ground water Teveis and ground water upwelling rates.

Minimum downstream flows will be provided o mitigate the impact the
filling of the reservoir could have on downstiream fish and other
instream flow uses. Although access may be difficult, the 12,000 ¢f
flow at Gold Creek in August will provide spawning salmon access o
most of the sloughs between Devil Canyon and Talkeetna. Additionally,
the selected downstream flow of 12,000 cfs will assist in maintaining
adequate ground water levels and upwelling rates in the sloughs.

tutrophication was determined not to be a probiem and therefore no
mitigation is required.

Downstream gas supersaturation will be prevented by the design of the
energy dissipating valves and chambers 1incorporated in the outiet
facilities used during impoundment

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 Devil Canyon and Talkeetna where
selective reshaping and grading of the mouth may be required to insure
salmon access.

From the first winter of filling to the commencement of operation of
the outlet facilities one-and-one-half years later, the water tempera-
ture at the Watana low-level outlet will approximate 4°C to 5°C.
Although these temperatures will be moderated somewhat downstream,
downstream impacts are l1ikely to occur. No mitigation measures have
been incorporated in the design to offsef these low downstream tempera-
tures during the second year of the filling process. If, during the
final design phase of the project, a technically acceptable, cost-
effective method can be developed to mitigate this potential tempera-
ture impact, it will be incorporated into the final designs.

5.4 - Mitigation of Watana Operation Impacts

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

5.4.1 - Flows

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

These minimum flows are not the most attractive from a project
economic peint of view. However, they do provide a base flow of
sufficient magnitude that permits the development of mitigation




measures to substa tially reduce the project’'s impact on the
downstream fisi ar; Hence, the wminimum downstream flows will
provide a baiance between power generation and downstream Tlow
requirements.

provide stable flows downstream and minimize the potential for
downstream ice jams, Watana, when it is operating alone, will be
operated primarily as a base-loaded plant, even though it may be
desirable to operate Watana as a peaking plant.

5.4.2 - Temperature

As noted in Sectiecn 3, the impoundment of the Watana raservoi
will change the downstream temperature regime of the Sﬁﬁ?ﬁﬁa
River. Muitilevel intakes have been incorporated im the power
plant intake structures so that water can be drawn from va ??Qﬁs
depths (usualiy the surface). By selectively withdrawing water,
the desired temperature can be maintained at the powerhouse
tailrace and downstream. Using a reservoir temperature model,
was possible to closely match existing Susitna River water
temperaturas except for periods in the spring and fail.

5.4.3 - Nitrogen Supersaturation

Nitrogen sapersaturaﬁion is avoided by the inclusion of
fixed-cone valves 1in the outlet facilities. Fixed-cone valves
have been proven effective in preventing nitrogen supersaturation
(Ecological Aﬁa?ysts Inc. i98f) instead of passing water over
the spillway into a plunge pool, excess water is reieased through
the valves. These facilities are designed to pass a 1:50-year
flogd event without creating sapersaﬁu?ated water conditions
downstream.

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

5.5 - Mitigation of Devil Canyon Impoundment Imp cis

Other than the continuance of tihe downstream flows at Gold Creek
established during the operation of Watana, no additional mitigation
measures are planned during the Devil Canyon impoundment period.

5.6 - Mitigation of Devil Canyon/iviatana Operation

5.6.1 - Flows

The downstream flow requirement at Gold Creek will be the same as
for Watana operation alone. After Devil CLanyon is on line,
Watana will be operated as a peaking plant, since the Watana
tailrace will discharge directly inte the Devil Canyon reservoir.
The Devil Canyon reservoir will provide the Tlow regulation
required to stabilize the downstream flows.
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5.6.2 - Tempera
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ure

As with Yatana, multiievel intakes have been incorporated into
the Devil Canyon design., Only ftwo intake ports will be needed
hecause of the limited drawdown at Devil Canyon.

o 7 I A P 2 e
5.6.3 - 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 saven valves will be
38,500 cfs.
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TABLE E.2.4: COMPARISON OF SUSITNA REGCIONAL FLOOD PEAK ESTIMATES
WITH USGS METHODS FOR GOLD CREEK

Z B
4sGs Uses
Siﬂgie? Susitna Area 1i Cock Inlet
Return Station Regional Ragional Reqional
Station Locabion Period Estimate Est imate Eztimate Estimate
{(¥rs.) {efs) {cfs) {ofs) {efe)
Susitna River ab Gold Creek 125 37,106 37,700 48,700 -
2 49,500 49,0600 59,200 43,800
5 &7,000 &4, 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, 000 119,800 115,000

S

¥ Based on three parameter log normel distrihution and shown to thres significant
figures. .

£ Lamke, R.D., 1970. Flood Characteristics of Alasksn Stream

Resources Investigation, 78-129.

[

Water

8
Tl
s 1% Y

3 Fresthey, G.%W., and D.R. Scully, 19280. Water Resources of the Cook Inlet Basin,
Alaska, USES, Hydrologicsl Investigstions Atlas HA-6Z0.
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TAPLE F.2.5: SUSITHNA RIVER REACH DEFINITIONS

River Mils Siope Predominent Channel Pabtorn

R 149 to 144 G.003195 Single channel confined by valley
walls, Frequent bedrock conbrol
points.

RM 144 to 139 {.00260 Split channel confined by valley wall
and terraces.

"M 13

s

to 129.5 71, 00210 Split chennel confimed occasionally by
terraces and valley walls. Main chan-
nels, side channels and slcughs occupy
valley bottom.

RM 129.3 teo 119 0.00173 Split channel with occasicnal tendency
to braid. Maln channsl freguently flows
against west valley wall. Subchannel
and sloughs ccoupy sast flesdplsin.

#4 119 to 104 0.00153 - Single channel freguently incissd and
pocasional islands.

RM 104 to 95 0.0081467 Trangition from split channel to
braidad. UOccasionally bounded by
terraces. Bralded through the con-
Fluence with Chulitne and Talkeetna
Rivers.

AM 95 ko 61 0.00105 Braided with occasional confinement by
terraces.

Hi 61 bo 42 8.00073 vombinad pabtterns; western floodplain
braided, eastsrn (locdplain split
channel.,

R 42 wo O 1. 00030 Split channel with occasional tendency
to braid. Delisic distributary channels
begin forming ab about RM ZO0.
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TABLE £.2.6: DETECTION LIMITS FOR WATER QUALITY PARAMETERS t
i
5)
REH TSES o
Betection Detection Criteria ;f"i’ %{_«
v Phueied R _ (5) . . * -
W by dag Limit Limit Levels Comtp .-
2‘-"%;{5’ \: : /3":
N f70 Parameters ,/;?;ﬂ;
/} C »3 Uissslved Ouygen 0.1 - 7-17 8o
"D. 0. Percent Saturation 9 - 110 [
@gﬁ% pH Units -0.01 - £.5 = 9.0 égi’f{ﬁ
3 Conduct ivity, umhos/cm @ 25°C 7 - - [
(& Temperature, °C 3.1 -— 20,15 (M), Bl er
13 (sp) L
ree Carbon Dioxide % e e e 9
37 éinmmﬁyg as Calll, 2 e 20 i
7 sebtilesbls Solids, alfl G.1 e - ;
! i
P
T P
Ammoria Nitrogen 0.05 8.01 0.02 e
Urganic Nitrogen 0.1 - - j !
- Kjeldahl Nitrogen 0.1 8.1 e ; .
<& Nitrgte Nitrogen 0.1 8.01 10 fy.ol )
;fztz"jate Nitrogen 0.01 #.01 - | . |
obal Nitrogen .1 &.01 - |
<37 Srthew?hasﬁ?f;i@ 0.01 ©.01 - I i
Tatal Phosphorus 0.0 & .01 .01 | '
. Chemical Oxyges Demand i - - | !
,/(,, _ Chloride 8.2 ¢ .01 200 ; :
~dsrlolor, Platinum Cobalt Units 1 1 50 i