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1 - INTRODUCTION

1.7 Background and Purpose

Construction of dams at Watana and Devil Canyon will effect the
river morphology downstream of Devil Canyon, with possible
effects on fisheries, vegetation, and wildlife. The possible effects
of dams on river morphology are described below. The purpose of
this report is to describe the existing flow, sediment and river
regimes from Devil Canyon to the mouth of the Susitna River, and
to assess potential morphological changes in the river.

1.2 Downstream Effects of Dams

‘The construction of dams on a river system modifies both the

natural flow regime and the natural sediment transport regime,
thus Iimpacting the river processes downstream of the dams.
Before discussing the impacts on the river morphology of the
Susitna River downstream of Devil Canyon, a summary of impacts
downstream of similar projects is worthwhile.

Kellerhals and Gill (1973), Petts (1977), Tayior (1978) and Baxter
and Glaude (1980) have summarized channel response to flow
regulation. Operation of reservoirs significantly alters the flow
regime. There is often an increase in the diurnal variation of flow
due to the variation in the amount of water passing the turbines in
order to follow the load demand. Annual peak discharges are
reduced not only due to storage which allows no overfiow over the
spillway, but also due to the surcharge storage provided by the
rise in water level above the spillway crest. Routing through a
reservoir with no available storage may reduce some flood peaks by
over 50% (Moore, 1969), depending on the characteristics of the
spillway, reservoir, and flood hydrograph. - The magnitude of the
mean annual flood of the Colorado River below Hoover Dam has
been reduced by 60% (Dolan, Howard, and Gallenson, 1974). The
total- volume of flow may be reduced due to the increase in time
during which seepage and evaporation losses may occur. Base
flow tends to be increased due to seepage and to minimum releases
to the channel below the dam.

Reservoirs with a large storage capacity may trap and store over
95% of the sediment load transported by the river (Leopold,
Wolman, and Miller, 1964), with the actual percentage depending
primarily on the storage capacity-inflow ratio (Brune, 1953),
although reservoir shape, reservoir operation, and sediment
characteristics have some influence (Gottschalk, 1964).

The effect of dams on the sediment ioad must not be considered in

isolation but in relation to changes in river sediment transport
capacity, to river regime, to channel morphometry, and with
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regard to major tributaries. At tributaries which transport large
quantities of sediment into a regulated mainstream with reduced
flows and consequently less ability to flush away sediments, the
effects include aggradation, an increase in bed slope of the
tributary, and trenching of the deposit to form a channel that is
in quasi-equilibrium with the flow regime (King, 1961; Kellerhals,
Church and Davies, 1977). The increased gradient results in
increased velocities, bank instability, possible major changes in the
geomorphic character of the tributary stream, and increased locai
scour (Simons and Senturk, 1976).

All of the bedload entering a reservoir is deposited in the
reservoir. This reduction in sediment supply is usually greater
than that Iin sediment-carrying capacity, resulting in erosion
downstream of the dam except where an armor layer or an outcrop
of bedrock occurs (Petts, 1977). Degradation will occur where the
regulated flow has sufficient tractive force to initiate sediment
movement in the channel (Gottschalk, 1964). Once the channel
bed has been stabilized, either by armoring or by the exposure of
bedrock, then the banks, which usually consist of finer material
than the bed, begin to fail and the channel will widen. Where
armoring or bedrock occur across the width of the channel, a
simpie adjustment will occur where streamflow is accommodated in
the existing channel.

The sediment load plays an important role in the process of
meander migration across ailuvial plains by forming point bars from
bed load deposition on the inside bank. These point bars are then
aggraded to floodplain levels due to the deposition of suspended
sediment in the emerging vegetation. The reduction in sediment
load may disrupt this process, with at least local ecological
changes. Widening of channels at meander bends and lateral
instability may also be expected (Kellerhals and Gill, 1973).

Maximum degradation normally occurs in the tailwater of the dam,
but may extend downstream. Rates of degradation up to 15 cm
per year have been observed both in the United States {Leopold,
Wolman, and Miller, 1964) and Europe (Shulits, 1934). Channel
adjustment to bed degradation and the associated reduction in
siope was observed for nearly 250 km below Elephant Butte Dam
(Stabler, 1925). When an armored condition occurs where the
river is unable to recharge itself to capacity, the river may pick
up additional material downstream, as was observed on the
Colorado River below Hoover Dam (Stanley, 1951).

The channel properties of gravel-bed rivers such as the main stem
of the Peace River in Alberta appear to be controlled by floods
with a recurrence interval of 1.5 to 2 years (Bray, 1972).
Regulation reduces these flows, effectively reducing the size of the
gravel-bed river without immediately changing the channel, but
certain channel properties will adjust to the channel regime over a
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longer period of time. On the Peace River, the entrenched layer
of the channel, the proximity of bedrock, and the resistant bed
material preclude significant changes in width and depth
relationships or in the slope (except near tributary junctions), but
deep scour holes at bends will fill to some degree, and gravel bars
exposed above the new high water mark will have emerging
vegetation (Kellerhals and Gill, 1973).

Vegetation encroachment on the higher elevations of the gravel
bars downstream of a dam can be expected due to the reduced
summer streamfiows and the lower flood peaks, and in time could
encroach on present high water channels (Tutt, 1979; Kellerhals,
Church and Davies, 1977). The effect of the additional vegetation
would be to increase the channel roughness, thus decreasing the
channel water conveyance. The channel size and capacity could
gradually decrease due to vegetation encroachment, deposition of
suspended load in the newly vegetated areas, accumulation of
material from the valley walls and deposition of sediment brought
in by the tributaries. During periods of high flow, higher river
stages could be expected.

The W.A.C. Bennett Dam on the Peace River had a dramatic
unplanned impact on the Peace-Athabasca Delta (Baxter and
Glaude, 1980). The delta is a series of marshes interspersed with
lakes and ponds of various sizes. Before the dam was built, the
delta was maintained in this state due to almost annual flooding,
which prevented vegetation typical of drier ground from being able
to establish itself. The hydrological situation itself was complex.
The Peace River, passing to the north of the delta, contributed
little to the actual flooding, but its flood waters blocked the exit
of the Athabasca River, which entered from the south and caused
the actual flooding. After construction of Bennett Dam, the delta
started drying up, with dry-ground vegetation establishing itself.
The effect of the dam was initially obscured due to lower than
normal precipitation for some vyears previously, but it was
eventually concluded that the dam was at least a contributing
factor, as flood levels on the Peace River were lowered, resulting
in the Peace River no longer blocking the exit of the Athabasca
River.

1.3 Report Contents

A relatively significant amount of data are available for the reach
of river between Devil Canyon and Talkeetna. Over 30 years of
streamflow and suspended sediment data are available for the
Susitna River at Goid Creek. Aerial photography was flown in
1980, and blueline copies made at a scale of 1" = 500'.
Cross-sections were surveyed at 68 sites from Devil Canyon to the
Chulitna confluence. Bed material data were gathered at a number
of cross-sections. Using crest gage data gathered in this reach,
the HEC-2 water surface profile model was calibrated, and water
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surface eievations estimated using results from the model. Ice
conditions were observed during the 1980-81 winter and 1981
freeze-up.

The available data base is considerably smaller below Talkeetna.
Streamflow, suspended sediment and water quality data have been
gathered at the Susitna Station gaging site since 1975. Streamflow
suspended sediment and bedload data were collected at Sunshine
(Parks Highway Bridge) in 1981. Aerial photography is available
at a scaie of 1" = 500'. Cross-sections are available only at U.S.
Geological Survey gaging sites and at miscellaneous sites or
sloughs along the river. Ice conditions were observed during the
1980-81 and 1881-82 winters.

This report compiles, presents and interprets all available
information = pertinent to assessing changes in the river
morphology. The existing river patterns and controlling features
are described from Devil Canyon to Cook Inlet. A qualitative
assessment is also made to predict the response of the river to
post-project conditions.
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2 = SUMMARY

2.1 - Basin Overview

The Susitna River drainage basin is located in the Cook Inlet
subregion of the southcentral region of Alaska. The drainage
basin covers 19,600 square miles. It is bordered on the west and
north by the Alaska Range, on the east by the Talkeetna
Mountains and the Copper River lowland, and on the south by
Cook Inlet.

Climate

The upper drainage basin is in the continental climatic zone, and
the lower drainage basin is in the transitional climatic zone. Due
to the maritime influence and the lower elevations, temperatures
are more moderate and precipitation is less in the lower basin than
that in the upper basin. in the higher regions, freeze-up starts
in early October, and most rivers are ice~-free in late April or
early May.

Topography

Tributaries in the western and northern portions of the drainage
basin rise in the glaciers of the Alaska Range, which is dominated
by Mount McKinley (20,320 feet) and Mount Foraker. Other peaks
average 7,000 to 9,000 feet in aititude. Those in the eastern
portion rise in the Copper River lowland and in the Talkeetna
Mountains. The highest peak is 8,850 feet, with elevations
averaging 6,000 to 7,000 feet and decreasing northward and
westward. To the northwest, the mountains form a broad, rolling
glacially scoured upland dissected by deep glaciated valleys.
Between these ranges and the Cook Inlet is the Susitna lowlands,
a broad basin increasing in elevation from- sea level to 500 feet,
with local relief of 50 to 250 feet.

Geology

The Susitna River basin derived its present geologic features
during Quaternary glaciations. The underlying bedrock consists
of granitic batholiths intruded into Paleozoic and Mesozoic volcanic
and sedimentary rocks on the south side of the Alaska Range and
in the Talkeetna Mountains. Copper, goid, silver, and other
minerals are associated with the intrusions. The unconsolidated
deposits of the lowlands, which contain' thaw lakes and marshes
and are poorly drained, overiay Tertiary coal-bearing rocks
resting on Mesozoic rocks 30,000 feet thick.

Unconsolidated deposits are extensive and largely derived from

glaciers. Glacial moraines and gravels fill glacial-carved U-shaped
valleys in the upland areas. Glaciolacustrine deposits are present
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in the lowlands. During the periods of glaciation, convergence of
glacial flow blocked drainage, and proglacial lakes formed. The
deposits are laminated, rhythmically bedded sand, silt, and clay.
Fluvial deposits are present in the major river valleys, and consist
of gravels and sands.

The drainage basin lies in the discontinuous permafrost zone. In
the mountainous areas, discontinuous permafrost is generally
present. In the lowlands and upland areas below 3,00C feet, there
are isolated masses of permafrost in areas of predominately
fine-grained deposits. Permafrost does not exist in coarse-grained
deposits or in deposits adjacent to the main stem river or large
water bodies. ‘ '

Soils

Gravelly till and outwash in the lowlands and on upland slopes are
overiain by shallow to moderately deep silty soils. Windblown silt
covers upland areas. Steeper upper slopes have shallow, gravelly
and loamy deposits with many bedrock exposures. On the south
flank of the Alaska Range and south-facing slopes of the Talkeetna
Mountains, soils are well-drained, dark, and gravelly to loamy.
Poorly drained, gravelly and stony loams with permafrost are
present on northfacing siopes of foothills, moraines, and valley
bottoms. - Water erosion is moderate on low slopes and severe on
steep slopes.

Vegetation

Vegetation above tree line in steep, rocky soils is predominately
alpine tundra. Well-drained upland soils support white spruce and
grasses, whereas poorly drained vailey bottom soils support
muskeg. Tideflats are dominated by sedge meadows where
drainage is poor, and are bordered by moist tundra grading into
spruce-hardwood forests in well-drained loamy soils.

Water Resources

The Susitna River drainage basin is the sixth largest system in
Alaska. The Susitna River is 320 miles long, and major tributaries
include the Yentna, Chulitna, and Talkeetna Rivers. Extensive
- glaciers in the headwaters contribute substantial suspended
sediment loads during summer months. Streamflow is characterized
by high flows between May and September and low flows from
October to April. High summer discharges are caused by snowmeit,
rainfall, and glacial melt. Tributaries are generally turbulent in
the upper reaches and siower flowing in the lower reaches.

On the western side of the basin is the Yentna River, with its

tributaries the Skwentna River (entering on the southwest) and
the Kahiltna River (entering on the northwest). The Yentna River
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rises in the glaciers of the Alaska Range and flows 95 miles
southeasterly, entering the Susitna River 28 miles from its mouth.
The Chulitna River rises in the glaciers on the south slope of
Mount McKinley and flows 80 miles south, entering the Susitna
River near Taikeetna. The Talkeetna River rises in the Talkeetna
Mountains, flows west, and also enters the Susitna River near
Talkeetna, 97 miles from its mouth. The Susitna River and its
major  downstream  tributaries are shown in  Figure 2.1.
Cross-section locations on the river between the Parks Highway
and the proposed Watana Dam are illustrated in Figure 2.2.

2.2 Projected Post Project Morphological Changes on the
Downstream River

The following summarizes potential changes in the current river
morphology that could be expected from flow and sediment
regulation.

The Susitna River main channel between Devil Canyon and the
Chulitna River confluence wili tend to become more defined with a
narrower channel. 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
and sediment deposition can be expected. This will tend to
gradually increase flow depths at specific discharges above the
immediate post-project condition.

Downstream of the Susitna-Chulitna confluence the frequency of
occurrence of dramatic changes in river morphology will decrease
under post-project conditions, resuiting in a more stabilized
floodplain, decreased number of subchannels and increased
vegetative cover. However, it must be recognized that an extreme
flood generated by either the Chulitna River, Talkeetna River or
both in combination with other tributaries could mask this process
and delay observable changes for several years.

The project morphological changes for specific river reaches are
summarized below:

RM 1498 to RM 144

e The channel is stable and little change in form is
expected.

Portage Creek fan will progress out into the Susitna
until equilibrium with the regulated Susitna stage is
established. Perching of the stream mouth is not
expected.
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RM 144 to RM 139

o

RM 139 to

[+]

Erosion of valley walls and terraces will decrease
dramatically due to the armour layer.

Reworking of alluvial deposits in the main channel will
continue but at a reduced rate.

Main channel form will progress slowly to a more uniform
sinuous pattern.

Subchannels may become inactive.

Tributary at RM 144 could become perched. It may not
be able to regrade its coarse bed sediments to meet the
regulated Susitna water level.

RM 129.5
Indian River will continue to extend its alluvial deposits

into the Susitna. Indian River should easily grade its
bed to meet the regulated Susitna Stage.

‘Gold Creek gradient is presently very steep as it enters

the Susitna. The cobble and boulder bed will resist
regrading the bed to meet the regulated Susitna stage.

Fourth of July Creek gradient is currently relatively flat
and should easily adjust to the regulated Susitna stage.

Erosion of valley walls, terrace deposits and alluvial
banks will reduce dramatically due to the armour layer.

Reworking of active gravel bed materials will continue at
a reduced rate. Main channel form will slowly progress
to a more uniform sinucus pattern.

Several of the sloughs and subchanneils could be blocked
off from the Susitna main channel at the regulated stage.
Where these channels rejoin the Susitna, gradual siltation
and vegetation encroachment will occur.

RM 129.5 to RM 119

r31/b

[+]

Erosion of valley walls, terraces and alluvial deposits will
reduce dramatically.

At RM 128 and 125.5, reworking of gravel bed material
will continue, but at a reduced rate. Main.channel form
will become more uniform.




Cobble berms at the side channels and sloughs will
control and perhaps block main channel fiow from
entering them.

The river should continue its preferred and stable route

- along the west valley wall.

RM 119 to RM 104

[s]

RM 104 to

o

No consequential changes in the channel morphology are
expected. :

RM 95

Chulitna River will continue to expand and extend its
alluvial deposits. Decreasing the summer flow magnitude
in the Susitna River will allow the Chulitna to extend
alluvial deposits to the east and south. This could
induce erosion of the east bankline towards the railroad.

Increased deposition at the confluence will cause
backwater up the Susitna River. Lateral instability will
continue after the project.

The Talkeetna River will maintain the ability to create its
channel into the Susitna system. No consequential
interactions can be foreseen at this time.

RM 95 to RM 61

[+]

r31/b

Under post-project conditions, the bankfull flood (mean
annual flood under pre-project conditions) couid be
expected to have a recurrence interval of once every
five to ten vyears. This will 'tend to decrease the
frequency of occurrence of both bed material movement
and consequently of changes in braided channel shape,
form and network.

Over a long period, a trend towards relative stabilization
of the floodplain features should occur. The main
channel and major subchannels could progress to a more
uniform meandering pattern. The active gravel
floodplain may develop a vegetative cover and the minor
subchannels become relatively inactive. It must be
recognized that an extreme flood generated by either the
Chulitha River, Talkeetna River, or both, could mask
this process and delay observable changes for several
years.




RM 61 to RM 42

o

The Deita Island reach is a very complex and unstable
channel network. There exists a very broad floodplain
filled with wvarying channel types. Project induced
changes in flow and sediment regime realized at this
reach will be diluted by contribution from tributaries and
by the Susitna satisfying its sediment load by reworking
the wide floodplain alluvial deposits. Basic changes in
the overall channel network are not expected.

Local changes could occur in the main channel lateral
position but basic channel geometry should remain
relatively similar. To quantity post project morphology
changes with respect to the natural system would be
extremely difficult, if not impossible.

RM 42 to RM 0

r31/b

o

Effects of the project on river morphoiogy through this
reach of river would be extremely difficult or impossible
to quantify. The dilution effect of major and minor
tributaries as well as the balancing of changes by the
Susitna River system should mask any measurable
changes that could occur as a result of the project for
several decades..
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3 - FLOW REGIME

The flow regime defines the amount of time that certain fTiows,
together with the corresponding hydraulic characteristics, can be
expected. The information is useful In analysis of the sediment
regime and the river morphology, as most of the sediment
transport occurs at high flows. 1{t is also important in evaluating
the Impact of flow regulation on fisheries.

3.1 Flow Duration Analysis

A flow duration curve shows the proportion of time that discharge
equals or exceeds various values. Pre-project monthly and annual
flow duration curves based on average daily flows were developed
for the four mainstem Susitna River gaging stations (Denali, Vee
Canyon, Gold Creek and Susitna Station) and three major
tributaries (MacLaren, Chulitna, and Talkeetna Rivers), and are
shown on Figures 3.7 through 3.4. The period of record used for
each flow duration curve is shown in Table 3.1. The curves do
not necessarily indicate that flows are greater than a given value
for a certain number of days for every year, i.e. that 30,000 cfs
is exceeded five percent of every year at the Susitna River at
Gold Creek. In the above example, the flow duration curve
indicates only that five percent of all days during the period of
record had discharges above 30,000 cfs. The annual flow duration
curve does not indicate how the sequence of flows occur - annual
hydrographs should be examined to determine sequences of high or
low flows.

The shape of the monthly and annual flow duration curves are
similar for each of the stations. The flow duration curves are
indicative of flow from glacial rivers. Streamflow is low in the
winter months, with littie variation in flow ‘and no unusual peaks.
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 wvariation for any
month, as Ilow fiows may continue into May before the high
snowmelt/breakup flows occur. June has the highest peaks and
the highest median flow. The months of June through July have
relatively flat flow duration curves, indicating that significant
portions of flow are within a relatively narrow flow range. More
variability of fiow is evident in September and October as cooler
weather becomes more prevalent.

3.2 Post Project Flows

Daily post-project flows for the Susitna River below Devil Canyon
are not available. However, the change in flow durations can be
estimated based on monthly flow duration curves. Due to the lack
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of records at Sunshine and the short period of record at Susitna
Station, 30 years of pre-project monthly flows were synthesized
using records from the Susitna River at Gold Creek, Talkeetna
River, and Chulitna River gaging stations. The post-project
project flow duration curves are based on the 30-year monthly
operation of the Watana and Devili Canyon Reservoirs for Case A
(optimal power operations) and Case D (minimal impact on salmon
spawning areas in side channels and sloughs above Talkeetna).
Tables 3.2 through 3.10 present the 30-year record of historical
and synthesized monthly flows for pre- and post-project conditions
at Susitna River at Gold Creek, Sunshine and Susitna Station.
Annual and monthly flow duration curves for pre- and post-project
conditions for these stations are shown in Figures 3.5 through
3.7. Also presented on these figures are the corresponding water
surface eijevations, based on USGS rating curves. For the ice
cover period between November and eariy May, the water surface
elevations shown on the graphs will not be valid. The only reason
for their inclusion is that the difference in water levels under pre-
and post-project conditions is likely to be of the same order as
under open water conditions.

The relative contribution of average monthiy flows at the
confluence of the Susitna, Chulitna and Talkeetna Rivers is shown
in Tables 3.71 through 3.13 for pre-~ and post-project conditions.
The annual flow duration curves for the three rivers, Iincluding

both post-project flow options for Susitna, are illustrated together
on Figure 3.8.

The pre- and post-project annual flood frequency curves for the
Susitna River at Gold Creek, Sunshine, Delta Islands, and Susitna
Station are presented in Figures 3.9 through 3.12. Table 3.14

presents pre- and post-project flood discharges and stages for the
four sites. '

Rating tables and rating curves for the above three sites are
presented in Attachment A.

3.3 Contribution by Tributaries

As part of Subtask 3.05 - Flood Studies, a regional equation was
developed to determine mean annual flood flows based on basin
characteristics. A forward stepping multiple linear regression
computer program was utilized. Twelve watershed parameters were
considered, including: drainage area, main channel siope, stream
length, mean basin elevation, area of lakes and ponds, area of
forests, area of glaciers, mean annual precipitation, precipitation
intensity, mean annual snowfall, and mean minimum January
temperature. The most influential parameters in predicting the
mean annual instantaneous peak flow .are drainage area, stream

length, area of glaciers, mean annual precipitation; and mean
annual snowfall.

r31/c _ 3-2




The resulting equation was selected as being the most
representative for determining the mean annual instantaneous peak
— flow:

Q = 7.06 (D.A.)+46.36 (L) +697.14 (G) +
- - 200.15 (MAP) - 49.55 (MAS) - 2594

Drainage Area (miz)

Stream Length (mi)

Percent of Drainage Area Covered by Glaciers(%)
- Mean Annual Precipitation (in)

Mean Annual Snowfall (in)

Where: D.A.
L

J
¥
9]
W

Table 3.15 lists a summary of basin characteristics at wvarious
locations along the lower Susitha River that were used in this
study to determine flood flows. It is interesting to note the
variance that exists within the Susitna basin. For example, the
two major western tributaries, the Chulitna and Yentna Rivers,
s have the highest percentage of glacial area. Susitna River at Gold
' Creek has the lowest percentage of forested area. Table 3.15 is a
good reference for general comparison of basin characteristics.

iy

The mean annual instantaneous peak was used in conjunction with
Figure 3.13, the design dimensionless regional frequency curve for
the Susitna River basin. The annual instantaneous peak for
= selected return periods was determined by multiplying the
appropriate dimensiontess curve value by the mean annual
instantaneous peak determined from the above equation. This
™ o procedure was used to determine pre-project flood frequencies at
ungaged sites along the Susitna River.

= Additional discussion of the regional flood frequency analysis can
be found in the Regional Flood Studies (R&M, 1981b).

”"" 3.4 Flow Variability index

Long-term average monthly pre- and post-project streamflows may

o be used to initially assess the project effects on fishery and
‘ wildlife habitat. However, Trihey (1981) notes that average
. monthly flows do not reflect the seasonal and annual flow extremes

- which may have significant impacts on habitat. High streamflows
may scour eggs from streambed gravels. Low streamflows during
salmon spawning periods may concentrate spawners into confined
areas. Only monthly flows are available below Devil Canyon for

= post-project conditions. Consequently, an analysis is required to
‘ assess the value of monthly streamflow values as indicators of flow
extremes.
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The 1-day, 3-day, 7-day and 15-day high and low flow values
were determined for each May through October (open-water period)
for the periods of record at Susitna River at Gold Creek, Chulitna
River near Talkeetna, Talkeetna River near Talkeetna, and Susitna
River at Susitna Station. The ratios of the values to the
corresponding average monthly flow were then determined in order
to provide an indication of how well monthly streamflow values
represent the extremes in habitat conditions (Trihey, 1981). The
average 1-, 3-, 7- and 15-day ratios and standard deviations for
each stations are presented in Tables 3.16 through 3.19. The
ratios for each of the months of May through Qctober for the
periods of record are presented in Attachment B.

The ratio of annual 1-, 3-, 7-, 14-, 30-, 60- and 90-day low flows
to the annual low monthly flow were also computed for the above
four stations, together with data from the Susitna River near
Cantwell. The ratios are summarized in Table 3.20, and the
station values for the periods of record are presented in
Appendix B. The annual low daily flows are closely approximated
by monthly flows. The low monthly flows occur in mid-winter,
when the rivers are ice-covered.

Flow statistics indicate that the ratios of 1-, 3-, 7- ahd 15-day

high and Ilow flows vary both with time and with basin
characteristics. On all rivers analyzed, May showed the most
variability, as it is usually the month when high breakup flows
begin to occur. This large variability in May is also evident on
the flow duration curves. The ratios for May also had the
greatest standard deviation for high flows, indicating significant
changes from year to year. June and July generally exhibited less
variability than the late summer months, primarily because flows
are usually dominated by snow and glacier melt. In the Susitna
Regional Flood Analysis (R&M, 1981), it was demonstrated that
June had the greatest frequency of annual fioods (55%). Floods in
June are dominated by rain and snowmelt storms, resulting in high
volume floods with relatively slow changes in daily discharge.
Flow variability increases in the August through October period.
Heavy rainstorms often occur in August, with 28% of the annual
floods occurring in that month. The increase in the ratio of high
daily flow to monthly flow for September and October is partially
due to rainstorm floods and partially due to the decrease in flows
due to cooler weather later in each month as winter approaches.

The monthiy ratios for high and low flows may be used as
indicators of the monthly high and Ilow flow values for the
unreguiated portions of the river, i.e., that portion of flow on the
Susitna River contributed below Devil Canyon. The 2-dam
reservoir system will have almost complete regulation of flows up to
floods with about a 50-year recurrence interval. Tabie 3.21
indicates the average monthly spill from Devil Canyon.
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The spills are completely regulated, i.e., reservoir outlets are
controlled so that average monthly flows are nearly constant for
those months. The 1-day, 3-day, 7-day, and 15-day high flow
ratios may be used as indices of the increase in flow contributed
below Devil Canyon, soc that maximum flows expected between Devil
Canyon and the Susitna-Chulitna-Talkeetna confluence may be
estimated. Overall, the daily/monthly flow ratio for the Susitna
River at Gold Creek will be decreased significantly under
post-project conditions. Once the Susitna-Chulitna confluence is
reached, there will be also be some decrease in the daily/monthly
flow ratios due to the storage effects of the reservoirs, but it will
not be as significant as that above the confluence.
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TABLE 3.1
STREAMGAGING STATIONS
PERIOD OF RECORD

Susitna River near Denali - US.G.S. Station 15291000
Mean Datly Discharge Records: May 1957 - September, 1966
July 1968 - Present

MaClaren River near Paxson - U.S5.G.S. Station 15291200
Mean Daily Discharge Record: June 1958 - Present

Susitna River near Cantwell - U.S5.G.S. Station 15291500 :
Mean Daily Discharge Records: May 1961 - September 1972
May 1980 - Present

Susitna River near Gold Creek - U.S.G.S. Station 15292000
Mean Daily Discharge Records: August 1949 - Present

Chulitna River near Talkeetna - U.5.G.S. Station 15292400
Mean Daily Discharge Record: February 1958 - September 1972
' May 1980 - Present

Talkeetna River near Talkeetna - U.S.G.S. Station 15292700
Mean Daily Discharge Record: October 1974 - Present
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9316,
6324,
7353,
6679
5666,
3651,
9193,
5951,
6058,
4910,
6170,
7091,
6683,
8772,
5172,
9732,
o883,
6646,
6313,
62%4,
7048,
53é68.
6774,
6590,
7032,

6320,

APR
$&97,
7354,
5989,
7993,
6306,
6412,
7182,
7705,
8099,
6468,
56830,
9803,
4635,

5565,

5531,
7120,

8048,
7281,
8763,
6452,
5769,
5788,
6895,
7688,
4963,
6867,
7253,

4233,

7033,
8683,

6979

g

MAY
66294,
- 99273,
A52%4.
88840,
58516,
98164,
82486,
63204,
70321,
36601,
50062,
85457,
54554,
53903,
35536,
49485,
52311,
58107,
941“30
44317,
53036,
29809,
74062,
64534,
61458,
47540,
70460,
56180,
48670,
81240,

60463,

iy

JUN
101616,
B2255,
132547,
130561,
108881,
169045,
161346,
176219,
112897,
110602,
84134,
151715,
163049,
85648,
153126,
110075,
125183,
134831,
137867,
83226,
94612,
122258,
176024,
122797,
47838,

128800,

107000,
165900,

20930,
119900,

123498,

JUL
124890,
123164,
137322,
125949,
116732,
148877,
168815,
140318,
122280,
146217,
129403.
138969,
143441,
146420,
124804,
138407,
117607,
136306,
130514,
102121,
132985,
139183.
142787,
123362,
102184,
135700¢
115200,
143%00.,

117600,

142500.

131932,

TABLE 3.4 Susitna River at Susitna Station
Pre-Project Monthly Flows

AUG
104432,
100947.
116186,

97610,
128587,
120120,
131620,
124813,

994609,
138334,
113972.

116697, .

121221,
106707,
92280,
111846,
118729,
137318,
86875,
62368,
117728,
133310,
1075%7.
107261,
80252,
91340,
29650,
125500,
102100,
128200,

110841,

SEF

37331,
73471.
82076,
44168.
66275,
53504,
104218,
87825,
53033,
67904,
81565,
62504,
74806,
70782,
46110,
89944,
63887,
89527,
423835,
34085,
80585,
65021,
40220,
45227,
56124,
77740,
48910,
83810,
55500,
74340,

65963,

YR AVG
42113,
41513,
49582,
48942,
44978.
o1149.
59395,
GB459.
47503,
A924%,
43881,
S4792.
S2995.
44912,
44132,
47627,
47200,
52795,
50094.
31228,
44717,
48006,
54045,
45171,
36036,
A5900.
42789,
55735,
41713,
53317,

g
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GOLD CREEK POST-FROJECT FLOWA (EASE A) DER, 2301981

acy
7734,
4947,
744,
10094,
7494,
7004,
4A4T,
7894,

. 10104,

4972,
A4S,
P804,
7700,
Bé14,
LR
7082,
9097,
4624,
7THY .
8793,
7172,
IARER
8900,
4430,
72040,
914,
9411,
7194,
9211,
72144,

778A.,

£

HOV
9073,
7875,
104335,
11300,
9991,
10024,
9791,
10541,
11845,
7404,
107241,
10AV1.
10591
104691,
10141,
9042,
YPHT.
72599,
10244,
7444,
8004,
7780,
77258,
9987,
7922,
7775,
9084,
a17s,
11414,
7951,

9452,

REC
124847,
7414,
13130,
12930,
127229
13274,
12529,
133721,
14487,
10229,
13430,
13924,
13327,
13229,
12723,
12440,
12041,
11738,
132A4.
7304,
519,
A9A7,
1187%,
12694,
93040,
93104,
12310,
?7217,
130689,
9349,

1i930;

JAN FER
10d14,  A941
H340, 4414,
11384, 9173,
108R4.  APYR,
110687, 9173,
11508, 9373,
10748, 9143,
1148272, 9471,
11759, 9480,
11244,  94R0.
11432, 9423,
122489, 994,
11587, 94723,
113072, 7473,
10315, 713¥,
10747, 2033,
11104, 9473,
11284, 9573,
117268, 10073
jos10, BAYE,
A420, 4R01.
B222, 7128,
12024, 10201,
10964, 9372,
7844, 87984
6227, 4518,
© 407240, 9123
a191., 8140,
t1e15. a4l
8124, AY9A,
10574, Avdd,
TABLE 3.5

HAR
7877,
4404,
8031,
7971,
L2932,
B25%,
R092,
HEAN2,

Hiy1,
A3408,
H941l,
R332,
A152,
7BA4,
H0S51,;
[ EL N

. 8299,

B354, .
051,

7947,
4940,
7442,
A974.
A131.
7074,
7573,
A051 14
RAST
H7%4.,
FRET I

‘8137,

AFR
7931,
4355,
7854,
B19%,
a03it.,

7998,

7972,

75893, .

Bi13A:

H103,
7947,
ya3ti

A28l -

77934,

7“79.-:

rAXR Y]
BY5A.

Bond. |

A491.4
BO91.
5873,

B403,-

a2l

7851,

726839,

A173:
60%0,
ha40,
ﬂ?ﬂun
6030,

7990,

HAY
10434,
10014,
L AAYA.
ITLLIE
131414,
10479,
1220720
11151, -
jonin,
18420,
10312,
11297,

A2,

11310,
A3?23¢ -
gdon,
1127,
§0504,
10929,

9312,

4737,
H9A8,
134922,
05244

A0a49.

11254,
{1230,
11484,
Ha9uy
F074i

' ‘041“1 

JUN

10176,

Y342,
jazsa,
1914,
12844,
12109,
f32a5,
lisa9.
10704,

120934 -

v259,
13741,
14353,
12404,
14524,
t1402,
14134,
11004,
1avez,

69547,
ussz,
120344
14059,
11044,
10044,
12210,

114944 .

13729
HH&G s
A870,

{2061,

JUL
ANIR,
7430,
y211,
2442,
AOAO .,
HHNE

15441,
8472,
7992,
7401,
BINY.

10714,

14403

1577%,
*47R87,
2908,
a370,
12937,
130040,
4053,
9504,
B0HA,
14508,
4507,
754804
14490,
4434
11817,
7514,
130914,

10220,

Susitna River at Gold Creek

Post-Project Monthly Flows (Case

Al
857273,
4111,

wox7y

y43%,
2428,
14554,
14005,
10242,
92%7,
14402,
A411.
120341,
14442,
14710
a4az.
10H48,
7412,
17240,
HI29,
5044,
4034,
4732,
104248,
HUHE .
5482,
$124,
A224
$A34.
327
11124,

yand.

A)

6FP
AT06
12518,
Ad92,
A148.
610%.,
157
144172,
12789,
41993,
YRO09.
11250,
A44d,
12127,
[TEIN]
5154
12339,
LRHED
14900,
3032,
A8
LIGE N
4270,
5434,
4v32,
5413,
92908,
5070,
5841,
5071,

5024,

7711,

YR nvn
8724,
R182,
7514,

10033,
7409,

10135,

11412,

10347,
9794,

10104,
7449,

10759,
11522,
10990,
10020,
97089,

yuas. -

jov12.
10124,
77272,
7445,
aNat,
10343,
2530-
01y,
$2972.
AY482.
9273,
y057,.
A%98,
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SUNSHINE STA,

ocry
13404,
15845,
154048,
19284,
15119,
13824,
12903,
17144,
20290,
13739,
17024,
1869,
14343,
13047,
20447,
14244,
20100,

‘14244,

13393,
11544,
13444,
14120,
15344,
13392,
544811,
13479,

TA7457,

13940,
19059,
13457,

13837,

NOV
12129,
11207,
13393,
15090,
12963,
13454,

12258,

14920,
14923,
10047,
14304,
14000,
14548,
13943,
13798,
13735,
13212,
10294,
13304,
10002,
107247,
11840,
11410,
13752,
11098,
11013,
12129,
1Haz,
15021,
11044,

12014,

FOST FROJECT FLOHS {CASE A) DEG/ 2401901

PEC
140401
{2118,
15002,
15340,
15208,
15542,
14390,
14134,
17342,
12408,
14053,
14733,
16049,
15919,
$4742.

45749,
15195,
14091,

15792,

11072,
11501,

118274

14291,
15259,
11790,
11478,
139434
12599,
14543,
11974,

143544

JAM
12533,
10310,
132058
12404,
13454,
12398,
13793,
13841,
13173,
13844,
14524,
14009,
13641,
12304,
13140,
13190,
13484,
13948,
132004,
10894,
101035,
14044,
13050,

?AN2.
10252,

12293,

105393,
13999,
10403

12419

TABLE

13714

FER
10449,

R229,
10484,
10515,
11042,
120342,
104779,
11444,
11149,
11232,
11374,
11450,
115,
11794,
10420,
11133,
110HZ,
11447,
12139,

1025%.

gantL,

B0k
11974y

i8i%4,
10540,

A03x4,
10526,
10502,

11400;

av1ne,

108593

HAR

9104,
A0ng.
94313,
Y444,
957,
9728,
9341
. 9994,
92774,
Y431,
SHIA
10431,
10127,
?h%5e .
9144,

toa27,
o744,
11049,
¥R
H574,
143,
10484,

[- 2] s
9797,

9372,
[iT4:k D)
9432,
!0]220
0153,

fo114,

945344

| 9949

AFR
9372,
naiol.,
9293,
108724
10000,
9454,
9264,
972004

9?9600,

Y744,
FHPH,
11690,
10142,
H9HA,
P14,

10016,
i0129.

R
10940,
10049,

7743,

12211

?791.

GAAY .

[ 24:X N

97404

997' .
1047
10123,

102074,

.9doo.

Hav
213424
ug22,
14477,
42041

204748,

22618,
277284,

31544,

25177,
24094,
29334,

CAA37Y

20742,
2752%,
12711
21207,
14941,
47934,

31710

1721,
21044,

150258,

272702,
iR%504,
26175
23284,
21513,
24298;
ivo52,

‘29002

-24ni8,

JUR
34109,
47444,
50120,

_Ay470.

47424,
51935,
SIANA
a0%n2,
45754,

39041, .

33040,
ASL77,

‘40420,

43045,
77017,

443720,

LUFERN
48538,
50147
RELHT B
40524,
54112,
A64HT

ATNPY..,

I5H8Y,
LEFRLD
4482y
41532,
27059

440294 .

449331,

3.6 Susitna River at Sunshine
Post-Project Monthly Flows (Case A)

Jue
44917,
LLEMLN
47758,
414674,
41084,
n2192,

45120,

47444,
44542,
B1Y2R,
43403,
AP7HH.
né529.
59594,
%0474,

47110, -

41753,
41242,

52000,
33220,

A7417.
40923,
S4030,
40048,
40027,

624642,

435200,
sS40,
44424,
390N,

APN4S,

alg
40742,
44797,
40470,
797,
AU29,
48494
40509,

42944,

44419,
NHI70.
WH134,
B0%47.
34093,
449481,
3414,

44120 .

475%A9,
87347,
J7AAT,

SR04,

A09R0,

AVAdLL

42592,
34374
32404,
42712
A7424i
45751,
31508,
3Ivéon,

439724, .

SEP

24339,

42447,

2424%

26413,

21949

2¥254,
40762,
ditr0.
17343,

29904&.‘>

a3n34,

CaNM47..

34770,
247%3,
10052,

A8 2.

2241,
35414,

171014
14132,

21221,

%azaz,

27190,
21094,
222774
LA%%%,
16471,
23940
19204,
21044,

BIVIYR

YR AVO
0954,
25072,
22014,
24398,
21048,
25018,
27424,
24448,
230053,
24004,
723498,
24931 .

-244408.

24084,

© 24047,

244829,
22992,
27132,

- hi{ 7

14400,

. 20340,

223480,
23do3,
20410,
AFN0R,
237933,
20470,
24319,
20474,
22144,
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ncry
28270,
21143,
32944,
45644,
22041,
25632,
21815,
43714,
34528,
32704,
27647,
J5474,
Jonrd.
29409,
39738,
29534,
JA445,
29109,
40414,
18911,
258731,
34473,
31814,
20%684,
24301,
225897,
313442,
33440,
jgavo,

39044,

32203,

HOV
17837,
13508,
24255,
24180,
19720,

14402,

18413,
29439,
27274,
15044,
18054,
2080%,
209734,
18644,
18593,
16721,
202044
1A942,
23744,

12440,

13588,
20980,
19587,
14512,
144735,
17824,
FEFAET
20521,
20414,

194643,

DEC
17427,
14295,
18219,
20974,
14501,
17442,
16524,
23375,
21450,
13479,
10235,
24997,
20204,
20094,
16853,
17354,
20349,
lq5570
28310,
127401,
13669,
1533304
18140,
19324,
14347,
17120,
17229,
20414,
1075459
14924,

183721,

JAR
15A59.

14454,

18040,
L7485,
164987,
17042,
159458,
20387,

17347,

173601,
14503,
22434,
188317,
18458,

14138,

14719,
178172,
17815,
21391,
14019,
13470,
13209,
19147,
17398,

143722,

15304,
14315,
14442,
14740,
15552,

17027,

FEB
13429,
1308%,

.138207%,

14947,
11144,
14018,
15004,
14529,
14540,

"14737.

14483,
18204,
14354,
14027,
13935,
14349,
15442,
15899,
197203,

1330,

115614,
12384,

14431,

15449,
14248,
12848,
137074
15453,
14944,
134458,

14748,

HAR
12528,
12244,
13004,
13501,
12132,

12447,

11474,
14505,
14030,
120817,
12802,

14344,

13103,
13210,
12041,
13321,
14243,
13034,
15923,

12323,

11924,
12393,
137972,
11464,
13444,
13221,
12319
13923,
13744,

14183,

, 13340,

AFR
12714,
2092,

2901,

14524,
13102,
13210,
14204,
14490,

14400, -

13321,
12477,
14304,
13214,
125708,
12444,
13701,
14429,
14170,
15344
13033,
10544,
13109,
13424,

140512,

13630,
13442,
139340,
1213,
13414,

15243,

13401,

HAY

Ca5UIR.

LRI R AN
LLYS RN
w1329,
543Y7,.
5904,

77113,

40405,
67949,
54039,
44394,
79194,
50794,
44103,
%402,

- AL0%D

52794,
5311,
AARY2.
42579,
468373,
14962,

. AN&AA,

4020,
NA147,
43444,
49078,
an1Bé.

45013,

74444,

U744,

JUN
1258 3
70027,

113Y27,
114154,
v4497,
151274,
141241,
158048,
P/¥01.,
79377,
77H43,
1314004,
134132,
23054,
119020,
¥H967
106347,
1172287,
119244,
74273,
A72544.
102142,
HUASD,
N&041,
AQDL 4.
10200,
P41160
141459,
HO?245.,
104040,

107831,

S
1104620,
10A244,

120143,

114391,
104422,
130475,
1530444
1254080,
1023%2,
130418,
114782,
125417,
132214,
127795,
114443,
120475,
104117,
122443,
112694

92074,
119631,
173419,

FRLEYE N

111497,

Y0944,
122470,
LO2HP4,
132847,
1040¢%4,
124711,

12y,

TABLE 3.7 Susitna River at Susitna Station
Post-Project Monthly Flows (Case

ANG

LK EHN
a736a,
104293,
LIYHEN
11218%,
10?24,
1230F5,
1145514,
A8324.
121754,
74798,
104A7H .
114133,
72200,
/4322,
1015974,
10441t
121948,
76014,
HAANY.
103782,

A0RLYY,
L AR LTS

yaontiz.
AV714,
Ar49A.
ASE2M.
114074,
91487,
11689100,

yoviis,

a)

SFF
ABYHs,
44749,
74200,
37044,
Y444,
47374,

100508,
A0R(4,
50498,
AOBYD,
74313,
Whaon,
71093,
AATITY.
LY
[FREEN
57492,
H2542.
JHAOS.
S1949,
744105,
LVAS,
53454,
41000,
49247,
70728,
47099,
772031,
1944,
AlNY4,

40504,

YR AVG
4284ANh.
40403,
494582,
ABY4A2.
45044,
dLnze.
Teaed.

" BAADT,

470UR4,
48044,
44081 .
S4H01 .,
S2¥A4.
44912,

44340,

47400,
47173,
852594,
%0440,
334109,
44024,
45801,
5a&72,
A%447,
J4424,
44743,
434105,
54928,
42428,
52468,
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act

7833,
4035,
5827.
g202.
7430,
57201.
7094,
7843,
B421%.
7304,
7437,
7990,
7524,
7408,
7507,
7772,
a9,
5844,
7124,
4932,
5494,
4153,
AODR7,
4347,
4344,
5814,
4324,
4394,
A£281,
5874,

4901,

NOV

7820,
A703,
4322,
0097,
7874,
49759,
74ad,
8149,
8377,
7074,

8003,

6031,

7808,

7454,
7828,
70018,
7899,
8299,
7794,
7744,
8943,

466,
47831,

7219,
70A0,
a521,
4334,
7252,
47014,
4312,

7380,

DEC .
P053.

© 7703,

7309,

9101,

120,
a9,
P0AY
92318,
$727,
v2L4,
p292,
9458,
f112,
$039.,
9077,
8214,
P20V,
123,
9144,
89489,
?539,
7540,
7429,

8212,

2033,
7370,
7127,
8143}
7349,
7274

aned.

JAN FER
BOR4, " 4709
- 46105, - 33404
72054 A7R7:
RI0A, |, 4U0Y,
A103,. 4851,
H284., 4988,
8042, - 4880,
A9, A93%,
azn4. 4833%,

0270, 7022,

82904 4922,

RAA7, 7024V
BLA2.  ARSAL

p122, -Avl2,

6045, 4R224

79453,  A724,
8210, 4951,
83205 7049,
“R2348s  A944i
7039,  &B14.
P34, 7344,
9163, 7791,
4504, 7040,
7045, 5711,
48790  8%47:

A?14, 74435,

44805 . 72004,
Y.TE L TTH
_44380 6288
73814 AAB1,

7779, A740,

HAR
49075
5221,
&f268,
AA94,
"690?1
4993y

1007

49a8,
4630,
70%4,
4942,
7148,
4927,
AL,
ARBO,
AR33.
70051,
7093,
7059,
4737,
7324,
7990,
77510,
5547,
J441,
7404,
7120,
4402,
Y020,
4848,

.&HSIJ

AFR
5021,
3214,
%729,
sa20,
5939,
5877,
5860,

5058,

nA1e,
ANDY,
5A17,
4231,
5834,
5&31!»

5743,

5745,
A0AZ,
3972,
YA
5924
4304,

an24y

4535,
4440,
41746,
AA72,
4079,

4910,

SA4H,
5754,

‘5830,

HAY
AO14,
7702,
43148,
LALL Y
1072314
77%1 .
?0B4,

8710+

8031,
11024,
705/,
AROA
4173,
HH44,
S6A3:
7473
7694}
8106,

C 4748

4939,
'7h]ﬂ,
L7019,
11474,
5299,
49344

(203

Avéri
7478,
5810,

43%:

gort.

JUN .

7497,
[ Y410

11028,

fot91d,

- 10129,

?498,
10374,
y272,
7947,
fAL0,
ANy,
fovux;:
145024
$477:
IFIEED
B9V,
141y,
9214,
Q020
3903,
BY%79.
10530,
111749,
84774
70240
10300,
909,
1148y
4112,
41713,

9315,

JuL

. 12947,

12744,
14276,
12744¢
12y548,
13097,
2173,
12950,
12047,
14340,
129%1,
19375,
25000,
257024
21493,

11394,

13074,
14344,
20224,
12199,
13240,
12730,
12003,
12A2H,
12760,
131282,
12437,
12079,
12491,

14914,

149944

TABLE 3.8 Susitna River at Gold Creek
Post-Project Monthly Flows (Case D)

aug -
1RH19,
10900,
1¥033,
19R01 .
19708,
24674,

T 24500,
- 20245,

22294,
22824,
19264,
FLL00,
U550,
23471
14440,
20425
17345,
32420,
17171,
AB?79,
190687,
19354,
idiva.
AHD72,
14220,
1hGyn,
10243,
18429,
14390,
20440,

19924,

* s

113 4
. 8301,
12534,
12382,
15270,
12431,
14290,
1nylo,
AVHOO,

7530,
14920,
18177,
13370,
158%0,
12320,

yn7t,
AVS0,
11730,
1AR?0,
*HALA,

5093,

vi21,
11074,

1n2i,

vor4,
11770,
12243,

NI

R607, -
1077047

12371,

YR ava
AYYR,
a507,
9044,

10039,
874,
y947,

11412,

10347,
7413,

10489,
9447,

10750,

14951,

10990,
9793,

10137,

7740, .
10007, °

97401,
7531,
150,
v4RA0,
324,
8049,
R241,
9207,
AN24,
09,
7985«
AR,
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acT
15521,
14413,
13749,
17394,
15253,
1249V,
13154,
17289,
18410,
14155,
14210,
17192,
141A7.
14441,
19613,
14999,
19237
13052,
12932
117203,
11784,
13131,
14553,
15109,
LIR9Y,
14397,
14130,
13140,
14109,
12190,

14942,

NOV '
10724,
10197,
F4A0,
11799,
10840,
10554,
10158,
121308,
134535,
13057,
11548,
11140,
11765,
10904,
13483,
12474,
111224
avvd.
10854,
10142,
9724,
10748,
10435,
109A4.
10254,
9759,
A7R1.
10490,
10344,
9423,

10743,

REC
11223,
104074

9191,
1453,
115997,
11541,

10930, -

11943,
12602,
11293,
119335,
12248,
11032,
11729
11118,
12241,

11543,

10479,
11454,
107324
113244
102038,
10041,
10777,
10528,

Pidd,

890,

11025,
10274,
#7003,

11022,

JAN
9A07
anao,
9075,
' 9A24,
10470,
10417,
$494.
10497,

10386,

10209,
10504,
10774,
10444,
10594,

9a14,
10378,
10214,
10518,
10434,

753,
10410,
11044,

AS,

157, .

age’.

nvad,

7993,
2285,
- Ha22.
9458

TABLE

FER

A277.,
4975,
A2%A8.,
A3124
A740,
A717.,

a194,

AY04,
A4,
07724,
8471,
a750.
A4Y4,
9030
#3031,
AA24,
AALD,
A943,
9052,
aL73,
92024,
9271,
anas.,

74953 °

7309

BPAA,..

BAOY
7502,
7047,
apol.

LI

3.9 . Susitna River at Sunshine

HAR
B2l 4.
4425,
R278,
A3%1.
545,
H410,
AARA
. 84324
AX3G
H334.
8420,
ana.
Ao
azlo.
ALAO,
A751,
H424,
B4RA
7053,
nien,
21304
93911
9243,
7193,
49374
90141
" A301,
7073,
A4tz
AAll,

#3340,

SUNSHINE §TA. FOSY PROUECT FLOWS (CASE B) DEC.230tvil

AFR
7242,
74414

7144,

a4y7.
7898,
71]50
7174,
7345,
7680,
74050,
7449,
RATO.
7707,
ANl
7198,
7820,

7870,

7444,
a370,
7872
W24,
#8382,
LR

4254,

4302,
8039,
4000,
84747,
7ARA.
fa008,

7440, .

HAY -
18924,
RELIE N
121872,
40387,
74084,
20190,
anint,
avion,
226890,

24494,

28060,

. 23804,

14301,
25041,
10223,
tazno,
14528,

‘25540,

ay257.
17398,
21845,
13924,
5744,

15279,

223424
22915
19222,

24040,

1454214
24444,

22474,

JUR

‘335104

44836,
47394,
44944,
397344
A¥ 224,
%1477,
LTS D
42999,
H0424,
J0 140,
42419,

ah274.

40304,
724784
41447,
45D 38
Atnas.
5422,
30809,
37951,
LELREY
44175,
IHALOL
A3389
%0904,
40895
40972
d5104.

413324

45403,

JUe

497544,
59448,
51828,
44797,
AD9H2,
54491,
71411,
H1942,
49A37,

LRET RO

40230,
5445,

- A77%4,

49401,

57379,

50094,

49452,

544715
4andt,
41348,
51379,
LR Y AT
52328,
A%RBY.,
A3277,
41254,
45003,
82203,
4%401.
39808,

543214,

Allg
53788,
§75A4.
a14724,
4¢145,
N1dAY)
246414,
699]4;
§2v48.
J4414,
43092,
%1009,
40414,
LB,
82939,

44374, -

54080,

NP522,

2747,
44731,

24454,

54033,
(LT 8
LRI
49347,
41223,
14780,
80417,
34544,
A214R0,
AHRT7.

54343,

Post-Project Monthly Flows: (Case D)

firP
27734,
42340,
310159,
3317137,
278H7.
KEELEN
44493,
40121,
20098,

- 34915,

SH778i

8071,

Ja711,
29182,

23267,

851703,
0154,
37379,
20808,
14244,
27191,
FALRED
34279,
H2UR,
WA
J31502,
1835023,
31893,

22742,

24790,

315044

YR AVD
21228,
25427,
21542,
24395,
22034,
25427,
27424,
24448,
22470,
asean.
2248,
24922,

24407,

24084,
23019,
24838,
20144,
27027,
24014,
14240,
21844,
28779
22943,
20129,
19750,
23943,

20254, .

24085,
19423,

232324,
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SURITNA BYATION FORY FROJECT FLOWS (CASE n) DEC.23. 1901

acy
20007,
20213,
11309,
44952,
22195,
24307,
22044,
4316039,
52047,
33§20,
24033,
13974,
J0Al7,
208401,
19904,
J02XY.
37577,
27097,
379510,
19050,

" 25043,

313404,
33008,
28303,
2357,
21413,
Jo113,

.J2440,

34740,
3727277,

31314,

NOv |
14454,
12418,
20§42,
20009,
17405,
13303,
14310,
24447,
24310,
15234,
183148,
17945,
10151,
15409,
17200,
15440,
18114,
17442,
21314,
12720,
12547,
19600,
19412,
i9Big.
15470,
15221,
14474,
22R732
15884,
10927,

17572,

pEC
TRUTEI
12584,
12490,
17197,
12892,
13431,

15044, .

21223,
17094,
12444,
14097,
20532,
15909,
15904,
13209,
13932,
14737,
14945,
22172,
12344,
134R9,
11908,
13910,
140794,
13000,
15204,
12244,
10R40,
1248%,
14901,

18037,

1
L

anst

FER

JAN

13100. 11257,
12724, 11833,
13079, 12023,
15075, 12744,
14005, 10044,
13745, 11473,
S13240, 12741,
17071, 13791,
13072, 119159,
14417, 12279,
11i41, 11780,
18704, 15304,
15292, 11537,
19193, 13744,
13348, 11418,
13957, 12040,
14041, 131440,
14049, 13375,
17058, 14590
12348, 11228,
1316004, 12137,
14230, 13011,
131447 13480,
13454, 11988,
13407, 11337,
13793, 13778,
1201%, 11444,
15154, . 12534
11383, 11371,
14807, 13541, .
14232, 12544,
TABLE 3.10

HAR
f1558.
10043,
11949,
12304,
f1102,
11149,
12401,
13141,
12371,
11740,
11394,
14531,
11480,
11049,
11077,
12103,
120842,
12574,
139274
11294,
12480,
12923,
13574,
10840,

11011,
$3282,
115680,
10474,

iz2003.

12480, °

12087,

AFR

Ao4en,

11452,
10794,

‘121908,
, 11000,

11089,
12112,
12343,
123685,

11224,
10347,

13384,
10741,
1034R,
10546,
11505,
12320,
13084,
12774,
10R4&A,
10993,
114530,
11720,
11121,
10149,
11748,
11757

7443,

11179,
129487,

11441,

HAY
42H00 .
SIHAS.
44208
7B923,
ai1987,
54%94,

JIN
Hy513,
An2721 .
1122085,

13434,
93at0,
140787,

oo

115297,
113138,
124%10,
118315,
109328,
134414,

74710, 13IR%A2, 139447,

L 5H144,

A543,
51430,
A2140,

135350
y9i44,
94472,
75143,

{20758,

112247,

1349377,
119414,

74903, 133240, 133774,

40339,
43719,
37114,
43448,
50340,

RIYALT

HAATYT,
402064,
49194,
33083,
[EIXT-H
61598,
52014,
41451,
64007,
2929,
42530,

134204,
A9X23.
114731,

FILHA.,

103452,
114585,
114%17,

T 73430,

64941,
99RHA
153343,
101874,
$7494,
104070,
71529,
$390V9,
77992,

143441,
1317002,
123347,

‘123941,

i10921.
123882,
124320

PR,
123593,
127991,
132420,
117540,

L PEi44.

121242,
f0RAY7,
183907,
109271,

24045, fovsagn, 1380534,

T sx2i7. 10a810%. 123075,

<At
105471,
100177,

14299, .

vagol,
122275,
119044,
131420,
124514,

#9323,
129478,
107444,
11447972,
1217221,
104709,

FLIHA,
11195t
114244,
13723141,

REF
RIARIN
A4742.,
Hut78,
A4148,
a%704.,
n1504,

RIZFILN

firnes.
23051,
47904,
772%2,
42504,

© 74006,

20782,
45110,
BYT44.,

T AUARZ.

RAAZ8,

A2X40,
11433
1207354,

105543,
aoun2,
91340,
PR1LZ,

104208,

124909,

102100,

128200,

109204,

Susitna River at Susitna Station
Post-Project Monthly Flows (Case D)

"AvS27.

4230%.

_B40A%5.

0058 .
£847%,
57543,

45227
LELEE P

73475,
48910,

82904,

55500,
74340,

5143,

YR AVO
43140,
40758,
avi09.
4942,
45214,
s0a91,
n9393,
SHAGY .
47303,
49249,
43801,
54792,

52995,

44512,
44132,
47427,

47545,

52450,
50099
34190,

BRTEXIN

473R04
52734,
40148,
RLYAY. N
44953,
43129,
B4A¥4,
41554,
52040,

Ead

" vl



TABLE 3.11

RELATIVE CONTRIBUTION OF FLOWS
AT SUSITNA-CHULITNA-TALKEETNA CONFLUENCE
(PRE-PROJECT)

Total
Flow D/S Percent Flow by

Chulitna1 Talkeetna1 Susitna Talkeetna Chulitna Talkeetna Susitna

Flow Contribution by

October 4859 2537 5639 13035 37% 20% 43%
November 1994 1187 2467 5648 35% 21% 44%
December 1457 838 1773 4068 36% 21% 43%
January 1276 671 1454 3401 37% 20% 43%
February 1095 565 1236 2896 383 198 43%
March 976 492 1114 2582 8% - 1% 43%
April 1158 557 1368 3083 38% 18% 44%
May 8511 - 4176 13317 26004 33% 16% 51%
June 22540 11910 27928 62378 36% 19% 45%
July 26330 10390 23853 60573 44% 17% 39%
August 22190 9749 21479 53418 42% 18% 40%
September 11740 5853 13171 30764 38% 19% 433
Annual 8748 4086 9587 22401 39% 18% 43%

1 Discharge data from U.S.G.S5. records.
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AT SUSITNA-CHULITNA-TALKEETNA CONFLUENCE
(POST-PROJECT, CASE A)

TABLE 3.12

RELATIVE CONTRIBUTION OF FLOWS

Flow Contribution by Flgvst?)l/s Percent Flow by |
Chul‘itna‘l Talkeetna.\'l Susi‘cna2 Talkeetna Chulitna Talkeetna  Susitr
October 4859 2537 7788 15184 32% 17% 51%
November 1994 1187 9452 12633 16% 92 75%
December 1457 838 11830 14225 10% 6% 84%
January 1276 671 10574 12521 10% 5% 85%
February 1095 565 8943 10603 10% 5% 85%
March 976 492 8137 9605 10% 5% 85%
April 1158 557 7990 9705 12% 6% 82%
May 8511 4176 10418 23105 37% 18% 45%
June 22540 11910 12061 46511 48% 26% 26%
July 26330 10390 10220 46940 56% 22% 22%
August 22190 9749 9553 41492 53% 24% 23%
September 11740 5853 7711 25304 46% 23% 31%
Annual B748 4086 8573 22407 39% 18% 43%
1 Discharge data from U.S.G.S. records.
2 Based on 30 years of simulated power operatiouns.

r3l/c
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April
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Annual

TABLE 3.13

RELATIVE CONTRIBUTION OF FLOWS

AT SUSITNA-CHULITNA-TALKEETNA CONFLUENCE
(POST-PROJECT, CASE D)

Flow Contribution by ;:vatgl/s Percent Flow by
Chul'itna1 Talkeetna1 Susitna Talkeetna Chulitna Talkeetna Susitna
4859 2537 6901 14297 349 189 48%
1994 1187 7380 10561 19% 11% 70%
1457 838 8595 10890 13% 8% 79%
1276 671 7779 9726 13% 73 80%
1095 565 6765 8425 13% 7% 80%
976 492 6851 8319 12% 6% 82%
1158 557 5830 7545 15% 8% 77%
8511 4176 8071 20758 41% 20% 39%
22540 11910 9335 43785 52% 27% 21%
26330 10390 14996 51716 51% 20% 29%
22190 9749 19924 51863 43% 19% 38%
11740 5853 12371 29964 393 203 413
8748 4086 9567 22401 39% 18% 43%

1 Discharge data from U.S.G.S. records.
2 Based on 30 years of simulated power operationms.

r3t/c
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TABLE 3.14
ESTIMATES OF PRE AND POST PROJECT
DISCHARGE AND STAGE FREQUENCY ANALYSIS
Devil Canyon Damsite
Preproject Postproject
Revised
Recurrence Q Q
Interval (cfs) (cfs)
2 47,000 11,000
5 61,000 12,000
10 71,000 13,000
25 84,000 28,000
Susitna River at Gold Creek
Preproject Postproject
Change
Recurrence Q Stage Q Stage In Stage
Interval (cfs) (ft) (c£fs) {ft) (feet)
2 49,500 13.4 13,500 8.7 =4.7
5 66,000 14.9 17,000 9.6 -5.3
10 78,000 15.8 20,000 10.1 -5.7
25 94,000 16.7 38,000 12.3 =4.4
Susitna River at Sunshine Station
Preproject Postproject
Change
Recurrence Q Stage Q Stage In Stage
Interval {cfs) (ft) _(cfs) (£ft) (feet)
2 95,000 12.5 59,000 9.3 -3.2
5 124,000 14.8 75,000 10.8 =4.0
10 144,000 16.3 85,000 11.7 -4.6
25 174,000 18.4 118,000 14.3 -4.1
Susitna River at Delta Islands,
Preproject Postproject
Change
Recurrence . Q Stage Q Stage In Stage
Interval (cfs) (ft) {cfs) {ft) (feet)
2 105,000 94.6 69,000 92.7 -1.9
5 138,000 95.6 89,000 94.0 -1.6
10 159,000 96.3 101,000 85.0 -1.3
25 193,000 97.3 137,000 96.0 -1.3
Susitna River at Susitna Statiomn
Preproject Postproject
Change
Recurrence Q Stage Q Stage In Stage
Interval (cfs) {ft) _(cfs) {£ft) (feet)
2 157,000 16.7 121,000 14.8 -1.
5 206,000 19.3 157,000 16.7 -2.6
10 239,000 20.9 181,000 18.0 -2.9
25 289,000 23.0 233,000 20.5 -2.5
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TABLE 3.15 ‘
LOWER SUSITNA RIVER BASIN CHARACTERISTICS -
FOR MEAN ANNUAL FLOOD CALCULATIONS

Susitna River at
Susitna Station

Local Area: Susitna Station
to Delta Islands x-section

Skwentna River nr.
Skwentna

Yentna River nr.
Susitna Station

Delta Istands x-section

Local Area: Delta Islands
x-section to Sunshine

Susitna River at
Sunshine

Local Area: Sunshine
to Talkeetna

Chulitna River
Talkeetna

Talkeetna River nr.
Talkeetna

Susitna River at Gold
Creek

Local Area: Gold Creek
to Devils Canyon

Devils Canyon

Drainage Area Glacial Area Forested Area Lake Area Mean Annual Mean Annual Mean Minimum Stream
. Precipitation Snowfall January Temp. Length
D.A,. G F LP M.A.P, M.A.S. J L
(mi. %) 4) (%) (}) (in.) (in.) (°F.) (mi.)
19,400 12 23 2 43 167 -4 301
640 1 60 5 30 70 0 -
2,250 16 34 5 43 140 -5 98
3,930 20 12 4 50 150 -5 -
12,580 9 23 1 41 - 182 -3 281
1,080 1 60 5 30 70 0 -
11,500 10 19 1 42 193 -4 224
764 0 90 2 30 30 0 -
2,570 27 22 1 55 250 -5 87
2,006 7 25 0 ., 10 130 -2 90
6,160 5 7 1 29 200 -4 189
350 0 - 0 20 - 0 -
5,810 5 7 1 29 200 -4. -
1 ’ 1 2 " |
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Susitna River
at Gold Creek

Chulitna River
near Talkeetna

Talkeetna River
near Talkeetna

Susitna River at
Susitna Station

Susitha River
at Gold Greek

Chulitna River
near Talkeetna

Talkeetna River
near Talkeetna

Susitna River at
Susitna Station

(1-DAY HIGH AND 1-DAY LOW FLOW)/(MONTHLY FLOW)

TABLE 3.16

MONTHLY AVERAGE RATIOS

1-Day High Flow Ratios

Monthly Average (Standard Deviation)

July
1.36 (0.18)

1.36 (0.22)

1.64 (0.49)

1.21 (0.07)

1-Day Low Flow Ratios

Aug.
1.57 (0.33)

1.56 (0.28)

1.89 (0.62)

1.27 (0.06)

Monthly Average (Standard Deviation)

May June
2.45 (1.33) 1.49 (0.27)
2.05 (0.38) 1.52 (0.29)
2.51 (0.76) 1.69 (0.27)
1.89 (0.44) 1.25 (0.05)

May June
0.26 (0.14) 0.68 (0.13)
0.31 (0.15) 0.63 (0.14)
0.24 (0.08) 0.61 (0.11)
0.25 (0.10) 0.74 (0.09)

July
0.78 (0.08)

0.78 (0.07)

0.72 (0.07)

0.82 (0.05)

Aug.
0.65 (0.13)

0.66 (0.10)

- 0.59 (0.08)

0.64 (0.05)

H 3 1 i
Sept. Oct.
1.61 (0.32) 1.66 (0.39)
1.72 (0.39) 1.81 (0.38)
1.91 (0.51) 1.64 (0.26)
1.58 (0.18) 1.69 (0.27)
Sept, Oct.
0.66 (0.11) 0.59 (0.13)
0.62 (0.13) 0.58 (0.10)
0.63 (0.12) 0.62 (0.11)
0.70 (0.12) 0.60 (0.11)
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TABLE 3.17
MONTHLY AVERAGE RATIOS
(3-DAY HIGH AND 3-DAY LOW FLOW)/(MONTHLY FLOW)

3-Day High Flow Ratios

A8

Monthly Average (Standard Deviation)

May June July Aug. Sept. Oct.
Susitna River 2.24 (0.96) 1.42 (0.23) 1.29 (0.16) 1.49-(0.30) 1.52 (0.27) 1.56 (0.31)
at Gold Creek .
Chulitha River 1.91 (0.31) 1.40 (0.19) 1.28 (0.15) 1.47 (0.26) 1.60 (0.29) 1.66 (0.28)
near Talkeetna
Talkeetna River 2.33 (0.60) 1.51 (0.22) 1.44 (0.30) 1.69 (0.45) 1.69 (0.37) 1.53 (0.19)
near Talkeetna ‘
Susitna River at 1.89 (0.39) 1.20 (0.05) 1.16 (0.05) 1.23 (0.07) 1.45 (0.15) 1.52 (0.23)
Susitna Station
3-Day Low Flow Ratios
Monthly Average (Standard Deviation)
M-ay June July Aug. Sept. Oct.
Susitna River 0.28 (0.14) 0.71 (0.13) 0.80 (0.08) 0.67 (0.12) 0.68 (0.11) 0.61 (0.12)
at Gold Greek
Chutitna River 0.33 (0.13) 0.66 (0.13) 0.80 (0.06) 0.68 (0.09) 0.64 (0.13) 0.59 (0.10)
near Talkeetna
Talkeetna River 0.24 (0.09) 0.65 (0.11) 0.75 (0.07) 0.61 (0.09) 0.64 (0.12) 0.64 (0.11)
near Talkeetna
Susitna River at 0.30 (0.16) 0.78 (0.08) 0.85 (0.05) 0.68 (0.05) 0.71 (0.12) 0.63 (0.11)
Susitna Station v y , . . \ . . ~ _ N
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Susitna River
at Gold Creek

Chulitna River
near Talkeetna

Tatkeetna River
near Talkeetna

Susitna River at
Susitna Station

Susitna River
at Gold Greek

Chulitha River
near Talkeetna

Tatkeetna River
near Talkeetna

Susitna River at
Susitna Station

TABLE 3.18
MONTHLY AVERAGE RATIOS
(7-DAY HIGH AND 7-DAY LOW FLOW)/(MONTHLY FLOW)

7-Day High Flow Ratios

Monthly Average (Standard Deviation)

May June July Aug.
1.87 (0.46) 1.28 (0.15) 1.17 (0.10) 1.33 (0.20)
1.75 (0.23) .29 (0.14). 1.19 (0.08) 1.34 (0.17)
2.00 (0.39) .32 (0.15) 1.25(0.15) 1.43 (0.27)
1.62 (0.33) .14 (0.07) 1.09 (0.04) 1.17 (0.06)

7-Day Low Flow Ratios

Monthly Average (Standard Deviation)

May June July Aug.
0.34 (0.15) .77 (0.11) 0.86 (0.07) 0.74 (0.11)
0.38 (0.12) .73 (0.12) 0.82 (0.05) 0.73 (0.09)
0.30 (0.12) .72 (0.10) 0.81 (0.07) 0.68 (0.09)
0.42 (0.26) .84 (0.07) 0.90 (0.05) 0.76 (0.04)

P R B
Sept. Oct.
1.37 (0.18) 1.43 (0.23)
1.41 (0.17) 1.54 (0.20)
1.45 (0.22) 1.38 (0.14)
1.31 (0.12) 1.34 (0.16)
Sept. Oct.
0.72 (0.10) 0.65 (0.11)
0.69 (0.12) 0.61 (0.10)
0.69 (0.11) 0.68 (0.11)
0.76 (0.11)  0.68 (0.13)
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Susitna River
at Gold Creek

" Chulitna River

near Talkeetna

Talkeetna River
near Talkeetna

Susitna River at
Susitna Station

Susitna River
at Gold Greek

Chulitna River
near Talkeetna

Talkeetna River
near Talkeetna

Susitna River at
Susitna Station
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(15-DAY HIGH AND 14-DAY LOW FLOW)/(MONTHLY FLOW)

TABLE 3.19

- MONTHLY AVERAGE RATIOS

15-Day High Flow Ratios

Monthly Average (Standard Deviation)

14-Day Low Flow Ratios

July
1.08 (0.04)

1.11 (0.04)
1.11 (0.06)

1.05 (0.03)

Aug.
1.16 ~(0.10)

1.17 (0.09)
1.19 (0.12)

1.12 (0.04)

Mon-thlLAverage (Standard Deviation)

May June
1.51 (0.20) 1.13 (0.07)
1.48 (0.14) 1.15 (0.09)
1.53 (0.16) 1.15 (0.07)
1.38 (0.22) 1.06 (0.04)

May June
0.48 (0.21) 0.77 (0.11)
0.50 (0.16) 0.84 (0.10)
0.45 (0.15) 0.85 (0.06)
0.61 (0.24)  0.92 (0.04)

1 T y

July
0.92 (0.05)

0.89 (0.05)

0.90 (0.06)

0.95 (0.04)

o
i

Aug.
0.83 (0.09)

0.83 (0.08)

0.81 (0.10)

0.87 (0.04)

Sept. Oct,
1.19 (0.08)  1.26 (0.10)
1.22 (0.10)  1.32 (0.11)
1.22 (0.10)  1.23 (0.08)
1.17 (0.07)  1.23 (0.11)

Sept. Oct.
0.82 (0.10)  0.73 (0.11)
0.78 (0.10)  0.68 (0.10)
0.79 (0.11)  0.76 (0.09)
0.86 (0.10)  0.78 (0.14)

Y 5 )
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Susitna River
near Cantwell

Susitna River
at Gold Creek

Chulitna River
near Talkeetna

Talkeetna River
near Talkeetna

Susitna River
at Susitna Station

r31/c

TABLE 3.20

AVERAGE RATIOS OF ANNUAL
DAILY LOW FLOWS TO ANNUAL MONTHLY LOW FLOWS

1-Day 3-Day 7-Day 14-Day  30-Day 60-Day 90-Day
0.98 0.98 0.98 0.98 0.99 1.02 1.06
0.97 0.97 0.97 0.98 0.99 1.02 1.08
0.96 0.96 0.96 0.96 0.99 1.03 1.10
0.96 0.96 0.96 0.96 9.98 1.02 1.07
0.92  0.92 0.92 0.92 0.99 1.10 7.06
3-25
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