























































































































































































































































































































































































































































































































































































































































































































If the outlet works are not releasing water at full capacity
and the water level rises above el. 2,000.5, the outlet
works will be opened immediately to full capacity. If the
full capacity of the outlet works and powerhouse flow are
not sufficient to discharge all the inflow the water level
will continue to rise.

If the water level exceeds el. 2,000.5 but does not reach
el. 2,014.0 then the Watana discharge will remain relatively
constant until the water level decreases to el. 2,000.5. If
the water level starts to decrease below el. 2,000.5 then
the outlet works will be closed in a gradual manner as they
were opened. The rate of closure will be that estimated to
cause the water level to reach el. 2,000.0 when the outlet
works discharge reaches zero. The outlet works will be
completely closed before the water level is allowed to
decrease below el. 2,000.0.

The outlet works capacity and flood surcharge level have
been planned to store and release the 50-year flood without
operating the spillway. Thus, there is less than a 1 in 50
chance that in any one year the water level will continue to
rise to el. 2,014.0.  If the water level reaches el. 2,014.0
and continues to -ircrease, the spillway will be opened.
Since spillway operation may increase gas concentrations in
the river downstream the spillway will also be opened up as

" gradually as possible, consistent with providing sufficient

freeboard on the dam to meet safety requirements. The

powerhouse and outlet works releases will continue as
before, and the spillway will be opened at the estimated
minimum rate required to prevent the water level from
exceeding el. 2,014.3. If the water level reaches el.
2,014.3 and continues to rise, the spillway gates will be
opened as much as needed to prevent the water level from
increasing any further. As explained in Exhibit F Appendix
F3, the spillway has the capacity to pass the 10,000 year
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flood-at-a-reservoir level of -elv 20143+ —Thus, there-is—-

i l@s s—than—-a—one—in—10,-000-chance- in -any-year that the water .

level would exceed el, 2,014.3.

If the reservoir water level reaches el. 2,014.3 and the
fully opened spillway, outlet works and powerhouse are
insufficient to pass the inflow, the water level will
increase uncontrolled, The spillway is designed to pass the
Probable Maximum Flood (PMF). The water level would reach

..approximately el. 2,017, eight feet ‘below the dam crest

during a PMF. Watana discharge would not be controlled
again until the water level decreased to el. 2,014.3. When
this occurs, the spillway will be closed gradually in a
manner estimated for the water level to reach el. 2,014.0
when the spillway discharge is zero. The spillway gates
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will be completely closed before the water level is allowed
to decrease below el. 2,014.0.

Stage II - Watana and Devil Canyon Operation (¥¥¥)

Dam safety criteria at Watana with both Watana and Devil
Canyon operating will be similar to Watana only operations
when the water level in Watana reservoir exceeds el.
2,000.0, especially in the early years of Devil Canyon
operation. However, while Watana reservoir is filling in
the spring, and before the water level reaches el. 2,000.0,
the Devil Canyon powerhouse will be used to generate most of
the system energy demand. Watana still must generate a
portion of the energy in order to meet peak energy demands.
This policy was adopted for the purpose of minimizing
downstream temperature effects of using the Devil Canyon
outlet works. When the Watana water level reaches el. )
2,000.0, it is necessary to switch energy genmeration from
Devil Canyon to Watana in order to pass the 50 year flood
through Watana without using the spillway. The change from
the Devil Canyon to the Watana powerhouse would be made in a
gradual manner, but in no case would the Watana water level
be allowed to rise above el.. 2,000.5 without the Watana
powerhouse supplying available system energy demands and the
Watana outlet works releasing at 24,000 cfs. After the
system load is transferred from Devil Canyon to Watama the
operation at Watana would be identical to that for Watana
only operation. ‘

When the Watana water level reaches el. 2,000.0 Devil Canyon
reservoir will be allowed to fill while minimum flow re-
quirements are being met. The Watana and Devil Canyon out-
let works and operating policies have been planned so that
while the Devil Canyon reservoir is filling, the outlet
works will be opened up in a gradual manner estimated to
prevent the water level from exceeding el. 1,455.0. When
the water level reaches el. 1,455.0, the outlet works will
be opened as much as necessary to keep the water level
stable. In this period, Devil Canyon will operate as
essentially a run-of-river project, passing Watana outflows
and intervening flows. The rates of change of Devil Canyon
discharge will be similar to those for Watana 'with small
modifications resulting from variations in intervening
flow.

Devil Canyon can pass all of the Watana outflows and all
intervening flows through its outlet works without using its
spillway unless the Watana spillway is operating. As noted
in Exhibit E, Chapter 2, Section 4.2.3(a)(iii), the 50-year
flood inflow may exceed the capacity of the Devil Canyon
outlet works. Therefore, surcharge storage is provided to
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store the flow in excess of the outlet works capacity.
During floods, the Devil Canyon water level will be
maintained at el. 1,455.0 until the outlet works is
discharging at full capacity. If the inflow exceeds the
capacity, the water level will be allowed to increase to el.
1,456.0. In this manner the 50-year flood can be stored and
released without operating the spillway. If the water level
continues to rise above el 1456.0, the Devil Canyon spillway
must be opened to maintain freeboard on the dam. The chance
the spillway would be operated in any one year is less than
1l in 50. The spillway gates will be opened at whatever rate
is necessary to keep the pool at this level. As explained
in Exhibit F Appendix F3, the spillway has the capacity to
pass the 10,000 year flood with the reservoir at el. 1456.0.
Thus, there is less than a 1l in 10,000 chance that the Devil
Canyon water level would exceed this level in any one year.
If the spillway gates were opened completely and the
reservoir level continued to rise, discharge from Devil
Canyon would be uncontrolled. The Devil Canyon spillway is
designed to pass the PMF. The maximum water level obtained
during routing of the PMF 1is el 1465.6, which is 0.4 feet
below the top of the concrete parapet and 4.4 feet below the

crest of the rockfill sections of the dam. Control would

not be regained until the water level receded to el.
1,455.0. When the water level ‘decreases to el. 1,455.0 the
spillway and outlet works will be closed in a manner to keep
the water level at el. 1,455.0.

(c)

Stage III - Watana and Devil Canyon Operation (*%%)

~Project -operation at Watana with both Watana and Devil

Canyon operating in Stage III will be similar to Stage II

‘operations. However, the normal maximum water level in

Watana Reservoir will be el. 2,185 and the flood surcharge
level ‘will be el. 2,193.  While Watana reservoir is filling
in the spring, and before the water level reaches el.

2718570, the -Devil-Canyon powerhousewill—be-used—to - =wme
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meet-system-energy-demands.—Watana-must--still-generate-a———
portion of the energy in order to meet peak system energy
demands. This policy was adopted for the purpose of

minimizing downstream temperature effects of using the Devil

‘Canyon outlet works. When the Watana water level reaches

el. 2,185.0, it is necessary to switch energy generation
from Devil Canyon to Watana in order to pass the 50-year
fIood without using the- spillway. - The change from-Devil

- Canyon to Watana would be made 1ii.-d gfradudal: mannér, but in

no case would the Watana water level be allowed to rise
above el. 2,185.5 without the Watana powerhouse supplying
all available system energy demands and the Watana outlet
works releasing at 24,000 cfs. After the system load is
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transferred from Devil Canyon to Watana, the operation at
Watana would be identical to that for Watana only
operation.

When the Watana water level reaches el. 2,185, Devil Canyon
reservoir will be allowed to fill while minimum flow
requirements are being met. While the Devil Canyon
reservoir is filling, the outlet works will be opened up in
a gradual manner estimated to prevent the water level from
exceeding el. 1,455.0. When the water level reaches el.
1,455.0 the outlet works will be opened as much as necessary
to keep the water level stable. In this period, Devil
Canyon will operate as essentially a run-of-river project,
passing Watana outflows and intervening flows. The rates of
change of Devil Canyon discharge will be similar to those
for Watana with small modifications resulting from
variations in intervening flow. '

Devil Canyon can pass all of the Watana outflows and all
intervening flows through its outlet works without using its
spillway unless the Watana spillway is operating., As noted
in Exhibit E, Chapter 2, Section 4.3.3 (a)(iii), the 50-year
flood inflow may exceed the capacity of the Devil Canyon
outlet works. Therefore, a surcharge storage is provided to
store the flow in excess of the outlet works capacity.
During floods the Devil Canyon water level will be
maintained at el. 1,455.0 until the outlet works are
discharging at their full capacity. If the inflow exceeds
the capacity, the water level will be allowed to increase to
el. 1,456.0. In this manner the 50-year flood can be stored
and released without operating the spillway.

If the water level continues to rise above el 1456.0, the
Devil Canyon spillway gates must be opened to maintain
freeboard on the dam. The chance the spillway would be
operated in any one year is less than 1 in 50. The spillway
gates will be opened at whatever rate is necessary to keep
the pool at this level. As explained in Exhibit F, Appendix
F3, the spillway has the capacity to pass the 10,000-year
flood with the reservoir water level at el. 1456.0. Thus,
there is less than a 1 in 10,000 chance that the Devil
Canyon water level would exceed this level in any one year.
If the spillway gates were opened completely and the
reservoir level continued to rise, discharge from Devil
Canyon would be uncontrolled. The Devil Canyon spillway is
designed to pass the PMF. The maximum water level obtained
during a routing of the PMF was el. 1,463.1 which is 2.9
feet below the crest of the concrete parapet wall and 7 feet
below the top of the rockfill dam sections. Control would
not be regained until the water level receded to el.
1,455.0. When the water level decreases to el. 1,455.0 the
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spillway and outlet works will be closed in a manner to keep
the. water level at el., 1,455.0.

When system energy demand increases, the operation to pass
floods when the Watana reservoir reaches el. 2,185.0 would
differ slightly from the early years of Devil Canyon
operation. If the water level at Watana were to rise above
el. 2,185.0 it would not be necessary to switch all the
energy generation to Watana. Only that generation would be
switched which would be necessary to keep the Watana water
level from exceeding el. 2,193.0 for the 50 year flood. It
is estimated that this requires a Watama powerhouse
discharge of 7,000 cfs. Additiomally, the increased energy
demand means that Devil Canyon would have the capacity to
discharge some flow from its powerhouse before it becomes
necessary to open the outlet works. The additional Devil
Canyon’ powerhouse flow would make it possible to pass the
50~year flood without surcharging the reservoir.

Overall, operation of the two dams with greater system

energy demands will result in more gradual changes in
"‘discharge and less chance of outlet works or spillway

operation than in the first years of Stage III operation.

3.6.3 - Emergency Situations (#**%)

Under normal circumstances, the minimum flow requirements at Gold
Creek will be maintained at all times unless otherwise agreed

to by the appropriate State and Federal —agencies, In emergency
situations, if powerhouse operation is not possible, outlet
Facilities will be operated to meet the flow requirements.
Correspondingly, if another part of the energy gemeration system
is temporarily .lost, Watana and Devil Canyon may be operated to
make up the deficit. The resulting discharge variation may
exceed the maximum variation rate of 10 percent, and discharge
may reach the maximum flow constraint. However, the discharge at
Gold Creek will not be allowed to_exceed the maximum weekly flow

- requirement and the rate of change of discharge will be

constrained by the rates established in Section 3.6.1 of this
Chapter.

3.6.4 - Flow Requirement During Filling (##%%)

The Case E-VI flow requirements will be maintained at all times
~during filling of the three project stages, If a dry season

—- -occurs -during-filling-of Watana Stage L, the -requirements may be

reduced by 1,000 cfs in order to ensure that the water level in
Watana reservoir reaches a level required for testing,
commissioning and operation of the units during the winter
following the summer of filling. During this winter the minimum
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flow requirements at Gold Creek will be natural flows rather than
the Case E-VI minimum requirements.

3.7 - Power and Energy Production (¥%%) N

Based on the hydrology, reservoir operation, and Case E-VI flow
requirements described above, power and energy production from the
Susitna project have been estimated.

3.7.1 - Watana Stage I (¥¥%)

Table E.2.3.15 provides the estimated annual power and energy
production from the initial Watana development. The Stage 1
Project will be operated as a base-load plant because
environmental flow constraints limit the project outflow
fluctuation to plus or minus ten percent of the average weekly
flow. This limitation on discharge fluctuation was established:

o To avoid large water level fluctuations which may be
detrimental to fish, '

o To give the project some flexibility to provide reserve
energy capacity and to react to variatioms in system energy
demand, ' :

o To account for possible inaccuracies in the measurement of
discharge which may be on.the order of five to ten percent,
and :

o To account for variatioms in the flow from the intervening
area between the project sites, Gold Creek and fishery
habitat located between Gold Creek and Talkeetna.

The Stage I power output is computed as that capacity which would
provide the average monthly energy generation based on a nearly
constant release rate for the week (energy = capacity x time).
This effectively prevents the Watana Stage I from peaking
operation and, hence, avoids undesirable flow fluctuationms.

3.7.2 - Watana Stage I with Devil Canyon Stage II (##%)

Table E.2.3.15 also provides the estimated annual power and
energy production from Watana Stage I operating with Devil
Canyon Stage II. When Devil Canyon comes on-line, the Watana
project can follow load with Devil Canyon regulating any flow
fluctuations. Hence, the power output from Watanma can equal the
capability of the turbines, which is a function of Watana
Reservoir elevation. Since Devil Canyon is the downstream
project, it will be operated as a base-load plant, similar to
Watana
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Stage I. The Devil Canyon power output is computed as described <j
above (Section 3.7.1) for Watana operating as a base-load plant.

3.7.3 - Watana Stage III with Devil Canyon Stage II (#¥%) ‘!

When Watana Stage LII is operating with Devil Canyon Stage II,

the additional storage available for flow regulation at Watana }
increases the energy production of both Watana and Devil Canyon
(Table E.2.3.15). Also, two additional turbines are installed at .
Watana to take advantage of the added head and flow regulation. 'l
Watana can follow load, while Devil Canyon will be operated as a

base~load plant as discussed above.

3.7.4 - Base-Load and Load-Following Operation (¥#¥%) v(

The Applicant has estimated the cost of meeting the Railbelt ,
energy demand utilizing ‘the most downstream powerhouse as a base l
load plant. This section describes the analyses undertaken by .
the Applicant to estimate the difference in costs if the

constraints on daily flow variation were removed. These costs 7]
represent a benefit wh1ch has been foregone to meet envirommental !
objectives., :

As described in this document, the Watana plant initially would }

operate as a base-load plant to maintain nearly uniform discharge

from the power plant. The Watana powerhouse would also be o

utilized for spinning reserve, which would require that the i

discharge vary to some extent but within the constraint of 10 ‘
~—percent of the mean-weekly-flow. When Devil-Canyon comes-on 4

line, Watana would change to a peaking operation, while Devil )

Canyon operates as a base~load plant similar to Watana Stage I. ’ }

The least economic cost method of meeting the Railbelt energy
demand would be 'to provide the Susitna project the flexibility to
follow loads, regulate frequency and voltage, provide spinning
reserve, and react to syStem needs .under all normal and emergency
conditions. The project would be dispatched to minimize thermal

plant operation and fuel costs. Consequently, the Susitna

project output would vary as the system load fluctuates; on an
hourly and seasonal basis. This would result in discharge and
stage fluctuations downstream of the prOJect which may be
detrimental to fish.

-To assess the economic lmpact of base—load versus load—follow1ng }

operation, the power and energy data for the load- ~following case o

-were -input -to -the -QGP model and an.economic_evaluation was made. L

The with-Susitna plan, assuming base~load ‘operation of the down- 1
stream project, has a 1985 present worth of system costs of

$4,823 million. For the same plan, assuming load-following
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operation, the 1985 present worth of system costs are $4,694
million. The difference of $129 million can be considered as
foregone power generation benefits or as mitigation costs for
fishery enhancement.
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4 - PROJECT IMPACT ON WATER QUALITY AND QUANTITY (#%)

This section presents the estimated impacts of the Susitna Hydroelec-
tric Project on water quality and quantity for comstruction,
impoundment and operation periods of each of the three project stages
as well as for the access road and transmission corridor.

The assessment is focused on the parameters most important to the aqua-
tic and fishery resources of the Susitna River. Therefore, th most
detailed analyses deal with flows, floods, river temperature, ice,
suspended sediment and turbidity. Sufficiently detailed analyses are
provided so that impacts to other resources, including wildlife and
terrestrial habitat, cultural, socioeconomics, recreation, aesthetics,
and land use, can be evaluated.

Methods Of Analyses And Codrdiﬁation Between Studies (*%%)

The most important water use and quality parameters (flow, temperature,
suspended sediment, turbidity, and ice) were evaluated using
state-of~the-art computer models. The evaluations were carried out for
all stages of project development, and for mean and extreme
hydrological and meteorological conditions. Railbelt system energy
demands representative of the period when the stages would be operating
were used (Table E.2.4.2)., Stages I and II are relatively short, and
simulations made by the Applicant (APA 1984, Appendices IV and VI) show
that the flows, temperatures and ice conditions for any one year during
either stage are representative of conditions during the entire stage.
Therefore, flow simulations and simulations of reservoir and river
temperature and ice conditions are provided for one year in each stage.
Stage III is much longer than Stages I and II since it represents the
ultimate development of the project. Therefore, flow and temperature
simulations are provided which bound the possible project energy
generation scenarios in this stage.

To ensure that the water use and quality analyses accurately represent
the expected with-project conditions, a coordinated system of studies
was used. This system is diagrammed on Table E.2.4.,1. The principal
components are described below:

1. Hydrological studies were made to estimate the streamflows
available for project use and the frequency and magnitude of
floods for natural conditions. Thirty-four year sequences of
monthly streamflows at the damsites were developed using a
mul ti~site regression analysis based on available records for
the Susitna River and tributaries using a program based on the
FILLIN computer program (HE 1984b). Weekly flow sequences were
also estimated for the damsites, Gold Creek, Sunshine and
Susitna Station by transposing recorded weekly flows consistent
with the estimated monthly flows. Flood frequencies were

851017 E-2-4-1



2.

3.

4.

estimated using guidelines of the United States Water Resources
Council (USWRC 1981).

Hydrologic and morphologic studies were made to describe fish
habitat. Aerial photographic mapping and field studies were
made for the Susitna River at several flow rates. Different
types of fishery habitat were delineated and measured on the
maps, and verified in the field. Relationships between the
river flow rate and the quantity of habitat of a given type were
developed for input to habitat simulation studies (EWTA 1985).
These are described in Chapter 3.

Hydrologic and hydraulic studies were made to evaluate the rela-
tionships between flow rate, velocity, depth, and water level in
the river and in habitat areas. Field surveys of river cross
sections and observed relationships between water level and
discharge were used as input to a computer model (HEC-2) of the
mainstem river (COE 1981) to estimate hydraullc parameters used
in the river temperature model, the river ice model and the
model for determining daily flow and - stage variations. Surveyed
cross sections, velocities, and depths in habitat areas were

"used in habitat simulation models (see Chapter 3).

Hydrologic studies were carried out to evaluate suspended and
bedload sediment in the Susitna, Chulitna and Talkeetna Rivers.
A field program was initiated to collect data which were used in
studies of bed stability, habitat stability, channel morphology
and in reservoir Suspended sed1ment mode11ng.

5.

Monthly and weekly reservoir operations studies using the RESOP
computer program (see Section 3); the 34 year streamflow
sequences developed prev1ously and projected energy demands were
used to estimate with project flows and reseérvoir water levels.
The sequences of outflows were used by the habitat simulation
studies, and in the river temperature and ice studies. The
reservoir water levels and outflows were used in the reservoir

temperature modeling. : B

6.

The Dynamic Reservoir Simulation Model (DYRESM) was modified for
use on the Susitna Hydroelectric Project by inclusion of rou-
tines for multiple level intake structures, better representa-
tion of wind induced mixing and for modeling of suspended
sediment concentrations in the reservoir and in the outflow.

~ The model was extensively tested on Eklutna Lake. Baseline

streamflow, sediment and climate data as well as reservoir

~-operations studies were used as-input to the model. Output,
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including outflow quantity, temperature and sediment
concentration, were used as input to river temperature and ice
studies and in assessing the effect of the project on river
turbidity. Other output including the reservoir ice cover
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10.

11.

12,
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formation and melting dates were used in evaluations of project
effects on wildlife (see Chapter 3).

Flood routing studies using information on reservoir water
levels and powerhouse operation from the RESOP model along with
baseline data on flood frequency and volume were made. These
studies provided estimates of flood frequency at significant
locations between the damsites and Cook Inlet. This information
is used in the evaluation of project effects on channel morpho-
logy and riparian vegetation as well as providing an index of
project effects on flow stability.

The effects of the project on stability of the mainstem channel
bed, tributary mouths and side slough and side channel habitat
areas were evaluated., Baseline data on streambed materials,
bedload transport, flow velocity and depth and with-project
information on flows and floods were used to estimate potential
aggradations and degradations.

The effects of the project on fishery habitat were evaluated
using simulation models described in Chapter 3. Input to the
simulation models consisted of streamflow sequences generated by
the reservoir operation model and habitat descriptions developed
in field studies and from aerial photography.

The Stream Network Temperature model (SNTEMP) of the U.S. Fish
and Wildlife Service was modified and tested for use on the
Susitna River. Reservoir outflows from the RESOP study and
outflow temperatures from the reservoir temperature model were
input to the SNTEMP model. The physical description of the
river including top widths, travel times, and depths, was from
field surveys and HEC-2 results. Intervening flows downstream
of the damsites were developed from hydrological studies. The
output temperatures were used in an evaluation of impacts to the
fishery resource (Chapter 3) and as input to the river ice
study.

The effects of project operation on river ice conditions were
evaluated using the ICECAL model. 1Inputs to this program
include river temperatures upstream of the ice front from the
SNTEMP study, river flows from the RESOP program, field surveyed
river cross sections and climatogical data. The results
describe the winter conditions of the river including area
covered by ice, ice thickness and water level. These data were
used in the analysis of project effects on fishery resources,
wildlife, and riparian vegetation (Chapter 3).

The effect of project operation on groundwater flow to the

sloughs was evaluated using relationships between the mainstem
water level and groundwater flow rate and mainstem water temper-
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ature and groundwater temperature. Input to this study included
the sequences of with-project flows and an evaluation of the
effect of project operation on mainstem water levels using
results of the HEC-2 model study. An evaluation of the
estimated with-project river temperatures provided the necessary
data for an evaluation of with-project upwelling temperatures.,
The results of this analysis were used in the evaluation of
effects on fishery resources (Chapter 3).

13. An evaluation of the effects of project operation on daily vari-
ations in flows and water levels was made using the National
Weather Service DAMBRK dynamic flood routing model. Simulations
of daily variations in flow at the powerhouses were made using
‘results of the RESOP model modified to meet hourly variations in
Railbelt energy demand subject-to constraints on rate of change
of discharge and maximum absolute change in discharge. The
‘results of the analysis give the time history of discharge and
stage variations and may be used:to evaluate effects of dis-
charge variations on fishery resources.

l4. An evaluation of the effect of project operation on downstream
gas concentrations was made. Results of the reservoir operation
and with-project flood frequency studies were used to determine
the reservoir surcharge levels necessary to prevent spillway
operation for the 50-year flood. The effect of outlet works and
cone valve operation on downstream gas concentrations was evalu-
ated using mathematical models of jet dispersion, air entrain-
ment and jet penetration.

The evaluations of other parameters upon which the project is expected
“to-have smaller effects, did not require the. use of computer models nor
detailed information on flows and water levels. The other parameters
-evaluated include dissolved oxygen, nutrients, total dissolved solids,
conductivity, significant ions, alkalinity, metals, total hardnmess, pH,
free carbon dioxide, total organic carbon, chemical oxygen demand, true
color, chlorophyll-a, bacteria, pesticides, uranium and gross alpha
—-radioactivitys-—Project-effects-on-lakes-and streams, -navigation.and..
transportation,-waste assimilative capacity _and freshwater recruitment

to Cook Inlet were also evaluated. Chapters 3 and 7 include
evaluations of project effects on fisheries, riparian vegetation,
wildlife habitat, and recreation.

All of the above described analyses, including the model studies, were
based on extensive baseline'data collection efforts carried out between
1981 and 1985. Detailed delineations of fish habitat, based on field
studies and aerial photographic mapping, constitute-the-largest -
baseline study. These are described in Chapter 3. The collection of
hydrologic (streamflow) and meteorologic (climate) data for use in
reservolr operation, reservoir and river temperature and ice models,
and flow stability studies, was another large baseline study.
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Observations of river ice conditions were carried out for five years.
Suspended and bedload sediment measurements and bed material sampling
have been carried out for four years. Hydrological, meteorological,
sediment and turbidity measurements, collected at Eklutna Lake for
2-1/2 years, were used to test the reservoir temperature model. Data
on the temperature and quantity of surface and subsurface flows for
areas of fish habitat have been collected since 1982. Mass balance
measurement of glaciers in the Susitma basin were collected for three
years.

Many of the analyses, including the baseline studies, have been made
since the original License Application was submitted in 1983. This
additional work was done largely in response to agency and public con-
cerns and the results have been incorporated in this Amendment. Spe-
cifically, since the 1983 License Application was filed the Applicant
has made:

0 More than 25 simulations of the weekly operation of the project
each for 32-34 years of record, using the RESOP program (Section
3). More than 15 of these were double reservoir runs.

o More than 85 simulations of daily water temperatures for Watana
and Devil Canyon Reservoirs based on the reservoir operation
runs. These simulations were generally for periods of omne to two
years.

o More than 15 simulations of the daily temperature and suspended
sediment concentrations in the Watana and Devil Canyon
Reservoirs. Most of these were for periods of three or four
years. '

o More than 50 simulations of weekly river temperatures between the
dams and the Sunshine gage. Most of these were for periods of
one to two years,

0 More than 40 simulations of daily river ice conditions between
Devil Canyon and the Chulitna-Susitna Rivers confluence, each
representing six-month periods.

Many of these simulations are illustrated in this document. Most are

included by specific reference to other documents which have been
provided to the FERC and others.

4.1 - Watana Development (#*%)

"For details of the physical features of the Watana development, refer

to Section 1 of Exhibit A.
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4,1.1 - Watana Stage I Construction (*%)

Construction of Watama Stage I will begin in 1986 with expansion
of the existing camp and airstrip. The initial access to the
site will be constructed in 1987 and the main access in 1991.
The construction camp and village will be built between 1990 and
1993. The first construction that will significantly affect the
Susitna River will begin in 1992 with the construction of the
diversion tunnels, and initial work on the cofferdams. The
tunnels will be completed by the spring of 1994 and the river
will be diverted at that time.

Filling of the reservoir is scheduled to begin in early 1998 and
the water level will be high enough by mid 1998 to test the first
unit. Commercial operation will begin in October 1998.
Construction of the dam, powerhouse and appurtenant facilities
will continue through mid 1999 when the last unit will begln
commercial operation. The construction period described in this
section is- the period from initial construction of the access and
camp to the beginning of reservoir filling.

(a) Flows and Water Levels (#%)

During construction of the diversion tunnels, the flow of
the mainstem Susitna will be only minimally affected.

Upon completion of the diversion facilities in the spring of
1994, closure of the upstream cofferdam will be completed
and flow will be diverted through the lower diversion tunnel

Although—flow-rate-will-not-be—interrupted;—a-0.6mile
section of the Susitna River will be dewatered im the
construction zone. The fishery impacts resulting from this
action are discussed in Chapter 3.

During the summer, both diversion tunnels will operate,
although the lower tunnel will always be passing the greater
portion of the flow. The upper tunnel starts to flow when
the river flow exceeds about 8,000 cfs. For the mean annual

flood flow of 43,500 cfs, the lower tunnel will run about
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30,500 cfs and the upper tunnel 13,000 cfs. The river level
immediately upstream of the project will be at el. 1496,
about 20 feet above the natural river level. Water levels
will be increased for a distance of about 2 miles upstream
of the project. The tunnel velocities for the mean annual
flood flow are about 40 ft/sec in the lower tunnel and about
30 ft/sec in the upper tunnel. :

‘The two diversion tunnels are designed to pass the 1l:50-year
flood of 89,500 cfs with a maximum water surface elevation
of 1,532 ft and a maximum outflow of 77,000 cfs. For flows
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(b)

(c)

up to the 1:50 year flood event, water levels and velocities
downstream of the diversion tunnels will be almost the same
as natural levels,

Floods greater than the l:50-year event could overtop the
Watana cofferdams and cause failure of the cofferdams. 1If a
flood event of a magnitude large enough to overtop the
cofferdam did occur, the only location within 80 miles down-
stream where damage would occur is the main dam construction
site. If the main dam height is less than the cofferdam
when overtopping occurs, some damage could occur. However,
if the main dam is somewhat higher than the cofferdam when
overtopping occurs, damage would be lessened or eliminated.
Although flood related damage could occur further
downstream, the relatively small volume of the head pond and
the attenuation of the flood wave as it moves downstream
would reduce the potential for downstream flooding.

Flows, velocities, and associated water levels upstream from
the proposed Watana Stage I damsite will be unaffected in
the winter. The capacity of the lower tunnel is sufficient
to pass normal winter flows without significant change to
the river stage upstream of the project. The tunnel gates
will be full open, and the river ice conditions will be
unchanged from natural conditions.

River Morphology (#*%)

Since changes in flow will be negligible during Watana
Stage I construction, impacts on morphology of the Susitna
River will be confined to the dam and borrow sites. During
the construction, approximately a 0.6 mile segment of the °
river will be blocked by cofferdams and dewatered for
construction. All of the rockfill material required during
Stage I construction will be obtained from excavation for
powerhouse spillway and other facilities. Construction
materials for filters and concrete aggregate will be from
Borrow Site E on the Susitna River as shown on Figure
E.2.4.1.

Borrow Site E will become a deep pool in the river.
However, the site will be inundated by Devil Canyon

Reservoir when it 1s constructed.

Water Quality (#¥)

1) Water Temperature (#%%)

Since operation of the diversion structure will
essentially be run-of-river, no impact on the
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(ii)

temperature regime will occur downstream from the
tunnel exit.

Ice (%)

During freeze-up, flowing ice is naturally produced
upstream of Watana in September or October. By
December, the entire upper river is normally inter-
‘mittently ice covered, and flowing ice is no longer
present., With the Watana cofferdams in place, winter
flow will be diverted through the lower tunnel unin-
terrupted. Little or no backwater is anticipated for
the normal winter flows which are less than 5,000
cfs.. Therefore, the river ice regime upstream and
downstream of the construction area will be unchanged
from the natural: conditions.

The lower diversion tunnel is expected to convey any
floating ice during freeze-up with no accumulation in
the tunnel. It is possible that the higher tunnel
velocities during the winter:will produce some
"additional frazil which can accumulate in the tail-
race downstream. This is not expected to produce
sufficient backwater to affect the upstream river
conditions,

Break—up timing and character will be similar to

_natural conditions. The diversion tunnels are large

enough to pass thé largest ice pieces which have beein
observed naturally during break-up in the Watana
area.. The diversion tunnels are designed to flow
open channel up to a combined discharge of about
60,000 cfs, well beyond normal break-up flows.
Therefore, flow into the tunnel will not be
restricted. Ice will not accumulate substantially in
the head pond even though some ponding of water will

occur.
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(iii) Suspended Sediments/Turbidity/Vertical

Illumination (*%)

During construction, suspended sediment concentra-
tions and turbidity levels are expected to increase
within the impoundment area, and for some distance

downstream. This will result from the necessary con-

struction activities within and immediately adjacent
to the river, including excavation of material from
Borrow Site E, construction of the diversion tunnels,
placement of cofferdams, clearing the construction
site of vegetation and spoil material, and
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selectively clearing the reservoir area of vegetation
prior to impoundment.

~ Diversion and Closure

During dam construction proper borrowing procedures
will be used to ensure that suspended sediment and
turbidity levels will not be increased. Berms will
be provided to prevent sediment from the borrow areas
from entering the river. Procedures are generally
described below for various phases of construction
and types of fill and borrow operations. Other
procedures are possible and just as effective. The
procedures actually used during construction will be
based upon guidelines and techniques contained in the
Best Management Practices Manual entitled "Erosion
and Sedimentation Control" (APA 1985a)., The
excavation of the diversion tunnels and construction
of the first diversion cofferdam may cause temporary
increases in suspended sediment and turbidity.
Cofferdams will be constructed upstream and
downstream of the diversion tunnels to enable tunnel
construction. Material excavated from the tunnels
will generally be confined within the cofferdams
prior to disposal. This will minimize increases in
suspended sediment and turbidity. Additionally,
excavated material will be disposed of in a manner
based on guidelines in the Best Management Practices
Manual entitled "Erosion and Sedimentation Control"
(APA 1985a). The first diversion cofferdam will be
located in the river. It will be constructed by
dumping rock material into the river to divert flow
to the diversion tunnels. During periods when rock
is being placed, some sediment will be washed
downstream. The amount of material introduced into
the river in this manner is not expected to cause
significant increases in sediment concentration since
the total amount of material in the closure cofferdam
is small relative to the existing river sediment
load.

- Dam Comstruction

The primary borrow sites being considered are sites D
and E. These sites are located entirely outside of
streamflow limits. All borrow and quarry sites
originally considered are shown in Figure E.2.4.1.

The balance of the sites have been abandoned for

environmental reasons, economic or engineering
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constraints, or are now being considered only as
backup sites., ’

All rockfill needs for the dam will be satisfied by
required excavations within the spillway, approach
channel, and powerhouse intake structure areas.
These structures are located within a confined
construction area, and will hdve no effect on the
condition of the river.

Borrow Site D (Figure E.2.4.2) is the selected source
of impervious material for use in the cores of the
main dam and cofferdams. The material in Site D
consists primarily of glacial till covered with
outwash materials and topsoil. The site covers
approximately 1,150 acres and contains an estimated
180 million cy of alluvial and outwash materials,
from which the 6.3 million cubic yards of impervious
fill will be obtained. Borrow Site H is an alterna-
tive for this material; however, Site D is more
desirable because of lower moisture content, less

permafrost, materidl stratification, and its close

proximity to the damsite and support facilities.

Selective excavation of the material will occur
during summer (May-September) by utilizing blocks of
material that have been pre-~drained with lateral
perimeter ditches. All runoff will be collected and

...The organic _layer will be stripped and stockpiled .

directed toward ‘settling ponds prior to discharge
into Deadman Creek or the Susitna River. No work is
scheduled in or immediately adjacent to Deadman
Creek, and therefore, no significant erosion control
problems are anticipated., However, several small
lakes within the area will be drained as a result of
the excavation.

prior to construction. Subsequent to disturbance,
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the excavated pits will be reclaimed with appropriate
materials and techniques to the maximum extent
possible. Portions of the site will be within the
annual reservoir drawdown zone and may require
stabilization to control slumping.

“Borrow Site E (Figure E.2.4.3), with an areal extent

of approximately 800 acres, is proposed as the
primary source of material for filters and concrete
aggregate. Borrow operations in Site E will be
separated from the natural course of the Susitna
River by either natural or man-made berms along and
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parallel to the river bank. This separation and
disallowing of instream borrow operations will
essentially prevent suspended sediment from entering
the river due to the borrow operation. It is
inevitable that there will be some increases in
suspended sediments and turbidity, but these will be
short term. Downstream from Talkeetna, turbidity and
suspended sediment levels should remain essentially
the same as baseline conditions. Borrow Site E will
be excavated during Stage I construction below el.
1,455, which is the normal maximum Devil Canyon
Stage II Reservoir operating level. A moving front
excavation will begin at the downstream end of the
borrow site, and possibly could extend to depths of
100 feet or more. The high groundwater level
adjacent to the river will require that equipment
capable of excavating below water be used. The
excavation front will be advanced toward Watana Dam,
in the upstream direction, with excavated material
either stockpiled for future use or to draim, or
transported immediately to the processing plant.

It is anticipated that Borrow Site E will be operated
mainly during the summer months (May-September) with
sufficient material being stockpiled from winter
activities. Decreases in winter vertical illumina-
tion are expected to be commensurate with any
increased suspended sediment concentrations.
However, because summer vertical illumination is
naturally limited by high suspended sediment
concentrations, elevated levels of suspended
sediments and turbidity resulting from construction
activities will have essentially no effect on summer
vertical illumination.

Another potential source of suspended sediments is
the processing and deposition of borrow material.
The primary processing operation of granular
materials for dam construction could produce, over a
6 year period, as much as 5 to 7 million cubic yards
of waste materials ranging in size from oversize rock
to silt and clay. Most of this material will be
moved from the processing plant and either used to
selectively backfill portions of the borrow site, or
disposed of in approved areas. Fine grained waste
could be disposed of across the face of the relict
channel to retard or prohibit any potential seepage
infiltration.

E-2-4-11



The processing plant for concrete aggregates and
filter gravels will be located at Borrow Site E. A
limited amount of spoil will be produced by this
aggregate processing plant which will be controlled
by running the wash water into a series of settling
ponds. Considerable silt will settle out immediately
after discharge into settling ponds, hence control of
the discharge end will be necessary to spread the
material. Mud, silt and clay remaining in suspension
will be settled by passing the water through
additional settling ponds before discharging into the
river, Control of flow between ponds will be
regulated through gated culvert pipes. It is
expected that much of the water will re-enter the
Susitna by seeping through the granular soil in dikes
between the disposal area and the river. This in
itself will ensure that fine particulates are removed

~from the water.

It 15 estimated that 100,000 to 150,000 cubic yards

of fine sand,; silt and clay will be produced by this
operation. These wastes will be completely disposed
of within the excavation area in a manner that will
preclude their introduction into the river.

Summer flows will be passed through the diversion
tunnel with no impoundment. Hence, little settling
of suspended sediments being_carried naturally by the

(iv)

river is expected to occur. Ponding is not expécted
upstream of the diversion tunnels in the winter, and
so normally low winter sediment and turbidity levels
will not be changed.

Nutrients and Organics (%)

Increased concentrations of nutrients and organic

disturbance of_ vegetatlon and_soil cover and the
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(v)

~—cempounds-could--occur-as-a.result.of the

subsequent erosion of overburden and spoil materials.
These potential impacts will be minimized by the
careful removal of the vegetation and soil cover.
They will be either burned or stockpiled to minimize
their introduction into the watershed. Spoil
materials will later be used to rehabilitate

constructlon areas,

Metals (d)

Increases in the concentration of trace metals will
result from construction disturbances to soils and
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(vi)

(vii)

rock on the river bank and in the riverbed. As noted
in Section 2.3.8(k), many metals currently exceed
established criteria. As such, increases are not
expected to create adverse conditions in the aquatic
ecosystem.

Contamination by Petroleum Products (*%)

Accidental spillage and leakage of petroleum products
could contaminate surface water and ground water
during construction. Proper maintenance and service
of vehicles will decrease the possibility of leakage
of fuel, lubricating oil, hydraulic fluid, and
antifreeze. In addition, proper storage and handling
techniques will be instituted to prevent accidental
spills. Large quantities of petroleum products,
especially diesel fuel, will be stored on site.

Given the size and dynamic nature of the Susitna
River, the contaminated water from small oil spills
would be quickly diluted. However, specific
precautions will be instituted to prevent spills in
the smaller clearwater streams which could be
detrimental to aquatic habitats.

To avoid or minimize storage and handling problems,
the Applicant intends to incorporate into contractual
documents applicable guidelines and state-of-the-art
techniques contained in the Best Management Practices
Manual entitled "Fuel and Hazardous Materials' (APA
1985d).

All state and federal regulations governing the pre-
vention and reclamation of accidental spills, includ-
ing the development and implementation of a Spill
Prevention, Containment and Countermeasure Plan
(SPCC), will be adhered to as described in Sections
6.2 and Chapter 3, Section 2.4.3(e)(ii). This plan
will be developed utilizing the information contained
in the Best Management Practices Manual entitled "0il
Spill Contingency Planning' (APA 1985b).

Concrete Contamination (*%)

Construction of Watana Stage I could create a
potential for concrete contamination of the Susitna
River. To minimize the potential impacts, wastewater
and waste concrete associated with the operation of
the concrete batch plant will not be directly
discharged into the river since this could degrade
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downstream water quality and potentially result in
fish mortality. :

Approximately 300,000 cubic yards (cy) of concrete
will be placed at Watana. An efficient central batch
plant will be used to minimize the potential for

.problems with waste concrete. It is estimated that

the production of concrete for the various permanent
structures will produce 7,500 cy of waste material.
Approximately one-half of this quantity will be
rejected concrete. It will be disposed of by hauling
it directly to an approved disposal area.

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

—~water-effluentto be-returned:-to the river.

The wash water resulting from the cleanup of placing .
equipment, curing, and green cutting will be
collected in sumps at concrete placement areas and
pumped to a series of settling ponds to remove most
of the suspended materials before the effluent is

discharged—into-the-river+—Ponds-willgenerally—be
lined only with sand filters to ensure removal of
most waste products. Neutralization of wastewater
will be conducted as required to obtain proper pH
levels, It is expected that control of toxic
chemicals in the effluent will be accomplished
through careful selection of concrete additives, the
provision of filters for effluent and the close

monitoring of operations by the Construction
Manager.. ' '
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Airborne particulates are a second potential pollu-
tion problem related to concrete batching plants. No
significant dust problems are anticipated since a
modern control batch plant fully enclosed for winter
operational requirements is envisioned. In addition,

“the transfer of materials will be through pipes,
- which should further contain dust.
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(d)

(e)

(viii) Other (o)
No additional water quality impacts are anticipated.

Groundwater Conditions (#*%)

During construction of the dam there will be no change in
mainstem discharge or water level other than in the
localized area of the project. No groundwater impacts are
expected either upstream or downstream from the construction
area, However, in the construction area, groundwater
impacts will likely result from the construction activity.

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

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

Permeability testing indicates the range of average perme-
ability in the more gravelly materials is about 10~3 cm/sec
(3 ft/day), while the tills and lacustrine deposits can be
estimated at about 10~% to 10~3 cm/sec (0.3 to 0.03
ft/day).

During Stage I, the maximum overall seepage gradient
resulting from the long flow path coupled with a groundwater
table in the area, will likely preclude the need for
treatment in the relict channel. However, during filling of
Stage I, the relict channel will be monitored with
piezometers and at the outfall.

Lakes and Streams (*%)

Borrow Site E, at the mouth of Tsusena Creek, has the
potential to create temporary turbidity and sedimentation
impacts as excavated material will be hauled over the stream
to the dam site. Direct impacts will be prevented by
avoiding instream excavation and utilizing buffer strips.
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Detailed construction practices to avoid these impacts are
described in the Applicant's Best Management Practices
Manual on Erosion and Sedimentation Control (APA 1985a).
Appropriate sections of this manual will be incorporated
into the construction specifications. -

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

Instream Flow Uses (#%)

During construction, in all reaches of the Susitna River,
except for the immediate vicinity of the Watana damsite,
no impacts on navigation, transportation, recreation,
fishery resources, riparian vegetation, wildlife habitat,
waste load assimilation and the freshwater recruitment to
Cook Inlet will occur for flows less than the 1l:50-year
flood event.

(1) Fishery Resources (¥¥)

During winter, ice conditions in the river upstream
and downstream of the diversion tunnels are

~expected to be similar to natural conditions. The
diversion tunnel is planned to be completely open
with no ponding upstream. Velocities in the tunnel
will range from 15 ft/sec to 20 ft/sec.

During summer, the diversion gates will be fully
opened. Tunnel velocities will range from 20 ft/sec
to 30 ft/sec.

The~impacts—associated-with-both-winter—and—-summer
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3.

(ii) Navigation and Transportation (¥%)

There will be an impact on navigation and
transportation only in the immediate vicinity of
Watana dam and the diversion tunnel since all flow
“will be divérted through theé tunnéls, 'The cofferdams
will form an obstacle to navigation which will be
difficult to circumvent. However, this stretch of
river has limited use because of the Vee Canyon
rapids upstream and Devil Canyon rapids downstream
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from the site. The magnitude of the impact will be
minimal. Signs will be placed at the Denali Highway
Bridge boat launch area to warn boats that portaging
around the construction area will be necessary.

(iii) Riparian Vegetation (%)

Existing shoreline vegetation immediately upstream
from the cofferdam will be inundated approximately
20 feet to el. 1,496 ft during the mean annual flood.
This flooding will be confined to a one-mile reach
with the depth. of flooding lessening with distance
upstream. Since the flooding will be infrequent and
temporary in nature and since the flooded lands are
within the proposed reservoir, the impact is not
considered significant. Further information on the
impacts to riparian vegetation can be found in
Chapter 3.

(g) Support Facilities (#*%)

The construction of Watana will require the construction,
operation, and maintenance of support facilities capable

of providing the basic needs for a maximum population of
approximately 3,300 people (2,300 in the comstruction camp
and 1,000 in the village). The facilities, including roads,
buildings, utilities, stores, recreation facilities,
airport, etc., will be constructed in stages during the
first four years (1990-1993) of the proposed ten-year
construction period. The camp and village will be located
approximately 0.3 miles northeast of the Watana damsite,
between Deadman and Tsusena Creeks. The location and layout
of the camp and village facilities are presented in Exhibit
F.

(i) Water Supply (*%)

Nearby Deadman Creek will be utilized as the major
source of water for the community. In addition,
wells may be drilled in the Deadman Creek alluvium as
a backup water supply.

During construction, the required capacity of the
water treatment plant has been estimated at
approximately 300,000 gallons per day. Water needs
for the camp and village were based on an assumed
demand of 80 gallons per person per day plus the
projected construction water use. The minimum flow
for the lowest flow month for Deadman Creek was
estimated to be 3,200 gallons per minute, or
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4,600,000 gallons per day. This far exceeds the
requirements. .

As a result, no significant adverse impacts are
anticipated from the maximum water supply withdrawal.
Furthermore, the maximum withdrawal will occur during
the peak summer construction season when the
streamflows are much higher than the lowest flow
month. The peak withdrawal in the lowest flow month
in winter will be much lower, since construction
personnel will be reduced by approximately two-thirds

 from peak summer levels.

The water supply will be treated by chemical addi-
tion, flocculation, filtration, and disinfection
prior to its use. Disinfection will probably be

facilitated by the use of ozone to avoid the need for
.later dechlorination. 1In addition, the water will be

demineralized and aerated, if necessary.

The water rights applications for the project were
submitted by the Applicant to the Alaska Department
of Natural Resources (ADNR) and accepted on August
24, 1982 (ADL's 215433, 215434). 1In a letter to the
Applicant dated December 21, 1983, the ADNR set a
water rights appropriation priority date for the
Alaska Power Authority of August 24, 1982. This
action established the Applicant's prior right to use
water -from the-Susitna River at—both Watana and-
Devil's Canyon. Any applications for water use filed

~after August 24, 1982 will be junior to the

Applicant's. Presently, water rights appropriation

~permit ADL 203386-P (amended) is held by the

Applicant for use of 3000 gpd (11,350 liters per day)
from a nearby Miller Lake for the 44-man Watana
camp.

(ii)

851017

Wastewater Treatment (#%%)

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

Treatment will reduce the BOD and TSS concentrations

 to levels acceptable to the Alaska Department of

Envirommental -Conservation (ADEC) and the U.S. Envi-
rommental Protection Agency (EPA). The levels are’
likely to be 30 mg/l BOD and 30 mg/l TSS. In addi-
tion, wastewater will be treated with chlorine if
necessary, to ensure that fecal coliform bacteria
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(iii)

levels meet ADEC and EPA criteria. The maximum
volume of effluent would be approximately 300,000
gallons per day or 0.5 cfs which will be discharged
into Deadman Creek which has a winter low flow of
4,600,000 gallons per day or 7.1 cfs. Under the
worst case flow conditions (maximum effluent and low
flow in Deadman Creek), this will provide a dilution
factor of about 15, thereby reducing BOD and TSS
concentrations to about 2 mg/l after complete mixing.
Thorough mixing will occur rapidly in the creek
because of its turbulence.

The effluent is not expected to cause any degrada~-
tion of water quality in the 1-1/2 mile section of
Deadman Creek between the wastewater discharge point
and the creek's confluence with the Susitma 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.

Construction of the wastewater treatment facility is
expected to be completed in the first 12 months of
the Watana construction schedule. Prior to its oper-
ation, all waste will be stored in a lagoon system
for treatment at a later date. No raw sewage will be
discharged to any water body.

Chemical toilets located throughout the construction
areas will be regularly serviced to ensure proper
treatment and disposal.

The Applicant will obtain all the necessary ADEC,
EPA, and ADNR permits for the water supply and waste-

water discharge facilities.

Construction, Maintenance, and Operation (*%)

Construction of the Watana camp, village, airstrip,
etc., may cause impacts to water quality similar to
those occurring for dam construction. These impacts,
however, would be limited to the local drainages
(i.e. Deadman Creek). Specific measures will be
instituted to minimize sediment in the smaller
clearwater streams, and to avoid spills of petroleum
products. The Applicant intends to incorporate into
contractual documents applicable guidelines and
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state-of-art techniques contained in the Best
Management Practices Manual entitled "Fuel and
Hazardous Materials" (APA 1985d).

All state and federal regulations governing the
prevention and reclamation of accidental spills,
including the development and implementation of a
Spill Prevention, Containment and Countermeasure Plan
(sPcC), will be adhered to as described in Sections
6.2 and Chapter 3, Section 2.4.3(e)(iii). This plan
will be developed utilizing the information contained
in the Best Management Practices Manual entitled "0il
Spill Contingency Planning' (APA 1985b).

Additional discussions on the water quality impacts
associated with facilities construction, operation,
and maintenance are provided in Chapter 3, Section
2.3.1(a)(i1).

4,1.2 - Impoundment of Watana Reservoir (%%)

(a) Reservoir Filling Criteria (%%)’

The filling of Watana Stage I Reservoir, is scheduled to
commence in May 1998. It will take only one summer to fill the
reservoir to a level sufficient to operate the units. Unit one
is planned to become operable in October 1998 and unit two in
January 1999. Testing and'commissioning of the units will begin

during the summer of filling. Duting filling, downstream flow
requirements will be met and a flood storage safety factor
maintained.

(i) Minimum Flows (¥*%)

The Case E-VI Flow requirements will be maintained
during the summer of filling. Flow will be

released from-the-reservoir to meet the. requirements
~at _Gold Creek. Excess water will be stored in the
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reservoir. If a dry year should occur during filling
the E-VI flow requirements for the months of May
through October will be reduced by 1,000 cfs in order
to allow filling of the reservoir to a level suf fi-
cient for testing and commissioning of the first unit
and commercial power 0perat10n in the winter. A dry
myear will be: deflned in the same manner as for
operation (see Section 3.0 of this chapter).

During the winter after the summer of filling, the

minimum flow requirement will be natural flows. This
means that the Watana Reservoir water level would not

E-2-4-20

S

FOR—




851017

(ii)

be allowed to rise during the winter. Minimum
requirements will be maintained by releases through
the powerhouse supplemented, if necessary, by
releases from the low level or mid-level outlet works
depending on how high the water level 1is,

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 equal the minimum Gold
Creek target flow. During filling, flows at Gold
Creek will be monitored and the flow at Watana
adjusted as necessary to provide the required Gold
Creek flow.

Flood Storage Protection (%)

Sufficient reservoir storage will be made available
during the filling sequence so that flood volumes

for all floods up to the 250-year recurrence interval
flood can be temporarily stored in the reservoir and
discharged through the low level outlet works without

"endangering the main dam. When floods occur and use

part of this storage capacity, discharge from the
Watana Reservoir will be increased up to the maximum
capacity of the outlet to lower the reservoir level.

(b) TFlows and Water Levels (%)

(1)

Simulation of Reservoir Filling (%)

Three reservoir filling sequences were simulated to
determine the mean or likely filling sequence and
probable deviations if wet or dry hydrologic
sequences occurred during filling. Only one summer
will be required to bring the reservoir to a level
required for operation of the first two units in the
winter of 1998-1999. Therefore, the wet, average and
dry sequences of May through October flows were
routed through the Watana Stage I Reservoir to
determine average monthly flows at Gold Creek and end
of summer water levels in the reservoir as discussed
above in Sectiom 4.1.2(a)(i). Synthesized monthly
flow distributions at the damsite and Gold Creek were
determined using the long term average monthly flows.
The dry sequence of flows was computed by multiplying
the long~term average monthly flows by the ratio of
the mean annual 1974 flow to the long~term mean
annual flow. The wet sequence of flows was computed
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by multiplying the long-term average monthly flows by
the ratio of the mean annual 1963 flow to the
long-term mean annual flow. The flows during 1963
and 1974 represent flows exceeded approximately 10
percent and 90 percent of the time. The sequences
of reservoir inflows and outflows used in the filling
simulation are shown in Table E.2.4.3.

The Watana Reservoir water levels would be
sufficiently high at the end of the summer of filling
that testing, commissioning and operation of the
first two units could occur. The reservoir would not
be filled to its normal maximum level until the next
summer. If a dry sequence were to occur, the
reservoir. water level would not be high enough to
operate the mid-level (cone valve) outlet works and
non-power releases would be made from the low-level
outlet works. If an average or wet sequence were to
occur, winter non—-power releases may be made through
the mid-level outlet works instead of the low-level
outlet works., Flow will be altered in the Talkeetna

" to Cook Inlet reach, but beciause of significant

tributary contributions, the impact on summer flows
will be reduced. The following table is a comparison
of mean natural monthly flows and simulated monthly
flows during reservoir filling at Sunshine and
Susitna Station.
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(ii)

-~~~ Sunshine Susitra-Station —

Mean Pre-Project| Filling Mean Pre-Project| Filling
Month Flow Flow ‘ Flow Flow
May 27,700 19,100 - 57,000 48,000
June 63,300 44,300 112,000 93,000
July 64,100 52,400 127,000 | 115,000
August - 56,100 46,600 - 109,000 100,000
September 32,900 26,200 68,000 { 61,000 . __
October =~ 13,800 13,000 33,000 32,000

Floods (%)

The. reservoir filling criteria dictate that avail
able storage volume in the reservoir must provide

“protection for all floods up to the 250-year récur-
. rence-interval flood. -This means the reservoir must

be capable of storing the flood volume of a 250-year
flood less the flow which can be discharged through
the outlet facilities during the flood event. The
maximum discharge of the outlet facilities at Watama
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(111)

is 30,000 cfs. The maximum flow of 30,000 cfs
represents a substantial flood peak reduction. These
flood peak reductions will be maintained downstream
to Cook Inlet. For example, the 1:50-year flood at
Gold Creek would be reduced from approximately
100,000 cfs to approximately 50,000 cfs.

After a flood event, the outlet facility will
continue to discharge at its maximum capacity until
the storage volume criterion is reestablished. This
will cause the flood duration to be extended beyond
its normal duration although at a greatly reduced
discharge.

Flow Variability (%)

Substantial changes in flow can occur daily under
natural conditions. This flow variability will be
reduced during the filling process. Using August
1958 as an example, Figure E.2.4.4 shows the daily
flow variation that occurs naturally., The August
1958 average flow of 22,540 cfs was close to the long
term average monthly August discharge of 22,000 cfs.
The flow variations that would occur under filling
conditions, assuming the August 1958 flow occurred
during the filling process are superimposed. To
obtain Curve (1), Figure E.2.4.4, it was assumed that
the reservoir storage criterion was violated (i.e.,
30,000 cfs discharge at Watana). The second curve
was obtained assuming the reservoir was capable of
accommodating the entire inflow volume. Both Gold
Creek filling hydrographs have reduced flood peaks.
In filling Sequence (1), Figure E.2.4.4, outflow is
greater than inflow at Watana on the receding limb of
the hydrograph in order to reestablish the reservoir
storage volume criterion. Hence, during this time
period, the Gold Creek flow is greater than the
natural flow. In this example, it was assumed that
ongoing construction did not permit additional
storage in the reservoir. In reality, the dam height
will be increasing and additional storage would be
permitted, thus reducing the required outflow from
Watana. This would correspondingly reduce the Gold
Creek discharge.

In filling Sequence (2), the Gold Creek flow is
constant at 9,000 cfs. To maintain this constant
flow, the flow release at Watama during the filling
sequence would only be 1,400 cfs, because flow from
the drainage area between Watana and Gold Creek would
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- (e)

contribute 7,600 cfs to the flow at Gold Creek. The

natural Gold Creek flood peak without regulation was

47,800 cfs in August 1958. The Watana contribution
-would increase as the natural flow decreases.

Farther downstream, the daily variation in flow for
both sequences will increase and be slightly less
than under natural conditions. The percent change
from natural flow will become less because of the
added tributary inflow.

..Testing and Commissioning (#*%)

As reservoir filling nears completion and the reservoir
level is above the minimum drawdown elevation (el. 1,850),
testing and commissioning of the powerhouse units will
commence. Testing of the first unit is scheduled to begin
during July 1998. Testing of additional units may begin at
three month intervals following this. The process of
testing and commissioning each unit may take several months
and will require a number of tests. It will be carried out

The largest fluctuations in powerhouse flow could occur
during the full-load-to-off or off-to-~full-load tests when
the flow through the turbine being tested will be quickly
reduced from approximately 3,500 cfs to O or increased from

O to 3 500 cfs respectively. This will be compensated for

units which have previously been tested to stabilize flow
. .downstream and to prevent sudden changes in downstream

flows. When testing is done during summer, the Case E-V1
requirements will be maintained and this will also help to
stabilize the flow. The natural attenuation of flow
variation with distance downstream will also serve to
stablllze the flow.

If testing occurs in winter and flow is less than the test

(d)
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flow through the unit at Watana, flow will be gradually
increased to that level over a one day period prior to the
testing and maintained at that level through the testing
period. If testing is temporarily halted, flow will be
gradually reduced. :

River Morphology (#%)

kDurlng f1111ng of the Watana Reserv01r there will be

trapping of sediments by the reservoir. As it begins to
fill, the velocity of flow through the reservoir will
decrease, and deposition of larger sediment particles will
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begin to occur. As the filling progresses, the flow
velocity will decrease further and an increasingly larger
portion of the sediment inflow will be trapped by the
reservoir. At the end of the summer of filling, the
reservoir water level is expected to be between el. 1,920
and el., 1,970, When the pool reaches this level almost all
sediment larger than approximately 5 to 10 microns will be
trapped. Thus, approximately 75 percent to 85 percent of
the material will be trapped.

Filling of the reservoir will require only the relatively
short time period of one summer. During this period, most
flows in excess of the Case E-VI downstream requirements
(Table E.2.4.3) will be stored in the reservoir. Thus,
discharges from the reservoir will be small and the sediment
concentration of the discharges will .be smaller than under
natural conditions. Therefore, the morphology of the river
downstream will begin to change. For the reach between the
damsite and the confluence with the Chulitna River, some
degradation may occur, but it will not be significant
because of the small discharge and the short period required
to fill the reservoir.

For the same reach of the river, there are a number of
tributaries discharging to the river. Inflow of water and
sediment from these tributaries will not be affected by the
reservoir. With the flow in the Susitna River reduced due
to filling, there is a possibility that some aggradation
would occur at the outlets of some of the tributaries.
This, however, will not be significant because these
tributaries are quite small compared to the Susitna River
and because the period for filling the reservoir will be
relatively short.

At the confluence of the Susitna, Chulitna and Talkeetna
Rivers, some aggradation is expected to occur because of the
large sediment discharge from the Chulitna River and the
reduction in the peak flows of the Susitna River. The extent
of aggradation will depend primarily on the flow of the
Chulitna River and its sediment load during the period of
filling the reservoir. However, the impact is expected to
be small, if any, because of the short period for filling
the reservoir.

Downstream from the confluence, any change in the river
morphology will be insignificant during the short filling
period., This is because whatever morphological changes the
Susitna River may have at or above the confluence, these
changes will not propagate much downstream from the
confluence within the short filling period.
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Water Quality (%)

Beginning with the filling of the reservoir, many of the
physical, chemical, and biological processes common to a
lentic enviromment should begin to appear. Some of the more
important processes include sedimentation, leaching, nutri-
ent enrichment, stratification, and ice cover formation.
These processes are expected to interact to alter the water
quality conditions associated with the natural riverine
conditions. A summary discussion of the processes and their
interactions is provided in Peterson and Nichols (1982).

(i) Water Temperature (*%)

- Watana Reservoir (#%)

A simulation of reservoir temperatureées during the
first summer of filling the two-stage project was
undertaken by the Applicant (APA 1984a Appendix
IV). The schedule for filling Watana Stage I is
slightly more rapid than for the first year of
filling the two-stage project. The water level at
the end of the summer of filling would be between
el. 1,920 and el. 1,970 for Watana Stage I as
opposed to approximately el. 1,860 for the
two—-stage project. However, the reservoir thermal
structure and the outlet works operations would be
similar.  The simulation is shown in Figures
 E.2.4.5 through E.2.4.9, )

Throughout the summer.of.filling, releases will be
made through the low level outlet works. As shown
in the figures, the temperatures in the reservoir
will approximate natural river inflow temperatures
because of the small size of the reservoir. The
reservoir would become stratified within two months

near_the surface _will be warmer than at depth,

851017

of- the-commencement-of filling and temperatures. ... .

responding to solar and atmospheric radiatiom.
Qutlet temperatures will be similar to natural,
although exhibiting a lag as would occur in normal
operation of the project (see Section 4.1.3(c)i).
Maximum outlet temperatures of about 10°C will
occur in late July. :

The first unit is scheduled to begin operation in
October, 1998. Withdrawals for this unit will be
from the upper levels of the reservoir. As shown
by Figures E.2.4.8 and E.2.4.9, reservoir
temperatures in this area would be between 1°C and
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2.5°C. The outlet temperatures in the winter
following the first summer of filling would be in
this range and would be cooler than those shown for
this period on Figure E.2.4.5.

A description of the development of stratification
in the reservoir is included in the Applicant's
comments on the FERC's DEIS (APA 1984a Comment AQR

1032).

Watana to Talkeetna (%%)

The reservoir outlet temperatures during the first
summer of filling the two-stage~project Watana

Reservoir were simulated to be similar to natural

temperatures with short lags of about two weeks,
being slightly cooler in May and Juneé and slightly
warmer in September as noted above and in the
applicant's Comments on the FERC's DEIS of May 1984
(APA 1984a Appendix IV). River temperatures during
the summer of filling Watana Stage I are expected
to be similar to natural conditions with a similar
lag time. Because river flows will be less than
natural, heat exchange between the atmosphere and
the river water will proceed more rapidly than
under natural conditions and temperatures
downstream are expected to be closer to natural
than at the dam.

During the first winter after filling, the project
will become operational when units one and two
begin generating in October and January, respec-—
tively. Thus, outflows will be from near the
surface of the reservoir, and since the reservoir
will be stratified at this time (APA 1984a Comment
AQR032) releases will have temperatures similar to
operational conditions in later years. Since
winter reservoir outflows would be 2,500 cfs to
3,500 cfs on the average, the river water will cool
down toward 0°C more rapidly than when more units
are operating. The winter river temperatures shown
in the Applicant's comments on the FERC's DEIS (APA
1984a Appendix V, Exhibits S and U) for the first
and second winters of filling the two~stage project
will be similar to conditions during the first
winter after filling Watana Stage I.
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Talkeetna to Cook Inlet (#%%)

The relative contributions of the Talkeetna and
Chulitna Rivers to flow in the lower river will be
much greater than the contribution from the

middle reach of the Susitna River during the summer
of filling. Hence, the temperature in the
mainstem; downstream of Talkeetna, will reflect the

_temperatures of those rivers. Exhibit I of

Appendix V of the Applicant's comments on the DEIS
(APA 1984a) shows simulated average temperatures at
Sunshine, RM 84, during the second summer of
filling the two-stage project. Reservoir outflow
temperatures and releases for the summer of filling
Watana Stage I would be similar to or warmer than’
those for the second summer of filling Watana
two-stage project. Thus, the simulated
temperatures for the summer of filling in Stage I,
are expected to be slightly warmer than shown in
Exhibit I, referenced above.

Thée temperatures in the middle reach of the Susitna
River just upstream of the confluence with the
Chulitna River would be slightly warmer than
natural in October. From November through April,
temperatures are expected to be at 0°C. Flows in
the middle Susitna River during the winter after
the summer of filling will be equal to or slightly

““higher than natural., Therefore, immediately

downstream of the Chulitna ~ Susitna confluence,
temperatures in October may be slightly higher than
natural. Further downstream, however, temperatures
will be at 0°C, by late October. The influence of
the Chulitna and Talkeetna River flows and the
colder middle reach Susitna flows between November
and - May will cause temperatures in the lower river

to.be at-natural.levels_during this period.
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(ii)-

Ice (*%)

Watana Reservoir Stage I (*%)

Reservoir ice development during filling of the
Watana Stage I Reservoir is expected to be
similar to that during the Stage I operation

~described in- Section 4:1.3 c(ii). The expected ice

cover, therefore, would typically form in late
November or early December and would melt out in
May or early June. Maximum ice thicknesses would
typically be 3 to 5 feet.
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- Watana to Talkeetna (#*%)

During the winter after filling of the Watana
Stage I Reservoir, reservoir releases would be
warmer than natural and would, therefore, delay
frazil ice generation and ice cover formation,
compared to natural conditions. River ice
conditions during the winter after the summer of

filling are expected to be similar to the filling

simulations presented in the "Instream Ice
Simulation Study" (HE 1984f). Frazil ice
generation and border ice growth would typically
begin between 5 and 40 miles downstream of the dam,
varying with weather conditions; being closer to
the dam during colder periods and further
downstream in warmer periods. 1Ice cover
progression upstream of Talkeetna is expected to be
delayed by several weeks, compared to natural
conditions, Progression of the ice cover to Gold
Creek may be delayed by up to two months from
natural conditions., 1In the reach approximately 30
miles immediately downstream of the dam, an ice
cover is not expected.

River ice thicknesses and ice~induced stages would
be somewhat less than those of natural conditions.
Fewer sloughs and side channels are expected to be
overtopped during the winter after filling the
Stage I Watana reservoir tham for natural condi-
tions, Breakup of the ice cover would typically
occur in May, similar in timing to natural breakup.
Breakup is expected to be somwhat milder than
natural, due to the warmer than natural reservoir
releases which will melt and weaken the ice cover.

Talkeetna to Cook Inlet (*%)

During filling of the Watana Stage I Reservoir, ice
cover formation near Cook Inlet is expected to
begin in late October, as occurs naturally.
Progression of the ice cover upstream to Talkeetna
would be delayed by several weeks as compared to
natural conditions, due to delayed ice
contributions from the middle reach.
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(11i) Suspended Sediments/Turbidity/Vertical

Illumination (*%)

Watana Reservoir Stage I (¥%)

As the reservoir begins to fill, water velocities
in the river will be reduced and deposition of

the larger suspended sediment particles will occur,
Initially, all but the larger particles will pass
‘through the reservoir but as more water is
impounded, smaller diameter particles will settle
before reaching the reservoir outlet. As the
reservoir. approaches normal operating levels, the
percentage of particles settling will be similar to
that occurring during normal reservoir operation.
During the summer of filling, water will be passed
through the low~level outlet. As a consequence,
larger particles are expected to pass through the
reservoir during the summer of filling than during
-operation. The outflow. concentration is expected
to be higher than during operation. (The
deposition process during reservoir operation is
discussed in detail in Section 4.1.3(c) (iii)).

Reservoir turbidity will decrease in conjunction

with the settling of suspended sediments during the
filling process. Turbidity will be highest at the
upper end of the reservoir where the Susitna River

—-enters+—Turbid-overflows;—interflows-and —

underflows may occur during summer months depending
on the relative densities of the reservoir and the
incoming river water.

Summer turbidity levels will be less than natural.
Turbidity levels will decrease after freezeup but
are expected to be higher than natural.

Vertical illumination in the reservoir during the
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summer will vary, depending on where the incoming
river water finds its equilibrium depth and also on
the results of turbulent mixing. Data from
glacially fed Eklutna Lake indicate that vertical

‘illumination will be 10 feet or less during the

mid-summer months (Figure E.2.4.10) (R&M 19821).

For a discussion of the potential for bank
instability along the shoreline of the reservoir,
see Exhibit E, Chapter 6, Section 3.3, Reservoir
Slope Failures. That discussion is primarily based
on Stage III conditions. Shoreline erosion in
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Stage I will occur as a result of two geologic
processes: beach formation and mass movement.
Through the mass movement process an undetermined
amount of material will be introduced into the
reservoir as a consequence of skin and bimodal
flows, and shallow rotational and block slides. As
a result of the slope instability along the
shoreline an indeterminate amount of material will

_become suspended in the reservoir.

The Watana Stage I Reservoir level of 2000 feet is
at a lower level than Stage III and is generally
within the confines of the valley. As a result,
the thickness of overburden along the shoreline
which could be exposed to sliding would be less
than that which exists during Stage III .
Additionally, the amount of reservoir shoreline is
less than Stage III which would also contribute to
a lesser number of slides.

Construction activities, such as the removal of
timber from within the impoundment, are also
expected to contribute to increased suspended
sediment concentrations and turbidity levels due to
erosion, The Applicant has proposed mitigation
measures such as delaying vegetation removal until
just prior to reservoir filling and is considering
selective removal of only large trees, leaving root
systems, brush and ground cover intact in order to
minimize turbidity increases due to erosion (APA
1983b).

Watana to Talkeetna (#*¥)

Maximum suspended particle sizes passing downstream
through the project area will decrease from about
500 microns during pre-project conditions to
between 5 and 10 microns when the project becomes
operational., Estimated suspended sediment
concentrations in the river during operation are
approximately 50 - 150 mg/l in the summer, reaching
a maximum in July and August, then decreasing to
between 10 mg/l and 40 mg/l in early May (see
Section 4.1.3(c)(iii)). During the summer of
filling, concentrations would be higher than this,
as previously noted. During the winter following
filling, concentrations would be similar to
operation since units one and two will be on~line
and releases will be through the multi-level
intake. Maximum suspended sediment concentrations

E-2-4-31



would occur during wet years with high suspended
load influent to the reservoir. Minimum suspended
sediment concentrations would occur during dry
years with lower suspended load inflow. Because of
the clear water tributary inflow in the Watana to
Talkeetna reach, further dilution of the suspended
sediment concentration may occur as the flow moves
downstream. In general, the suspended sediment

_concentration in the Watana to Talkeetna reach will

be reduced from natural conditions during summer
and increased during winter.

During periods of high tributary flow, the same
amount of suspended sediment will be added to the
river by the tributaries as for natural conditions.
Talus slides along the mainstem will also continue
to contribute suspended sediment to the flow
downstream from Watana. However, erosion of slide
areas along the river should decrease due to
increased flow stability and decreased flood
frequencies and flows.

Downstream, summer turbidity levels will be reduced

‘from natural levels to an estimated value of

100-300 NTU. These values will persist until
December and will decrease during winter to a
minimum of between 20 and 40 NTU in early May prior
to breakup. Because of the reduced turbidity in

summer, the vertical illumination will be enhanced,
Winter vertical illumination will be reduced from
natural. '

Talkeetna . to Cook Inlet (*%)

Suspended sediment concentration and turbidity
levels in the lower river during summer will

~-remain-high because--of--the suspended-sediment. .

concentration of the Chulitna River and other
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tributaries. The Chulitna River is the major
sediment contributor to the lower river.

Data collected by the USGS between 1981 and 1984
(Knott 1983, '1985) indicate that the suspended
sediment load of the Chulitna River was two to
three times that of the Susitna River upstream of

“ the confluence even though the average Chulitna

River flow was only approximately 85 percent of the
Susitna River flow. During the same period the
Talkeetna River suspended sediment load was
approximately 40 percent of the Susitna River
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upstream of the confluence with the Chulitna. The
Talkeetna River flow was approximately 40 percent
of the Susitna River flow.

Approximately 60 to 65 percent of the measured
suspended load on the Susitna and Chulitna Rivers

was of silt-clay size.

Approximately 50 percent of

the suspended load on the Talkeetna River was of

.silt-clay size.
in all three streams.

The remaining load was sand size
Approximately 60 to 65

percent of the suspended sediment at Sunshine was
of the silt-clay size.

Measurements by the U.S.G.S at the Sunshine
station, summarized below, indicate the total sedi-
ment load (suspended load plus bedload) incoming to
the reach between the confluence and Sunshine was
approximately equal to the load leaving the reach
indicating an equilibrium condition existed.

Susitna River upstream
of confluence
Chulitna River upstream
of confluence
Talkeetna River upstream
of confluence
TOTAL

Susitna River
at Sunshine

Sediment Load (tons)

Suspended Sediment Bedload
19822/ 19832/ 1982 1983
2,809,000 3,460,000 43,600 72,400
7,150,000 8,550,000( 1,227,000 839,000
1,350,000 1,080,000 223,000 79,300
11,309,000 13,090,000( 1,494,000 991,000
12,620,000 13,700,000 512,000 589,000

The relative change in suspended sediment
concentration downstream of the confluence can be
estimated by applying the following relationship.

S + S's + 8§
c t
1
Q- Qc + Qs + Qt
c + SS + St
QC M QS M Qt

1/ May 1982 to September 1982

2/ OQctober 1982 to September 1983.

April 1983 is less than 1 percent of total

851017

E~2-4-33

Contribution in October 1982 to



Where:

R. = the ratio of the lower river with-project
sediment concentration to the natural
sediment concentration

Se = Chulitna natural suspended sediment
load

Sg = Susitna natural suspended sediment

) load

St = Talkeetna natural suspended sediment
load

Qc = Chulitna natural discharge

Qs = Susitna natural discharge

Qtr = Talkeetna natural discharge

S's = Susitna with-project suspended sediment
"load '

's = Susitna with-project discharge °

Based on the computed suspended sediment load of the
Susitna River at Sunshine (Knott 1983, 1985) the
average suspended sediment concentration for May to
September (summer) was approximately 700 mg/l in
1983. When the project operates as Watana Stage I,
the summer concentrations would be reduced by
approximately five percent. October to April
(winter) natural suspended sediment concentrations
are very low. With-project suspended sediment
concentrations.would increase to approximately 40 to

50 ‘mg‘/l, “in this "p’e’ri’o’d‘,’ 'a‘ssumi‘n‘g"‘a‘n‘"’ave‘ra'ge" e

sediment concentration in the discharge from the dam
of 60. to 70 mg/l (see Section 4.1.3(c)(iii)) and no
additional sediment inflow from the drainage area
downstream of the dam.

During the summer of filling, suspended sediment
concentrations from the dam would be higher than

during operation_as previously noted in this section. .

Thus during filling, the reduction in suspended

sediment concentration at Sunshine would not be as
great as during operation (described in previous
paragraph). During the first winter following
filling, only two units would be operational and the
flows and sediment loads at Sunshine would be less
than during normal operation when all four units are

~on line,
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(iv)

(v)

Summer vertical illumination in the lower river will
remain less than one foot. During winter, the
vertical illumination will be less than 3 feet.

Dissolved Oxygen (%%)

Reservoir dissolved oxygen (D.0.) levels should
approximate natural riverine conditions during the
symmer of filling. Stratification will begin to
develop as filling progresses, but no substantial
decreases in D.0. levels are anticipated. The small
size of the reservoir, the volume of freshwater
inflow, the effects of wind and waves, and the
location of the outlet structure at the bottom are
expected to minimize oxygen depletion in the
reservoir water.

No significant biochemical oxygen demand (BOD) is
anticipated. Large timber in the reservoir
inundation zome will be cleared, thereby eliminating
some of the associated oxygen demand that would be
created by decomposition of vegetation. Further, the
chemical oxygen demand (COD) in the Susitna River is
low. COD levels measured upstream at Vee Canyon
during 1980 and 1981 averaged 16 mg/l.

No significant BOD loading is expected from the con-
struction camp and village, due to the wastewater
treatment facility currently proposed.

As a result of the above factors, dissolved oxygen is
expected to remain sufficiently high to support a
diverse aquatic habitat,

As previously noted, the low-level outlet will be
utilized for discharging water. During this time
period, the reservoir D.,0. level should be
approximately equal to the natural riverine
conditions. Thus, the levels of oxygen immediately
downstream from the outlet are expected to be
essentially unchanged from natural values.

"Total Dissolved Gas. Concentration (*%)

Supersaturated dissolved gas conditions currently
exist in the Susitna River below the Devil Canyon
rapids due to the entrainment of air and
pressurization due to the plunging action as the
river flows through this reach.
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Supersaturated conditions are also possible below
high head dams as a result of the passing of water
over a spillway into a deep plunge pool or as the
result of hydraulic jumps. (The mechanisms causing
gas supersaturation are explained in Section 6.4.4).
If the dissolved gases reach high levels (generally
defined as greater than 116 percent), fish mortality
may result (Turkheim 1975).

Filling will cause reduced downstream flows and
result in lower summer dissolved gas concentrations
below the Devil Canyon rapids. Water that is
released during the filling of the reservoir to meet
envirommental flow requirements will pass through the
low-level outlet. A flip bucket is provided on the
low-level outlet works to disperse the flow and to
prevent a hydraulic jump in order to minimize the
potential for gas supersaturation. Gas
concentrations in the river are expected to be
similar to natural. Based on observed natural
conditions, August flows of 12,000 cfs at Gold Creek
should result in total dissolved gas saturation
levels of approximately 108 percent or less
immediately downstream of the Devil Canyon rapids.
Equilibration with the atmosphere will reduce gas
concentrations further downstream,

(vi) Nutrients (*%*)

Two opposing factors will affect nutrient concentra-
tions during the filling process. First, initial
inundation will likely cause an increase in nutrient
concentrations due to leaching. Second,
sedimentation will cause precipitation of substantial
amounts of nutrients from the water column. The
magnitude of net change in nutrient concentrations in

—the-reservoir-is-unknown,-but-it-1s-likely that

nutrient concentrations will increase especially in
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close proximity to the reservoir floor for at least a
short time during filling.

(vii) Total Dissolved Solids, Conductivity, Significant
Ions, Alkalinity, and Metals- (¥*)

. Peterson and Nichols (1982) mote that short-term
"~ ~increases in dissolved solids;“conductivity, and
most of the major ions could occur immediately after
filling begins. Bolke and Waddell (1975) found the
highest concentrations of all major ions, except
magnesium, occurred immediately after dam closure.
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(£)

Symons (1969), also identified similar increases of
alkalinity, iron, and manganese. These findings were
all attributed to the initial inundation and leaching
of rocks and soils in the reservoir.

The products of leaching are not anticipated to be
abundant enough to affect more than a small layer of
water near the reservoir bottom (Peterson and
Nichols 1982). Some leaching products may be
distributed throughout the reservoir during the fall
overturn following the summer of filling. However,
dilution by the large reservoir volume should reduce
concentrations to biologically insignificant levels.
Since reservoir releases following initial operation
of the first generating unit in October will be from
near the reservoir surface, water released from the
reservoir will not be adversely affected. As filling
progresses, inorganic sediments will be deposited on
the reservoir bottom and this will retard the
leaching process. During the summer of filling,
releases will be from the low level outlets and
levels of the previously mentioned parameters could
increase but are not expected to cause detrimental
effects to freshwater aquatic organisms,

Further discussions of effects of the anticipated

leaching process are presented in Section 4.1.3(c)
(viii) and in Peterson and Nichols (1982).

No additional water quality impacts of any signifi-

(viii) oOther (o)
cance are anticipated.
Ground Water Conditiomns (#%)
(i) Mainstem (o)

Alluvial gravels in the river and tributary bottoms
upstream from the dam will be inundated. Other
than aquifers composed of the unconfined materials
making up the relict channel and in the valley
bottoms, no aquifers of significance are known to
exist in the reservoir area.

As a result of the decreased summer flows (see
Section 4.1.2(b) [i]), water levels in the mainstem
of the river will be reduced between Watana and
Talkeetna. This will in turn cause a reduction in
adjacent ground water levels., However, the ground
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(ii)

water level changes will be confined to the river
floodplain area. The ground water level will be
reduced by between 1 and 4 feet during the May to
September period near the streambank with less change
occurring with distance away from the river. The
average change in groundwater level during this
period will be a reduction of about 2 feet near the
streambank.

A similar process will occur downstream from
Talkeetna, but the changes in ground water levels
will be less because of the decreased effect on river
stages.

Sloughs and Peripheral Habitat Areas (%%)

The reduced mainstem flows and associated lower
Susitna River water levels will cause corresponding
changes in various sloughs. The lowering of the
mainstem stage generally will result in a lowering of
the. groundwater levels in the river bottom alluvium
(see previous paragraph), and thus a dewatering of
some of the seep areas in the sloughs, mainly in the
higher, upper portions. Flows have been investigated
in three of the sloughs and the following equations
were derived from the data:

Slough Equation .

T 8A Qs = =368:21 ¥ 0.6356 W —
9 Qs = -171.88 + 0.2889 W
11 Qs = -335.39 + 0.4921 W

where: Qs = flow (cfs) in the slough resulting from
seepage from the mainstem
W = mainstem river stage (ft) at a
cross—section just above the slough

RM 129.3. RM 136,68 for 8A, 9 and 11,

_.being predicted. Measured at RM 127.1,
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respectively (HE 1984d).

As can be seen from these equations, a reduction of
two feet in the mainstem stage will result in a
reduction of 0.6 to 1.2 cfs in the slough flows.
This -loss will mainly occur in the summer.

~-The--groundwater- flow from the-mainstem to other

slough and side channel habitat areas will be
affected in the same manner.
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(g)

(h)

Ice staging during the winter of filling will be
similar to natural conditions and thus groundwater
flow will be similar to matural.

Another aspect of slough flows is that overtopping of
the berm will occur less frequently due to reduced

summer flows as discussed in 4.1.2(b).

Lakes and Streams (%)

Several tundra lakes will be inundated as the reservoir
approaches full pool. The mouths of the tributary streams
entering the reservoir will be inundated for several miles
as discussed in Section 2.5.2 (see Table E.2.2.40). Bedload
and suspended sediment carried by these streams will be
deposited at or near the new mouths of the streams.

No significant impacts to Tsusena or Deadman Creeks are
anticipated from their use as water supply and waste

recipient, respectively.

Instream Flow Uses (*%)

(1) Fishery Resources, Riparian Vegetation, Wildlife
Habitat and Recreation (*%)

Impacts on fishery resources, riparian vegetation,
and wildlife habitat during the filling process are
discussed in Chapter 3. Impacts to recreational uses
including whitewater kayaking are discussed in
Chapter 7. As summer flows are reduced, fish access
to slough habitats will be decreased. Since the
temperature of the upwelling ground water in sloughs
will be essentially unchanged and upwelling will
continue to occur, impacts on the incubation of
salmonid eggs are not expected to be significant.

(ii) Navigation and Transportation (*%)

Once impoundment of the reservoir commences, the
character of the river immediately upstream from
the dam will change from a fast-flowing river with
numerous rapids to a still-water reservoir. The
Stage I reservoir will ultimately extend 39 miles
upstream (44 miles along the river before
impounding), terminating five miles downstream from
the confluence with the Oshetna River, and will
inundate the rapids at Vee Canyon. During average
flow years, the Vee Canyon rapids, located at
approximately el. 1,950, would be inundated early in
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July and exposed from January through June. This
will decrease the navigational hazards through Vee
Canyon and increase motorized boat traffic in this
reach,

Assuming boaters' portage around the construction
area, the reduced summer flows released from the
reservoir during filling are not expected to reduce
navigation between Watana and Devil Canyon. The
lower segment of this reach, from Devil Creek to
Devil Canyon, will still consist of whitewater
rapids.

No significant navigational difficulties are expected
to occur between Devil Canyon and the confluence with
the Chulitna River due to the lower summer flows.

The entire reach will remain navigable from June to
September., The simulated average monthly flows for
dry, average, and wet years. (see Sectiomn 4.1.2(b)(1))
are show in the following ‘table, together with the
Case E~VI minimum flows at Gold Creek.

Simulated Monthly Average Flows at Gold Creek
During Filling of Stage I

E-VI

Minimum Flow at Dry Average Wet

Month Gold Creek (cfs) Year Year Year
May 4900 3900 4900 4900
- June ...... 8800 ... .7800 8800 10800
July 9000 8000 12700 20500
August - -.9000 8000 12400 15500
September 6800 5800 6800 6800
October 4515 4000 5000 5000

- Between..June.and.-September flows will exceed 6,800 . .
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cfs_except during September in a dry year, when flows

at Gold Creek would be reduced to 5,800 cfs. The
only identified potential navigation problem in this
reach, a channel cross—over near RM 128, has been .
successfully navigated by jetboat at flows of 6,300
cfs. ;

There are no significant impacts on navigation anti-
‘cipated below the confluence with the Chulitna River

from June through September except perhaps in Alexan-
der Slough. The reduced summer flows from the Susi-
tna River will be somewhat compensated for by the
high flows from other tributaries. Minor restric-
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(iii)

tions on navigation may occur at the upstream access
to Alexander Slough, but this would occur only in low
streamflow years when the tributaries also have low
flow. 1If difficulties are encountered in Alexander
Slough, Powerline Slough will still be available and
navigation will not be precluded (see Section
4.1.3(£)(11)).

Since the project will be in operation after the
first summer of filling, effects of impoundment on
winter transportation will be similar to normal
operation as discussed in Section 4.1.3(f)(i). These
effects are expected to be minimal. Much of the
existing winter use of the river is downstream of
Talkeetna. As discussed in Section 4.1.2(e)(ii) the
ice cover is expected to progress to the Chulitna
confluence from Cook Inlet several weeks later than
for natural conditions. Melt-out will occur several
weeks earlier than under natural conditions. This
will shorten the winter travel period around
Talkeetna. Travel restrictions due to open leads in
the ice cover which occur for natural conditions will
also occur with-project.

Between Talkeetna and Devil Canyon, there will be a
delay in ice cover formation, and open water will
exist for a distance downstream of the project,
However, winter travel in this reach is limited at
present due to numerous open leads and to the

use of the Alaska Railroad, which is adjacent to much
of the river, as a transportation route., The effect
on winter transportation patterns will be minimal in
this reach.

Winter travel in the reservoir areas is expected to
improve. Numerous open leads presently occur, and
the river flows through a steep canyon. Once the
reservoir is filled, a solid flat ice surface will
exist much closer to the top of the canyon. Due to
the presence of the project construction camps and
villages, as well as the permanent village, winter
travel on this reach of river may significantly
increase over existing use patterns.

Waste Assimilative Capacity (o)

The previously noted reductions to downstream summer
flows could result in a slight reduction in the
waste assimilative capacity of the river. However,
no adverse impacts will occur given the limited
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sources of waste loading to the river (see Sectiomns
2.6.6 and 4.1.1(g) [ii]).

(iv) Freshwater Recruitment to Cook Inlet Estuary (*%)

Given average hydrologic¢ conditions, the annual
Susitna River flow contribution to Cook Inlet will

be reduced by its greatest proportion of approximate-
ly ten percent, during the summer (1998) of filling
(See Section 4.,1.2.(b)(i) for simulated flows during
filling). Resource Management Associates (1983) used
the previously identified computer model (Section
2.6.7) to estimate salinities during the three year
filling period for the two-stage project. The
reduction in flow during the summer of filling the
three-stage project is similar to the reduction in
flow used in the two-stage project analysis.
Therefore, the results are applicable to the filling
of Watana Stage I. As expected, higher salinities
are present throughout the summer of filling. These
increases are not substantial as explained in the
“following discussion.

At Node 27, near the mouth of the Susitna River
(Figure E.2.2.149), the maximum increase in salinity
levels of 1400 mg/l (increase from 9700 to 11,100
mg/l) are predicted to occur during June when the
greatest percentage reduction in flow occurs (Figure

e Ev2:2.150)-—Progressing—southward down Cook Inlet
away from the mouth of river, quantitative changes
will be less and a slight time lag will be evident.
At the center of Cook Inlet near East Foreland (Node
12) a maximum salinity increase of 600 mg/l was
predicted during July and August. Simulated salinity
data for filling of the two-stage project for five

. locations in Cook Inlet are presented in Table

__E.2.2.48.
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These higher Cook Inlet salinities will last only
until project operation, at which time a new
equilibrium will be established as described in
Section 4.1.3(f)(iii),

4.1.3 - Watana Stage I Operation (**)

This section descrlbes prOJect effects during the period between
the summer of 1999, when all four powerhouse units are planned
to be operational, until the construction and filling of Devil
Canyon in Stage II. As noted in Section 4:2, the construction
and filling periods for Devil Canyon overlap with Stage I normal
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operation. Since there will be limited impounding of water in
Devil Canyon Reservoir until immediately before operation of
Stage II, the effects on water use and quality during Devil
Canyon construction and filling will be similar to those
described for Stage I operation. This is explained in Sections
4.2,1 and 4.2.2 which give the impacts of Stage II construction
and filling, respectively.

(a) Flows and Water Levels (#*%)

(1) Project Operation (*%)

Watana will be operated in a storage—and-release
mode, so that summer flows will be stored for
release in winter. Generally, the Watana Reservoir
will be at or mear its normal maximum operating level
of el. 2,000 feet each year at the end of September.
The reservoir will then be drawn down gradually, to
meet winter energy demand. The flow during this
period will be governed by envirommental flow
constraints, the winter energy demand, the water
level in the reservoir, and the powerhouse
characteristics. The turbine characteristics will
allow a maximum powerhouse flow of approximately
14,000 cfs at full gate. Normal powerhouse
discharges are simulated to range from approximately
2,700 cfs to 12,000 cfs.

‘In eary May, the reservoir will reach its minimum
annual level of approximately el. 1,870 ft and then
begin to refill with the spring runoff. Flow in
excess of both the downstream flow requirements and
power needs will be stored during the summer until
the reservoir reaches the normal maximum operating
level of el. 2,000 ft. 1If the reservoir reaches el.
2,000 ft and inflows exceed envirommental and energy
requirements, excess flow will be released to prevent
encroachment on dam satety requirements (see Section
3.6.2). '

- Environmental Flow Requirement (#%%)

During project operation the Case E~VI environment-
al flow requirements will be maintained as
discussed in Section 3. Mimimum requiréments will
be met by releases from the powerhouse and, if
necessary, the outlet works.
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~ Weekly Reservoir Simulations (¥*%)

Weekly simulations of reservoir operation were
conducted for the 34 years of record from 1950 to
1983.  Case E~VI flow requirements were used.
Reservoir operation and water levels are summarized
on Figures E.2.4.11 through E.2.4.14.

Additionally, to provide a sensitivity analysis for

flows and temperatures, weekly reservoir simula-

tions were made for Case E-I flow requirements (HE
1984h). Results of the reservoir simulations are

presented in Figures E.2.4.l5 through E.2.4.18.

Case E-I was chosen for the sensitivity testing
because it has the highest minimum summer flow
requirements of any of the cases considered (14,000
cfs). For comparison, Case E-VI minimum summer
flow requirements are 9,000 c¢fs. With the
information on these two exztremes, it is possible
to determine the effects of project operation on
water use and quality ‘for:other sets of flow
requirements between E-I and E-VI.

Daily Operatioms (*%)

Daily operation of Watana powerhouse is explained
in Section 3 and the Applicant's Case E~VI

-—Envirommental Flow-Regime-Report—(HE 1985f)+ —As—

indicated in Section 3.6.1 discharge would be
allowed to vary between 90 percent and 110 percent
of the. average weekly discharges.

Aétudiéé have been undértaken to determine water

level and discharge variations in the middle reach
for given daily average powerhouse releases and
daily discharge variations. The results of these

studies are contained on Table E.2.4.4. These
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studies were carried out using simulated daily
demand patterns and routing the resulting
discharges downstream using the DAMBRK model as
described in a report by Harza-Ebasco (HE 1984g).
Various levels of discharge variation ranging from
a few percent to almost 50 percent were examined.

~ Intervening flows based on historical records were
added. to the river discharge with distance
" downstream of the dam. -

The results of the analysis show the following
general trends with regard to fluctuations in
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powerhouse discharge (measured as a percent of
powerhouse discharge), fluctuations in discharge at
RM 130, (measured as a percent of the powerhouse
discharge change), and fluctuations in water level
(measured in feet).

1. As the fluctuation in powerhouse discharge
increases, the fluctuation in discharge at
RM 130 increases. That is, there is relatively
less attenuation with distance downstream as
the fluctuation in discharge at the powerhouse
increases.

2. As the average daily powerhouse discharge
increases, the fluctuation in discharge at
RM 130, increases. That is, attenuation of
di scharge fluctuation decreases as average
powerhouse discharge increases.

3. For a 10 percent fluctuation (5 percent X) in
discharge at the powerhouse, the fluctuation in
discharge at RM 130 for a powerhouse discharge
of 13,600 cfs is greater than that for a
powerhouse discharge of 6,400 cfs.

4, For the normal range of powerhouse discharges
of 4,000 cfs to 12,000 cfs the fluctuation in
water level at RM 130 corresponding to a
10 percent (5 percent *) fluctuation in
discharge would be less than 0.3 feet.

5. For powerhouse discharges between 4,000 cfs and
7,000 cfs a 25 to 30 percent fluctuation in
powerhouse discharge (12.5 percent - 15 percent
*) would change the water level at RM 130 by
about 0.4 feet.

6. TFor a powerhouse discharge of 13,200 cfs, a 20
percent powerhouse discharge fluctuation
(10 percent *) would result in a stage
fluctuations in the reach between Devil Canyon
and the Susitna - Chulitna confluence of 0.3 ft
to 0.9 ft.

In summary, for the normal range of powerhouse
discharges during Stage I, the expected range of
stage fluctuations in the middle river for a daily
change in discharge of 20 percent (10 percent *)
would be from 0.2 ft to 0.7 ft.
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Figures E.2.4.19 through E.2.4.24 show discharge
and stage variations at RM 120.3 for three levels
of discharge fluctuation defined in Table E.2.4.5
for winter average powerhouse flows of 13,200 cfs
near the maximum powerhouse capacity. Figures
E.2.4.25 through E.2.4.30 show discharge and stage
variations at RM 132.9 for three levels of
discharge fluctuation defined in Table E.2.4.5 for
_summer average powerhouse flows of 6,400 cfs
typical of minimum summer powerhouse flows.

Figures E.2.4.31 through E.2.4.34 may be used to
estimate the average stage variation from week to
week resulting from changes in weekly average flow.
These curves are based on steady state rating
curves at the noted locations.

For example, at RM 127.1 for a weekly average flow
of 10,000 cfs the maximum weekly stage fluctuation
for a £1000 cfs or *10 percent flow variation
would be 0.44 ft (¥0.22 ft). The corresponding
fluctuation at RM 136.68 would be 0.6 feet (0.30
ft).

These figures have been drawn for locations near
the upstream ends of Sloughs 8A, 9, 11 and 21.
Examination of water surface profiles in the report
"Susitna Hydroelectric Project - Middle and Lower

““River~Water Surface Profiles-and Discharge-Rating
Curves" (HE 1984d) indicates these are
representative of the range in stage fluctuation in
the Middle Reach of the Susitna River. The rating
curve at the Slough 11 head appears to give near
maximum stage fluctuations while those at Sloughs
8A and 21 give near minimum stage fluctuations.

___Table E.2.4.6 _and Figure E.2.4.35 show the surface

area of the mainstem and peripheral habitat areas
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of the Susitna River between Devil Canyon and the
Susitna~Chulitna confluence. These can be used to
estimate the change in habitat surface area for a
change in discharge. The change in gravel and
vegetated bar area represents the areas that are
either exposed or covered by water as the water
level decreases or increases, respectively. The

—relationships were compiled from mapping of aerial
photographs of the river of flows less then 25,000
cfs and from simulations of water surface profiles
in the river (EWTA 1985, HE 1984d).
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(ii)

Mean Monthly Flows and Water Levels (#*%)

Weekly water levels and discharges at Watana were
simulated using the weekly reservoir operation
program. Maximum, minimum and average monthly reser-
voir water levels are shown on Figures E.2.4.1l1
through E.2.4.14 for Case E~VI. Maximum water levels
are those that would normally be attained in wet
years and minimum levels would be attained in dry
years.

Figures E.2.4.11 and E.2.4.14 show that the reservoir
fills to el. 2,000 in almost every year and is drawn
down to between el., 1,850 and el. 1,870 by April.

The effect of the 1969 and 1970 low flow years is
indicated by the low reservoir level attained in
September of 1969 and 1970. '

The sequences of simulated monthly flows at Watana,
Gold Creek, Sunshine and Susitna Station for Case
E-VI are shown in Tables E.2.4.7 through E.2.4.10,
respectively. Simulations were carried out for the
period January 1950 through December 1983, a period
of 34 years. Results are shown for the 33 complete
water years, 1951 (Oct. 1950 - Sept. 1951) through
1983 (Oct. 1982 - Sept. 1983). Tables

E.2.4.11 through E.2.4.14 compare natural and
with-project conditions. Figures E.2.4.36 through
E.2.4.40 show simulated natural and with-project
flows at Gold Creek respectively for:

o 1964 - Flood. of record in June,

o 1967 - Large flood in August,

o 1970 - Second driest year,

o 1981 - Wet year used in temperature
simulations, and

o 1982 - Average flow year used in temperature

simulations.

In general, project operation results in higher than
natural winter flows and lower than natural summer
flows. Flood peaks are considerably reduced. Lowest
flows occur in early May and October.

The reservoir normally is full in September. Winter
energy demands are met from reservoir storage. The
flows in October and May are lower than for the rest
of winter since the demands in these months are less
than for other winter months.- The reservoir normally
begins to fill in May and the reservoir operating
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policy is to try to fill the reservoir by early
September to ensure adequate energy production in the
winter. Thus,; May and June releases from the
reservoir are generally lower than in July and
August. In average and wet years the reservoir may
fill before September. Releases would then be made
in excess of power and envirommental requirements.

With-project mean monthly flows at Gold Creek are
compared to natural flows in the following table.

. . Percent
Month Natural Project Change
January 1,500 .. 8,100 +44.0
February 1,300 7,600 +480
March 1,200 . 5,700 +370
April 1,400 4,100 +190
May 13,500 6,400 - 50
June 27,800 - 13,300 - 50
July 24,400 14,500 - 40
August 21,900 18,300 - 20
September 13,500 14,200 + 10
October 5,800 7,900 + 40
November 2,600 7,800 +200
December 1,800 9,100 +400

Further downstream at Sunshine and Susitna Station,

‘the différences betweed natural and with-project

flows are reduced due to the inflows from tributa-
ries. The following tables illustrate the differ-~
ences at Sunshine and Susitna Station.

Sunshine

With Percent

Month Natural - Project Change
January 3,700 10,000 +170
February 3,100 9,400 +200
March . 2,800 - . 7,300 +160
April . 3,600 6,100 + 70
May . 28,000 21,000 - 30
June : ~ - 63,000 49,000 - 20
July 64,000 54,000 ~ 15
.~ August ... .. 56,000 . . 53,000 - 5
: - September — - 33,000 — 34,000 + 3
October 14,000 16,000 + 15
November 6,200 11,000 + 80
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December . 4,400 12,000 +170
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(iii)

Susitna Station

Percent
Month Natural Project Change
January 8,100 15,000 + 80
February 7,400 14,000 + 90
March 6,400 11,000 + 70
April 7,700 10,000 + 30
May 57,000 50,000 - 10
June 112,000 98,000 - 10
July 127,000 117,000 - 10
August 109,000 105,000 - 5
September 68,000 68,000 + 0
October 33,000 35,000 + 5
November 15,000 20,000 + 30
December 9,300 17,000 + 80

Mean annual flow will remain the same at all sta-
tions. However, flow will be redistributed from the
summer months to the winter months to meet energy
demands.

Water surface elevations based on maximum, mean, and
minimum weekly flows at Gold Creek for May through
September for selected mainstem locations between
Portage Creek and Talkeetna are shown in Figures
E.2.4.41 through E.2.4.43. The figures illustrate
the water level change expected as a result of
operation of Watana. In general, there is a decrease
in water level from natural levels to with-project
levels in the summer. As illustrated by ice
simulations later in this section, there is a
comparable increase in stages in winter., In general,
water levels are stabilized from May through November
as compared to natural conditions.

Floods (*%*)

Operation of the project during floods is explained
in Section 3.6.2.

Flood peak frequency curves for with-project
conditions were estimated for the Susitna River at
Watana and Devil Canyon damsites and for USGS gaging
station locations at Gold Creek, Sunshine and Susitna
Station. Flood peak frequency for natural conditions
was also estimated. Flood peak frequency analyses
were made for the May-June and July-September periods
and the annual series.
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For the area upstream of the confluence of the
Chulitna, Talkeetna and Susitna Rivers, the largest
annual floods generally occur in June as a result of
snowmelt and rainfall-runoff. Thus the natural
May-June series floods are larger than for the
July~September series. For the area downstream of
the confluence the larger floods occur as a result of
rainfall runoff in the July-September period and this
series is larger than the May-June series. The
project will delay flood peaks as a result of
storage, until later in the year. Thus, with-project
floods upstream of the confluence will be delayed.
However, floods at Sunshine and Susitna Station will
generally occur at about the same time as at

present. '

The following two procedures were used to estimate
with project flood peaks at Devil Canyon and Gold
Creek, ‘

1. Flood hydrographs of selected recurrence
intervals were estimated for Gold Creek, Devil
Canyon and Watana Dam sites as described in
Section 2.2. The differences between the
hydrographs at Watana and Devil Canyon and
between the hydrographs at Devil Canyon and Gold
Creek were assumed to be contributions from the
respective intervening areas during the

occurrences of flood peaks at Watang. ThHe Watana
flood hydrograph was routed through the Watana
reservoir and the routed outflow hydrograph added
to the intervening flow hydrograph to determine
the Devil Canyon and Gold Creek flows.

2. Flood hydrographs for the selected recurrence
intervals were estimated for Gold 'Creek and for

and Watana. The difference between the two
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the intervening drainage area between Gold .Creek... .

hydrographs was assumed to represent the inflow
hydrograph to Watdana during the flood of the
given recurrence interval. This means that the
flood would occur in the area downstream of the
Watana reservoir and residual flow would be the
inflow to the reservoir. It was determined that

" the flood peak from the intervening area would

~——occur- earlier than the maximum outflow from

Watana. The Watana inflow hydrograph was routed
through the reservoir and the outflow hydrograph
was added to the intervening area flood
hydrograph.
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With-project peak flood flows for the two procedures
were compared. For the May-June and Annual series
floods, the second procedure generally results in
greater peak flood flows for a given frequency
because the Watana Reservoir is generally drawn down
enough to store most flood flows from upstream.
Flood peaks in the intervening area between Watana
and Gold Creek are therefore significant. For
July-September floods, both procedures give similar
values. The second procedure was therefore adopted
to define the with-project flood frequency.

For locations downstream of the confluence of the
Chulitna, Talkeetna and Susitna Rivers (Sunshine and
Susitna Station gaging statioms) the intervening
drainage "areas are much larger than the intervening
drainage area between Gold Creek and Watana as

shown by the following table:

Drainage Areas at Various Sites

Location Drainage Area
(sq.mi)

Watana damsite 5,180
Devil Canyon damsite 5,810
Susitna River at

a. Gold Creek 6,160

b. Sunshine - 11,150

c. Susitna Statiom 19,400

Therefore, floods at these locations will be
controlled by floods in the intervening areas. The
intervening area flood peaks for these locations
shown on Table E.2.4.15 were added to comcurrent
flows from Watana to determine the flood frequency at
these sites.

Flood peaks computed by Method 2 at sites downstream
of the project are the result of floods in the
intervening area between the site and Watana and the
concurrent Watana discharge. This is considered
appropriate because of the large storage capacity of
Watana Reservoir and its ability to regulate flood
inflows. Method 1 allocates a greater amount of the
peak flood flow to the area upstream of Watana than
does Method 2 resulting in a smaller contribution
from the area downstream of the dam.

Although Method 2 is considered appropriate for

estimating the flood frequency, both methods have
been considered in the design of certain features of
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the dams to ensure the safety of the features and to
ensure that envirommental criteria are met. These
features are:

o The envirommental 50-year flood surcharge pools
at Watana and Devil Canyon, and

o The Watana and Devil Canyon construction
diversion tunnels.

For the envirommental 50-year flood surcharge pools
at Watana and Devil Canyon, July-September
with-project 50-year floods computed by Method 1
resulted in requirements for greater flood storage
than Method 2 and were therefore adopted. For the
Watana diversion tunnels, the 50~year natural Annual
series flood computed by Method 1 resulted in a
larger required tunnel diameter and was accepted for
design. For the Devil Canyon diversion design, the
25-year,; July-September with-project flood resulted
in a larger tunnel diameter by one foot and was
accepted for design.

- Spring Floods (*%)

For the 34 years of weekly simulations, Watana
Reservoir had sufficient storage capacity to absorb
all floods. The largest flood of record, June 7,
= 1964, had-a peak-discharge of 90,700 cfs—at Gold-
Creek, corresponding to a recurrence interval of
about 40 years (annual series). This flood pro-
vided the largest mean monthly inflow on record at
Gold Creek, 50,580 cfs, and contained the largest
flood volume on record. For this flood, the
simulated reservoir level increased from el. 1,850
ft to el. 1,980 ft. An additiomnal 20 feet of
storage was available before an outlet works

release would have been necessary.

The flood volume for the May-June 1:50-year flood
was determined to be 1.4 million acre~feet (HE
1984¢). The 50-year May-June flood was routed
through Watana Reservoir starting with the median
May-June reservoir water level of el. 1,885. The

© avérage turbine discharge of 5,,900 cfs was used.
The flood was passed through the reservoir without
raising the water level above el. 2,000, or
requiring operation of the outlet works or spillway
(see Sections 4.1.3(a)(v) and 6.4.4).
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The following table gives the frequency of May-~June
floods at Watana, Gold Creek, Sunshine and Susitna
Station.

May-June Flood Frequency

Return
Period Watana Gold Creek
(Years) Natural With-Project Natural With-Project

2 39,000 5,900 42,500 19,800
5 51,500 5,900 56,200 26,800
10 60,000 5,900 66,300 30,600
25 73,800 5,900 80,500 33,900
50 84,400 5,900 92,100 37,900
Return
Period Sunshine Susitna Station

(Years) Natural With-Project Natural With-Project

2 118,000 83,000 156,000 125,000
5 135,000 94,000 179,000 142,000
10 149,000 104,000 197,000 157,000
25 163,000 114,000 215,000 173,000
50 174,000 122,000 230,000 186,000

For spring floods greater than the l:50-year event,
it is possible that the Watana Reservoir would fill
and inflow would be set equal to outflow. If this
occurred, subsequent floods downstream would be
unchanged from natural.

Summer Floods (*%)

During average flow and wet years, the Watana
Reservoir will reach el.2,000 ft sometime in July
or August. Design considerations were therefore
established to emnsure that the powerhouse and
outlet facilities would have sufficient capacity to
pass the l:50-year summer flood without operation
of the main spillway (see Sections 4.1.3(c)(v) and
6.4.4). A further decision criterion was
established such that the reservoir would be
allowed to surcharge to el. 2,014 ft during the
1:50 year flood. This 1s explained imn Sectiom 3.

The derivation of the July-September 1:50 year

inflow hydrograph at Watana is given in a report
(HE 1984c).
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The 50~year July-September flood has a peak of w
77,800 cfs and a volume of 1.14 x 106 acre feet.

This flood was routed through Watana Reservoir 1
assuming a median July-September water level of el. I
1,994, The average powerhouse discharge of 9,200 ’
cfs was also used. The maximum water level

obtained did not exceed el. 2,014 and the spillway }
was not operated. The maximum outflow was 33,200

cfs, comprised of 24,000 cfs outlet works flow and

9,200 cfs powerhouse flow, ‘J

The following table gives the July-September flood
frequency for Watana, Gold Creek, Sunshine and "
Susitna Statioms,

July-September Flood Frequency ,
Return ‘ _l
Period " Watana Gold Creek
(Years) Natural With-Project Natural With-Project

2 34,200 31,100 37,300 36, 500 J

5 - 45,7000 33,200 49,800 43,100
10 54,500 33,200 59,400 44,000 ;
25 67,200 33,200 73,200 44,000 1
50 77,800 33,200 84,800 46,600

Return }

Period Sunshine Susitna Station

(Years)-Natural— With-Project Natural-With-Project -

2 138,000 129,000 183,000 183,000 }
5 163,000 148,000 216,000 211,000
10 180,000 161,000 238,000 231,000 ‘
25 196,000 174,000 259,000 252,000 i
50 210,000 186,000 278,000 270,000

Annual Floods (#%) , o !

851017

-Annual flood peaks at the project sites moét

frequently occur in June. The annual series 50— I
year flood was calculated to have a peak discharge

of 89,500 cfs at Watana and a volume of 1.43 x 106

acre feet (HE 1984c). This flood was routed e
through the Watana Reservoir assuming a median June ]
water surface level of el. 1919, and the average

.June powerhouse flow of 8,900 cfs. The maximum

water level attained did mot exceed el. 2,000. ' ‘l
The maximum outflow was 8,900 cfs. Spillway

operation was not required (see Sections

4.1.3(a)(v) and 6.4.4). The following table r
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illustrates the annual series flood frequency at
Watana, Gold Creek, Sunshine and Susitna Station
computed in the same manner as for May-June and

July~September wvalues.

Annual Flood Frequency

Return
Period Watana Gold Creek

(Years) Natural With-Project Natural With-Project

2 43,500 8,900 48,000 25,600

5 57,400 8,900 63,300 33,300

10 67,000 8,900 73,700 37,700

25 79,800 8,900 87,300 41,600

50 89,500 8,900 97,700 46,200
Return

Period Sunshine Susitna Station

(Years) Natural With-Project Natural With-Project

2 143,000 109,000 189,000 163,000
5 166,000 125,000 220,000 189,000
10 183,000 137,000 242,000 208,000
25 200,000 151,000 264,000 229,000
50 214,000 163,000 283,000 248,000

The flood peaks for the July-September period are

_generally greater than for the May-June series and

the Annual series at all stations and thus
constitute the with-project flood frequency.

Under natural conditions the highest annual floods
at Gold Creek generally occur in June.

With-project the annual flood peaks will generally
occur in the July-September period rather than
June. At Sunshine and Susitna Stations the highest
annual floods occur in the July-September period
naturally and will continue to do so with project.
The magnitude of the reduction in annual flood
peaks will be greatest at the dam and reduced with
distance downstream. The mean annual flood flows
can be approximated by the 2-year return period
flood (USDI 1974), for Watana, Gold Creek, Sunshine
and Susitna Station as shown below.
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Mean Annual Flood ' 1
2-Year Return Period '
Natural With~-Project ‘

Annual Series (July-Sept Series) I

Watana v 43,500 31,100 ,
Gold Creek 48,000 36,500 B
Sunshine 143,000 129,000 4
Susitna Station - 189,000 183,000

Downstream of the confluence with the Chulitna and }
Talkeetna Rivers there is approximately a 10 '
percent reduction in the mean annual flood. o
Downstream of the Yentna River confluence, there is l
an approximate 3 percent reduction in the mean

annual flood. The with—-projéect flood frequencies ,
are shown on Figures E.2.2.38, E.2.2.40 and !
E.2.7.41.

(iv) Flow Variability (#*) -

Under normal hydrologic conditions, flow from the
Watana development will be totally regulated. The ;
downstream flow will be controlled by the following 3
criteria: downstream environmental flow require-
ments, minimum power demand, and reservoir operating .
rule curve. However, there can be significant vari- »)
ations in discharge from one season to the next and

____for the same month from one year to the next.

Flow variabiiity under natural conditions is illus~ s
trated by the flow duration curves using daily '

recorded flow values shown on Figures E.2.2.44 and .
E.2.2.45. , ' [

As discussed in Section 3, with-project, the flow may

be allowed to vary by ten percent above and below the }
mean weekly flow. The maximum variation in the mean

weekly flow from one week to the mext will be 20
percent. ‘ ‘ l

Weekly reservoir operation simulations with E-VI flow
requirements have been made to illustrate the vari- .
ability in weekly average flows for five years. }
These are illustrated by Figures E.2.4.36 through
E.2.4.40. There will also be variation in flows in
one week from year to year., Figures E.2.4.44 through
E.2.4.47 show the 6, 50 and 97 percent exceedance
level flows for each week of the year for project
operation with the E-VI flow requirements. 4}

R R
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(v)

As discussed previously, sensitivity analyses were
made with Case E~I flow requirement. Figures
E.2.4.48 through E.2.4.51 illustrate the 6, 50, and
97 percent exceedence level flows for project
operation with the E-I flow requirements (HE 1984h).
Figures E.2.4.52 through E.2.4.56 illustrate the
variability in weekly average flows for five years.

Additionally, in order to illustrate the variation in
with-project flows as compared to natural variation,
monthly flow duration curves have been prepared for
Watana, Gold Creek, Sunshine and Susitna Station
(Figures E.2.4.57 through E.2.4.60). These curves
are based on monthly average with-project flows. The
natural flow duration curves on these exhibits are
also based on monthly average flows and not on daily
values as in Figures E.2.2.44 and E.2.2.45.

The Watana flows show little variability because of
the high degree of reservoir regulation and the rela-
tively constant powerhouse flow. Flows at Gold Creek
exhibits considerably more variation because of the
variability in local inflow. The flow duration
curves show a diminished natural and with-project
difference with distance downstream from Watana.

Operation of Watanma Outlet Works and Fixed-Cone
Valves (%*%)

The Watana outlet works discharge will be controlled
by six 78~inch diameter fixed cone valves having
capacities of approximately 5,000 cfs, each at the
Watana Stage III normal maximum pool and 80 percent
gate stroke., The capacities at the Stage I normal
maximum pool are reduced by approximately 20 percent
to 4,000 cfs. Thus, the total outflow capacity of
the outlet works at normal maximum headwater el.
2,000 1is 24,000 cfs. The purpose of the outlet works
is to release flows to meet envirommental require-
ments and to pass flood flows without using the
spillway. As noted in Section 4.1.3(a) previously,
floods up to the 50-year event can be discharged
without using the spillway. Table E.2.4.16 gives
information on outlet works operation from the weekly
reservoir simulations. Included for each year of the
34 years of simulation are the week of first release,
the week of maximum release, the maximum Watana
release, the powerhouse flow at the time of maximum
release, and the volume released.
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(b)

--maximum--possible-sediment--accumulation-in—the reservoir; to -

As shown, the outlet works would operate in mid to
late summer of almost every year. This occurs
because the reservoir is simulated to have filled and
it is necessary to pass flows to maintain freeboard
on the dam.

Information on the downstream temperature impacts
caused by the operation of the outlet works is

discussed in Section 4.1.3(c)(i).

River‘Morphblog? (#*)

During operation of Watana Stage I, it is estimated that
material influent to the reservoir larger than

approximately 5 to 10 microns will settle. This is based on
simulations of reservoir sediment behavior using DYRESM (see
Section 4.1.3(c)(1ii)). Approximately 80 percent to 90
percent of the incoming sediment is simulated to be trapped
in the reservior. A second estimate of the sediment trapped
in the reservoir using Brune's method (USDI 1974), using an
average annual inflow of 8,000 cfs (HE 1985f Appendix D) and
a reservolr water level of el. 2,000 was also carried- out.
This results in an estimated 98 percent of the influent
sediment being trapped. The procedure is outlined in a
similar analysis for the two-stage project (HE 1984a). The
two methods of estimating settling characteristics were used
to give estimates of suspended sediment concentrations in
the reservoir and river downstream and to estimate the

determine if storage capacity would be affected. The
effects on river morphology would be the same for both
estimates of trap efficiency, since all the bedload entering
the reservoir would be trapped. The only sediment released
from the reservoir would be so small that it would not
settle in the river downstream and affect bed stability.,
Some five material may be deposited above the normal high
water line and in backwater areas as occurs naturally.

851017

The flows from the reservoir will have the tendency to pick
up bed material and cause lowering of the streambed
elevation (degradation)., The reservoir operation will
modify the discharges downstream from the dam by reducing
flood peaks (Figures E.2.2.38, E.2.2.40, E.2.2.41, E.2.4.36
through E.2.4.40, and E.2.4.44 through E.2.4.47). This will

‘reduce the ‘ability of the river to transport bed material

including those injectedAby:Lhe«tfibutaries.
Because of the modification of flow and sediment load, the

river would strive to adjust the stream channel and particle
sizes of the bed material (Lane 1955). A number of studies
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(Hey et al. 1982) have indicated coarsening of bed material
under such conditions.

The potential morphological changes of the Susitna River
have been addressed qualitatively by the the Applicant
(Section 2.3.3., HE 1984a, and R&M 1982d). It is
anticipated that the Susitmna River between Devil Canyon and
the confluence of the Susitna and Chulitna Rivers would 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 near the banks would be expected. The
tendency of the main channel to degrade and to be confined,
may cause the channel to recede from the heads of some

- sloughs and side channels,

Potential degradation of the Susitna River for the reach
between Devil Canyon and the confluence of the Susitna and
Chulitna Rivers and the reach between the confluence and
Cook Inlet has been addressed. The middle river was studied
by the Applicant in general and at specific locations as
described in Section 2.3.3. It is expected that for Stage I
operation potential degradation would be on the order of 0.8
to 1.3 ft with larger degradation occurring closer to the
Devil Canyon and decreasing with distance downstream.
However, depending on many factors such as sediment
discharge from the tributaries, bank erosion due to flow and
ice and the magnitude, duration and frequency of high flows
and floods which would occur during the project operation,
the estimated degradation may take much longer to occur than.
the scheduled period of Stage I operation.

Because of the reduction in flood flow in the main river,
tributary streams, including Portage Creek, Indian River,
Gold Creek, and Fourth of July Creek, may extend their
alluvial fans into the river. However, most of the
tributaries will adjust to a new flow regime without
detrimental effects to fish access, bridges or the railroad
bed. Depending upon the hydraulic and sediment transport
characteristics at the mouth of the tributaries, the
adjustmént may occur over a period of one wet season or a
number of years (Trihey 1983, HE 1984a, R&M 1982f) (see

.Table E.2.2.43).

Near the confluence of the the Susitna, Chulitna and
Talkeetna Rivers, some aggradation is expected to occur.
Alluvial deposits at the mouth of the Chulitna River are
expected to expand and probably encroach on the mainstem of
the Susitna River, but this is not expected to severely
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reduce flow depth in the main river. This is because the
flow in the river will be much more stable under
with-project conditions than under natural conditions which
would tend to stabilize the main channel gradually.

For the main river downstream from the confluence, sediment
deposited near the confluence will gradually be transported
downstream during floods, but the process will be slow and
this reach of the river is not expected to exhibit
significant change in its morphology during the relatively
short period of Watana Stage I operation.

Overflow into most of the side channels and sloughs will be

less frequent as high flows will be attenuated by the
reservoir, The effects of backwater from the mainstem to
the sloughs also will be less during spring and summer
because water levels in the mainstem will be lower. Thus,
there will likely be some encroachment of vegetation to the
upstream reach and periphery of some sloughs.

Water Quality (¥%) .

(i) Water Temperature (*%)

~ Watana Reservoir (#%¥)

After impoundment, the Watana Stage I Reservoir
will exhibit the thermal characteristics of a deep
—— - gl-acial-—-lakes - -Deep—glacial-lakes-commonly—-show -
temperature: stratification during both winter and
summer (Mathews 1956, Gilbert 1973, Pharo and
Carmack 1979, Gustavson 1975). Bradley Lake,
Alaska, (Figure E.2.4.61) demonstrated a distinct
thermocline in late July 1980, but was virtually
isothermal by late September. A reverse
thermocline was observed during the winter months

851017

Similar thermal structures have been observed at
Eklutna Lake, . Alaska during 1982 and 1983 (Figures
E.2.4.62 to E.2.4.64).

Reverse thermoclines during winter months are
typical of deep reservoirs and lakes with ice

" covers as noted at Eklutna Lake and Williston Lake
. (Figure E.2.4.65). . However, the depth of the
thermocline under winter conditions is greatly
influenced by meterological conditions at the time
of ice~cover formation in addition to water
withdrawals from under the ice cover.
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The seasonal variation in temperature within the
reservoir and for a distance downstream will change
after impoundment. Bolke and Waddell (1975) noted
in an impoundment study that the reservoir not only
reduced the range in temperature but also changed
the timing of the high and low temperatures. This
will also occur in the Susitna River where
pre~project temperatures generally range from 0°C
to l4°C (32°F to 57°F) with the lows occurring from
October through April and the highs in July or
August. However, to minimize the natural to
with-project temperature differences downstream,
the Watana Stage I Reservoir multi~level intake
structure (Figure E.2.4.66) will be operated to
take advantage of the temperature stratification
within the reservoir.

During summer, warmer reservoir water will be
withdrawn from the surface. The intake nearest the
surface generally will be used. In this way warmer
waters will be passed downstream. In winter, the
colder surface water will be withdrawn. This is
expected to result in minimization of suspended
sediment concentrations in the river and the
coldest possible releases in the winter.

To provide quantitative predictions of the
reservolir temperature behavior and outlet
temperatures, hydrothermal studies of the
originally proposed Watana Reservoir were
undertaken in 1981 and 1982 (APA 1983a).

Results of the 1981 studies are presented in
Appendix A4 of the Susitna Hydroelectric Project
Feasibility Report (Acres 1982b)., These studies
were continued into 1982 and 1983 to further define
the likely reservoir temperature structure and the
temperature and ice regime downstream of the Watana
and Devil Canyon Dams.

Detailed analyses were performed for Watana and
Devil Canyon Reservoirs using a one-dimensional
computer model, DYRESM. This model was tested
satisfactorily, using data collected at Ekluta Lake
during 1982 and 1983 (HE 1984i). A brief
description of the DYRESM model follows.
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. DYRESM Model (#*%)

Predictions of reservoir temperature stratifica-
tion and outflow temperatures have been made
using a numerical model developed by Imberger, et
al. (1978). The dynamic reservoir simulation
model, DYRESM, has been modified to include ice
cover formation and outflow hydraulics associated
with multiple level intake structures.

-The following summary provides a concise and
simplified description of how the model operates,
the main physical processes incorporated therein,
and its extension to include an ice cover. The
discussion is completed by a brief description of
the model. :

In the formulation of the modelling strategy of
DYRESM, the principal physical processes
responsible for-the mixing of heat and other
water: quality components have been parameterized.
This contrasts with otheér simulation models which
are largely empirically based. The modelling
philosophy employed in DYRESM requires a
reasonable understanding of the key processes
controlling water quality, so that they may be
parameterized correctly., This process related
approach to modelling has the advantage that the

- resulting model may require less calibration and-
is more generally applicable than the empirically
based methods. " A second consideration in model
formulation has been to keep the computational
costs as low as is possible in order to keep the
running costs within reason. This allows for a
greater number of simulation runs to test the
sensitivity of outflow temperatures to the major

~variables including intake_operating policy and

"envirommental flow requirements than if more time

consuming models were used. This has necessi-
tated the restriction of spatial variability to
one dimension (in- the vertical) and the adoption
of a fundamental time increment of one day.
Certain physical processes require time steps
shorter than one day. In these cases the model
~allows for subdaily time intervals as small as
one-quarter—hour,———- .

The following discussion demonstrates that the

principal processes responsible for the mixing
and which are two or even three-dimensional in
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character may be adequately parameterized and
satisfactorily represented within a
one-dimensional framework,

First, the reservoir or lake in question is
subdivided into a series of horizontal slabs of
varying thicknesses, volumes and cross~sectional
areas in accordance with the prescribed reservoir
geometry. The number of layers is allowad to
vary as required to represent the vertical
distribution of heat and salt to within a
specified accuracy. The uppermost layer may be
thought of as corresponding to the lake's surface
layer or epilimnion with its base being located
at the thermocline depth and its top at the lake
surface. This layer is the most important as it
receives the direct input of atmospheric forcing
and is usually associated with the largest
gradients in water quality properties. As
discussed later this layer receives special
attention in the model compared to other layers.
Within each layer the variables are considered to
be uniform. Heat in the form of solar radiation
is input to each layer according to the physics
of absorption of short wave radiation (Beer's
Law).

The transfer of heat between all the ‘layers
(other than the upper two layers) is determined
by the vertical turbulent fluxes as specified by
the turbulent eddy diffusivity and the
differences in properties between the layers.
The value of the vertical diffusivity is not set
empirically but follows the energy arguments of
Ozmidov. In this way the vertical mixing process
responds to changes in the level of energy
available for mixing caused by storms (wind
stirring) and also by the potential energy
released from inflowing rivers. In addition,
this internal mixing formulation includes the
inhibiting effect of local stratification rates
on the mixing process.

Experience has shown that it is necessary to
consider the individual processes controlling the
mixing in the uppermost layer, known as the upper
mixed layer, in a more detailed manner than in
the deeper layers. These processes are wind
stirring, convective cooling, the shear across
the base of the mixed layer, the stabilizing
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effects of the absorption of short wave radiation
~and the density gradient at the base of the
layer. The method involves the consideration of
three conservation equations within the layer:
the conservation of heat, salt and turbulent
kinetic emergy. Solution of these equations
provides an estimate of the energy available for
mixing the upper layer with lower layers. One
unique feature of this upper mixed layer
formulation is that it allows for the influence
of strong internal motions, known as seiches, on
the mixing and deepenlng of the upper layer to be
taken into account.

A brief explanation of wind generation of these
internal motions or seiches provides an example
of how a two and three~dimensional process
occurring in a reservoir is treated within the
context of a One#dimensional model. When the
wind starts to blow along the longitudinal axis
of the lake that 1s 1n1t1a11y at rest, the
"shearing motion at the base of the upper layer is
considered to grow at a constant rate until
either the wind ceases or reverses in direction,
a period of time equal to one quarter the period
of the nmatural seiche has elapsed, or the earth
undergoes a period of revolution on its axis.
When any one of these limits is attained the

shear is set to zero and the build-up of internal

motion recommences. Not only does the shear
influence the deepenlng of the thermocline or the
upper layer thlckness but also the shear may
destabilize the stratlflcatlon. In this latter
case the temperature profile is then smoothed to
the point where it remains stable with respect to
shearing motlon of the wind forced seiche.

Another two—d1men51ona1rprocess is.. the river

inflow dynamics. TIf the river water is lighter
than the uppermost layer of the lake it forms a
new upper layer over the old one which may
ultimately be amalgamated into the former upper
layer. Conversely, for an underflowing river an
entralnment coeff1c1ent for the incorporation of
_the surroundlng ‘lake water into the descending
~river plume is- computed from the river discharge,
the density constrast between lake and river
water, the slope of the bottom and the geometry
‘of the river bed. The volumes of the layers are
then decremented according to the computed daily
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entrainment volumes at the same time as the
inflowing river water is diluted by lake water
until it either reaches the deepest layer or the
dam. Another possibility is that the density of
the plunging river plume may be reduced to that
of the adjacent layer density whereupon the
inflow begins to intrude into the main body of
the reservoir. Whether this intrusion process is
dominated by viscous-buoyancy forces or by an
inertia-bouyancy balance is determined by the
computation of a non-dimensional parameter
depending on the discharge, the local demnsity
gradient and the mixing strength at the level of
insertion. This parameter then sets the overall

. thickness of the inflow and therefore how the

inflowing volume is subdivided among the existing
layers surrounding the inflowing depth.

- 8imilarly, outflows at a surface level and up to

two subsurface levels are governed by the same
parameter which determines the amounts to be
withdrawn for each of the layers in the vicinity
of the outflow points. To illustrate how this
may work in practice, it is useful to consider
two extreme cases. In one case the outflow
volume is large relative to the stabilizing
effect of the ambient stratification
(inertia-bouyancy balance) and the outflow is
withdrawn nearly uniformly from all the layers.
In the second case, when a weak outflow occurs
(viscous~bouyancy balance), the density gradient
severely confines the vertical range of outflow
layers to those in the immediate vicinity of the
offtake.

The model has been extended to include the
influence of ice and snow cover, and suspended
ice concentration in the inflowing rivers. The
conduction of heat and the penetration of solar
radiation across a composite of two layers, one
composed of snow and the other of ice, is
computed from their physical properties, namely,
thermal conductivities, extinction coefficients
for solar radiation and densities, and from the
energy transfers at the surface with the
atmosphere. Components of the surface energy
budget, as in the case of an ice~free surface,
are the incoming and outgoing longwave radiation,
solar radiation, the sensible heat transfer and
latent heat exchanges. Several cases may be
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distinguished. If more heat flows upward through
the ice than can be supplied by the turbulent and
molecular transfers of heat from the water to the
ice, ice is created and added to the existing ice
cover. Conversely, the ablation of ice at the
base of the ice sheet occurs when an excess of
heat is present. Similarly the snow or upper
surface of the ice as the case may be is melted
when sufficient heat is present to elevate the
surface temperature above the freezing point.

An additional physical process incorporated in
the model with ice cover is an allowance for
partial ice cover either during the freeze-up or
break-up period. Partial ice cover accounts for
the wind action in dispersing thin sheets that
might be formed and is based on an assumed
minimum ice thickness of 10 cm. Furthermore, the
thickness of the snow cover on the ice is limited
by the supporting bouyancy force associated with
a given thickness and density of ice. Finally

“the amount of solar radiation transmitted through

the snow layer depends on the thickness, age and
temperature of the snow cover., Frazil ice input
from the inflowing rivers is either used to cool
the upper layers if an ice cover is not present

or is added to the fraction of partial ice cover

or to the thickness of the full ice cover.

A more detailed discussion of DYRESM is prov1ded
in Imberger and Patterson (1980).

Testing of DYRESM model (Eklutna Lake Study) (#*%)

The DYRESM program has been used extensively in
Australia and Canada to predict hydrothermal

To test DYRESM in predicting the thermal
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characteristics.within.lakes and reservoirs.. ...

structure in glacially fed reservoirs, a data
collection program was established in 1982 to
obtain data on the thermal structure of Eklutna
Lake located approximately 30 miles north of
Anchorage,; Alaska. A weather station was also
established to provide the necessary
meterologlcal input to DYRESM.

'Detalled da11y 31mu1at10ns were made of Eklutna

Lake from June 1 to December 31, 1982 for the
1983 License Application (APA l983a) and from
June 1, 1982 to May 31, 1983 for the studies made
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after submittal of the License Application
(HE 1984i). These established the adequacy of
the DYRESM model.

Simulated and measured vertical temperature
profiles at a station in the approximate center
of the lake are given in Figures E.2.4.62 through
E.2.4.64 for the more recent study. In general,
most profiles are modeled to within 0.5°C (1°F).
This is well within the observed variation of
temperature at the data collection stations
throughout the lake (R&M 1982i). Deviations in
measured and simulated profiles can be explained
through an assessment of the meteorological vari-
ables used and the reliability of the measurement
of these variables. However, even with errors
due to estimating weather data from sources other
than that of the station at Eklutna Lake, the
temperature profiles are reasonably well

modeled.

Qutflow temperatures from Eklutna Lake for the
period June 1982 through May 1983 are presented
in Figures E.2.4.67 and E.2.4.68. In general,
for the entire simulated period of June 1982
through May 1983, simulated and measured outflow
temperatures show excellent agreement. Devia-
tions of up to 2.8°C occur between measured and
simulated temperatures in late June and early
July, 1982. This is believed to be the combined
result of the approximate nature of the imitial
condition specified at the beginning (June 1,
1982) of the simulation, and, possibly underesti-
mation of wind speed.

The simulated vertical temperature profiles in
the reservoir for Jume 18, July 14, August 11,
September 9, September 21, October 14 and
November 4, 1982 indicate reasonable agreement
with measured profiles (Figures E.2.4.62 through
E.2.4.64). This indicates that although average
meteorological conditions over the entire period
were suitably measured, conditions on a daily
basis may be in error. Wind speed, in particu- .
lar, would have the major influence since an
overestimation of wind speed would result in
deepening of the epilimnion which would result in
warmer outflow temperatures in summer.
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Field observations in the winter of 1982-1983 and
1983-1984 indicate that the ice cover formation
on Eklutna Lake would begin during the latter
part of November with a full ice cover formed by
mid-December. In the 1982-1983 ice season,
DYRESM estimated ice cover formation to begin on
December 2, with a full ice cover on December 20.
Measurements made on January 11 and 13, 1983 and

" February 18, 1983 indicate an ice cover thickness
of 13 to 18 inches and 21 to 25 inches respec-
tively. This compares favorably with a predicted
ice thickness of 16.5 and 21.7 inches
respectively. =

The study of Eklutna Lake as described above, has
demonstrated the ability of the DYRESM model to
predict thé hydrothermal condition of a glacial
lake under Alaskan meteorological and
hydrological conditions.

o Watana Stage I Reservoir Modeling (*%)

Detailed daily simulations of the reservoir
dynamics and thermal stratification in the
Watana Stage I Reservoir were made using the
DYRESM model for Case E~VI downstream flow
requirements. Meteorological data collected at
the Watana camp from May 1981 through October

1983 were used as input to the model as well as
‘the river flows for the same period. The
reservoir outflows used in the simulation were
obtained from a weekly reservoir operation study
conducted for Case E~VI envirommental flow
requirements. The multi-level (5-level) intake,
shown in Figure E.2.4.66, was also incorporated
in the simulations. Predicted temperature

profiles for-the first—-day of each-month from May

1981-through-October-1982-are-illustrated-in——

Figures E.2.4.69 through E.2.4.74.

. Reservoir Temperature Structure (¥*%%*)

The temperature structure at Watana follows the
_typical pattern for reservoirs and lakes of
similar size and climatic conditions. 1In
-.general, stratification. occits in summer (June,
July, August, and September) with a warm layer
near the surface. The temperature near the
surface would be about 45°F to 55°F (7°C to 13°C)
the thickness of the warm surface layer would be
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about 80 to 210 feet depending upon weather
conditions. Temporary thermoclines would also
form from time to time in this layer. At times a
temporary thermocline can have an appearance of
an ordinary thermocline. The thickness of the
underlying metalimnion would vary from about 60
to 180 feet. The approximate 39°F (4°C)
hypolimnion would be located below a depth of
about 200 to 300 feet.

The near isothermal condition at approximately
39°F (4°C) would occur twice a year inm early
November and late May. The Watana Stage I
Reservoir would be dimictic in that it would
mix twice a year. Mixing would occur between
ice-cover meltout and the onset of the thermal
stratification in late spring and between the
breakdown of the thermal stratification in the
fall and the onset of winter ice-cover. ‘

The fall overturn and winter ice-cover would
occur following the summer of filling. With the
air temperature and insolation decreasing rapidly
in October and November, mixing and further
cooling would continue until the surface of the
reservoir freezes. The presence of ice-cover
would prevent further wind mixing and conserve
the heat remaining in the reservoir. In general,
for both reservoirs, the ice-cover would form in
November, a total meltout would occur in May, and
a total ice thickness of two to five feet can be
expected.

The formation of an ice-cover in the relatively
long subarctic winter would cause an inverse
stratification in the reservoir to occur. The
water at the contact surface with the ice would
be near 0°C and the temperature would increase
with depth toward a maximum of approximately 4°C
at a depth of about 250 to 350 feet from the
surface depending upon the weather conditions in
the period between the fall overturn and the
formation of ice-cover in the reservoir. The
near isothermal condition of 39°F (4°C) would
then be maintained in the hypolimnion.

Similar hydrothermal characteristics were also

obtained in the early simulations of the
originally proposed Watana Reservoir.
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. Multi-Level Intake Operating Policy (*#%%)

The Stage I multi-level intake at Watana provides
the project ability to selectively withdraw
water from various levels of the stratified
Watana Stage I Reservoir. The Watana Stage I
Reservoir can, therefore, be operated:

0 To discharge water at temperatures as close
to natural river temperatures as possible
(i.e., maintain inflow temperatures);

o To discharge near surface water only;

o To discharge water at a pre-determined
level.

For the simulations of with-project temperatures
presented here, the policy of "inflowing
temperature matching' was used. That is, the

_level of the intake being closest in water

temperature to the reservoir inflow was used.
This is the same policy as used in the 1983
License Application and generally means the
intake level immediately below the reservoir
water surface is opened. There are short periods
during spring and fall when the reservoir is not
strongly stratified when other levels may be

used. This policy generally results in the

‘warmest water possible being released in the

summer and the coldest possible in the winter.

By using the intake nearest the surface in the
winter, the water having the lowest suspended
sediment concentrdtion and hence lowest turbidity
is expected to be withdrawn, thus minimizing
potential project effects on turbidity. As

take-warmer.water. in the winter. to minimize ice _
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cover formation (discussed in Section
4.1.3(c)ii). However, this would result in
higher downstream suspended sediment
concentrations and turbidity,

‘MOutflow Tempefaturesw(#**)

_'The predicted outflow temperatures immediately

downstream from the Watana Stage I Dam for the

period from May 1981 to October 1982 are given in

Figures E.2.4.75 and E.2.4.76.
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The Stage I intake ports are located at five
levels, and the discharge temperatures can be
controlled to approximate the matural instream
temperatures. The discharge temperatures would
range from approximately 41°F (5°C) to 54°F
(12°C) in the summer and approximately 33°F
(0.5°C) to 37°F (3°C) in the winter depending on
the meteorological condition, and energy demand
level. In the summer, the inflows are more
responsive to variations in the meteorological
conditions than the reservoir due to the ,
shallowness of the river. The river inflow warms
up in the early summer and cools down in the late
summer more rapidly than does the reservoir.
Hence, the reservoir discharge water would be
colder in the early summer and warmer in the
early fall than the natural river conditions.
However, in most of the summer months the
discharge temperatures could be regulated to
approximate inflow temperatures. In the winter,
inflow temperatures would be near 32°F (0°C) and
the temperatures in the inverse stratification
zone would range from near 32°F (0°C) at the
contact face with the ice~cover to approximately
39°F (4°C) at the hypolimnion. Therefore, the
discharge temperatures would be slightly warmer
during the winter than under natural conditions.

As shown in Figure E.2.4.75, the outlet works
intake which is located near the second port
level from the top was operated in August and
September, 1981. The outlet works intake is
closer to the water level in Stage I than in
Stage III resulting in warmer outlet works
discharges than for Stage III. As shown in the
river temperature simulations in the following
section, this results in downstream temperatures
being closer to natural than in Stage III.

In June and July, 1981, the inflow temperature
varies from 6°C to 12°C and the DYRESM simulation
indicates that the outflow temperature can be
controlled to vary from 7°C to 11°C. 1In August
1981, the outlet works were discharging water
with a flow of up to 24,000 cfs and the
powerhouse turbines were discharging at about 407
of the outlet works flow using the lowest level
of the intake ports., 1In about two weeks starting
at the beginning of August, the inflow river
temperature dropped from 11°C to 5°C while the
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out flow temperature could be reduced from 11°C to
8°C. This clearly shows that when the outlet
works are operating at high flows, powerhouse
intake operation has a diminished effect on

out flow temperatures. A similar conclusion can
be drawn from other DYRESM simulations with other
di fferent weather and mainstem inflow conditions
(APA 1984a Appendix 1IV).

Sensitivity Studies  (¥¥¥)

Prior to the Applicant's refinement of the flow
-requirements and adoption of Case E~V1 as its
preferred alternative, sensitivity studies were
carried out using the Case C flow requirements.
‘The purpose of these studies was to provide
information on the effects of multi-level intake
operating policies on downstream temperatures.
The conclusions from these studies are not
affected by the flow regime. The study indicates
that operation of the intake structure in the
prévious summer as well as in the winter can
affect the winter release temperature, The
effects of these variations in multi-level intake
operating policies on open water river
temperatures and ice conditions are discussed in
the following sections on river temperatures and
ice conditions.

An. example of how summer intake operation can
affect winter temperatures is the case where
higher than usual releases of near surface warmer
water in summer and fall may induce early
formation of ice cover in winter,” This may
prevent wind induced mixing and further cooling
of water underneath the ice cover. Thus, the

winter. releases_may be slightly warmer than
if summer releases had been less,

- Watana To Talkeetna (*%)

. Mainstem (*%)

The Watana outflow temperatures, which were
simulated using DYRESM, were used to determine ~
the water temperatures-in the reach between
Watana and Talkeetna. The discharge and outflow
temperatures from Watana were input to the
program SNTEMP described in other reports by the
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Applicant (AEIDC 1983, 1984a, 1984b, 1984c,
1985a).

River temperatures were simulated on an average
weekly basis. Daily temperatures output from
DYRESM were averaged and used in the weekly
simulations along with average weekly discharges
output from the reservoir operation results
presented in 4.1.3(a).

Temperature simulations using SNTEMP were carried
out for open water reaches of the river between
the dams and the Sunshine stream gaging station
(RM 84). 1In summer, the entire reach was
simulated. 1In winter, only the reach from the
dams to the location of 0°C was simulated. For
the three stage project only the period May 1981
through September 1982 was simulated. This
represents a wet summer followed by an average
temperature winter followed by an average flow
summer., The selection of cases for simulation is
discussed in the Applicant's replies to the
FERC's Request for Supplemental Information of
April 12, 1983 Schedule B, Exhibit E No's 2.28
and 2.41. .

Simulations for the three stage project were
limited to the cases discussed above, in order to
show the similarity between simulated tempera~
tures for the original two stage and the proposed
three stage project. Because the simulated
temperatures for the three-stage project are
similar to those for the two-stage project the
simulations which have been made for the two
stage project (APA 1984a Appendix V, HE 1985f
Appendices H and I) may be used to determine the
sensitivity of the river temperatures to various
other hydrologic and meteorologic conditions.
Simulations are also presented in other reports
(AEIDC 1983, 1984a, 1984b, 1984c, 1985a).

The results of the simulations are presented on
Figures E.2.4.77 through E.2.4.79 and on Tables
E.2.4.17 and E.2.4.18. The figures indicate that
the summer river temperatures for Watana Stage I
at river miles 150, 130 and 100 are all similar
to the temperatures for the same energy demand
for the original two-stage project. Winter open
water temperatures are somewhat colder and this
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is reflected in the ice simulations discussed
later.

Summer with-project river temperatures exhibit a
lag behind natural conditions of approximately 2
weeks. Simulated temperatures for natural
conditions are shown on Tables E.2.4.21 and
E.2.4.22., Simulated with-project temperatures at
river mile 130 are generally near 4°C in early
May, peak at near 10°C in late June through early
August and decrease to 0°C by mid-November. 1In
wet years the reservoir fills by early July and
thus the outlet works must be operated to pass
flow. Because the outlet works draw from a
slightly lower elevation in the reservoir , its

flows are generally cooler. This causes the drop

in river temperatures in July in the 1981
simulation and the smaller drop in the 1982
simulation.

'The temperature of the mainstem will remain above

. 0°C longer into the winter then natural because

of the warmer outflows from the project. The
temperature in the spring will warm up above 0°C
sooner for the same reason. Between the upstream
end of the ice cover and the dams the river
temperature will generally be between 0°C and 2°C
to 3°C, whereas the natural temperature in this
reach is 0°C.

The mean annual temperature (time weighted) in
the river at mile 130 has been calculated for
simulations of natural conditions to be 3.7°C for
the period 5/81-4/82 and 4.0°C for with-project
conditions. Simulation of natural and
with-project conditions for other hydrological
and meteorological conditions and other

enviromentil flow Tequireémeiits confitmed that
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the mean annual -with=project temperature is
generally similar to the natural conditions.

Figures E.2.4.80 through E.2.4.83 show simula-

~tions of temperatures for other hydrological and
meteorologic conditions for the two stage project

(APA 1984a Appendix-V). As noted previously,

. these are cpngigg;edmaccurate for the three stage

project.

The simulations discussed above have all been
carried out using the policy of withdrawing water
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from the reservoir which has as close a
temperature to natural as possible. This policy
is known as "inflow temperature matching."
Additional simulations have been carried out to
determine whether other policies of multi-level
intake operation would significantly affect
temperatures. The policies considered were:

0 warmest water - draw warmest water from the
reservoir all year using the proposed
multi-level intake

o lowest level - use lowest level of proposed
intake in summer and winter

o warmest water with other possible intakes
at el. 1,636 and el. 1,800 - draw warmest
water from the reservoir all year but with
the addition of intakes at el. 1,636 and
el. 1,800.

These simulations were carried out for the Case C
flow regime and the first stage of the two stage
project prior to the Applicant's development and
adoption of the Case E-VI flow requirements. The
purpose of these simulations was to provide an
insight into operation of the multi-level intake
and the results are not affected by the change in
flow requirements. While the simulated tempera-
tures may not represent expected conditions for
Stage I, the differences in temperatures
represent the differences which may be expected
with different multi-level operating policies.
Simulations were initiated by DYRESM simulations
using the appropriate intake operating policy.

The "warmest water" policy with the existing
intake generally means using the level of the
multi-level intake immediately below the water
level in the summer and fall between May and
November. When the reservoir becomes isothermal
in November this policy would require changing to
the lowest level of the multi-level intakes to
obtain the warmest water in winter. This policy
would have the effect of giving the warmest
possible summer temperatures and moving the ice
front downstream the furthest in the winter. The
incorporation of intakes at lower levels in the
reservoir (i.e. el. 1,636 and el. 1,800 would
allow for potentially drawing warmer water from
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the reservoir in the winter, however, this might
have other effects on water quality downstream,
such as increased suspended sediment and
turbidity and decreased dissolved oxygen.
Additionally, drawing warmer water from the
reservoir in the winter might reduce the heat
available in the reservoir for summer outflows.
The "lowest level" policy is designed to withdraw
the coldest water possible from the reservoir in
the summer, thus preserving heat in the reservoir
for winter. This would allow the warmest

. possible winter outflows moving the ice cover
further downstream.

The results of these analyses are shown on
Figures E.2.4.84 to E.2.4.86. The effect on
summer river temperatures at RM 130 of the
various operating policies is minimal. The
policy of using the lowest level of the existing
intake results in the greatest temperature
differences in June and July of a wet year
(1981).- However,; temperatures in an average year
(1982) are similar to other policies. The
"warmest water" policy is similar to the "inflow
matching'" policy in wet (198l) years and 1°C to
2°C warmer than "inflow matching" in July and
August of an average year. The inclusion of
intakes at el. 1,636 and el. 1,800 does not

appear-to-affect-summer temperatures.—-
Temperatures in May and September do not seem to
be very sensitive to. any multl—level intake
operatlng policy.

The 1971 "simulation was included because the
winter of 1971-72 was the coldest on record and
was used for winter ice simulations (APA 1984a,
Appendix 8). The sensitivity of ice simulations

to the operating policy for this winter was also

checked and is discussed in the section on ice
conditions.

Additional simulations were made to determine the
effect on summer river temperatures of a
different environmental flow requirement. Case
T  E~I described in a report by the Applicant (HE
e uwpﬂhw.1985f) was. used. for this simulation. The results
o ~~ of this simulation are presented on Figures’
E.2.4.87 through E.2.4.89 and on Tables E.2.4.19
and E.2.4.20. The results indicate that for
Stage I the temperatures at RM 130 for both sets
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of flow requirements are similar. The
differences between the two are generally within
0.2°c.

Sloughs and Peripheral Habitat (#¥%)

Slough and side channel surface water
temperatures are generally dependent on the
temperature of groundwater upwelling, climate
conditions and the temperature of mainstem flow
when the upstream berm is overtopped. Since the
frequency of overtopping of the upstream berm
will be reduced due to lower summer flows the
slough and side channel surface water temperature
will be more often solely a function of
groundwater temperatures and climate. It has
been determined that the temperature of the
groundwater component of slough flow is generally
equal to the mean annual (time weighted)
temperature of the river. Since this will not
change significantly, with-project, the only
change in surface water temperatures im sloughs
and side channels will be a functiom of the
frequency of overtopping of the upstream berm.

When habitat areas in sloughs and side channels
are not overtopped in summer their surface water
temperatures are generally less than the mainstem
reflecting the groundwater temperature and the
climatic conditions. Therefore, a reduction in
overtopping of habitat berms will generally cause
slough surface water temperature in summer to be
somewhat lower, on the average, than natural
conditions, but higher than the groundwater
temperature. The variation in surface water
temperature resulting from intermittent
overtopping of the berms will be reduced. Side
channels will be affected less than sloughs
because summer discharges with project will keep
most side channel areas overtopped.

Surface water temperatures in tributary habitat
areas are generally a function of tributary
temperature and will not be affected by the
project. The extent of the effect of the
tributary temperature on the mainstem may change
as a result of decreased summer mainstem flows.

Intergravel temperatures in sloughs and side
channels are generally between 3°C and 5°C and

E~2-4~77



appear to be related to the mean annual mainstem
temperature. In some areas the intergravel
temperature may be more directly related to
mainstem temperature such as at a site in Lower
Slough 8A. Since the mean annual mainstem
temperature is not expected to change
significantly, the intergravel temperature in
sloughs and side channels is expected to remain
the same.

- = Talkeetna ﬁo Cook In1et (%%)

During summer, temperatures downstream of the
confluence will reflect the temperatures of the
Talkeetna and Chulitna Rivers in addition to the
middle reach of the Susitna River. Since summer
flows from the middle reach will be less than
natural the Chulitna and Talkeetna Rivers will have
a greater influence on mainstem temperatures in
‘this reach than for natural conditions.

- Because. the Talkeetna and Chulitna Rivers are
generally colder than the Susitna, the mainstem
temperatures would be colder than natural.
Simulated average weekly temperatures at Sunshine
with-project can be compared to simulated natural
temperatures in Exhibits Q and P of a report by the
Applicant (APA 1984a, Appendix V). With project
~~teéemperatures-are generallybetween 075°C and~1°C—
less than natural in May to mid June, up to 0.5°C
less than natural in July and early August and up
to 0.5°C warmer than natural from mid August
through September. - In the fall and early winter
the middle Susitna river flows will be greater than
natural and will have greater influences on
temperatures downstream of the confluence. This
will result in _downstream temperatures. being. !
slightly above natural until early to mid October.

Cold climatic conditions will cause temperatures
after this time to be at 0°C, the same as natural.
In April and early May, warmer outflows from the
reservoir may reach the confluence after the ice
cover melts out,  Thus, early spring temperatures
may also be up to 2°C warmer than natural. This
difference diminishes with time and by mid May,
temperatures- will be similar to natural.
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(ii)

Ice (¥%)

~ Watana Reservoir Stage I (%%)

As described in Section 4.1.3(c)(i), the DYRESM
model was used to simulate the reservoir ice

cover during operation of Watana Stage I. Based on
the winter weather conditions of 1981-82 (average
winter), and the Case E-VI and E-I downstream flow
requirements the reservoir ice cover would form in
early December and would grow to a maximum
thickness of 4.5 feet by March. The ice cover
would begin to melt in mid April and would be fully
melted by late May. Reservoir temperature
simulations presented in several other documents
also include simulations of reservoir ice cover

" (see HE 1985f Appendices H and I, APA 1984a

Appendix IV). In general, the ice cover can be
expected to form in mid November to early December,
grow to between 3 and 5 feet thick and melt out by
early May to early June, depending on climate.

Watana to Talkeetna (*%)

River ice conditions between Watana and Talkeetna
during operation of the Watana Stage I

development were simulated with the ICECAL river
ice model., Calibration of the ICECAL model and its
application to the Susitna River upstream of
Talkeetna have been documented (HE 1984e,

1984f, 1985f Appendices G, H and I). ICECAL
provides a daily summary of hydraulic and ice
conditions within the study reach from November 1
through April 30. The primary objective of the
ICECAL model is to simulate the timing and
magnitude of river stage fluctuations resulting
from ice processes. Features and conditions of the
model include the following:

o Hydraulic profiles from the damsite to
Talkeetna are computed daily on the basis of
the Bernoulli equation and the Manning
formula. Computations include the effects of
river ice on water levels, where
appropriate.

o Water temperatures in the ice free reaches
downstream of the reservoir are provided by
the SNTEMP stream temperature model, as
discussed in Section 4.1.3 c(i). Within ice
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covered reaches, the water temperatures are
computed by ICECAL.

o Frazil ice generation is computed for reaches
of 0°C open water.

o Border ice growth is computed in reaches of
0°C water based on Susitma River
observations.

0 Progression and thickening of a slush ice
cover upstream of Talkeetna are computed
based on hydraulic conditions at the ice
front and the supply of frazil ice.

o0 Growth of solid ice within the slush ice
cover is computed.

o Melting of the ice cover and retreat of the
ice front are computed when relatively warm
(above 0°C) water reaches the ice cover.

River ice model results during Stage I Watana
operation are show in Figure E.2.4.90 based on the
average winter weather conditions of 1981-82, and
the Case E-VI flow requirements. For these

“conditions, frazil ice generation would begin where

stream temperatures have cooled to 0°C, typically

35 to 65 milées downstream Of the dam (RM 150 to
120) and would vary with daily weather conditions

-and- reservoir release.temperatures. Ice cover

progression upstream of Talkeetna is expected to

-begin in mid-December, approximately 3 weeks later

than for natural conditions. Progression of the
ice cover would reach a maximum extent near RM 140
in late January.  Maximum expected ice cover

thicknesses- range-from-3-feet to-9-feet along the.
river, and are not_unlike those of natural
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conditions. Maximum river stages within the
ice~covered reach (downstream of RM 140) would
often be 2 to 6 feet higher than those of natural
condi tions and a greater number of sloughs would be
overtopped in this reach if the mitigation measure
of berm construction (see Section 6.4.5) were not
implemented. Upstream of the ice cover, the river
would remain open with some border ice and anchor

ice expected within approximately 10 miles upstream4

of the cover. ©During relatively cold periods a
greater length of river would have border and
anchor ice than in a warmer period. Maximum river
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. stages upstream of the ice cover would be

equivalent to or lower than those of natural
condi tions.

The ice cover upstream of Talkeetna is expected to
substantially melt in place by the end of April.
Mechanical break~up of the ice cover, which occurs
during natural spring flow increases and results in
ice jams and slough overtoppings, is expected to be
substantially reduced or eliminated upstream of
Talkeetna with Watana Stage I operating.

The effects of other winter weather conditions on
simulated river ice results were examined in the
Instream Ice Simulation Study (HE 1984f)and in the
Case E~VI Alternative Flow Regime Report (HE 1985f
Appendix I). Although these weather sensitivity
simulations were not based on Watana Stage I
operating, the general trends of the results are
believed applicable. Therefore, with a cold winter
such as that of 1971-72, the ice front progression
upstream of Talkeetna is expected to begin several
weeks earlier and would extend a few miles further
upstream than with the average winter of 1981-82.
Maximum ice cover thicknesses and river stages
during the cold winter, particularly near the
upstream end of the ice~covered reach, are likely
to be several feet greater than those of the
average winter. A very warm winter such as that of
1976-77 (HE 1985f, Appendix I) would be expected to
reduce the maximum ice front by several miles
relative to that of the average winter, and would
typically reduce the maximum river stages and ice
thicknesses by 2 to 3 feet.

The effects on river ice of alternative multi-level
power intake designs and alternative power intake
operating policies have also been simulated with
the ICECAL model for Watana operating alone. These
sensitivity simulations were not based on Stage I
Watana Stage I, but the general trends of the
results are believed applicable.

The alternative power intake operating policies
considered include "inflow-matching'! (Section 4.1.3
cfi]) "warmest water'" and "lowest port'".
"Inflow-matching" is the policy assumed for the
previously discussed ICECAL simulations and
represents a year-round attempt to match the
reservoir release temperatures with the natural
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depths. .

river temperatures entering the reservoir. It also
mimimizes the downstream suspended sediment and
turbidity levels in the winter (See Section 6.4.7)
The "warmest water' policy represents a year-round
policy of releasing the warmest water available to

‘the power intakes. The "lowest port'" policy means

that the lowest port of the multi-level intake is
operated year-round regardless of water
temperatues.

Relative to the "inflow-matching" operating policy,
the "warmest water" and "lowest port" policies may
tend to reduce somewhat. the ice cover extent and
the maximum ice thicknesses, and may result in
fewer slough overtoppings during Watana operation.
This trend, however, did not hold for all the
sensitivity simulations and should not be counted
on as a general rule for Stage I operation.

Simulations of the alternative power intake designs
focused on the effects of providing an additional
low level intake port (port levels are described in
Section 4.,1.3(c)i Water Temperature, Watana to
Talkeetna, Mainstem). Results showed that provi-
sion and use of the lower ports generally tends to
reduce the ice front progression and the
corresponding river stages near the upstream extent
of the ice cover. However, substantial reductions

“in-river-ice—conditions—may require-lowering-of- -the -

bottom intake port by several hundred feet, and

.. other potential negative envirommental effects may

be associated with releases from such great

To determine the sensitivity of river ice

conditions to alternative flow requirements, river

ice _simulations of Watana Stage I operation with

the Case E~I flow requirements have been performed.
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Results for Cases E-I and E-VI are compared in
Figure E.2.4.91 based on 1981-82 weather
conditions. Based on these simulation results, the
ice front progression, maximum cover thicknesses,
maximum river stages and slough overtoppings with
Case E~I are expected to be generally similar to
those discussed above for Case E-VI, although
maximum -river.stages -between RM 112 and RM 120 may

'be a few feet higher with Case E-I than for Case

E~-VI.
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~ Talkeetna to Cook Inlet (*%)

With operation of Watana Stage I, initial ice cover
formation near Cook Inlet is expected to occur

with similar timing as for natural conditions.
Progression of the ice cover is expected to be
slower than natural due to reduced ice contribu-
tions from the middle reach, and arrival of the ice
front at Talkeetna would be several weeks later
than natural. With Watana Stage I operating,
maximum ice-induced river stages between Talkeetna
and Cook Inlet will be somewhat higher than natural
conditions due to the increased flows,
Project-induced stage increases in this reach are
expected to be less than those upstream of
Talkeetna due to the incoming flows from the
Chulitna, Talkeetna and Yentna rivers which would
not be affected by the project.

Sloughs and Peripheral Habitat Areas (*¥%)

With the staging that accompanies the natural ice
formation process some sloughs are overtopped
(Section 2.3.2[a]). With Watana operation, the
higher discharge at freeze-up will lead to a higher
stage than under natural conditions, as discussed
above. Consequently, discharge will be increased
through those sloughs currently overtopped if
mitigation measures are not taken (See Section
6.4.5). Table E.2.4.23 summarizes information on
overtopping of sloughs and side channels under
natural and with-project conditions for Case E-VI
flow requirements. The same information is
presented in Table E.2.4.24 for Case E~I flow
requirements as a sensitivity test. Results for
both E-VI and E~I are similar. The tables show the
occurrences of slough overtopping for natural berm
elevations. Where the slough berms are elevated,
overtopping would not be expected.

Increased water levels may result in flow in
sloughs not currently overtopped if mitigation
measures were not implemented. These higher
discharges may cause scouring in the sloughs.
However, because of the increased backwater at the
slough mouths due to mainstem staging, velocities
at the downstream ends of the sloughs should be
reduced, thereby reducing the chances of scouring
in the lower reaches of the sloughs. Velocities
upstream of the backwater effects may be as high as

E-2-4-83



3 fps under the ice cover and may cause erosion of
finer material such as sands or small gravel. The
bed material in the sloughs becomes coarser with
distance upstream and is more resistant to the
flow.

The important salmon spawning sloughs upstream of
‘Talkeetna will be protected by the construction of
elevated berms at the upstream ends of those
sloughs if ice effects are anticipated. Thus,
- overtopping of protected sloughs during the ice
formation period will not occur. A maintenance
program for the sloughs is presented in Chapter 3.

(iii)‘ Suspended Sediments (*%¥)

The concentration and distribution of suspended
sediment in the Watana Stage I Reservoir and in the
downstréam river is an important water quality
parameter affecting fishery resources. Two other
water quality parameters, turbidity and vertical
~illumination, are.related .to the concentration and
- size of suspended material., Additionally, the
settling of material in the reservoir may affect the
storage capacity and thus, the energy production of
the project. Therefore, refined analyses were made
using two methods to estimate the concentration,
distribution and size of material suspended in the

..reservoir.and its outflows, and to estimate the ,

- amount of material which, over time, could settle in
the reservoir. The first of these analyses was made
by extending the capabiltiy of the DYRESM model (see
Section 4.1.3(c)i), testing it to Eklutna Lake and
applying it to Watana. The second analysis was made
using generalized trap efficiency estimates.

In general, when the Susitna River enters the Watana

—

" larger diameter suspended sediiients will settleand

form a delta at the upstream end of the reservoir.
The delta formation will adjust to the changing
reservoir water level, Some sediment will pass
through channels in the delta to be deposited further
- downstream in the reservoir. Depending on the

wme - —-—ypalative-densities -of-the-reservoir water and the
river water, the river water containing the finer
“unsettled suspended sediments will either enter the
reservoir as an overflow, interflow, or underflow.
This is further explained in Section 4.1.3(c)i in the
explanation of the DYRESM model.
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To estimate the maximum amount of sediment deposition
in the reservoir affecting storage capacity,
generalized trap efficiency envelope curves developed
by Brune (1953) were used. These indicate that
90-~100 percent of the incoming sediment would be
trapped in a reservoir the size of Watana.

The results of the analysis using Brune's curves
indicate sediment deposition will not affect the
operation of Watana Stage 1. A conservative
assumption of a 100 percent trap efficiency was used
to estimate the amount of time to fill the reservoir
with sediment.

The sediment deposited over the short operating
period of Watana Stage I would be about 25,000
acre-feet, or less than two percent of the dead
storage volume. The results also showed the
deposition of 410,000 acre-feet of sediment after 100

" years (HE 1984a). The 100-year deposit is

approximately 22 percent of the Stage.l dead storage
volume or 10 percent of the total Stage I volume.

Sedimentation studies at glacial lakes indicate that
the Brune curve may overestimate sediment deposition
and would thus provide a conservatively high estimate
of storage lost due to deposition. These studies’
have shown that fine glacial sediment (flour) may
pass through the reservoir. Lakes immediately below
glaciers have been reported to have trap efficiencies
of 70-75 percent. Kamloops Lake, British Columbia, a
deep glacial lake on the Thompson River, retains an
estimated 66 percent of the incoming sediment (Pharo
and Carmack 1979). Kluane Lake, Yukon Territory, a
deep glacial lake on the Slims River, retains an
estimated 90 to 100 percent of its suspended sediment
inflow (Byron 1974a, 1974b, 1974c, Fahnesstock 1974,
Barnett 1974).

Because the Brune curves may overestimate suspended
sediment settling in the reservoir the DYRESM model
was extended. The extended model includes the
simulation of suspended sediment in the reservoir in
order to refine the estimates of suspended sediment
concentration and turbidity. This version of the
DYRESM model was tested using suspended sediment data
collected at the Eklutna Lake (R&M 1985f) from
November 1983 to October 1984, Good agreements on
outflow suspended sediment concentration were
obtained. The following sections describe the model,
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the testing on Eklutna Lake and the application to
Watana Stage I.

- DYRESM Model (%*%%)

The ice-covered version of the dynamic water
quality simulation model, DYRESM, was extended to
include the modeling of horizontally averaged
profiles of suspended sediment. A number of key
processes are modeled as follows:

o meteorological forcing,

o turbulent mixing,

o suspended sediment induced vertical mixing,
and

o winter ice cover and reduced vertical
mixing.

The model uses daily time steps as explained in
Section 4.1.3(c)(i) and vertical settling
velocities are specified externmally. As with
temperature and-total dissolved solids, a suspended
sediment profile is prescribed initially from field
data or from estimation. The daily inflow values
of suspended sediment concentration are also input,

The distribution of suspended sediment in the
reservoir is changed by three processes; by mixing,
by-convective-overturn, and by settling. . The
convective adjustment considers the density
distribution in the reservoir, including the
contribution to water density of the suspended
sediment. A check is made for density inversions,
and unstable layers are mixed.

A method was developed to handle the changes
in suspended sediment concentration due to settling

‘of the suspended sediment. In pre-determined time
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the vertical distanceé & sediment
particle sinks at a prescribed velocity is compared
to the minimum simulated layer thickness. If this
distance is greater than the layer thickness, then
the subdaily time step is divided by a factor of
two until the distance the particle sinks in the
time-step is less: than the thickness of the layer

it has entered. In each subdaily time step, the

suspended’ sediment entering and leaving each layer
is computed and added or removed from the layer.
The portion of this sediment which falls into the
layer below is added to that layer.
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- Eklutna Lake Modeling (*¥%)

To test this version of the DYRESM model for its
applicability to predict suspended sediment
concentrations in the project reservoirs, the
updated model was applied to Eklutna Lake, near
Anchorage, a glacial lake hydraulically,
climatologically and morphologically similar to
Watana impoundment (see Section 4.1.3(c)(i)).
Watana Reservoir and Eklutna Lake have similar
average percentages of their drainage areas covered
by glaciers, similar average residence times,
similar climatological conditions, and are operated
or to be operated for hydroelectric power
production. The hydrological and meteorological
data collection program at Eklutna, described in
4.1.3(c)(i), was continued with emphasis on
suspended sediment sampling from May to November
1984.

Measured suspended sediment concentrations ranged
from 0.15 to 570 mg/l in the inflow streams, from
0.1 to 200 mg/l in the lake, and from 0.56 to 36
mg/l in the outflow. Peak values in the inflow
occurred in late July or early August, in the lake
in about September, and in the outflow in late July
to mid-August. During the winter, inflow, lake and
outflow suspended sediment concentrations were on
the order of 0.1 mg/l. During the summer, the
average suspended sediment concentrations were
substantially higher than winter values and were
increased further following large rainfall events
or periods of significant glacial melt. Turbidity
values generally followed the trends in the
suspended sediment concentration, dropping off in
the winter at inflow, lake, and outflow sites and
peaking in mid-to-late summer. Values observed
ranged from 0.5 to 580 NTU in the inflow streams,
from 1.8 to 220 NTU in the lake, and from 3.0 to 46
NTU in the outflow.

The determinations of total incoming suspended
sediments to the lake were based on the total
suspended sediments measured for Glacier Fork and
East Fork tributaries. To simulate the suspended
sediment profile in the lake, the suspended
sediments were divided into three particle size
groups: 0-3 microns, 3-10 microns and greater than
10 microns. Test runs indicated that particles
greater than 10 microns would settle rapidly to the
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bottom of the lake and contribute little to the
suspended sediment profiles. Therefore they were
not considered further in the study.

The estimates of the total incoming suspended
sediments of each group were based on the weighted
particle size distributions. These distributions
were determined from samples taken from East Fork
and Glacier Fork (Figures E.2.4.92 and E.2.4.93)
obtained during field trips made on July 20,
August 28, and October 23, 1984. The daily
particle size distributions were interpolated from
these three basic distributions.

Application of the extended DYRESM model requires
the specification of an initial distribution of
suspended sediment with depth, the particle
settling velocity and the density of the sediment.
In the study, the settling velocity of a particle
size range was determined in accordance with
Stoke's Law as illustrated in Figure E.2.4.94. A

- settling velocitymofrl.53x10‘6 meter per second was

used for the 0-3 micron sediments and 2.00x10~>
meter per second for the 3-10 micron sediments. A
particle density of 2.60 was used in the study, to
represent the measured density of from 2.50 to
3.00.

The-DYRESM. simulations..for the 0-3 micron sediments
and 3-10 micron sediments were made separately.

The resulting outflow suspended sediments of these
two studies were then combined to indicate give the
total -outflow. suspended sediment concentrations
(Figure E.2.4.95).

The predicted Eklutna outflow suspended sediment
concentrations agree ' with data obtained from the

powerhouse tailrace, and the model is therefore

851017

considered applicable to the Susitna Project
reservoirs. On two occasions, the field data show
temporary increases in tailrace suspended sediment
concentrations not predicted by the DYRESM model.
The temporary deviations -are probably due to
locally strong winds near the powerhouse intake,

~-and,-hence; more-concentrated wind energy available
" for mixing the water and sediments near the intake.
TTTETLs Aot posEible to account for thése temporary

local fluctuations in the model since the weather
station is -located on the opposite end of the lake
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and can not register such local variations in
winds.

Watana Stage I Reservoir Modeling (#%%)

The extended DYRESM model was applied to simulate
the suspended sediments in the Watana Reservoir

and in the project outflows. Case E~VI flow
requirements and 1970 and 1981-82 meteorological
conditions were considered. Data on the suspended
sediment concentration and size in the Susitna
River are available for the USGS gaging stations
near Cantwell and at Gold Creek. The particle size
distribution of the suspended sediments at the
station near Cantwell is shown on Figure E.2.4.96.

Based on the Eklutna Lake study, the suspended
sediment in the Watana Stage I Reservoir outflow is
expected to be comprised primarily of particles of
3~4 microns or less. Larger particles will
generally settle out rapidly without significantly
affecting the average suspended sediment levels in
the reservoir and outflow. Therefore, settling of
sediments of up to 10 microns has been studied.

The incoming suspended sediments of up to 10
microns were divided into two particle size ranges
and an average settling velocity was assigned to
represent each size rage. The 0~3 and 3~10 micron
particles were represented by average settling
velocities of 1.5 x 106 m/sec and 2.0 x 10~ m/sec
respectively.

The total amount of sediment influent to the
reservoir was estimated from the USGS observations
at the gaging station near the upstream end of the
reservoir. Figure E.2.4.97 shows the estimated »
relationship between discharge and sediment load at
the USGS gaging station on the Susitna River near
Cantwell. Based on this relationship the total
amounts of sediment influent to the upstream end of
the reservoir for 1970, 1981 and 1982, representing
years of near minimum, maximum and average sediment
inflow to the project were computed to be
4,200,000, 8,500,000 and 5,600,000 tons,
respectively. Additional sediment load for the
drainage area between the gage and the damsite was
computed based on the drainage area ratio. The
amount of sediment influent of each particle size
range was determined from the suspended sediment
particle size distribution curve of samples taken
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near Cantwell as shown in Figure E.2.4.96. Fifteen
percent of the total sediment influent was assigned
to the 0~3 micron range and 12 percent to the 3-10
micron range.

The suspended sediment concentrations in the
reservoir and the outflows were simulated for the b
1970, 1981 and 1982 flow conditions with Case E-VI ’
downstream flow requirements. The outflow
suspended sediment concentrations for these cases
are shown in Figures E.2.4.98, E.2.4.99, and
E.2.4.100 respectively. These results show that 3
to 10 micron particles will generally settle out in
the reservoir. The results also indicate that the
outflow suspended sediment concentration and,
hence, the turbidity level, would be more uniform
throughout the entire year than for natural
conditions. The outflow suspended sediment
concentration would reach its lowest level of

about 10 to 20 mg/l in early May and increase its
level toward a maximum of 100 mg/l to 200 mg/l in
July or August, while the mainstem river sediment
inflow may vary from about 2-180 mg/l in October to
April to as much as 200 to 2,200 mg/l in July to
September. These results are summarized in Table
E.2.4.25.

During the winter months, because of the relatively

long reservoir residence time, a large portion of _
the 0-3 micron sediments will remain in suspension
for a relatively long period of time and continue
to affect the suspended sediment level of the
reservoir outflow. As shown in the results, the
‘outflow suspended sediment concentration would
approach somewhat of an equilibrium level of about
100 mg/1 near the end of October, and then
gradually decrease toward a minimum of about 10 to

20 mg/1 in early May.

In summary, the downstream suspended sediment

condition near the project site will be affected by

the operation of the Watana Stage I Reservoir. The

summer suspended sediment level will be decreased

from about 60-2,000 mg/l to about 60-150 mg/l and,
“emmm= - o----—--ip-the winter; the -suspended sediment level will be
o " increased from about 1-80 mg/l to about 20 - 100
mg/l e . e
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- Other Sources of Sediment (##%)

For a discussion of the potential for bank
instability along the shoreline of the reservoir,
see Exhibit E, Chapter 6, Section 3.3, Reservoir
Slope Failures. Shoreline erosion will occur as a
result of two geologic processes: beach formation
and mass movement. Through mass movement
processes, an undetermined amount of material will
be introduced into the reservoir as a consequence
of skin and bimodal flows, and shallow rotational
and block slides. As a result of the slope
instability along the shoreline, an indeterminate
amount of material will become suspended in the
reservoir.

The estimates of bank instability in Chapter 6 are
for the Watana Stage III Reservoir, which has a
normal maximum pool level of el. 2,185. The Watana
Stage I Reservoir normal pool level of el. 2,000 is
generally within the confines of the river valley.
As a result, the overburden thickness along the
shoreline which could be exposed to sliding would
be less than during Stage III. Additionmally, the
reservoir shoreline length is less than during
Stage III and would also contribute to a smaller
amount of slides. '

It is not possible to accurately estimate the
amount of material which will become unstable or
suspended in the reservoir nor the amount which
will pass through the reservoir and contribute to
suspended sediment in the river. The shoreline
deposits are primarily glacial till comprised of
silty-sands (SM) but including some sandy clays
(8C). Geotechnical investigations near the dam
site indicate that, of the material smaller than
three inches in size, less than 15 percent 'is
smaller the five microns. The reservoir suspended
sediment modeling indicates that material of 3-4
microns or less will generally comprise the
material which remains in suspension. Therefore,
most of the material which may become unstable and
may potentially slide, will settle out in the
immediate vicinity of the slide and not contribute
to reservoir sediment concentrations. Only a small
portion of the material along the surface of a
slide may become suspended. The bulk of the
material may be expected to remain in a mass
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(iv)

and not become entrained. Therefore, it is not
'believed that instability will contribute
significant amounts to reservoir suspended sediment
concentrations.

Although the time period during which bank
instability would occur is unknown, slope failures
are expected to be highest early in project
operation and to decrease with time. Any resulting
increase in suspended sediment concentration would
follow the same pattern.

Turbidity (#*%)

Turbidity is a water quality parameter important to
the fishery resources. It is a measure of the

light transmitting characteristics of the water. Low
values of turbidity indicate high light transmittance
and vice-versa, Vertical illumination is related to
turbidity. Turbidity is influenced by the size,
concentration and minerology of material suspended in

. the water. including sediment, dyes, and other organic

and inorganic material. In the Susitna River, it is
believed that, for natural conditioms and with the

project, the turbidity levels will be chiefly

influenced by the concentration and grain size of
suspended sediment. For this reason extensive
studies have been made using. the extended DYRESM
model described in Section 4.1.3(c)(iii) to describe

the suspended sediment and resulting turbidity in the
Watana Reservoir and in the river downstream,
Baseline studies were carried out on Eklutna Lake to
describe the turbidity patterms and to develop
information for comparison to and for testing of the
DYRESM model. Investigations were also made to

~ develop representative relationships between

turbidity and suspended sediment concentration in

lentic and lotic environments.

The studies indicate that, with the project, there
will be an overall reduction in the suspended
sediment load of 80 to 90 percent from natural
conditions. Turbidity levels will be measurably
reduced from natural conditions in the summer (May

- through September) and-increased in the winter

~ (October through April).
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- Eklutna Lake (#%%)

Turbidity can have an impact on water quality and
fisheries, both in the reservoir and downstream.

As for suspended sediment concentrations, the
expected reservoir and downstream turbidity will be
a function of thermal structure, wind-mixing,
re-entrainment of fine sediments along the
reservoir boundaries and inflowing suspended
sediment concentration. Turbidity behavior
patterns observed in Eklutna Lake provide a
physical model which can be used to test the DYRESM
model's applicability and which can be compared

to anticipated turbidity patterns within Watana
Reservoir. Although it is only one~tenth the size

‘of the Watana Reservoir, its morphometric

characteristics are similar., It is seven miles
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
yeafs as compared to Watana's 1.65 years (Stage
III). It also has 5.2 percent of its basin covered
by glaciers, compared to 5.9 percent of Watana's
drainage area.

The hydraulic and hydrologic parameters of depth

divided by detention time and inflowing sediment
concentration at Eklutna are less than half the
Watana values. Thus, while turbidity and suspended
sediment behavior patterns at the two sites would
be similar, the turbidity levels and sediment
concentrations at Watana are expected to be higher.
These differences are taken into account in the
DYRESM model and illustrated by the results
discussed below.

Data collected at the approximate center of Eklutna
Lake from March 1982 through June 1985 (R&M 19821,
1985f) demonstrate patterns of turbidity behavior
which may be expected at Watanma. 1In March 1982
(Figure E.2.4.101), March, April and May 1983
(Figure E.2.4.102), and March, April, May and June
1984 (Figure E.2.4.103), turbidity beneath the
Eklutna Lake ice cover decreased to its annual
minimum of less than 10 NTU. Shortly after the
lake surface ice melted in April or May, but before
significant glacial melt and runoff had commenced,
turbidity was 7-10 NTU throughout the water column.
Usually by June, the turbidity had begun to
increase, but no distinct turbidity plume was
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evident. This increase in turbidity was probably
due to wind-mixing and/or vernal lake turn-over,
and inflowing sediment. By mid-summer, slight
increases in turbidity were noted at the lake
bottom near the river inlet or in the lake water
column, Distinct turbidity plumes were evident as
interflows, overflows, or underflows in the lake
from late July through mid-September. Turbidity
values had significantly decreased by the time the
plume had traveled 5 miles down the lake. In late
September of 1982 and 1984, a turbid layer was
noted at the bottom of the lake as river water
entered as underflow. By mid-October, the lake was
usually either in its fall overturn period or had
progressed through it, with near-uniform
temperatures at approximately 7°C (44.6°F) and
turbidities of less than 30-35 NTU.

Watana Reservoir (#%%)

The results of the suspended sediment modeling of
Watana Reservoir may be used to estimate sediment
concentrations and turbidities in the upper layers
of the main body of the reservoir. These simula-
tions indicate that the reservoir will be generally
uniform in suspended sediment concentration in
November at a value of approximately 100 mg/l as a
result of isothermal conditions and a fall overturn
induced by winds, ~When the reservoir ice cover -
forms in mid to late November it minimizes wind-
mixing of the upper layers of the reservoir. As
clear, incoming river water enters the reservoir
near the surface, and.as suspended material set-
tles, the sediment concentration near the surface
will decrease.. By January, concentrations near the
surface will be approximately 10 mg/l. Sediment

reservoir. Concentrations are simulated to be
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concentrations-will increase with depth.in.the. . .

approximately 100 mg/l at about 50 feet below the
surface. This pattern will be essentially
unchanged throughout the ice cover period.
However, concentrations near the surface may
decrease to a low of 5 mg/l later in the winter,

just prior to ice cover melt-out or break-up.

 Beginning in May, the influx of suspended material

caused by snowmelt runoff and precipitation will
increase suspended sediment concentration near the
surface. Flows will also enter the reservoir below
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the surface and concentrations may increase
throughout the reservoir depth. Concentrations
near the surface are simulated to increase from 70
mg/l to 110 mg/l by July 1 and to remain at these
levels through early August. Concentrations are
simulated to increase to a maximum of approximately
200 mg/l at a depth of approximately 100 feet. The
concentration near the surface generally decreases
to approximately 70 mg/l by October, and the
concentration at the 100-foot depth generally
decreases to 150 mg/l at the same time.

Turbidity levels in the main body of the reservoir
will generally follow the same pattern as the
suspended sediment concentration. As discussed
later, turbidity can be related to the suspended
sediment concentration by multiplying the sediment
concentration, in mg/l, by two to get the turbidity
in NTU. Thus, turbidities near the surface may be
expected to be close to 200 NTU in November,
decrease to 10+20 NTU by January, remain at that
level throughout winter, increase between May and
July to 200-300 NTU and remain at that level until
November. '

Relation between Turbidity and Suspended Sediment
Concentration (##*%) »

In order to estimate the with-project turbidity
levels in the river, the Applicant has carried

out studies to estimate the relationship between
suspended sediment concetrations in mg/l (TSS) and
turbidity (NTU) in lotic (riverine) and lentic
(lake) systems. Typical relationships have been
developed for lotic enviromments in Alaska (Figures
E.2.4.104 through E.2.4.107) (Peratrovich,
Nottingham & Drage Inc. 1982 and Lloyd 1985). Most
data from lotic glaciated environments, that do not
have reservoirs or lakes acting as settling basins,
appear to have NTU/TSS ratios less than 1:1. 1In
fact, the middle reach of the Susitna River and
other large Alaskan rivers draining glaciated
watersheds frequently have NTU/TSS ratios of
approximately 1:4 (Figures E.2.4.104 and
E.2.4.,105).

Investigations of a similar nature in Alaskan
lentic enviromments draining glaciated drainages
[e.g. Eklutna Lake (Figure E.2.4.108); Bradley Lake
(Ott Water Engineers Inc. 1981), and Tustumena Lake
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(Scott :1982] indicate NTU/TSS ratios of
approximately 2:1 or greater.

Investigations in the Eklutna Lake tailrace waters
(Figure E.2.4.109) gave highly variable NTU/TSS
ratios, but these ratios were usually greater than
or equal to 2:1, Similar investigations in
relatively quiescent settling columns using Susitna
River water from the Watana dam site (Tables
E.2.4.26 and E.2.4.27) and from 15 separate placer
mine sluice box effluents from the central Alaska
mining district (R&M 19821) (Table E.2.4.28) gave
NTU/TSS ratios of approximately 2:1. Very general-
ized NTU/TSS relationships can be derived for lotic
environments (eg. NTU/TSS ratios of less thanm or
equal to 1:1). 1In relatively quiescent, lentic
environments NTU/TSS ratios of greater than or
equal to 2:1 are found (see Figure E.2.4.109).

For the purpose of this report, a value of 2:1 is
used to represent the NTU/TSS ratio. It is
recognized that the actual ratiom of NTU/TSS may
vary considerably as evidenced by the tests in
other rivers and lakes. The turbidity values
provided herein indicate a range of expected values
for the conditions simulated, rather than precise
estimates.

Watana to Talkeetna (*%%)

The suspended sediment concentrations and hence the
turbidity in the reach between Watana and the

. Susitna=Chulitna confluence will be controlled by

the concentration in the reservoir release, and any
contribution from the reach. The contribution from

‘the reach is not expected to be significant since

the_tributaries.contain generally clear water and _

there is very little fine sediment or glacial flour

851017

present in the streambed or on the banks which
might be entrained in the flow. During summer
flood periods the contribution from the intervening
areas may increase concentrations in the mainstem

‘river as a result of erosion and bank sloughing.

The suspended sediment concentration will average

- 100 mg/l between June and December and decrease

throughout winter to a minimum of approximately
10-20 mg/l in early May prior to reservoir ice
cover break-up. Average May suspended sediment
concentrations will be 30-40 mg/l. Average summer
suspended sediment concentrations (100 mg/l) will
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be less than naturally occurring levels and turbi-
dities will therefore be measureably reduced in
this period. Turbidities will average approximate-
ly 200 NTU from June through December and decrease
to minimum values of 20-40 NTU by early May.

Talkeetna to Cook Imlet (#%%)

In the reach between the Susitma~Chulitna-Talkeetna
Rivers confluence and Sunshine Bridge the river’
undergoes a mixing process. The plumes of the
three rivers may often be distinguished for several
miles downstream of the confluences. The Chulitna
River is, under natural conditions, more turbid
than the Susitna and its plume is sometimes
distinguishable several miles downstream of the
confluence. The plume of the Talkeetna River is
less distinguishable from the Susitna.

Summer flow from the middle reach of the Susitna
will be reduced during project operation as will
its average temperature, suspended sediment
concentration and turbidity. The Chulitna River
plume may tend to increase in size relative to
natural conditions and complete mixing of the
Chulitna and Susitna Rivers may occur slightly
further upstream than during natural conditioms.
The same would generally be true of the Talkeetna
River. The reduced suspended sediment concentra-
tion from the middle reach will have a minor effect
on suspended sediment concentrations downstream of
the complete mixing location. It is .estimated that
the average suspended sediment concentration
downstream of Sunshine in the summer may be reduced
by five percent. Turbidities related to suspended
sediment concentration would not change
significantly in the summer.

In the winter the flow from the middle reach will
be increased compared to natural conditions. Clear
flows from the Chulitna and Talkeetna Rivers will,
to some extent, dilute the middle river suspended
sediment concentration. During an average October-
to-May period, the middle reach suspended sediment
concentration is simulated to be, with=-project,
approximately 60 to 70 mg/l. The average
concentration downstream of the Chulitna-Susitna-
Talkeetna confluence would be approximately 40 to
50 mg/l, assuming no additional input from the
intervening area. Thus, turbidities in the winter
would average approximately 80 to 100 NTU. Clear
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winter flows from the Yentna River would result in
greater dilution and lesser turbidity between the
Yentna River and the mouth of the Susitna River in
Cook Inlet.

(v) Dissolved Oxygen (*%)

Susitna River inflow to the reservoir will continue
to have both high dissolved oxygen concentrations

and high percentage saturations. The oxygen demand
of the water entering the reservoir will be low. No
man-made sources of oxygen demanding effluent exist
upstream from the impoundment. Chemical oxygen
demand (COD) measurements at Vee Canyon during 1980
and 1981 were low, averaging 16 mg/l. No biochemical

. oxygen demand values were recorded.

 Wastewater from the permanent town and anticipated
recreationists will not contribute an oxygen demand
of any-significance to the reservoir. All wastewater

~will be treated to avoid effluent-related problems.

The larger trees within the inundated area will be
selectively cleared, avoiding the potential BOD they
would have created. A layer of organic matter at the

. reservolr bottom will still remain and could create

some localized oxygen depletion along the reservoir
floor. However, the process of decomposition will be
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very slow because of the cold temperatures near the
bottom and any waters with low dissolved oxygen will
be diluted by the- large volume of reservoir water
with relatively high dissolved oxygen content.

The stratification that is anticipated in the reser-
voir may limit the oxygen replenishment in the hypo-
limnion. The spring turnover, with its large inflow

~~of freshwater-containing-relatively-high-coneentra- .
- tions-of dissolved oxygen, will cause.mixing;

however, the depth to which this mixing will occur is
unknown. It is anticipated that the upper 200 feet
of the impoundment should maintain high dissolved
oxygen concentrations.

. Quantitative estimates of any oxygen deficits which

may occur cannot be determined. This would require
knowledge of_the. quantity of organic matter and
detritus inundated and the resultant biological and
chemical oxygen demand rates as well as reservoir
hydrodynamics including density currents (Grimas
1961, Grimas and Nilsson 1965, Allanson 1973, Slotta
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1973, Straskraba 1973, Williams 1973, Wunderlich
1967, 1971, Wunderlich and Elder 1973, Soltero et al
1974, Cormett 1979, Duthie 1979, Hannan 1979).

Downstream from the dam, dissolved oxygen changes are
not anticipated, since water will be drawn from the

upper portion of the reservoir.

Total Dissolved Gas Concentration (%%)

As previously noted, supersaturated dissolved gas
(nitrogen) conditions can occur below high head

dams as a result of flow releases (see Section 6.4.4.
for an explanation of the mechanisms causing gas
supersaturation)., Fixed-cone valves are planned to
control flow from the outlet works and will be used
during project operation to discharge releases from
floods with return periods of less than 50 years, in
order to minimize the potential for elevatated
dissolved gas concentrations downstream of the dam.

The use of the outlet works to pass flood flows and
to augment power releases to meet environmental flow
requirements is discussed in Section 3. Section
4.1.3(a)(v) discusses the frequency of use of the
outlet works in Stage I. Table E.2.4.16 summarizes
the operation of the outlet works. Information on
the effectiveness of the valves for maintaining
acceptable dissolved gas concentrations is available
in Section 6.4.4.

Under natural conditions the mean annual flood flow,
in the middle reach, of approximately 50,000 cfs
would result in gas concentrations of approximately
118 percent of saturation immediately downstream of
Devil Canyon. This assumes the relationship in
Figure E.2.2.105 can be extrapolated from 32,500 cfs
to 50,000 cfs. A more detailed discussion of gas
concentrations for natural conditions is in Section
2.3.6(b).

For with~project conditions, storage of flows and
regulation of floods will cause a reduction in the
levels and variations of dissolved gas concentrations
below Devil Canyon. Based upon data from natural
conditions, mean weekly with-project summer flows
(May to September) of 4,000 cfs to 20,000 cfs are
expected to produce concentrations, below the Devil
Canyon rapids, of approximately 107 and 111 percent,
respectively. The mean annual with-project flood of
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approximately 37,000 cfs would result in approximate-
ly the same gas concentration downstream of Devil
Canyon as the mean annual flood for natural condi-
tions. This is based on computations indicating that
this flow through the powerhouse and outlet works
would result in gas concentrations of between 100 and

105 percent saturation downstream of the dam. An

additional 14 percent increase in gas concentration
through the Devil Canyon rapids would result in
concentrations immediately downstream of the rapids
of 114 to 119 percent. This is a conservatively high
estimate since the amount of supersaturation in the
flow downstream of Watdna is expected to decrease
significantly before the flow reaches Devil Canyon.
Additionally, the amount of supersaturation would
decrease with distance downstream of Devil Canyon as
shown on Figure E.2.2.106. Gas superaturation at
Gold Creek would be about half of the superaturation
at Devil Canyon.

For floods in excess of the mean annual event up to
the 50-year event,. the release from Watana is only
slightly changed (see Section 4.1.3(a)). The amount
of supersaturation in the Watana release is expected
to remain constant between 100 and 105 percent for
all flood up to the 50-year event. The amount of
supersaturation in Devil Canyon would increase so
that the total gas concentration immediately
downstream of Devil Canyon would be approximately 115

to 125 percent for the with-project 50~year flood.
Gas concentrations have not been measured for natural
conditions for flows exceeding 32,500 cfs, and a
direct comparison of with-project and natural
conditions is not possible for these floods.

However, if the relation between flow and gas
concentration developed for flows less than 32,500
cfs were extrapolated, gas concentrations for floods

- greater that the mean annual event for natural
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~conditions would be higher than for with-project

conditions. For example, the gas concentration for
the natural 50-year flood of approximately 95,000 cfs
would be approximately 130 percent.

Although no measurements'of dissolved gas levels

---gxist-for-the-winter--period—-for natural conditions;
“'it is anticipated that average with-project flows
(5700076 10,000 ¢cfs) will cause levels of dissolved

gas below Devil Canyon which exceed saturation.
Concentrations are not expected to exceed the state
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standard value of 110 percent based upon the
available natural condition measurements taken at
slightly higher discharge conditions and

higher ambient air temperatures.

The concentrations in the preceding discussion are
all immediately downstream of Devil Canyon. As shown
by Figure E.2.2.106 concentrations will be reduced
with distance downstream.

Trophic Status (Nutrients and Lower Trophic Level

Biology) (¥%)

A detailed analysis of the anticipated trophic status
of the Watana Reservoir has been developed, in

part, by Peterson and Nichols (1982). Information
from their analysis and from more recent analyses and
studies follows.

Reservoir trophic status is determined in part by the
relative amounts of carbon, silicon, nitrogen, and
phosphorus present in a system, as well as the qual-
ity and quantity of light penetration, reservoir
morphology, hydrology, and geographic location, etc.
The average 1980-1981 C:Si:N:P Jume ratio of 1080:-
340:28:1 indicates that phosphorus will be the limit-
ing nutrient in the Susitna impoundments. The latest
estimates of Stage I, II and III reservoir suspended
sediment coucentrations and turbidity indicate that
vertical illumination of the reservoir and downstream
water columns will be substantially restricted during
all seasons. The maximum euphotic zone is expected
to be less than 10 feet deep during all seasons
during Watanma Stage I. Reservoir trophic status
(Table E.2.4.29) is expected to be primarily light
limited (Hecky and Guildford 1984, Planas and Hecky
1984, Hecky 1984, Hecky et al. 1984) and is expected
to be classified as oligotrophic or evenm ultra-
oligotrophic for the life of the reservoir. The
standard types of empirically derived models for
predicting reservoir trophic response from nutrient
loading and nutrient concentration relationships
(Vollenweider 1975, Dillon and Rigler 1974, Jomes and
Backman 1976, Larcen and Mercier 1976) are not
expected to be applicable for predicting or assessing
the trophic status of the project reservoir(s)
(Kerekes 1982, Walker 1982, Rast and Lee 1978,
Mueller 1982).
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Artificial phosphorus loading of the reservoir from
domestic sources was investigated by Peterson and
Nichols (1982). They concluded that the maximum
allowable artificial loading is equivalent to the
waste from 115,800 permanent residents, if oligotro-
phic conditions are to be maintained and if the
reservoir was expected to be clear. However, their
estimate is conservative since the effects of low
light penetration and the use of waste treatment have
been neglected.

Reduction of riverine born suspended sediments by
settling within the reservoir will result in a sedi-
ment blanket effect. Organic materials on the
reservoir floor and side walls will eventually become
coated and/or buried by settled (mostly inorganic)
particulates. The sediment blanket effect will
retard leaching and biological cycling of macro- and
micro-nutrient ions, primary and secondary producti-
vity and organic detritus oxidation (Wetzel 1975,
Campbell et al 1975, Crawford and Rosenberg 1984,
Wiens and Rosenberg 1984, Hecky and McCollough
1984), :

Development of a small but viable phytoplankton popu-
lation composed primarily of Bacillariophyceae,
Chrysophaecae, Dinofyceae and Chlorophyceae with a
micropldnkton community of photosynthetic bacteria

and mostly unicellular Cyanophyceae is expected
within the reservoirs. The community is expected to
remain at low demsities and to be primarily located
within the wind mixed surface strata. Heterotrophic
bacteria, fungi and actiromycetes are expected to
dominate the hypolimnion biological communities.
(Grimas and Nilsson 1964; Geen 1974, Wetzel 1975,
Duthie 1979, Baxter and Glaude 1980, Hecky and

Guildford 1984, Heécky €t.dl. 1984, Koenings and Kyle
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1982) :

Development of a limited but viable zooplankton ;
community primarily composed of Protozoa, Rotifera,
Copepoda and low densities of Cladocera and Insecta
is expected in the project ‘reservoirs. Cladocera
typically exist-at low densities in natural lakes

" heavily influenced by glacial flour in subarctic

lentic-environments (Wetzel 1975, Grimas and Nilsson
1965, Pinel-Alloul et al. 1982, Patalis and Salki
1984, Koenings and Kyle 1982).
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A macrobenthic community with relatively low densi-
ties of Insecta, Oligochaeta, and Mollusca is
expected to form immediately after impoundment.
Macrobenthos densities will probably decrease after
the first 5-10 years of reservoir aging (Wetzel
1975, Grimas 1961, Hutchinson 1967, Grimas and
Nilsson 1965, Wiens and Rosenberg 1984, Crawford and
Rosenberg 1984, Bilyj 1984, Rosenberg et al. 1984,

Hecky et al).

Total Dissolved Solids, Conductivity, Significant

Ions, Alkalinity, and Metals (#*%)

The leaching process, as previously identified in
Section 4.1.2(e)(vii), is expected to result in
increased levels of dissolved ions within the
reservoir immediately after impoundment. The
magnitude of these changes cannot be quantified, but
should not be significant (Peterson and Nichols
1982). Furthermore, Baxter and Glaude (1980) have
found such effects are temporary and diminish with
time.

The effects of leaching will diminish for two rea-
sons. First, the most soluble elements will dissolve

into the water rather quickly and the rate of leach-

ate production will correspondingly decrease with
time., Second, much of the inorganic sediment carried
by the Susitna River will settle in the Watana Reser-
voir. The formation of an inorganic sediment blanket
on the reservoir bed will retard the leaching process
(Peterson and Nichols 1982).

As dlscussed in Section 4.1.2(e)(vii) concentrations
of leaching products will be highest near the
reservoir bottom, but may be re-entrained into the
upper levels during overturns. Dilution by the large
reservoir volume would make the resulting
concentrations biologically insignificant.
Additionally, with time, a sediment layer will
blanket the reservoir bottom and retard the leaching
process. Since the power intakes are located in the
upper levels of the reservoir, water released through
the turbines should not be affected by leaching
products.

During periods of evaporatiom, slightly higher con-
centrations of dissolved substances have been found
at the surface of impoundments (Love 1961, Symons
1969). Because of the large surface area of the
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proposed impoundment, evaporation will be increased
over existing conditions. The annual average
evaporation rate for May through September at Watana
is estimated at 10.0 inches or 0.3 percent of the
reservoir volume (HE 1985e). The net evaporation,
which is the difference between evaporation from the

reservoir surface and evapotranspiration from the

same area prior to the impoundments, will be much
less, on the order of onme to two inches. Given the
mixing effects of wind and waves and the fact that
direct precipitation exceeds annual evaporation,
little;measurable increase in dissolved solids is
expected.

Dissolved solid concentrations are expected to in-

crease near the surface of the impoundment during

~winter, Mortimer (1941,1942) noted that the forma-

tion of 1ce at a reservoir surface forces dissolved
solids out of the freezing water, thereby increasing
cdncentrations of these solids at the surface near .
the ice-water interface of the reservoir. No
biologically important impacts should result either
in the reservoir or downstream from the dam from this

- process.

In éontrast to the above discussions, precipitation
of metals such as iron, manganese and other trace

; elements have been not1ced in reservoirs, resultlng
~inm reducedconcentrations of-these elements (Neal-

1967). Ollgotrophlc‘reservolrs with high pH and high

‘dissolved salt concentrations generally precipitate

more metal than reservoirs with low pH and low dis-
solved salt concentrations. This is attributed to
the dissolved salts reacting with the metal ions and

subsequently settling out (Peterson and Nichols

1982). Average Susitna River TDS values for Vee Can-—

~yon_and_Gold Creek during winter are 141 and 150

mg/l, respectively. For summer they are somewhat
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lower, approximately 98 and 91 mg/l respectively.

.Average values for pH range between 6.9 and 7.6 for

the two stations. Although neither of the parameters

.is excessively high, prec1p1tat1on of metals may

reduce the quantities of metals in the reservoir.
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(d) Ground Water Conditions (#%%)

(1)

(ii)

Mainstem (%)

As a result of the annual water level fluctuation in
the reservoir, there will be localized changes in
ground water in the immediate vicinity of the
reservoir. Ground water impacts downstream during
summer will be similar to those described in Section
4.,1.2(£f)(1i) and will be confined to the river area.
Since powerhouse flows will generally be greater than
filling flows during summer, the ground water level
change from natural conditions will be slightly less
than during filling. During winter, increased ice
staging will occur during freeze-up (Section 4.1.3(c)
[1ii]) and hence ground water levels will be
increased along ice covered sections of the

mainstem.

Sloughs and Peripheral Habitat (¥%)

During winter, in the Devil Canyon to Talkeetna
reach, some of the sloughs and side channels (i.e.,
those between Gold Creek and Talkeetna) will be
adjacent to an ice-covered section of the river. In
ice-covered sections, the river will have staged to
form an ice cover at project operation flows of about
9,000 cfs. The associated water level will be a few
feet above normal winter water levels and will cause
an increase in the ground water table. This will in
turn cause an increase in ground water flow.

Sloughs upstream of Gold Creek, in the vicinity of
Portage Creek, may be adjacent to open water sections
of the river. Because monthly average flows will

be between approximately 4,000 and 9,000 cfs in
winter, the associated water level will be less than
water levels occurring under the natural freeze-up
process. Sloughs in this area may experience a
decrease in ground water flow in the winter from
natural conditions. However, water levels upstream
of the ice front will fluctuate less on an annual
basis than during matural conditions., Thus ground
water flows will be more stable all year than for
natural conditions.

During summer, the mainstem~slough ground water
interaction will be similar to that discussed in
Section 4.1.2(£f)(ii), with the exception that
operational flows will be greater thanm the downstream

E-2~-4~-105



(e)

flows during filling; and thus, the ground water
table will be closer to the natural elevation than
during filling.

During the fall, under natural conditions, flows
generally decline to near 5,000 cfs before an ice
cover forms. This is the period of lowest ground-
water flow. With-project discharges and water levels
will remain higher than natural during this period
providing an increase in groundwater flow.

Overall, the stablllzatlon of river flows and water
levels as a result of prOJect operation will result
in more uniform groundwater flows to peripheral
habitat areas than under natural conditions. Summer
groundwater flows will be slightly reduced from
natural. Fall flows will be increased as the period
of minimum flows for natural conditions is ;
eliminated. Winter flows will be increased from
natural between Gold Creek and Talkeetna and
decreased from natural upstream of Gold Creek.

Lakes and Streams (#%%)

The numerous small lakes identified in Section 2.5.1 will be
inundated by the Watana Reservoir during the impoundment .
phase. Most of them will remain below the reservoir surface

_at_all times, but_a few will become perched at low reservoir

levels. -

'The mouths of streams flowing into the reservoir will shift

upstream and downstream in response to the reservoir water
level fluctuations. The position of the delta formation
will likewise vary. Both bedload and suspended sediment
load will be deposited wherever the stream current enters
the still water of the impoundment .
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“The downstream tributaries describéd“in“Section“ﬁfT:26g?*an¢“W””

listed in Table E.2.2.43, will begin to modify their
geomorphologic regimes and either downcut their beds or
remain perched above the Susitna in response to the reduced
river levels during project operation. Anticipated stream
impacts are listed in Table E.2.2.43. )
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(£)

Instream Flow Uses (#*%)

(1)

(ii)

Fishery Resources, Riparian Vegetation and Wildlife

Habitat, and Recreation (%%)

Impacts of project operation on the fishery
resources, riparian vegetation, and wildlife
habitat are discussed in Chapter 3. Impacts on
recreational use including whitewater kayaking are
discussed in Chapter 7.

Navigation and Transportation (¥%)

Motorized boats that move swiftly on the reservoir
will replace the present non-motorized boating when
the Watana Reservoir is filled and Vee Canyon is
eliminated as an obstacle.

Reservoir water craft navigation will extend to
November, because of the delay in ice~cover
formation. Once an ice cover forms in late November
and December, the reservoir will be available for
surface travel by dogsled and snow machine through
April. )

Assuming boaters portage around the damsite, the .
reduced summer flows released from Watana Reservoir
during its operation are not expected to reduce
navigation between Watana and Devil Canyon. However,
the lower segment of this reach (from Devil Creek to
Devil Canyon) will still consist of whitewater
rapids. The use of the river for whitewater kayaking
is discussed in Chapter 7.

Summer flows downstream of the dam will generally be
reduced from natural conditions during operation of
Watana, except during drought periods in late summer
and fall. Flows at Gold Creek will exceed 8,000 cfs
from June through early September, after which flows
are gradually decreased to a minimum of 6,300 cfs by
the end of September. The only identified navigation
problem in the reach between Devil Canyon and the
Chulitna confluence, a channel cross—-over near RM
128, has been successfully navigated at flows of
6,300 cfs.

Navigation will not be significantly affected between
Portage Creek and the Chulitna River confluence. 1In
fact, several navigation benefits will occur. The
navigational hazard of floating trees and debris will
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be reduced in most years, due to the reduction of
flood flows. During dry years, project operation
will improve navigability of this reach in late
August and September (Table E.2.4.30).

Downstream of the Chulitna River confluence, the main
channel is navigable at flows exceeding approximately
25,000 cfs (measured at the Sunshine gaging station),
especially for jetboats and airboats. Below 25,000
cfs, specific areas, such as the entrance to the west
channel at the head of the Delta Islands (RM 151) may
be difficult to navigate for some boats. The
d1ff1culty of navigation will be dependent om the
boat draft, on recent changes in channel morphology,
and on tree and debris jams. Jetboats and airboats
may operate with flows as low as 17,800 cfs. At
least one deep water channel should exist from the
main access’ p01nts of Susitna Landing and Willow
Creek to the main destlnatlons of the Deshka and
Yentna R1vers.

Under natural conditions minor navigational
difficulties occur in this reach infrequently in late
May through mid-September and become slightly more
frequent in late September. This is shown by

. Table E.2.4.30 which indicates that a flow of 25,000

cfs is exceeded all summer long in nearly all years.
That table 'also shows that project operdtion will

slightly- 1ncrease'the*frequency of-navigational
difficulties encountered in late May, and slightly

" decrease the frequency in late September. In late

May, navigational difficulties may be encountered in
10 percent more years than natural, and in late
September, difficulties may be encountered in about
10 percent less years than natural.

Thewprima:ywdegtination'downstream of the Yentna

confluence i1s Alexander Creek. During high flows,
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boaters often use Alexander Slough. At lower flows,

numerous sand bars make Alexander Slough difficult to
navigate for jetboats, so boaters then either go

_through Powerline Slough or down the west channel to

Cook Inlet, then back up the west channel. The flow

~ rate at which'jetboate;s can no longer use Alexander
"'Slough has not been precisely defined, but based on

the examination of aerial photographs, it is
estlmated to be about 60,000 cfs as measured at
Susitna Station.
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Navigational difficulties occur infrequently in
Alexander Slough under natural conditions between
late May and early September, and become more
frequent in mid- to late September. Data in Table
E.2.4.30 indicate a discharge of 60,000 cfs is
exceeded all summer long in nearly all years. This
table also shows that project operation will slightly
increase the frequency of navigational difficulties
to be encountered in late May and early June. Flows
exceeding 60,000 cfs will occur in 10 to 20 percent
fewer years between May 27 and June 16 than during
natural conditions. When navigational difficulties
are encountered in Alexander Slough, Powerline Slough
will still be available for use and navigatiom will
not be precluded.

During the fall and winter, a significant reach of
the river between Watana and Talkeetna will be ice
free for a few weeks longer than during existing
conditions. The reach between Watana and Portage
Creek will not develop an ice cover. This will allow
for a longer boating season, but will impede use of
this river reach as a tramsportation corridor by snow
machine or dogsled.

Downstream from Talkeetna, ice~cover formation will
be delayed a few weeks and river stage during freeze-
up will be increased. This will delay winter trans-
portation across the ice.

Waste Assimilative Capacity (%)

The previously noted reductions to downstream summer
flow could result in a slight reduction in the

waste assimilation capacity of the Susitna River
downstream of the project. However, no impacts will
occur given the limited sources of waste loading to
the river (see Section 2.6.6).

The winter waste’assimilative capacity of the river
will be at least doubled due to the increased winter
flow.

The wastes generated by the population (approximately
300) at the permanent town will receive secondary
treatment similar to the previously described
construction camp and village wastewater treatment.
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(iv) Freshwater Recruitment to Cook Inlet Estuary (%¥%)

Salinity. changes in Cook Iunlet due to Watama opera-
tion were simulated using a computer model (Re-
source Management Associates 1983). The simulation
was for the two-stage project. However, the effect
on with-project flows for the three-~stage project is
similar to the two-stage project, and the results of
the simulations are comnsidered applicable to the
three stage project. Results of the modeling indi-
cate that the salinity in Cook Inlet will attain a

- dynamic equilibrium within approximately one year of
reservoir operation. Winter salinities will be
slightly lower and summer salinities will be slightly
higher than natural conditions.

Near the mouth of the Susitna River (Node 27 - Figure
E.2.2.149) natural and with-project salinity differ-
~ences will be greatest during April. Salinity
concentrations associated with Watana operations are
estimated to be approximately 19.6 parts per thousand
(ppt) or a decrease of 1.4 ppt from natural condi-
tions. With the reduced flows during summer salinity
will be increased. A maximum salinity increase of
0.7 ppt above natural -salinity levels is predicted
for June (Figure E.2.2.149).

At the center of Cook Inlet near East Foreland (Node

12), salinity changes will be significantly less.
Concentration decreases of approximately 0.4 ppt are
predicted in April. During-August-a salinity
increase of about 0.1 ppt is estimated to occur.
S + ~ Additional comparisons are presented in Table
‘ : E.2.2.48.

In general, salinity variations will result in a

where an annual maximum to annual minimum range
decrease of about 2.0 ppt can be expected.

4.2 - Devil Canyon Development (*%)

~This.section.describes the effects on water use and quality during
“construction, impoundment and-operation of Devil Canyon Dam during

Stage-1I. -Construction-is scheduled-to-begin-in 1995 6n access and in

1996 on site facilities. Diversion tunnel construction will begin in
1997 with closure of the cofferdams and diversion of the river in 1999.
Construction of the main dam will begin upon river closure and is
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scheduled for completion in 2004. The first unit will begin operating
in 2004 and commercial operation of the fourth unit will be in 2005.

The periods of construction and impoundment coincide with normal
operation of Stage I, which is scheduled to begin im 1999. During
construction and impoundment, the Susitna River will be diverted
through a tunnel or the dam outlet works. There will be a minor amount
of impoundment during the construction period. In general, the impacts
on water use and quality during these two periods will be as discussed
for operation of Stage I. Thus, Section 4.1.3 is referenced frequently
in Sections 4.2.1 and 4.2.2. These sections describe the effects of
Stage II construction and impoundment on water use and quality.

The period of normal operation of Stage II coincides with the
construction and impoundment period of Stage III. This is described
more fully in Sectiom 4.3. Since the construction will take place at
the upstream project (Watana) and normal operation of Stage II will not
be affected until.filling of Stage III in 2011, the impacts described

“herein (Section 4.2.3) are valid for this period. The effects of Stage

II1I construction and filling are described in Sections 4.3.1 and 4.3.2.
Those sections reference Section 4.2.3 (Operation of Stage II)
frequently.

The Devil Canyon development when completed in 2006 will consist of a

. 646-foot high, concrete arch dam, outlet facilities capable of passing

approximately 42,000 cfs; a flipbucket spillway which with the outlet
works can pass the Probable Maximum Flood (351,000 cfs); and a 600-MW
capacity underground powerhouse. Further information oun the physical
features of the Devil Canyon development can be found in Section 7 of
Exhibit A. :

4.2.1 - Watana Stage I Operation/Devil Canyon Construction (¥*¥)

The Devil Canyon diversion tunnel will be completed in 1999 and
construction on the main dam will begin in that year. The
tunnel is designed to pass the 1:25-year recurrence interval
flood routed through Watana without endangering the diversion
dam. The use of a lower recurrence interval flood for the Devil
Canyon diversion design as compared to the Watana diversion
design is appropriate because of the shorter period during which
the Devil Canyon diversion facilities will operate. This is
explained in Exhibit F.

During the Devil Canyon construction phase, most differences in
the quantity and quality of the water from the existing baseline
conditions will be the result of the presence and operation of
the Watana facility. Therefore, the conditions described in
Section 4.1.3 will, in many cases, be referred to when discussing
the impacts of Devil Canyon construction.
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(a)

Flows and Water Levels (#%)

(1) Watana Stage I Operation (%*%)

Operation of Watana will be unchanged during the con-
struction of Devil Canyon. Hence, the discussion
presented in Section 4.1.3(a) remains appropriate. -

During construction of the diversion tunnel, the flow
in the mainstem will be unaffected. Upon completion
of the diversion tunnel, the upstream cofferdam will
be closed and flow will be diverted through the
diversion tunnel without any interruption in flow.
This action will dewater approximately 1,100 feet of
the Susitna River between the upstredm and downstream
cofferdams.

" Velocites through the 35.5-foot diameter tunnel at
flows of 10,000 cfs will be approximately 14 fps.

(ii)  Floods (**)

As explained above the diversion tunnel is designed
to pass flood flows up to the l:25-year summer
.flood, routed through Watama. The flood frequency
relationship for Gold Creek is given in Section 4.1.3
(a)(iii). Floods at Devil Canyon damsite would be
somewhat less than at Gold Creek.

(b)

River Morphology (#%)

Since operation of Watana Stage I will not be affected by
the construction of the Devil Canyon Dam, the
morphological processes discussed in Section 4.1.3(b) will
continue to occur except-at ‘the Devil Canyon damsite.
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~riverbed:-

blocked and dewatered for construction. No impacts to the
morphology of the Susitna River are anticipated from
borrowing of materials for construction because no borrow
site is located within the river. Although Borrow Site

G (Figure E.2.4.,111) is located south of and adjacent to the
Susitna River,_ no_excavation will be undertaken in the
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(c)

Water Quality (#%)

(i)

(ii)

(iii)

Water Temperature (o)

There will be no difference in water temperatures at
Devil Canyon or at points downstream from the
construction site from those discussed in Section
4.1.3(c)(i).

Ice (o)

Ice processes will be unchanged from those discussed
in Section 4.1.3(c) (ii), Watana operation.

Suspended Sediment/Turbidity/Vertical
Illumination (#*%)

Construction of the Devil Canyon facility is expected
to have siltation and turbidity impacts similar to
those anticipated at Watana, but of a smaller

magni tude.

Tunnel excavation, placement of the cofferdams, exca-
vation of construction materials, dewatering, gravel
washing, and the clearing and disposal of vegetation
and overburden will all provide opportunities for the
introduction of sediment to the river as discussed
for Watana Stage I construction (Section 4.1.1 (c)
(iii). Guidelines and techniques contained in the
Best Management Practices Manual entitled "Erosion
and Sedimentation Control'" (APA 1985a) will be
followed in order to minimize impacts. Excavation of
the diversion tunnels and construction of the
diversion cofferdam will be carried out similarly to
Watana Stage I to minimize potential increases to
suspended sediment and turbidity.

The material sources required for construction are
Borrow Site G and Quarry Site K (shown in Figure
E.2.4.112) and previously described Borrow Site D
located near Watana (Figure E.2.4.2). Borrow Site G
is expected to provide approximately 2 million cubic
yards (cy) of aggregate with less than five percent
waste. Excavation of this material will occur in the
dry. The Susitna River will form the northern
boundary of the borrow area. The mouth of Cheechako
Creek, however, will be diverted to the eastern
boundary of the borrow site to facilitate access to
all required material. The area of disturbance,
located entirely within the confines of the Devil
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Canyon Reservoir, is likely to exceed 40 acres, but
is not expected to equal the approximate 30 acres
shown in Figure E.2.4.111.

Although washing will be required, the quantities of
fines should be limited since the borrow material is
predominantly composed of river washed alluvial sands
and gravels. All wash water will be directed to a
series of settling ponds. Prior to excavation, all
overburden and vegetation will either be slashed and
burned, carefully stockpiled for future reclamation
work, or buried. '

Quarry Site K is located in an upland site that 1is

estimated to contain total resources of 40 million cy

of rock. However, only 1.5 million cy of this

quantity will be needed for the saddle dam, riprap
and other uses., Disposal of not more than 310,000 cy
of oversized and undersized material will occur in
either the existing talus pile at the base of the
cliff (see Figure E.2.4.113), near the site of the
saddle dam, or along the reservoir for beach
material. No washing of materials will be required;
and hence, no wastewater will be produced.

Overburden will be stripped and carefully stockpiled
for subsequent rehabilitation of the area. No

_siltation problems will result from the development

of this site. 1t is expected that 10 to 15 acres of
the 30-acre primary quarry site will be disturbed.

Borrow Site D has been identified as the nearest

‘source of impervious core material required for the

saddle dam. Hauling of this material will be via the
main access road between Watana and Devil Canyon.
The material will be processed as required. No

adverse sedimentation probléms will Gécdr dué to the -
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ipland location of Borrow Site D and the use of
settling ponds for runoff treatment.

In summary, the summer water clarity, resulting from
the sediment trapping characteristics of the Watana
Reservoir, is not expected to be adversely affected
during Devil Canyon construction activities. During

~'winter, essentially all the suspended sediment
~concentrations-and turbidity-levels released from

Watana, are expected to pass downstream of the Devil
Canyon construction site without significant change.
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(iv)

(v)

(vi)

(vii)

Additional information on the proposed mitigationm of ™~
erosion problems is discussed in Section 6.2 and
Chapter 3.

Nutrients (*%)

Similar to Watana construction, increased
concentrations of nutrients and organics could
result from disturbances and subsequent erosion of
organic soils. However, since the overburden layer
near the Devil Canyon damsite is quite shallow and
overburden and vegetation will be selectively
cleared, safely stockpiled for future rehabilitation
or buried, impacts should be insignificant.

Metals (o)

As discussed in Section 4.1.1(c)(v), Watana construc-
tion, disturbances to soils, and rock adjacent to

the river will increase dissolved and suspended
materials in the river. Although this may result im
slightly elevated metal levels within the
construction area and downstream, water quality
should not be significantly changed (Section 2.3.8

(k).

Contamination by Petroleum Products (*%)

All state and federal regulations governing the
prevention and reclamation of accidental spills,
including the development and implementation of a
Spill Prevention Containment and Countermeasure Plan
(SPCC), will be adhered to. Additional information
on proposed mitigative measures are provided in
Section 6.2 and Chapter 3. The Best Management
Practices Manual entitled "0il Spill Contingency
Planning'" (APA 1985b) will be utilized to develop the
SPCC plan.

Concrete Contamination (#*¥*)

There is potential for concrete contamination of the
Susitna River during ‘the construction of the Devil
Canyon Dam. It is estimated that 1.7 million cubic
yards of concrete will be used in the construction

of the dam. The wastewater and waste concrete
associated with the batching of the concrete will be
prevented from discharging directly into the river to
prevent degrading downstream water quality and
causing subsequent fish mortality. Although a modern

E-2-4~115



- (£)

(d)

(e)

efficient central batch plant will be utilized,
approximately 20,000 cubic yards of waste material
will be generated. Those materials will be disposed
of in a manner that will minimize potential
contamination problems using the same methods as
those employed for Watana Stage I construction (see
Section 4.1.1(c)(vii)).

(viii) Other Parameters (o)

'No additional water quality impacts are expected.

Ground Water Conditions (*)

As indicated in Section 4.2.1(a) the construction of Devil
Canyon will not modify the Watana operation or flows, and
the ground water impacts discussed under Watana operation
(Section 4.1.3(d) will remain relevant during this period.
Some local changes in ground water levels in the immediate
v1c1n1ty of the damsite may occur due to dewatering of open
and underground excavatlons.

Lakes and Streams (#%)

The perched lake adjacent to the Devil Canyon damsite will
be eliminated by construction of the saddle dam across the
low area on the south bank. The lake 1s just west of the
downstream toe of the saddle dam and will be drained and

’“ﬁiffiﬁlLYffTIIédwduring constrUctidn“bfwtﬁé“saddle dam.

Instream Flow Uses‘(**j

Devil -Canyon and Devil Creek rapids..act as natural barriers
to most upstream fish movement. However, some chinook
salmon are able to reach the area upstream of Devil Canyon
and construction of the diversion tunnel and cofferdams will
prevent -this....This_will.result in_some.loss in productivity

upstream of Devil._ Canyon.&,However,“;hls is expected to be
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offset by increased productivity in the reach downstream of
Devil Canyon. This is more fully explained in Chapter 3.
Impacts to riparian vegetation and wildlife are also
discussed in Chapter 3. Navigational impacts will be the
same as during Watana operation (Section 4.1.3(£)(ii))
except that the whltewater raplds at Devil Canyon will be

‘eliminated because of. constructlon activities. Recreational °
use of the river including whitewater kayaking is discussed

in Chapter 7.
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(g)

Support Facilities (#*¥%)

The construction of Devil Canyon will require the
construction, operation and maintenance of support
facilities capable of providing the basic needs for a
maximum population of approximately 1,900 people. The faci-
lities, including roads, buildings, utilities, stores and
recreation facilities will be constructed during the first
five years (1995-1999) of the proposed eleven year
construction period. The camp and village will be located
approximately 2.5 miles southwest of the Devil Canyon
damsite. The location and layout of the camp and village
facilities are presented in Exhibit F.

(i) Water Supply and Wastewater Treatment (*%)

Processes identical to those employed at Watana Stage
I will be used to process the domestic water supply
and treat the wastewater.

The water intake has been designed to withdraw a
maximum of 775,000 gallons/day (less than 1 cfs) to
provide for the needs of the support communities
(Acres 1982a). Since the source of this supply is
the Susitma River, mno impacts on downstream flows
will occur throughout the duration of the camps'
existence. The water supply will be treated to con-
form to all state and federal regulations.

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

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

facility. No raw sewage will be discharged to the

river.

Chemical toilets will be placed ‘throughout the con-
struction area and will be serviced and discharged
into the treatment facility.

The Applicant will obtain all the necessary state and

federal permits for the water supply and waste dis-
charge facilities.
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Additional details pertaining to the proposed water
supply and wastewater discharge facilities are avail-
able in The Best Management Practices Manuals
entitled "Liquid and Solid Waste" (APA 1985c¢c) and
"Water Supply" (APA 1985e).

(ii) Construction, Operation, and Maintenance (%)

Similar to Watana, the construction, operation and
maintenance of the camp and village could cause
increases in turbidity and suspended sediments in the
local drainage basins (i.e., Cheechacko Creek and
Jack Long Creek). In addition, there will be a
potential for accidental spillage and leakage of
petroleum products and concrete wastewater contamina-
ting ground water and local streams and lakes.
Through appropriate preventative techniques (APA
1985a, 1985b), these potential impacts will be
minimized. All required permits for the construction
and operation of the proposed facilities will be
obtained. ‘ : '

4.2,2 ~ Watana Operation/Devil Canyon Impoundment (¥*%)

(a)

Reservoir Filling Criteria (*%)

Reservoir filling will be completed in two distinct stages.
Upon completion of the main dam to a height sufficient to

“allow ponding above the outlet facilities (fixed=cone

valves) which are located at el. 930 ft and el. 1,050 ft,
the diversion tunnel intake gates .will be partially closed
to raise the upstream water level from its natural level of

- about el. 850 ft. The Case E-~Vl1 flow requirements

described in Section '3 will be maintained during this phase
of filling of Devil Canyon.

Once—-the--level-rises-above the lower—level discharge valves,.
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pass through the outlet works. The outlet works have a
discharge capacity of approximately 42,000 cfs when the pool
level is at el. 1,455. The capacity of the outlet works at
a pool level of el. 1,135 is approximately 20,000 cfs. They
are described in Section 4.2.3(a)(v).

Since the storage volume required before operation of the
outlet works can commence 1s approximately 76,000 acre-~feet,
the first phase of the filling process will require from one
to four weeks depending on time of year and Watana
powerhouse flows when filling is begun. The reservoir will
not be allowed to rise above 1,135 ft for approximately one
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(b)

year while the diversion tunnel is being plugged with
concrete.

When the dam is completed, an additional one million acre~
feet of water will be required to fill the reservoir to its
normal operating level of el. 1,455 ft. Filling will be
accomplished as quickly as possible. During this phase of
filling of Devil Canyon Reservoir, the Case E-V1 flow
requirements will also be maintained downstream of the
reservoir.

Flows and Water Levels (#%)

Because of the two distinct filling periods, the two-stage
impoundment sequence will take several years to complete,
even though the actual time for filling will only be two
months. As noted above, flows during the first stage of
filling will be affected for only a few weeks.

Between the first stage and second stage of filling, the
reservoir will not be allowed to exceed el. 1,135 ft. Thus,
the Devil Canyon Reservoir will be held at a relatively
constant level. Flows in the Susitna River will be
unchanged from those during Watana operation (see Section
4.1.3(a)).

During the second stage of filling, 1,000,000 acre-feet of
water will be added to the Devil Canyon Reservoir. The
reservoir will be filled from the normdl Watana releases for
power generation, instream flow requirements and flood
releases., During the filling period, the Watana powerhouse
will be operated to supply as much of the total railbelt
energy demand as possible so that Devil Canyon Reservoir can
be filled in a timely manner. The rate of filling will also
be dependent on the need to monitor dam and foundation
performance during filling to assure a safe structure.

Filling of Devil Canyon Reservoir to el. 1,455 can be
accomplished in 5 to 8 weeks depending on the amount of the
Railbelt energy demand which can be supplied by the Watana
powerhouse and on the occurrence of flood releases through
the Watana outlet works. The flow from the Watana Reservoir
that is in excess of the Case E-VI requirement will be used
to fill the Devil Canyon Reservoir. Although the flow from
the Watana powerhouse may be higher than the normal
powerhouse flow, the impact of increased flow will be
minimal in the Devil Canyon Reservoir.

Flow downstream from Devil Canyon will be reduced during
this filling process. However, the filling period will be
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(d)..

short and downstream flows will be maintained at or above
the Case E~V] minimum flow requirements.

Since the filling time is short and the flood control
facilities at Watana and Devil Canyon will be operational
during the last stage of filling, floods are likely to be
important only during the time the reservoir is at el. 1,135
ft. If a flood should occur during the time the reservoir
is being held constant at el. 1,135, it may be necessary to
surcharge the water level in order to store the flood while
releases are being made through the outlet works.

River Morphology (%*%)

No additional impacts on river morphology will be caused by
reservoir filling other than the obvious impact of
transforming the Susitna River between the Watana Dam and
the Devil Canyon Dam into a reservoir. Impacts described in
Section 4.1.3(b) will remain relevant.

Water Quality (%*)

(1) Water Temperature (%)

The outlet water temperatures from Watana will be
unchanged from those that occur when Watana is
operated alone. Because of the rapid filling of the
Devil Canyon Reservoir,; there will be minimal

opportunity for changes in the outlet temperatures at
Devil Canyon during both stages of filling. There
will be some damping of the temperature fluctuations
caused by varying meteorological conditions that
occurred at the Devil Canyon site when Watana
operated alone.

Between the filling stages, the larger surface area
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existed before impoundment to el. 1,135. Approxi-
mately 10 miles of river will become a reservoir.
However, since the retention time will only be a few
days, it is expected that, at the Devil Canyon outlet

..and further downstream, little ‘change in water

- temperature will_occur_from.that experienced with
“"Watana ‘operating alone and ‘open water temperatures
-— -described in-Section 4+1l+3¢c)(i)-will remain

relevant,
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(ii)

(iii)

Ice (o)

An extensive ice cover is not expected to form on the
Devil Canyon Reservoir during the period when the
pool is maintained at el. 1,135 ft because of the
warm water inflow from the Watana Reservoir.
Additionally, since downstream winter temperatures
will not be significantly affected by the pool, ice
processes downstream from Devil Canyon described in
Section 4.1.3(c) (ii) will remain relevant.

Suspended Sediments/Turbidity/Vertical

Illumination (#*%*)

As previously discussed, the Watana Reservoir will
act as a sediment trap, greatly reducing the
quantity of suspended sediment entering the Devil
Canyon Reservoir. '

Immediately prior to filling, the reservoir area will
be selectively cleared of large vegetation. By
delaying this activity until filling is about to
commence, erosion and siltation problems prior to
filling the reservoir will be minimized. During
filling, however, the lack of soil stabilizing
vegetative cover may cause increased erosion. These
impacts are only expected to create short-term ’
increases in turbidity and suspended sediment
concentrations. In addition, suspended sediment
concentration and turbidity increases may also occur
within the Devil Canyon impoundment as a result of
the slumping of the valley walls. However, since the
Devil Canyon impoundment area is characterized by a
very shallow overburden layer with numerous
outcroppings of bedrock, slope instability should not
significantly affect turbidity and suspended sediment
concentrations. A further discussion of the slope
stability can be found in the Susitna Hydroelectric
Project Geotechnical Report (Acres 1982c).

As reservoir filling progresses, the Devil Canyon
Reservoir will provide additional settling
capability. Thus, the net result will be a slight
decrease in suspended sediment and turbidity and a
corresponding slight increase in vertical
illumination downstream from Devil Canyon.
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(iv)

Dissolved Oxygen (#*%)

As previously discussed in Section 4.1.3(c)(v), water
discharged from Watana and entering Devil Canyon

will have a high dissolved oxygen concentration and
low BOD.

Because of the extremely short residence time, no
hypolimnetic oxygen depletion is expected to develop

~either during the period that the reservoir is held

at el. 1,135 ft, or during the final period of
reservoir filling.

Prior to filling, large standing vegetation in the
reservoir area will be selectively harvested or
cleared and burned, thereby eliminating some of the
oxygen demand that would be  caused by inundation and
subsequent long-term decomposition of vegetation.

Total Dissolved Gas Concentration (#**)

Dissolved gas supersaturation will not be a concern

during the filling of the Devil Canyon Reservoir.

As the reservoir 1is filled, the rapids between the
mouth of Devil Creek and the Devil Canyon dam site
will be inundated and the turbulence that presently
causes the 'supersaturation will thus be eliminated.
Thus, dissolved gas concentrations in the reservoir

area will be less than those for Stage 1 operation

(4.1,3 (e)(vi)). '

During the initial filling to el. 1,135 ft, the

" diversion tunnel will -be wutilized. Gas supersatura-

tion in downstream waters resulting from diversion
tunnel use 1s not expected to exceed maturally

After—el+—17135 ft—is—-attained—and-for—the-balance of —

the filling sequence, discharge will be via the
outlet works. Nitrogen supersaturation downstream
from the dam will be reduced from Stage 1 and
naturally occurring levels because of the inundation
of the Devil Canyon rapids. The operation of the

.outlet works .is discussed in further detail in the

(v)
occurring levels.
- Mitigation-Section 6.7.4.
(vi) Nutrients (#*%)
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Similar to Watama Stage I, two opposing factors will
affect nutrient concentrations during the filling
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(e)

process. First, initial inundation will likely cause
an increase in nutrient concentrations due to
leaching. Second, sedimentation will remove some
nutrients from the water column. The magnitude of
the net change in nutrient concentration is unknown,
but it is likely that nutrient concentrations will
increase in close proximity to the reservoir floor.

(vii) Total Dissolved Solids, Conductivity,
Significant lons, Alkalinity, and Metals (%)

Similar to the process occurring during Watana
filling, increases in dissolved solids, conductivi=-
ty and most of the major ions will likely result from
leaching of the reservoir soils and rocks during
Devil Canyon filling. The products of the leaching
process will be confined to a layer of water unear the
bottom (Peterson and Nichols 1982).

For initial filling from el. 850 ft when the
diversion tunnel is being used, no significant
downstream impacts are foreseen since it will take
only a few weeks to accumulate the 76,000 acre~feet
of water required to fill the Devil Canyon Reservoir
to el. 1,135 ft. 1In such a short time, insignificant
leaching would occur which could be detrimental to.
downstream water quality.

Subsequent to this initial phase of filling and for
the remainder of the filling process, the outlet
works will be utilized for reservoir discharge.

The outlet works will draw water from well above the
bottom of the impoundment at el. 930 ft and el. 1,050
ft. Products of the leaching process would be highly
diluted prior to release and downstream water quality
should not be adversely impacted.

Ground Water Conditions (o)

No major ground water impacts are anticipated during the
filling of the Devil Canyon Reservoir. The increased

water level within the reservoir will be confined between
bedrock walls. Downstream there may be a slight decrease in
the ground water table caused by the reduced filling flows
for the short periods when water is being impounded (see
Section 2.4.4). A decrease in the ground water level in the
same proportion as the decrease in mainstem stage would be
expected. The change in ground water level will be confined
to the alluvial deposits adjacent to the river,
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(f) Lakes and Streams (¥*) }

As the Devil Canyon pool level rises, the mouths of the
tributaries entering the reservoir will be inundated (see
Table E.2.2.41). As the reservoir is filled, sediment
transported by these streams will be deposited at the new
mouthes of the streams. :

(g) 1Instream Flow Uses (¥x%)

(1) Fishefy Resources, Wildlife Habitat,
-~ Riparian Vegetation and Recreation (#*%)

As Devil Canyon Reservoir is filled, new fishery
habitat will become available within the reservoir.
However, adverse impacts to fish habitat may occur as ]
tributary mouths become inundated. 1In addition, ;
terrestrial habitat will be permanently lost as a

consequence of reservoir filling. Detailed informa-

tion on reservoir and downstream fisheries, wildlife, !
and botanical impacts are presented in Chapter 3.

Recreational use including whitewater kayaking is ,
discussed in Chapter 7. ~1

(ii) Navigation and Transportation (¥*)

During filling, the rapids upstream from Devil Canyon }
will be inundated. Flatwater boating opportunities
will replace the present whitewater boating.
Downstream water levels may be slightly less than the
normal Watana operation level during the short
impoundment periods. This will not affect navigation
because the E=VI minimum flows will be maintained and
these provide adequate flows for navigation (Section
4.1.3 (£)(i1)). :

(iii)~Waste Assimilative Capacity (%)

Although flows in the river will be reduced during
the two Devil Canyon Reservoir filling periods, the
waste assimilative capacity of the river will not be
affected.

(iv)  Freshwater Recruitment to Cook Inlet Estuary (¥)

o e e oo -Gmall-temporary-changes-to-the -Cook-Inlet salinity
regime established during the operation of Watana
alone are expected only during the second phase of
filling Devil Canyon. This is because of the short ;
duration of the first phase of' filling and the small J
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(h)

impoundment volume required relative to the average
annual Susitna River discharge to Cook Inlet.

Testing and Commissioning (#%%%)

The first unit at Devil Canyon is scheduled to be tested and
commissioned in the October 1994 to December 1994 period.
Units will be added at three month intervals thereafter.

The testing and commissioning of the units involves many
sequences of bringing the unit on-line and taking it
off-line. These will be carried out in a manner to minimize
impacts to flow stability. To compensate for flow passing
through the units during testing, the flow through the
outlet works will be reduced by a comparable amount as
discussed for the testing and commissioning of the Watana
Stage I units (Section 4.1.2 (c)).

4,2.3 - Watana Stage I - Devil Canyon Operation (#*%*)

851017

(a) Flows and Water Levels (%*%)

(i) Project Operation (¥%)

After Devil Canyon comes on line, Watana Stage I will
be operated as a peaking plant and Devil Canyon

will re-regulate Watana flows. Advantage will be
taken of the two—-reservoir system to optimize energy
production with the constraint that the Case E~VI
downstream flow requirements will be met. Devil
Canyon discharges may vary between 90 percent and 110
percent of the average weekly flow. A more detailed
discussion of project operation is included in
Section 3.

The Devil Canyon Reservoir will normally be at its
maximum water level, el. 1,455, between January and
May. In dry years Devil Canyon will be drawn down
between May and December reaching its minimum level
of el. 1,405 in August. 1In average flow years, the
reservoir will be drawn down between June and August
reaching a minimum of approximately el. 1,435 in
July. Average weekly Devil Canyon powerhouse flows
will be similar to Watana, but slightly higher due to
additional inflow in the intervening area between the
two dams.

With Devil Canyon on line, Watama will still be
operated in a storage~and~release mode similar to
Stage I, so that summer flows will be stored for
release in winter. Generally, the Watana Reservolir
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8,500 cfs.

will be at or near its normal maximum operating level
of el. 2,000 feet each year at the end of September.
The reservoir will gradually be drawn down to meet
winter energy demand. The flow during this period
will be governed by winter energy demand, water level
in the reservoir, and powerhouse characteristics.

The turbine characteristics will allow a maximum
powerhouse flow of approximately 14,000 cfs at full
gate, Normal Watana average weekly powerhouse
discharges will range from approximately 3,000 cfs to

In early May, the Watana Reservoir will reach its
minimum annual level of approximately el. 1,870 ft
and then begin to refill with the spring runoff.
Flow 1n excess of both the downstream flow
requirements and power needs will be stored during
summer until the reservoir reaches the normal maximum
operating level of el. 2,000 ft. If the reservoir
reaches el. 2,000 ft, and inflow exceeds energy and
instream flow requirements, excess flow will be
released to maintain dam safety requirements (see
Section 3.6.2).

- Environmental Flow Requirement (#*%)

During project operation the Case E-VI environ-
~mental flow requirements will be maintained

as discussed in Section 3. Minimum requirements-
will be met by releases from the powerhouse and, if
‘necessary, the outlet works.

- Weekly Reservoir Simulatioms (*¥)

Weekly simulation of reservoir operation was
" 'conducted for the 34 years of record from 1950

through 1983 forCase E-VI—flow requirements:—
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Reservoir—operation—-and-water—levels—-are summarized
on Figures E.2.4.114 through E.2.4.121.

Additionally, to provide a sensitivity analysis for
flows and temperatures, weekly reservoir simula-
tions were made for Case E-I1 flow requirements (HE
-1984h). Results of the reservoir simulations are
presented in Flgures Ev2.4.122 through E.2.4.129.

Case E~I was chosen for the sen51t1v1ty testlng
because it has the highest minimum summer flow
requirements of any of the cases considered (14,000
cfs). For comparison, Case E-VI minimum summer
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flow requirements are 9,000 cfs. With the informa-
tion on these two extremes it is possible to
estimate the effects of project operation on water
use and quality for other sets of flow requirements
between E~I and E-VI.

- Daily Operations (*¥)

Daily operation of Watana and Devil Canyon
powerhouses are explained in Section 3 and the
Applicant's "Case E-VI Alternative Flow Regime
Report'" (HE 1985f). Watana will act as a peaking
plant and Devil Canyon will re-regulate flows. The
peaking of Watana will cause a water level
fluctuation of less than one foot in Devil Canyon
Reservoir.

Figures E.2.4.31 through E.2.4.34 may be used to
estimate the average weekly stage variation
resulting from changes in weekly average flow.
These curves are based on steady state rating
curves at the noted locations.

For example, at RM 127.1 for a weekly average flow
of 10,000 cfs the maximum weekly stage fluctuation
for a *1,000 cfs or X 10 percent flow variation
would be 0.44 ft (*0.22 ft). The corresponding
fluctuation at RM 136.68 would be 0.6 feet

*0.30 ft).

These figures have been drawn for locations near
the upstream ends of Sloughs 8A, 9, 11 and 21.
Examination of water surface profiles in the report:
"Susitna Hydroelectric Project - Middle and Lower
River Water Surface Profiles and Discharge Rating
Curves" (HE 1984d) indicates these represent the
range in stage fluctuation for a given discharge
fluctuation in the middle reach of the Susitna
River. The rating curve at the Slough 11 head
appears to give near maximum stage fluctuations

~while those at Sloughs 8A and 21 give near minimum
stage fluctuations.

Table E.2.4.,6 and Figure E.2.4.35 show the surface
area of the mainstem and peripheral habitat areas
of the Susitna River between Devil Canyon and the
Susitna-Chulitna confluence. These can be used to
estimate the change in habitat surface area for a
change in discharge. The change in gravel and
vegetated bar surface areas represents the area
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(ii)

which is either exposed or covered by water as the
water level decreases or increases, respectively.
The relationships were compiled from mapping of
aerial photographs of the river at flows less than
25,000 cfs (EWTA 1985) and from simulations of
water surface profiles in the river (HE 1984d).

Mean Monthly Flows and Water Levels {(¥*%)

Weekly water levels and discharges at Watana were
simulated using the weekly reservoir operation
program. Maximum, minimum and average monthly
reservoir water levels are shown on Figures

E.2.4.114 through E.2.4.121 for Case E-VI. Maximum
water levels are those which would normally be
attained in wet years and minimum levels are attained
in dry years.

The Watana Reservoir fills to el. 2,000 in almost
every year and is drawn down to between el. 1,850 and

1,870 by April, The effects of the 1969 and 1970 low

flow years are indicated by the low reservoir level
attained in September of 1969 and 1970.

The Devil Canyon Reservoir fills to el. 1,455 .and is
stable at that level in wet years. 1In average flow
years the reservoir may be drawn down to el. 1,435 in
July but is filled by September. 1In dry years the
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reservoir may be drawn down to near minimum level
between Junme and October.

The sequences of simulated monthly flows at Watana,
"Gold Creek, Sunshine and Susitna Station for Case

E-VI are shown in Tables E.2.4.31 through E.2.4.35,
respectively. Tables E.2.4.36 through E.2.4.39
compare natural to with-project conditions. Figures

—'""ET'Z ° 47'151‘ “thr Ou'gh""'E‘."Z'"'."ll- 2'"1 55' ~show—s i:mu*l' ated-natura g
—and-with—-project—flows-at-Gold-Creek-for:

o 1964 - Flood of record in June

o 1967 = Large flood in August

o 1970 - Second driest year

o 1981 - Wet year used in temperature analyses
o 1982 - Average flow year used in temperature

simulations.

In general, project operation results in higher than

- natural winter flows aund lower than natural summer

flows. Flood peaks are considerably reduced. Lowest
flows occur in early May and October.
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The Watana Reservoir normally is full in September.
Winter energy demands are met from reservoir storage.
The energy demands in October and May are less than
for other winter months and the flows in these two
months are correspondingly lower than for the rest of
winter. Flows are generally more stable in Stage II
than in Stage I from October through June, but less
stable in July through September. This is a result
of the increased generating capacity.

The increase in hydraulic head and generating
capacity when Devil Canyon becomes operational means
that winter energy demands can be met with less flow
than in Stage I. This means less water is needed to
meet mid-winter (December-February) demands and more
water can be used in October, March, April and May.
Thus, with Stage II, winter flows are more uniform
than in Stage I. Additionally, because the
generating capacity 1s greater than in Stage I,
summer energy demands require less flow, thus Watana
storage is filled earlier in the summer and non-power
releases are necessary earlier than in Stage I. This
accounts for the higher July-September flows with
Stage II than for Stage I.

With-project mean monthly flows at Gold Creek are
compared to natural flows in the following table.

With- Percent
Month Natural Project Change
January 1,500 8,000 +430
February 1,300 7,500 +480
March 1,200 6,300 +430
April 1,400 6,000 +330
May 13,500 7,100 - 50
June 27,800 9,200 - 70
July 24,400 14,900 - 40
August 21,900 20,300 - 10
September 13,500 13,600 0
Qctober 5,800 7,600 + 30
November 2,600 7,900 +200
December 1,800 8,600 +380

Further downstream at Sunshine and Susitna Station,
the differences between natural and with-project
flows are reduced, due to the inflows from
tributaries. The following tables illustrates the
differences at Sunshine and Susitna Stations.
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Sunshine

With- Percent
Month Natural Project Change
January 3,700 10,200 +180
February 3,100 ‘ 9,300 +200
March . 2,800 7,900 +180
April 3,600 8,100 +130
May 28,000 21,000 - 20
June 63,000 - 45,000 - 30
July 64,000 55,000 - 15
August- 56,000 55,000 : 0
September 33,000 33,000 0
October 14,000 16,000 + 15
November 6,200 12,000 + 90

December 4,400 11,000 +150

Susitna Station

With- Percent
Month Natural = Project Change
January 8,100 15,000 +90
February 7,400 - 14,000 +90
March a 6,400 12,000 +90
April o 7,700 12,000 +60
May 57,000 50,000 -10
June TTTTTTTI12,0000 94,000 =15
July 127,000 117,000 -10
August 109,000 108,000 0
September 68,000 68,000 0
October.- . .- 33,000 35,000 + 5
November 15,000 20,000 +30
December 9,300 16,000 +70

Mean-annual -flow-will -remain-the.-same-at-.all

stations.
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the summer months to the winter months to meet energy
demands.

Water surface elevations based on maximum, mean, and
minimum monthly flows at Gold Creek for May through
September for selected mainstem locations between

‘Portage Creek aﬁdkTaikeeﬁna are illustrated in
“Figures E:2:4.135 through E<2.4.137. The figures

illustrate the water level change expected as a

result of operation of Stage II.

E-2-4~130
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(iii)

In general, there is a decrease in water level from
natural levels to with-project levels in the summer.
As illustrated by ice simulations later in this
section, there is a comparable increase in stages in
winter.

Floods (#¥)

The operation of the project during floods is
explained in Sectiom 3.6.2.

The method for estimating flood frequency is given in
Section 4.1.3.(a)(iii). With Devil Canyon operation-
al, a small amount of flood storage will be provided
to prevent spillway releases during the floods with
return periods of less than 50 years. This will
cause the maximum outflow for these events to be less
than or equal to 42,000 cfs, the outlet works
capacity.

- Spring Floods (#*%*)

For the 34 years of weekly simulations, Watana
Stage I Reservoir had sufficient storage capacity
to absorb all floods. The largest flood of record,
June 7, 1964, had a peak discharge of 90,700 cfs at
Gold Creek, corresponding to a recurrence interval
of about than 40 years (annual series). This flood
provided the largest mean monthly inflow on record
at Gold Creek, 50,580 cfs, and contained the
largest flood volume on record. For this flood,
the simulated reservoir level increased from

el. 1,850 ft to el. 1,994 ft. A further six feet
of storage were available before an outlet works
release would have been necessary.

The flood volume for the May-~June 1:50-year flood
was determined to be 1.4 million acre-feet (HE
1984c). The 50~year May-June flood was routed
through Watana Reservoir starting with a median
May~June water level of el. 1,882. The average
Watana turbine discharge of 3,400 cfs was used.

The flood was passed through the reservoir without
raising the water level above el. 2,000, and not
requiring operation of the outlet works or spillway
‘(see Sections 4.2.3(a)v and 6.7.4).

Spring floods downstream of the project will be

reduced by the discharge stored in Watana
Reservoir. Devil Canyon Reservoir will generally
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be full during this period and will not provide any
flood storage. Peak flows will generally be passed
through Devil Canyon Reservoir without

attenuation. Flood flows will be less than for
natural conditions in the middle reach.

In the reach downstream of the confluence flood
flows will be closer to matural than in the middle
reach. This is because in the lower reach, the
drainage area controlled by the dam is
proportionally much less than in the middle reach.
Additionally, under matural conditions, flood peaks
in the lower reach may often result from peak flows
in drainage areas not controlled by the project.

The following table gives the frequency of May-June

floods at Watana, Gold Creek, Sunshine and Susitna

Stations.
May-June Flood Frequency
Return , SO
Period Watana Gold Creek

(Years) Natural With-Project Natural With-Project

2 - 39,000 3,400 42,500 17,300

5 51,500 3,400 56,200 24,300

10 - 60,000 3,400 66,300 28,100

25 73,800 3,400 80,500 31,400

50 84,400 3,400 92,100 35,400
Return

Period Sunshine Susitna Station

(Years) Natural With-Project Natural With-Project

118,000 - 80,000 156,000 122, 000
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2
5 135,000 91,000 = 179,000 139,000

107 149,000 102,000 157,000 © — 154,000
25-—1637000————111;000——215;000—170;000— —
50 174,000 ‘119,000 230,000 183,000

The table indicates the 50-year flood peak at Gold
Creek of 35,400 cfs is ‘less than the capacity of
the Devil Canyon outlet works. Thus the 50-year

--flood.can-be.passed through the Devil Canyon
‘Reservoir ‘using only the powerhouse and outlet
~~works -and without--using the spillway; thus

minimizing the potential for nitrogen
supersaturation (see Sections 4.2.3(a)v and
6.7.4).
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For spring floods greater than the 1:50-year event,
it is possible that the Watama Reservoir would
fill, and inflow would be set equal to outflow.

If this occurred, floods downstream would be
similar to matural conditions.

Summer Floods (#%)

During average and wet years, the Watana Reservoir
will reach el. 2,000 ft sometime in July or
August. Design considerations were therefore
established to ensure that the powerhouse and
outlet facilities would have sufficient capacity to
pass the 1:50-year summer flood without operation
of the main spillway (see Sections 4.2.3(a)v and
6.7.4). A further decision criterion was
established such that the reservoir would be
allowed to surcharge to el. 2,014 ft during the
1:50 year flood. This is explained in Section
3.6.2. :

The derivation of the July-September 1:50 year
inflow hydrograph at Watana is given im a report by
the Applicant (HE 1984c).

The 50-year July~September flood at Watana has a.

peak of 77,800 cfs and a volume of l.l4 x 106 acre
feet. This flood was routed through Watana
Reservoir assuming a median July-September water
level of el. 2,000. The average powerhouse
discharge of 10,400 cfs was also used. The maximum
water level obtained did not exceed el. 2,014 and
the spillway was not operated. The maximum outflow
was 34,400 cfs, comprised of 24,000 cfs outlet '
works flow and 10,400 cfs powerhouse flow.

The following tables give the July~September flood

frequency for Watana, Gold Creek, Sunshine and
Susitna Stationms.
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July~September Flood Frequency

Return
Period Watana ) Gold Creek
(Years) Natural With-Project Natural With—Project

2 34,200 31,100 37,300 36,500
5 45,700 34,400 49,800 43,100
10 54,500 34,400 59,400 45,000
25 67,200 34,400 73,200 45,000
50 77,800 34,400 84,800 47,000
Return
Period Devil Canyon Sunshine
(Years) With-Project Natural With-Project
2 34,600 138,000 129,000
5 40,900 163,000 149,000
10 41,000 180,000 162,000
25 41,000 196,000 175,000
50 , 42,000 210,000 187,000
Return
Period Susitna Station

(Years) Natural With-Project

2 183,000 ' 183,000

5 216,000 212,000
10 238,000 232,000
25 259,000 253,000
100 278,000 271,000

" These were derived in the same manner as for

May-June floods.

The peak inflow to Devil Canyon Reservoir for the

50-year flood is approximately 44,000 cfs for
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Stage 11 operation. This exceeds the capacityof
the outlet works by 2,000 cfs. Therefore,"
provision has been made in the operating policy for
Devil Canyon Reservoir (Section 3.6.2) to surcharge
the water level to store and release the 50-year
flood without operating the spillway.

Annual Floods (#*%)

Annual flood peaks of the Susitma River at the
project sites most frequently occur in Jume.

The annual series 50 year flood at Watana was
calculated to have a peak discharge of 89,500 cfs

© E=2-4-~134
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and a volume of 1.43 x 100 acre feet (HE 1984c).
This flood was routed through the Watana Reservoir
assuming a median June water surface level of

el. 1,920, and an average June powerhouse flow of
2,500 cfs. According to the operating policy in
Section 3.6.2, the powerhouse discharge was shifted
from Devil Canyon to Watana when the Watana water
level reached el. 2,000 thus increasing the Watana
capacity to 10,400 cfs. The maximum water level
attained did not exceed el. 2,0l14. The maximum
outflow was 23,400 cfs. The Watana discharge
during the peak flow at Gold Creek was only 2,500
cfs., Spillway operation was not required and
nitrogen supersaturation would be minimized (see
Sections 4.1.3(a)v and 6.4.4). The following table
illustrates the annual series flood frequency at
Watana, Gold Creek, Sunshine and Susitna Stations
computed in the same manner as for May-June and
July-September values.

Annual Flood Frequency

Return
Period Watana Gold Creek
(Years) Natural With-Project Natural With-Project
2 43,500 2,500 48,000 19,200 -
5 57,400 2,500 63,300 26,900
10 67,000 2,500 73,700 31,300
25 © 79,800 2,500 87,300 35,200
50 89,500 2,500 97,700 39,800
Return
Period Devil Canyon Sunshine
(Years) With-Project Natural With-Project
2 15,900 143,000 102,000
5 22,000 166,000 119,000
10 25,600 183,000 131,000
25 28,700 200,000 145,000
50 32,400 214,000 157,000
Return
Period Susitna

(Years) Natural With-Project
2 189,000 157,000
5 220,000 183,000
10 242,000 202,000
25 264,000 223,000
50 283,000 252,000
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The July-September, with-project flood frequency
has generally greater flood peaks than the with-
project annual series. Therefore with-project, the
flood frequency will be as defined for the
July-September series.

Under natural conditions, the highest annual floods
at Gold Creek generally occur in June. With-
project, the annual flood peaks will generally
occur in the July-September period rather than
June. At Sunshine and Susitna Stations the annual
flood peaks normally occur in the July-September
period and will continue to do so with-project.
The magnitude of the reduction in annual flood
peaks will be greatest at the dam and reduced with
distance downstream. The mean annual flood flows,
assuming approximately a 2-year return period
(USDI 1974), for Gold Creek, Sunshine and Susitna
Stations are shown below.

Mean Annual Flood Flow
2-Year: Return Period

Natural With-Project
(Annual Series) (July-Sept. Series)

Gold Creek 48,000 36,500
Sunshine 143,000 129,000
--Susitna-Station— 1894000 -~ 183,000

Downstream of the confluence with Chulitna and
Talkeetna Rivers there is approximately a 10
percent reduction in the mean annual flood.
Downstream of the Yentna River confluence there is
an approximate 3 percent reduction in the mean
annual flood. The with-project flood frequency
for Gold Creek, Sunshine and Susitna stations is

shown on Figures E.2.2.38, E.2.2.40, and E.2.2.41,
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(iv)

respectively.

Flow Variability (#*%)

Under normal hydrologic conditions, flow from the
Stage II development will be regulated. The
downstréam flow will be controlled by one of the
following criteria: downstream flow requirements,
minimum power demand, or reservoir operating rule
curve. However, there can be significant variations
in discharge from one season to the next and, for the
same month, from one year to the next.
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Flow variability under natural conditions 1is
illustrated by the flow duration curves using daily
recorded flow values shown on Figures E.2.2.44 and
E.2.2.45.

As discussed in Section 3.6.1, with-project flow from
the powerhouse may be allowed to vary by 10 percent
above and below the mean weekly flow. The maximum
variation in the mean weekly flow from one week to
the next will be 20 percent.

For Case E-VI flow requirements, weekly reservoir
operations have been made to illustrate the
variability in weekly average flows for five years.
These are illustrated by Figures E.2.4.130 through
E.2.4.134. There will also be variation in flows in
one week from year to year. Figures E.2.4,.138
through E.2.4.14]1 show the 6 percent, 50 percent and
97 percent exceedence level flows for each week of
the year.

Additional simulations have been made with Case E-I
flow requirements. Figures E.2.4.142 through
Ee2.4.145 illustrates the 6 percent, 50 percent and

" 97 percent exceedence level flows obtained and

Figures E.2.4.146 through E.2.4.150 show the
variability in weekly average flow throughout the
year. '

Additionally, in order to illustrate the variation in
with-project flows as compared to natural variation,
monthly flow duration curves have been prepared for
Watana, Gold Creek, Sunshine and Susitna Stations
(Figures E.2.4.151 through E.2.4.155.

These curves are based on monthly average
with-project flows. The natural flow duration curves
on these exhibits are based on monthly average flows
and not on daily values as in Figures E.2.2.44 and
E.2.2.45.

The exhibits illustrate the improvement in flow
stability for with-project conditions as compared to
natural conditions. The project outflows show little
variability because of the high degree of reservoir
regulation and the relatively constant powerhouse
flow. Gold Creek exhibits more variation because of
the variability in local inflow. The flow duration
curves show a diminished natural and with-project
difference with distance downstream from Watana.
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(v) Operation of Watana and Devil Canyon Outlet Works and

Fixed-Cone Valves (%*¥)

The outlet works at Devil Canyon are controlled by
the four 102-inch and three 90-inch diameter fixed
cone valves which have a combined capacity of
approximately 42,000 cfs at the normal maximum pool
and 80 percent gate stroke. The four intakes to the
102-inch valves will draw water from el. 1,050 and
discharge it approximately 120 feet above normal
tailwater. The three. 90-inch valves will draw water
- from el. 930 and discharge it about 50 ft above the
normal tailwater level. The purpose of these outlet
works 1s to release flows to meet envirommental
requirements and to pass flood flows without using
the spillway. As noted under in Section 4.2,3(a),
floods up to the 50~year event can be discharged
without using the spillway. Table E.2.4.40 gives
information on outlet works operation from the weekly
reservoir simulations.

Included for each year of the 34 years of simulation
are the week of first release, the week of maximum
release, the maximum release, the powerhouse flow at
" the time of maximum release, and the volume released
“and the maximum Watana release during the period of
Devil Canyon outlet works operation.

As shown, the outlet works would operate in mid to

late summer of almost every year. This occurs

bécduse the reservoir ‘has filled and 1t is necessary

to pass flows to maintain freeboard on .the dam.
Information on the downstream temperature impacts caused
by the operation of the outlet works can be found in
Section 4.2.3(c)(1).

Pan

o’

St
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River Morphology—(**)

When Devil Canyon comes on line, the project will be
operated in a similar manner to Stage I. However, the
increased generating capacity for Stage II can meet energy
demands with lower average outflows than Stage I. This
results .in.earlier filling of Watana Reservoir in Stage 1II

"~ than in Stage I. ”EngSS‘releaSES'in Stage Il occur earlier
--gnd-are-somewhat -greater—than-in-Stage I. Weekly flows at

Gold Creek as simulated by reservoir operation studies are
shown in Figures E.2.4.138 through E.2.4.141.
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(e)

These studies indicate that mean-annual maximum weekly flow
at Gold Creek will be about 24,000 cfs under Stage I
operation and about 28,000 cfs under Stage II operation.
Using the higher values of 28,000 cfs as the dominant
discharge, the potential degradation of the Susitna River in
the middle river at the studied sites between Devil Canyon
and the confluence will be on the order of 1.0 to 1.5 feet.
This is based on an analysis of selected locations (see
Section 2.3.3). The extent of degradation will gradually
decrease to nearly zero at the confluence of the Susitna and
Chulitna Rivers. This is because there will be some
aggradation at the confluence which will prevent degradation
of the channel immediately upstream.

Impacts of the Stage II project operation on the morphology
of the Susitna River near the confluence and downstream from
the confluence will be similar to those discussed in Section
4.1.3(c). The impact on side channels and sloughs also will
be similar.

Water Quality (¥%)

(1) Water Temperature (*%)

~ Watana and Devil Canyon Reservoirs (*¥)

The DYRESM model as described in Section
4.1.3(c)(1) was used to predict reservoir
temperature profiles and outflow temperatures from
both the Watana and Devil Canyon Reservoirs. The
Watana inflow, the inflow temperature, and
meteorological data observed at both the Watana and
Devil Canyon weather stations for the period
November 1980 through April 1983 were used. The
Watana meteorological data used are the same as for
Watana operating alone (Section 4.1.3(ec)(i)),
however, Watana outflow 1s changed due to the
different mode of operating the Watama reservoir
when both projects are operatiomnal.

The flows simulated for the Case E-VI downstream
requirement were used as the source of
inflow-outflow data for the two reservoirs.

The Watana Stage I intake structure shown on Figure
E.2.4.66 was used in the Watana simulations. The
two-level intake for Devil Canyon Reservoir shown
on Figure E.2.4.156 was used for Devil Canyon
simulations. Additional reservoir temperature
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runs were made to test the sensitivity of
reservoir outflow temperatures to:

o Modification of the Devil Canyon multi-level
intake to include a third level of ports
between the two proposed levels,

o Modification to the allowable drawdown at
Devil Canyon Reservoir to keep the water
level above the upper intake port level,

o Use of Case E-I envirommental flow
requirements rather than Case E-VI, and

o Various other policies of operating the
two-level intake and outlet works including
the possible raising of the outlet works
intake.

Watana outflow, outflow temperature, and the flow
contribution from the area between the damsites are
inputs to the Devil Canyon Reéservoir.

The temperature of the outflow from the Watana
Reservoir is more stable. than the natural thermal
regime. Thus, a thermally more stable than natural
inflow is input to Devil Canyon. The Devil Canyon
inflow temperatures are cooler in June and warmer

in “gepteimbet than those which occur maturally.
Devil Canyon Reservoir exhibits a general pattern
of early summer warming, summer stratification, and

fall to winter cooling through an isothermal

.condition to reverse stratification similar to

i

Watana.

Stratification and outflow temperatures at Watana
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condition are similar to those of Watana operating

alone in Stage I. Figures E.2.4.157 and E.2.4.158
show the Watana inflow temperatures and the
predicted Devil Canyon Reservoir outflow
temperatures for the two level outlet. The
ice~cover formation and the operation of the intake
structure and outlet works are also shown. Devil
Canyon Reservoir outflow. temperatures lag behind

. those of Watana 'by-up to-four weeks in summer. The

lag is greater in wet years (1981) than in average
years (1982). Outflow temperatures from Devil
Canyon exhibit less short-term variations than
those from Watana. '
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Figures E.2.4.159 and E.2.4.160 show the simulated
Devil Canyon outlet temperatures for inclusion of a
third level of ports between the proposed two
levels. Figures E.2.4.161 and E.2.4.162 show the
simulated outlet temperatures for a revised Devil
Canyon drawdown designed to keep the water level
above the upper intake port level. Figures
E.2.4.163 and E.2.4.164 show the outlet
temperatures for the Case E~I1 flow requirements.
These sensitivity studies are more thoroughly
discussed in the section on temperatures downstream
of the dam.

Typical reservoir temperature profiles of Devil
Canyon are shown in Figures E.2.4.165 through
E.2.4.170 for the two level intake policy with the
maximum allowable drawdown of 50-~feet. These plots
indicate that the Devil Canyon Reservoir would also
develop thermal stratification in summer and
ice-cover in winter. With a shorter residence time
due to its smaller volume (about one-~fourth of
Watanma Stage I) and lower outlet works intake
facilities located 400 to 500 feet below the
surface, the temperature structure in the reservoir
would be more dynamic than that of Watana  Reservoir
especially in the hypolimnion. The outlet works.
would, therefore, draw mostly hypolimnetic water at
a relatively constant temperature of about 4°C in
early summer and increase gradually toward a higher
temperature of about eight to 10°C in late summer.

The summer near surface epilimnion would be thinner
with steeper thermoclines in June and July. The
multi-level intake would be less effective in
selectively withdrawing water for comtrolling
outflow temperatures.

In June and July when the outlet works are not in
operation, the Devil Canyon outflow temperature may
vary from about five to 10°C while the Watana
inflow temperatures may vary from about five to
12°C. In August, the outlet works would be
operated frequently and would result in a more
constant outflow temperature of about 6 to 8°C
while the Watana inflow temperature may vary from 5
to 10°C. Additional studies carried out for Case C
downstream requirements and various hydrological
and meteorological conditions and energy demands
also showed similar characteristics (APA 1984a
Appendix 1IV).
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The winter outflow temperature from the Devil
Canyon Reservoir would be in the range of about
1.5°C to 3°C. . In general, the period of fall total
mixing or overturn at Devil Canyon would last
longer than at Watana due to warmer fall inflow
from the Watana Reservoir and because most of the
summer outflow in excess of powerhouse flow would
be passed through the outlet facilities. The -
temperatures in some fall overturns could approach
approximately 7°C when the summer inflows are
relatively high. The winter temperature structure
and the timing of the ice-cover formation ‘and
meltout would be similar to Watana Reservoir.
However, the maximum ice thickness of the ice~cover
would be about 6 to 12 inches less than Watana
Reservoir.

- Devil Canyon to Talkeetna (*%)

. Mainstem (*¥%)

""The Devil Canyon operation outflow temperatures,
which were simulated using DYRESM were used to
determine the water temperatures in the reach
between Devil Canyon and Talkeetna. The
discharge and outflow temperatures from Watana
were used as input for the program SNTEMP, '
described in other reports (AEIDC 1983, 1984a,

1984b, 1984c, 1985a).

River temperatures were simulated on an average
weekly basis, Output of daily temperatures from
'DYRESM were averaged and used in the weekly
simulations along with average weekly discharges
from the reservoir operation results presented
in 4.2.3(a).

Temperature simulations using SNTEMP were
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carried out for open water reaches of the river
between the dams and the Sunshine stream gaging
station (RM 84). In summer, the entire reach
was simulated. In winter, only the reach from
the dams downstream to the location where water
temperature reached 0°C was simulated. Only the

" period May 1981 through September 1982 was

.. simulated for the three-stage project. This
represents a wet summer, followed by a winter of
average temperatures followed by an average flow
summer. The selection of cases for simulation
is discussed in the Applicant's replies to the

E~2-4-142
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FERC's Request for Supplemental Information of
April 12, 1983 Schedule B, Exhibit E Nos. 2.28
and 2.41,

Simulations for the three-stage project were
limited to the cases discussed above, in order
to show the similarities and differences between
simulated temperatures for the original
two-stage and the proposed three-stage project.
The simulations which have been made for the
two-stage project (APA 1984a Appendix V, HE
1985f Appendices H and I) may be used to deter-
mine the sensitivity of the river temperatures
to other hydrologic and meteorologic conditions.
Simulations are also presented in other reports
(AEIDC 1983, 1984a, 1984b, 1984c, 1985a).

The results of the simulations are presented on
Figures E.2.4.171 through E.2.4.173 and on
Tables E.2.4.41 and E.2.4.42. The figures
indicate that the river temperatures for Watana
Stage II at RM 150, 130 and 100 are on the
average 1°C warmer between July and September
than the temperatures for the same energy demand
for the original two-stage project. Winter open
water temperatures are somewhat colder and this
is reflected in the ice simulations discussed:
later, With the three-stage project, tempera-
tures are up to 2°C warmer than for the
two~stage project in July through September.
This is because the intake to the outlet works
is located higher, relative to the surface, in
Watana Stage I than in the two-stage project.
Thus, outlet works discharges in this period are
from warmer water than for the two-stage
project.

Temperatures at RM 130 in Stage II are cooler
than for Stage I in June through early August
and warmer than for Stage I between mid-August
and mid-April. In May the temperatures in
Stages I and II are similar. This is a result
of the lag in outflow temperatures introduced by
Devil Canyon Reservoir, and of the fact that
there is less distance between Devil Canyon Dam
and RM 130 than between Watana Dam and RM 130.
This means there is less opportunity for solar
and atmospheric radiation to warm the outflowing
water in Stage II than in Stage I.
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’Summer'with—project river temperatures exhibit a

lag behind natural conditions of approximately
one month. Simulated temperatures at RM 130 are
generally near 4°C in early May, peak at near
10°C in late August through late September, and
decrease to 0°C by late December.

In winter, the temperature of the mainstem will
remain above 0°C longer than natural because of
the warmer outflows from the project. The
temperature in the spring will warm up above 0°C
sooner for the same reason. Between the
upstream end of the ice cover and the dams the
river temperature will generally be between 0°C
and 2°C to 3°C, whereas the natural temperature
in this reach is 0°C. This change in winter
temperatures is reflected in ice simulations
discussed later.

| In wet years the reservoir fills by early July
_and thus the outlet works must be operated to

pass flow. Because the outlet works draw from a
lower elevation in the reservoir, its flows are
generally cooler. This causes the drop in river
temperatures in July in the 1981 simulatiom and
a smaller drop in the 1982 simulation.

 Based on these simulations and simulations of

natural conditions, the mean annual temperature
(time weighted) at RM 130 for the period

May 1981 to April 1982 was calculated to be
3.7°C for natural conditions and 4.2°C for

- with~project conditions. - Simulatioms of other

hydrological and meteorological conditions for
other flow requirements also indicated that the
mean annual temperature w1th—pr03ect would be

“similarto matural comnditiomsi—
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The simulated temperatures shown on Figures
E.2.4.171 through E.2.4.173 are for the proposed

'three-stage prOJect with a two~level intake at
" Devil Canyon Reservoir. The simulated operation

of the project results in a drawdown of Devil

Canyon Reservoir in mid-June. This drawdown may
“'be ‘up to 50 feet in some years. When the water
“level decreases - below the upper of the-two

levels, the lower level intake is opened. This
intake, being relatively deeper in the
reservoir, draws colder water for a short period
until the water level decreases further. Thus,
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there is a simulated decrease in river
temperatures in mid-June to early July depending
on the year simulated. The effect of this drop
is most noticeable near the dam, and because of
climatic conditions is not noticeable at RM 100.
Two simulations were carried out with
modifications to the operating policy of Devil
Canyon and to the multi-~level. intake to attempt
to improve temperatures. Because the effects of
these two modifications on temperatures were
minor, the Applicant maintained the Devil Canyon
drawdown of 50 feet and the two level intake as
discussed previously. The modifications which
the Applicant considered are discussed below.

The first of these modifications was to hold the
water level at Devil Canyon above the upper
level intake which limits the drawdown at Devil
Canyon to nine feet. This reduces project
energy production somewhat since minimum flow
requirements must be met from Watana storage
rather than Devil Canyon. The temperature
simulation is shown on Figures E.2.4.174 through
E.2.4.176 and Tables E.2.4.45 and E.2.4.46.

This modification generally eliminates the drop
in temperatures resulting from lowered water .
levels. However, it also results in a notice-
able increase in temperatures in mid-June and
larger temperature decreases when the outlet
works operate than for the 50-foot drawdown
policy.

The second modification tested was to include a
third level of ports between the two existing
levels of ports at the Devil Canyon multi-level
intake. The results of this simulation are
shown on Figures E.2.4.174 through E.2.4.176 and
Tables E.2.4.43 and E.2.4.44. This policy also
eliminated the drop in temperatures resulting
from lowered Devil Canyon water levels, and
provides a smaller decrease when the outlet
works operate and generally more uniform
temperatures in June and July than the other two
policies.

Figures E.2.4.177 and E.2.4.178 show simulations
of temperatures for other hydrological and
meteorologic conditions for the two stage
project (APA 1984a Appendix V). As noted
previously, these may be used to show the
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sensitivity of temperatures to various
hydrologic and meteorologic conditions for the
three-stage project.

The simulations discussed above have all been
carried out using the policy of withdrawing
water that has as close a temperature to natural
as possible, This policy is known as "inflow
temperature matching." Additional simulatiouns
have been carried out to determine whether other
policies of multi~level intake operation would
significantly affect temperatures. The policies
considered were:

o Warmest water — draw warmest water from
the two reservoirs all year using proposed
intake.

0 Warmest water with other possible intakes
at el. 1,800 - draw warmest water from the
reservoir all year, but with the addition
of intakes at el. 1,800 in Watana.

0 Warmest water with an intake to the Devil
Canyon outlet works near the surface of

the reservoir as well as near the bottom.

These simulations were carried out using the

Case C flow requirements prior to the
Applicant's adoption of the Case E-VI flow
requirements. The simulations are for the
second stage of the two stage project which is
‘similar to "Stage III of the three stage project.
The selection of a flow regime does not affect
the validity of comparisons between the policies
since the purpose of these simulations was to

“providean insight “into operation of the multi-
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Llevel intake:—The—-differences-represent-the— - .

variation which may be expected with different
multi-level intake operating policies.
Simulations were initiated by DYRESM using the
appropriate intake operating policy.

The "warmest water" policy with the existing
intake generally means using the uppermost

~intake below the water level in the summer and

fall between May and November. When the
reservoir becomes isothermal in November, this
policy would require changing to the lowest
level intake to obtain the warmest water imn
winter. This policy would have the effect of
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giving the warmest possible summer temperatures
and moving the ice front downstream the
furthestin the winter. The incorporation of
intakes at lower levels in the Watana reservoir
would allow for potentially drawing warmer water
from the reservoir in the winter. However, this
might have other effects on water quality
downstream, such as increased suspended sediment
and turbidity and decreased dissolved oxygen.
Additionally, drawing warmer water from the
reservoir in the winter might reduce the heat
available in the reservoir for summer outflows.

The purpose of providing the high level intake
to the Devil Canyon outlet works is to improve
or warm temperatures during the time when the
outlet works must operate.

The results of the analyses described in the
previous two paragraphs are shown on Figures
E.2.4.179 and E.2.4.180. The effect on summer
river temperatures at RM 130 of the various
operating policies 1s minimal. Temperatures in
May and September do not seem to be very
sensitive to the multi~level intake operating
policy. The "warmest water" policy is similar
to the "inflow matching" policy in average
(1982) years and 1°C to 2°C warmer than "inflow
matching"” in late June and early July of a wet
year. The inclusion of intakes at el. 1,800
does not appear to affect summer temperatures.

The use of a high-level intake to the Devil
Canyon outlet works has a noticeable effect on
river temperatures, generally increasing average
temperatures during outlet works operation by
1°C to 2°C.

Additional simulations were made to determine
the effect on summer river temperatures of
different environmental flow requirements. Case
E~-I1 described in a report by the Applicant (HE
1985f) was used for this simulation. The
results of this simulation are presented on
Figures E.2.4.181 through E.2,4,183 and on
Tables E.2.4.47 and E.2.4.48. The results
indicate that, for Stage II, the temperatures at
RM 130 for E-VI and E-1 are similar except
between mid-June and mid-August. During this
period the temperatures with E-I average
approximately 0.6°C to 0.7°C warmer than with
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E-VI. The temperatures with E~I are up to 2.5°C

warmer than with E-VI during this period.

‘Temperatures with E~1 are warmer than those for

E-VI during this period because the E-I flow
requirements in June exceed flows required to
generate energy. Approximately 250,000
acre-feet of cool hypolimnion water are released
through the Devil Canyon outlet works in June

“for E-1 and-replaced by a similar amount of

warmer epilimnion water from Watana. This
generally increases the depth of the epilimnion

at Devil Canyon for a short period and increases

the outflow temperature through the powerhouse
in the same period. For E-VI, June powerhouse
releases are generally adequate to meet
environmental requirements and excess releases
from Devil Canyon are not required.

Sloughs and Peripheral Habitat (*%¥)

Slough and side channel surface water
temperatures are generally dependent on the
temperature of groundwater upwelling, climate
conditions and the temperature of mainstem flow
when the upstream berm is overtopped. Since the
frequency of overtopping of the upstream berm
will be reduced due to lower summer flows the
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slough and side channel surface water
temperature will be more often solely a function
of groundwater temperatures and climate.

It has been determined that the temperature of

“‘the groundwater: component of slough flow is

generally equal to the mean annual temperature
(time-~weighted) of the river. Since the project
will not alter this significantly, the only

change in—-surface-water-temperatures—in-sloughs———-

and—side—channels will be-a funetion-of -the
frequency of overtopping of the upstream berm.

When habitat areas in sloughs and side channels

-are not overtopped in summer their surface water

temperatures are generally less than the
mainstem reflecting the groundwater temperature
and the climatic conditions. Therefore, a

“ reduction-in overtopping of habitat berms will

generally cause slough surface water temperature
in summer to be somewhat lower, om the average,
than natural conditions, but higher than the
groundwater temperature. The variation in
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surface water temperature resulting from
intermittent overtopping of the berms will be
reduced. Side channels will be affected less
than sloughs because summer discharges with
project will generally keep side channel areas
overtopped.

Surface water temperatures in tributary habitat
areas are generally a function of tributary
temperature and will not be affected by the
project. The extent of the effect of the
tributary temperature on the mainstem may change
as a result of decreased summer mainstem flows.

Intergravel temperatures in sloughs and side
channels are generally between 3°C and 5°C and
appear to be related to the mean annual mainstem
temperature. In some areas the intergravel
temperature may be more directly related to
mainstem temperature such as at a site in lower
Slough 8A. Since the mean annual mainstem
temperature is not expected to change signifi-~
cantly, the intergravel temperature in sloughs
and side channels is expected to remain the
same,

- Talkeetna to Cook Inlet (#%)

During summer, temperatures downstream of the
confluence will reflect the temperatures of the
Talkeetna and Chulitna Rivers, in addition to the
Susitna River. Since the contribution to lower
river flow from the middle reach of the Susitna
will be lower than natural, the Chulitna and
Talkeetna Rivers will have a greater influence than
natural.

Because the Talkeetna and Chulitna Rivers are
generally colder than the Susitna, the mainstem
temperatures would be colder than natural. Simu-
lated average weekly temperatures at Sunshine
with-project can be compared to simulated natural
temperatures (Tables E.2.4.21 and E.2.4.22). Stage
I1 with-project summer temperatures are generally
slightly colder than for Stage 1 between May and
early August, similar to Stage I in August, and
warmer than for Stage I in September and October.
Temperature differences between Stage II and
natural are generally greater than differences
between than Stage I and natural; being 0.5°C to
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1.5°C cooler than natural from May to July and up
to 2.5°C warmer than natural in late September and
October. In the fall and early winter the middle
Susitna River flows will begin to have greater
influences on temperatures downstream of the
confluence, This will result in downstream
temperatures being slightly above normal until late
October to early November. Cold climatic condi-
tions will cause temperatures after early November
to be the same as under natural conditions (0°C).
In April and early May, warmer outflows from the

reservoir may reach the confluence after the ice
"cover melts out. Thus, early spring temperatures

may also be up to 2°C warmer than natural. This
difference diminishes with time and by mid-May
temperatures will be similar to natural,

Ice (¥%)

- Watana and Devil Canyon Reservoirs (#*%)

Ice cover formation on the Watana and Devil Canyon
Reservoirs, during Stage II, was simulated with
the DYRESM model based on the average winter
weather conditions of 1981-82, and the Case E-VI
and E-I downstream flow requirements, The ice

 cover at Watana Reservoir during Stage II operation

would be generally similar to the Stage I
conditions -described in Section 4+1+3 cCii)+  The
Watana Reserv01r ice cover would form in late
November and would reach 'a maximum thickness of 4
feet by 'March. The ice cover would begin to melt
in m1d—Apr11 and would be fully melted by late

May.

An ice cover on Devil‘Caﬁyon Reservoir would form
at the start of December and would grow to a
maximum thickness of approximately three feet by
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March. The ice cover would begin to melt in late
March and would be fully melted by late May.
Further réservoir ice simulations are included in
other reports (HE 1985f Appendices H and I, APA
1984a Appendlx V).

‘*‘“D‘évil“"caﬁyoﬁi“‘c‘o‘ Talkegtna (%)

 The ICECAL model ‘as descrlbed in Section

4.1.3(c)(ii) was used to simulate river ice

“conditions between Devil Canyon and Talkeetna

during Stage II operation. Results of the modeling
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are shown in Figure E.2.4.184 based on the winter
weather conditions of 1981-82 (an average winter in
terms of mean air temperature), and the Case E-VI
downstream flow requirements. Frazil ice
generation would be limited to the reach downstream
of RM 135 and would vary with daily weather
conditions and reservoir release temperatures. At
times, no frazil would be produced upstream of
Talkeetna.

Ice cover progression at Talkeetna 1s expected to
begin in late December and would reach a maximum
extent near RM 133 in late January. This is
approximately six miles downstream of the simulated
Stage I maximum ice extent. Maximum expected ice
cover thicknesses would range from 2 feet to 6 feet
and would be generally similar to or less than
those of natural conditions. Maximum river stages
within the ice covered reach would often be 1 foot
to 4 feet higher than those of natural conditions
and greater overtopping of sloughs would therefore
be expected in this reach if the mitigation measure
of berm construction (see Section 6.7.4) were not
implemented. Upstream of the ice cover, the river
would remain open and maximum river stages would be
equivalent to or slightly less than during natural
conditions. :

The ice cover upstream of Talkeetna is expected to
substantially melt in-place by late March. As
discussed in Section 4.1.3(c)(ii), mechanical
breakup and resulting ice jams and flooding events
are expected to be substantially reduced compared
to natural conditions.

As discussed in Sectionm 4.1.3(c)(ii), the effects
on river ice of different weather conditions were.
examined in the "Instream Ice Simulation Study' (HE
1984f) and the '"Case E~VI Alternative Flow Regime
Report" (HE 1985f, Appendix I). Although these
weather sensitivity studies were not based on Stage
11 operation, the general trends of the results are
believed applicable. For a "cold" winter such as
that of 1971-72, ice front progression may occur
several weeks earlier and may extend several miles
further upstream than for the "average" winter of
1981-82. Maximum ice cover thicknesses and river
stages with the cold winter may be 1 to 3 feet
greater than those of the average winter. For a
very warm winter such as that of 1976-77 (HE 1985f
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Appendix 1), ice front progression upstream of
Talkeetna may occur several weeks later compared to
that of 1981~-82 "average" winter. Maximum ice
cover thicknesses and river stages and the maximum
upstream extent of the ice cover for the 1976-77
very warm winter may be slightly less than that of
the 1981-82 average winter.

The effects on river ice of alternative designs and
operating policies for the multi~level power
intakes, as discussed in Section 4.1.3(c)(ii), have
also been simulated with the ICECAL model for the
Watana and Devil Canyon operation. Although these
simulations were not based on Stage II, the general
trends of the results are believed applicable.

With Stage II operating, the river ice effects of
the ‘alternative power intake designs and operating
policies are expected to be less evident than those
discussed for Stage I (Section 4.1.3(c)(ii)).

Relative to the "inflow-matching" policy, the

"warmest water' policy has essentially no effect on
the simulated river ice conditioms with both dams
operating. Simulations for the final stage of the
three stage project show that the simulated maximum
extents of the ice front for both policies are
within one mile of each other and maximum water
levels are within one foot of each other. The

similarities between ice conditions for the two
policies would be the same for Stage II as

Stage III. Simulations with alternative low level
intake ports showed only slight reductions in
simulated river ice conditions.

Stage II operation with the Case E-I flow
requirements, as an alternative to Case E-VI, has

~dlso been simulated withthe river ice model, ——— —
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Figure E.2.4.185 for 1981-82 weather conditions.
Based on the simulation results, the ice front
progression, maximum ice cover thicknesses, maximum
river stages and slough overtopping events with the
Case E-~1 flow requirements are expected to be very

~similar to _.those_with.Case E-VI.

Sloughs»andeeripheralmHabitat Areas (¥*%)

-For Stage 1II operation the maximum simulated ice

thicknesses, river stages and ice front extent
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are substantially less than those for Stage I
Watana operation (Section 4.1.3 c¢(ii)). Slough
overtopping events during Stage Il operation are
therefore expected to be milder and less frequent
than those of Stage I operation. Table E.2.4.23
summarizes information on winter water levels near
sloughs and side channels for Case E~VI flow
requirements for Stages I and II. Similar
information for Case E~1 flow requirements is
presented in Table E.2.4.24 as a sensitivity test.
Results for both flow requirements are similar.
The tables show the occurrences of slough berm
overtopping for natural berm elevations. Where
sloughs are protected by construction of a berm,
overtopping would not be expected to occur.

Mitigation measures proposed for slough protection
during Stage I (Section 4.1.3(c)(ii), Section 6.4.4
and Sectiom 6.7.4) would be adequate for Stage II.

- Talkeetna to Cook Inlet (¥*%)

River ice conditions between Talkeetna and Cook
Inlet during Stage II operation are expected to
show the same general trends as discussed in
Section 4.1.3(c)(ii) for Stage 1 operation. The
initial formation of an ice cover near Cook Inlet
is expected to occur at the same time as natural.
Progression of the ice cover in the lower river is
expected to be slightly slower than in Stage I and
the ice cover is expected to arrive at Talkeetna in
late December in an average year, about two weeks
later than for Stage I. 1In the spring the ice
cover in the middle reach is expected to melt out
at Talkeetna about a month earlier than for Stage
I. Thus, above 0°C water will reach the lower
river and begin melting the lower river ice cover
by early April.

Suspended Sediments/Turbidity/Vertical

Illumination (*%)

-~ Watana and Devil Canyon Reservoirs (¥%)

The extended DYRESM model has been applied to
simulate the suspended sediment concentrations in
both Watana and Devil Canyon Reservoirs and the
outflows under 1982 flow conditions. As described
in Section 4.1.3(c)(iii), 1982 was determined to be
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an average year for sediment loading. Minimum and
maximum sediment years were not considered. How-
ever, the sensitivity amalysis undertaken for
Stage I may be used to determine the relative
changes resulting from minimum or maximum loadings
in Stage II. Case E-VI downstream flow require-
ments were used. The basic data and solution
procedure used in the study are the same as that
used in the Watana Stage I Reservoir study describ-
ed in Section 4.1.3(e)(iii). The results are
summarized in Table E.2.4.49. Figures E.2.4.186
and E.2.4.187 show the predicted outflow suspended
sediment concentrations from Watana and Devil
Canyon, respectively. These figures indicate that,
of the suspended sediments passing through the
Watana Reservolr, a small percentage is expected to
settle in the Devil Canyon Reservoir. This is
attributable to the small sizes of the particles
(less than 4 microns in diameter) emntering the
reservoir from Watana and the relatively short
retention time of the Devil Canyon Reservoir (2
months) in comparison to the Watana Reservoir (9
months). The suspended sediment and turbidity
levels that occur within the Devil Canyon impound-
ment and downstream will be slightly reduced from
those that exist in the outflow from Watana.

As in the case of Watana Stage I Reservoir

-outflows; the  Devil-Canyon Reservoir outflow

suspended sediment concentration and turbidity

~levels will be more uniform throughout the entire

year than under the natural river conditions. As
with Watana Stage I, the average summer suspended
sediments concentration' (90 mg/l), and turbidity
concentration, will be measurably reduced from
natural conditions. The outflow suspended sediment

.concentration from Devil Canyon will reach its

lowest level of about 20-30 mg/l in April or May
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and increase toward a maximum of about 130 to 150
mg/l in late July or early August. The correspond-
ing turbidity level may vary from about 40 to 60
NTU in spring to a maximum of about 250 to 300 NTU
in late July or early August.

- Devil Canyon to Cook Inlet (#%)

"During Stage II operation some of the suspended

material in the Watana outflow would be trapped in
the Devil Canyon Reservoir. Simulations show
that during Stage II the outflow concentration of
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suspended sediment from Devil Canyon would be about
10-20 percent less than in the outflow from Watana.
Additionally, the Devil Canyon Reservoir will tend
to "smooth out" the concentrations so that the
abrupt changes in concentration resulting from
changing multi-level intake port operations at
Watana would not be apparent downstream of Devil
Canyon. With Stage II the average July-December
outflow concentration would be approximately 80-100
mg/l. The maximum occurs in late July and would be
about 150 mg/l, but the concentration would be
relatively constant between July and December.
Between January and early May the concentration
generally decreases to approximately 20-30 mg/l.
For Stage II, suspended sediment concentrations
were only simulated for an average year (1982).
Based on the results for Stage I, low sediment
(1970) and high sediment (1981) years would result
in concentrations approximately 10-20 percent less
and 10~20 percent greater than for an average year,
respectively.

The suspended sediment concentration between Devil
Canyon and the Chulitna~Susitna confluence will be
similar to that in the outflow from the dam. Some
sediment may be injected by tributaries during
floods. However, the contribution from tributaries
will normally be minimal. Thus the turbidity in
the Devil Canyon to Chulitna confluence reach is
expected to be slightly less than in Stage I or
about 160-200 NTU on the average, between July and
December decreasing to a minimum of 50 NTU in May.

Downstream of the Chulitna-Susitna confluence, the
summer suspended sediment concentration and
turbidity will be dominated by the Chulitna River
as discussed in Section 4.1.3(c)(iv). There will
be little change from Stage I in this reach. In
the winter, during Stage II, the suspended
sediment concentration and turbidity will be
slightly lower than during Stage I due to the lower
reservoir outflow values.

Vertical illumination will be increased slightly
from Stage I conditions between Devil Canyon and
the Chulitna confluence. There will be no change
in suspended sediment, turbidity, or vertical
illumination in Watana Reservoir during Stage II.
Downstream of the Chulitna confluence there will be
very little change in vertical illumination between
Stages I and II.
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(iv)

Within the Devil Canyon impoundment the suspended
sediment and turbidity levels will be slightly
reduced from Watana. The simulations show that
suspended sediment concentrations near the surface
will be approximately 90 mg/l in November and
decrease to less than 5 mg/l in January.
Concentrations will remain this low until June. In
June concentrations near the surface will begin to
increase, reaching levels of 30 mg/l in August, and
“increasing further to 70:mg/l by October. Surface
turbidities will thus be less than 10 NTU in the
winter, between 10 and 60 NTU in June and July,
in¢reasing to 140 NTU by October and 180 NTU by
November. Vertical illumination will thus be
slightly deeper in Devil Canyon than Watana.

Some slumping of the reservoir walls and
resuspension of shoreline sediment will occur.
This will be greatest during years when the
reservoir is drawn down in the summer and fall.
These processes will produce short-term, localized
increases in suspended sediments. However, as
noted in Acres (1982c), since the overburden layer

~ is shallow, no significant slumping or sediment
entrainment problems should arise.

Dissolved Oxygen (¥%)

As discussed in Section 4.1.3(c)(v), reduction of
dissolved: oxygen concentrations can occur in the

lower levels- of deep reservoirs,

Stratification and the slow biochemical decomposition
of ‘'organic matter will promote lower oxygen levels
near the Devil Canyon Réservoir bottom over time.

" However, large vegetation will have been selectively

thereby- reducing-the-potential oxygen demanding.
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decompositon process. 'No estimates of the extent of
oxygen depletion can be made.

Within the upper layers (epilimnion) of the reser-
voir, dissolved oxygen concentrations will remain
high. TInflow water to the impoundment will continue
to~have a high dissolved:oxygen content and low BOD.

“8ince water for energy generation is drawn from the

upper layers of the reservoir, no adverse effects to
downstream dissolved oxygen levels are expected.

During periods of release through the Devil Canyon
outlet facilities, water with somewhat reduced oxygen
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(v)

(vi)

levels may be discharged. Given the size and
dynamic nature of the river, these reduced
concentrations should quickly return to saturation
levels. Quantitative estimates of these reduced
oxygen levels are not possible.

Total Dissolved Gas Comncentration (#%)

Fixed cone valves have been included in the design
for the Devil Canyon Dam. As explained in Section
3.6.2 and in the discussions of floods and outlet
works operation in this section (Sections
4.2.3(a)(iii) and 4.2.3(a)(v), floods with return
periods of less than 50-years will be passed through
the project without using the spillways. This will
minimize the potential for gas supersaturation to
exceed naturally occurring levels. Additionally, the
inundation of the Devil Canyon rapids will eliminate
a natural source of gas supersaturation. A
description of the effect of comne valves on gas
concentrations is included in Section 6.4.4
Computations have been made to estimate the potential
levels of gas concentrations downstream of Devil
Canyon Dam. These show that when outlet works
discharges are being made from both Watana and Devil
Canyon, the expected concentration will range from
approximately 102 to 107 percent of saturation. This
assumes that supersaturation occurring at Watama will
not be reduced in Devil Canyon Reservoir. The level
of supersaturation will decrease downstream of Devil
Canyon as illustrated by Figure E.2.2.106.

Trophic Status (Nutrients) (¥%)

The anticipated trophic status of Devil Canyon Reser-
voir has been assessed in a manner similar to the
discussion in Section 4.1.3(c)(vii).

The analysis indicates that under natural conditions,
Devil Canyon Reservoir will be ultra-oligotrophic.
Estimates of permissible artificial phosphorus
loading indicate that the reservoir is capable of
maintaining oligotrophic status while receiving the
untreated effluent of 48,300 permanent residents.
This estimate is based upon Devil Canyon alone. With
both reservoirs, permissible artificial phosphorus
loading would be predicated on the artificial loading
factor at Watana.,
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(vii)

Total Dissolved Solids, Conductivity,

Alkalinity, Significant Ions and Metals  (*%)

Similar to the Watana Reservoir, the leaching process
in the Devil Canyon Reservoir is expected to result
in increased levels of the aforementioned water qual-
ity properties near the reservoir floor. Leaching of
the more soluble soils and minerals will diminish
with time. These effects will not diminish as rap-

‘idly as 1s anticipated for Watana. The blanketing of

the Devil Canyon Reservoir floor with quantities of
inorganic sediment may not occur as rapidly or to the
same extent as in Watana. It is anticipated that
leachates will be confined to a layer of water near
the impoundment floor or be substantially diluted by
the reservoir water volume and although the magnitude
of the increase cannot be quantified with available
data, detrimental effects to aquatic organisms are
not anticipated (Peterson and Nichols 1982).

During operation of the outlet works, some leaching

products may be passed downstream. However,the
outlet works will draw water from a large area of the
reservoir thus diluting any leaching products which
may be entrained in the flow. The lower set of
valves at el. 930 ft will be located approximately.

50 ft above the reservoir floor. The zone of
degradation is expected to- be close to the reservoir
floor and no blologlcally substant1a1 impacts are
expected downstream. :

Reservoir temperature modeling indicates that an ice

‘cover-will form on Devil ‘Canyon in much the same
manner as Watana (See 4.2.3(i)). There may be a
small increase in dissolved solids near the reservoir
surface during the winter as a result of the

exclusionof solids from the—freezing water., ————

(d)

“-Ground

As during Watana Stage I, concentrations of metals
will be reduced by reactions with humic compounds and
dissolved salts and subsequent precipitation. No
quantitative estimates of these changes are
ava11ab1e. ‘

Water Conditions‘(**)'

(1)

ga10l7

Mainstem (#%*%)

Effects on groundwater conditions in the impoundment
zone of Devil Canyon will be as described in
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(e)

(ii)

Section 4.2.2(e). The Devil Canyon Reservoir is not
expected to fluctuate much except in the summers of
dry years when releases to meet environmental flow
requirements may be made from Devil Canyon. During
these periods, groundwater levels adjacent to Devil
Canyon Reservoir may fluctuate up to 50 feet below

_el. 1,455,

Mainstem flows and water levels will generally be
less stable than for Stage I in summer (June through
September), but more stable the rest of the year.
Groundwater levels adjacent to the mainstem would
reflect these trends. The major differences being
higher flows with Stage II than Stage I in late July
to early September, and late February to mid May.

The river ice cover will be further downstream with
Stage II than Stage I and groundwater levels
influenced by ice will not extend as far upstream.
Ice affected water levels will also be slightly lower
than for Stage I, also affecting groundwater adjacent
to the mainstem.

Sloughs and Peripheral Habitat Areas (#*%%)

Groundwater flows to sloughs and other peripheral

_ habitat areas would reflect the flows and water

levels in the mainstem, being generally less stable

.in the summer and more stable in the fall and winter

than for Stage I. Groundwater flow during the period
when natural groundwater flow is the lowest (October)
will generally be higher than Stage I and higher than
natural. Winter ice cover will not extend as far
upstream as in Stage I nor result in as high water
levels. Therefore, groundwater flow will be reduced
from Stage I, but will still be higher than natural.
Upstream of the ice front, the water level will be
reduced from natural but will be similar to fall and
spring levels, thus introducing stability to
groundwater flows. In general, groundwater flows to
habitat areas will be more stable than under natural
conditions because of the stability in flow
introduced by the Case E-VI requirements.

Lakes and Streams (#%)

The streams flowing into the Devil Canyon Reservoir listed
in Table E.2.2.41 will be affected similar to those
streams entering Watana Reservoir, described in Section
4.1.3(e). However, with the decreased drawdown of Devil
Canyon Reservoir, the impacts will be less.
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No lakes other than the previously described small lake at
the Devil Canyon damsite will be impacted by Stage II Devil
Canyon Dam. '

The impacts to tributaries downstream from Devil Canyon will
not change from the conditions established during Watana
operation as discussed in Section 4.1.3(e).

Instream Flow Uses (**)

The effects on the fishery resource, wildlife habitat, and
riparian vegetation are described in Chapter 3. The
effects on recreation including whitewater kayaking are
described in Chapter 7.

(i) 'Navigation and Transportation (#%)

The Devil Canyon Reservoir will inundate the Devil
Creek rapids. This will replace the present
whitewater boating opportunities with flat water
boating opportunities. '

Since the Devil Canyon facility will be operated with
similar flow requirements as Watana, downstream
impacts will be similar to those resulting from
Watana operation (Section 4.1.3(£)(ii)).

Table E.2.4.50 shows that Stage II flows are expected

difficulty (Section 4.1.3(£)(ii)) with about the same
frequency as for Stage I (Table E.2.4.30). Thus, the
effect of Stage II project operation on navigation
and transportation will be similar to Stage I, which
‘'is'described in Section 4.1.3(f)(ii1). During Stage
II, navigational difficulties may be experienced
slightly more frequently in September than for Stage
I downstream of the Chulitna River and in Alexander

Slough. Difficulties will be encountered about as
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frequently as for natural conditions.,

(ii) Freshwater Recruitment to Cook Inlet Estuary (*%)

Numerical modeling of Cook Imnlet salinity was

undertaken for the two-stage project (RMA 1983).

The results are-considered applicable to the

three-stage project because of similarities in flows.
“This“modeling indicates that concentrations will be

essentially the same for either Watana operating

alone or both Watana and Devil Canyon operating.
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Table E.2.2.48 compares the expected salinities at
five select locations identified in Figure
E.2.2.149, assuming average hydrologic and
operational conditions.

4.3 - Watana Stage III Development (#%%%)

For details of the Watana Stage III development, refer to Section 12 of
Exhibit A.

Work on raising Watana Dam to_its Stage III crest level of el. 2,205

is currently scheduled to begin in 2006, following Devil Canyon Dam
completion. The work will initially consist of raising the fill on the
downstream side of Watama Stage I Dam. When this is complete the
Watana Dam crest, spillway, intake tower and appurtenant facilities
will be raised and two additional units will be added to the Watana
powerhouse.

Filling of Watana Stage III will occur at the same time the dam crest
level is being raised.- Therefore, construction and filling of Stage
III are not distinct phases. As addressed in this section, the
construction phase will refer to the period between the year 2006 and
the beginning of filling of Watama Stage III. This phase will end when
the dam crest is high enough that the water level can be raised without
adversely affecting the safety of the structure. It is currently
planned that the dam crest can be raised to el. 2,100 by the .year 2010.
Work on raising the power intake and spillway ogee crest levels will
begin in 2008 and 2010, respectively. Filling of the Stage III
reservoir will begin in 2011.

The Stage III operational period refers to the period after the normal
maximum water level has reached el., 2,185, which may be between two and
six years after the beginning of filling, depending on the reservoir
inflow and energy production.

The three periods are approximately defined by the following table:

As Used in
Activity Current Schedule This Section
Stage III Construction 2006-2012 . 2006-2010
Stage III Filling 2011-2015 2011-2015
Stage III Operation 2016~1life of project 2016~1life of project

4.3.1 - Watana Stage III Construction/Stage II Operation (#¥¥)

This period coincides with Stage II Operation as described in
Section 4.2.3. The placement of the fill on the downstream
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face of Watana Dam and raising of the crest level to el. 2,100
prior to filling will not affect power generation or flows and,
therefore, Section 4.2.3 is genmerally applicable to this phase of
construction.

(a)

(b)

(c)

Flows and Water Levels (#%*%)

The discussion of flows and water levels for Stage II
operation, Section 4.2.3(a), is applicable to the Stage
II1 construction period before filling starts. Case E-V1
flow requirements will be maintained.

River Morphology (#*¥¥*)

The discussion of river morphology for Stage II operatiom imn

Section 4.2,3(b) is applicable to Stage III constructlon
before filling commences.

Water Quality (¥%%)

(i) Water Temperature (##¥)

The discussion of water temperature for Stage II in
Section 4.2.3(c)(i) is applicable to Stage III
construction before filling commences.

(i1) Ice (%)

The discussion of ice for Stage II operation in
Section 4.2.3(c)(ii) is applicable to Stage I11
constructlon before filling commences. '

(iii) SﬁSpended“Sediments/Turbidity/Vertical
I1llumination (#**%)

The discussion of suspended sediments, turbldlty and

veértical illumination for Stage Il operation—
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(Section4+2+3(c)Ciil)- wouldﬂbe“generally—appllcable
to Stage III construction before filling commences.
The discussion for construction of Watana Stage I in
Section 4.1.1(c)i also is applicable here.

(iv) Dissolved Oxygen (%#*%)

- The discussion on dlssolved oxygen for Stage II
- ———-operation-in-Section 4.2.3(c)(iv) is-applicable for
Stage III construction before filling commences.
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(d)

(v)

(vi)

(vii)

(viii)

(ix)

(x)

Total Dissolved Gas Concentration (#%%%)

The discussion on total dissolved gas concentration
for Stage II operation in Sectiom 4.2.3(c)(v) is
applicable to the construction of Stage III before
filling commences.

Trophic Status (Nutrients) (%%%¥)

The discussion of trophic status for Stage II
operation (Section 4.2.3(c)(vi) is applicable to
Stage III construction before filling commences.

Total Dissolved Solids, Conductivity Alkalinity,
Significant Ions and Metals (¥*%%)

The discussion of this subject for Stage II operation
in Section 4.2.3(ec)(vii) is applicable to Stage IIIL
construction before filling commences.

Contamination by Petroleum Products (#*¥*¥)

Impacts due to petroleum spills during this phase of
the project would be similar to those expected during
construction of the Watana Stage I dam (see Sectiom
4.1.1(e)(vi)).

Concrete Contamination (*%%*)

Significantly less concrete will be needed to
complete Watana Stage IIIl Dam than was needed during
Stage I, reducing the potential for impacts due to
concrete contamination. Waste concrete and wash
water will be handled as discussed for Stage I in
Section 4.1.1(c)(vii), further reducing the potential
for aquatic impacts.,

Other Parameters (*#¥)

No additional water quality impacts are expected.

Groundwater Conditions (#*%%)

The effects on groundwater conditions discussed for Stage II
operation (Section 4.2.3(d)) are applicable to Stage III
construction before filling commences.
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(e)

Lakes and Streams (¥%%¥)

Additional material will be removed:- from Borrow Site E
during Stage III construction.. This material may be

dredged from the lake created by Stage I gravel excavation
operations, from upland portions of Borrow Site E, or from
both. Turbidity and suspended sediment levels in the lake
would be elevated during these operations, but would decline
upon cessation of the activity. Rehabilitation will then

- convert the lake into productive aquatic habitat.

The operation and maintenance of housing and support
facilities will cause impacts similar to those described for
Stage I (Sectiom 4.1.1(g)).

The effects on all other lakes and streams discussed for

. Stage II operation (Section 4.2.3(e)) are applicable to

Stage III construction before filling commences.

(£) Instream Flow Uses (F%k)

" The effects on instream flow uses described for Stage II
operation (Section 4.2.3(f)) are applicable to Stage III
construction before filling commences.

Since ripdrian vegetation in the upstream vicinity of the
Watana Stage I Dam would already be inundated, no additional
effects would be anticipated to these habitats during

““construction. ' ' T I

(g) Supporthacilitiesi(***)

;- The construction of Watana Stage III will require the

operation, and maintenance of support facilities capable of
providing the basic needs for a maximum population of
2,000 people (1,400 in the .construction camp and 600 in the

village). The-facilities--utilized-for Watana-Stage I-.
construction, including roads, buildings, utilities, stores,

recreation facilities, airport, etc., will be rehabilitated

.and utilized for Stage III. The camp and village will be

located approximately three miles northeast of the Watana
damsite, between Deadman .and Tsusena Creeks. The location
and layout of the camp and village facilities are presented

©in Exhibit F -and are described-in Section 4.1.1,

(i)w.Water;Supply;(%#*l;me;

The water supply system utilized during Stage I
construction will be utilized during Stage III. This
system is described in Sectiom 4.1.1(g).
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(ii)

(iii)

The water requirements during Stage III comnstruction

would be less than Stage I construction and thus, as

discussed in Section 4.1.1(g), no significant adverse
impacts are anticipated from the maximum water supply
withdrawal.

The water supply will be treated by chemical
addition, flocculation, filtratiom, and disiunfection
prior to its use using facilities and methods
utilized for Stage I. Disinfection will probably be
facilitated by the use of ozone to avoid the need for
later dechlorination. In addition, the water will be
demineralized and aerated, if necessary.

Wastewater Treatment (#¥%)

A secondary wastewater treatment facility will treat
all wastewater prior to its discharge into Deadman
Creek. Facilities and methods utilized for Stage I
will be utilized for Stage III. Therefore the
effects are expected to be similar to those discussed
in Section 4.1.1(g)(ii).

The applicant will obtain all the necessary ADEC,
EPA, and ADNR permits for the water supply and

wastewater discharge facilities.

Construction, Maintenance, and Qperation (¥¥%)

The discussion of impacts during construction
maintenance and operation for Stage I (Sectiom
4.1.1(g)(iii) is generally applicable here. However,
as the Watana Stage I camp will be rehabilitated and
used for Stage III construction the amount of new
construction work and potential envirounmental
disturbances will be significantly reduced from Stage
I. Additional discussions on the water quality
impacts associated with facilities construction,
operation, and maintenance are provided in Chapter 3,
Section 2.3.1(a)(ii).

4.3.2 - Watana Stage III Construction and Filling/Stage II

Operation (*#%)

Filling of the Stage III reservoir from a normal maximum water
level of el. 2,000 to a normal maximum level of el. 2,185 may
take between three and seven years depending on inflow to the
project, energy demands and progress in construction of the dam,
powerhouse intake and spillway. The principal effects of the
filling will be on flows and river temperatures. Flood flows
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which would normally be released through the outlet works in
Stage II will be utilized to fill the reservoir. This will
result in a decrease in July-September flows and a stabilization
of river flows during the period of filling. River temperatures
during this period will be warmer than for normal operation due
to the reduction in releases through the outlet works and
resulting increased warming rate in the river downstream.
Filling will take place in .a gradual manner and other water
quality parameters will not be affected to the same degree as
flow and temperature.

(a) Reservoir Filling Criteria (##%)

Filling of Watana Stage III Reservoir will take place as the
dam crest, spillway ogee crests and intake tower are raised.
Since portions of the spillway crest will be constructed
during this period, storage will be provided in the
reservoir so the remaining spillway capacity will be
sufficient to ensure the safety of the dam. This will be
one limit on the rate that the reservoir water level can be
_raised, A second limit on the water level will be the
amount of flow incoming to the reservoir and the power
-generated by the project during this period. A third
constraint will be the envirommental flow requirements of
Case E-VI.

(b) Flows and Wéter Levels (#*%)

During normal operation of Stage II, between zero and
2,000,000 acre~feet of water will be passed through the
outlet works in the July-September period every year to
maintain dam freeboard requirements and ensure the safety of
the structures. During filling, this water will be used to
raise the normal maximum water level., Power generation will
be maintained at Watana during the filling process and water
levels in the reservoir will vary in the same manner as for

normal—operation. ~That-is;-they-will reach—-their-highest -

Beginning in May, water levels will start to rise. Water
levels will generally continue to rise through July, August,
and September, provided that sufficient flood storage is
available to compensate for reduced spillway capacity during
spillway construction and provided the multi-level intake
tower has been raised. The maximum water level attained in
September will increase from year to year until-the- normal
maximum level of el.. 2,185 is reached. . .. ...

Raising of the Stage III pool has been simulated assuming
that the spillway, intake tower and dam crest can be raised
in a manner that will not limit filling, Thirty-four year
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(d)

sequences of Watana excess flows (water passed through -the
outlet works without generating power) were developed. An
analyses of these sequences indicates that the 5 million
acre~feet of storage between el, 2,000 and el. 2,185 can be
filled in 3 to 7 years with an average of 5 years. The

" water level at any one time during the year would increase

by a rate of between 25 and 75 feet per year. The rate of
increase would be higher in the early years of filling and
reduced in the later years.

During the filling process the E-VI flow requirements will
be maintained. Since excess July-September flows will be
stored in Watana the flows at Gold Creek will be reduced
from normal operational flows in July through September.

The flows will generally be near the minimum flow
requirements during the summer. Flows downstream of the
confluence with the Chulitna and Talkeetna Rivers will also
be reduced during this period. Flows will be similar to
those described in Section 4.3.3(a) for late Stage III
operation in average and dry years and slightly less than
described for late Stage III for wet years., This is because
the project's ability to control floods in late Stage III is
similar to that during the filling period and, as a result,
excess releases from the outlet works would be similar.

Flood flows downstream will also be reduced since these will
be stored in the reservoir. As noted before, sufficient
storage will be maintained so that the structure is not
endangered by floods. The frequency of floods described in
Section 4.3.3(a) for late Stage III conditions would be
generally applicable to the filling period.

River Morphology (#¥%¥)

The impoundment of Watana Reservoir for Stage III operation
may take about five years under average flow conditions.

The impoundment will reduce the frequency of discharging
large floods downstream, and therefore the additional impact
on downstream morphology would be negligible. The potential
for additional bed degradation from that described for Stage
II (Section 4.2.3(b)) will be insignificant.

Water Quality (##*¥)

(i) Water Temperature (#%%%)

During the filling period, outlet work releases
during the July-September period will be reduced.
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(11)

(iii)

The intake to the outlet work is located in the
hypolimnion and releases through the outlet works are
generally colder than those through the powerhouse.
Therefore, the reduction in these releases will
result in temperatures in the river downstream of the
dam being warmer than normal operation. Additional-
ly, the reduced river flow in this period will result
in greater river surface area per unit discharge and
more heat transfer between the river and the
atmosphere causing an increased rate of warming
toward natural temperatures. Therefore, during the
filling period, river temperatures are expected to be
closer to natural than for normal operation of the
project as described for Stages II and III in
Sections 4.2.3(c) and 4.3.3(c).

Ice ('**‘*)

River ice processes during filling of the Watana -
Stage IIL Reservoir are expected to be similar to
those discussed in Section 4.2.3(c)(ii) for Stage II
operation gradually becoming more similar to Stage
II1 operation as filling progresses.

Suspended Sediment/Turbidity/Vertical

Illumination (%*%%)

- Watana Reservoir (%*%)

During the period when the Watana Reservoir water
level is being raised. the amount of sediment
trapped in the reservoir will gradually increase
from that described for Stages I.and Stage II
(Sections 4.1.3(c)(iii) and 4.2.3(c)(iii)) to that
~described later for operation of Stage III (Section
4.3.3(c)(iii)). The descriptions of reservoir
-suspended.- sediment.-concentration/turbidity/vertical
illumination for these two stages may be used to.
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describe the Watana Reservoir during this period.

~ Suspended sediment levels in Watana will be affec-
ted by sliding of bank material as described for
operation of Stages I and III. As the water level
in the reservoir rises, bank material at higher
levels will be subject to instability.
Construction activities, such as the selective
removal of timber from within the impoundment may
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also increase suspended sediment in the reservoir.
The effects would be similar to those for Stage I
and measures described for Stage I would be employ-
ed to minimize this (Section 4.1.2(e)(iii)).

Wdtana to Talkeetna (#%%)

The outflow concentrations of suspended sediment
would gradually change from those described for
Stages I and II normal operation (Sections
4,1.3(c)(iii) and 4.2.3(c)(iii) to that described
for Stage III normal operation (Section
4.3.3(c)(iii)).

Therefore, the descriptions given for those Stages
for suspended sediment/turbidity/vertical illumina-
tion may be used to describe the Watana to Talke-—
etna reach during this period.

River flows during this period will be less than
during normal operation of the project in the July-
September period because normal excess releases
will be used to raise the water level., Thus, the
ability of the downstream flow to pick up addi-
tional sediment will be reduced from normal opera-
tion., Additional sediment contributed by construc-
tion activities in the reservoir may affect down-
stream sediment concentrations, turbidity, and
vertical illumination as discussed for Stage I
(Section 4.1.1(c)(iii)). No dredging or borrow is
planned for the river downstream during this per-
iod., Only portiomns of Borrow Area E (Figure
E.2.4.3) Borrow Area D (Figure E.2.4.2) and Quarry
A (Figure E.2.4.188 will be used. Therefore,
suspended sediment, turbidity and vertical
illumination would not be affected by these
operations.

Talkeetna to Cook Inlet (#*%%)

The same considerations apply to this reach of the
river as to the Watana to Talkeetna reach. That
is, subject parameters will change gradually from
normal operational levels in Stage II to Stage

ITI. During the July through September period,
reservoir releases will be reduced from normal
operational conditions in either Stages II or III.
Thus, the dilutiom effect of the middle river flows
and sediment concentrations in the lower river
flows and sediment concentrations will be reduced.
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Therefore, suspended sediment concentrations during
this period will be slightly higher than during
normal operation. Thus, the subject parameters
will be similar to natural conditions in the
summer. In the winter the same parameters will be
similar to operational conditions as discussed in
Sectins 4.2.3(c)(iii) and 4.3.3(c)(iii).

(1V) Dissolved Oxygs& (*fk*)

_ During the Stage III filling period the reservoir
stratification will be similar to that described for
normal operation of Stages I, II and III (Sections
4.1.3(c)i, 4.2.3(c)i and 4.3.3(d)i). Dissolved
oxygen levels are expected to be similar to those
described for normal operation of those stages.

A significant biochemical oxygen demand is not anti-
cipated. The timber in the reservoir area between
the Stage II clearing level and the Stage III clear-
ing level will be selectively cleared thereby elimin-
ating some of the associated oxygen demand that would
be created by the inundation and decomposition of
vegetation. Further, the chemical oxygen demand of
the Susitna River is low, Levels measured upstream
at Vee Canyon during 1980 and 1981 averaged 16 mg/l.

A significant BOD loading from the construction camp

, _aﬁd~vi11agewismnot"expectedwduewtOMthe*planned'waste—
_water treatment plant.
As a result of the above factors, dissolved oxygen is
. expected to remain sufficiently high to support a

diverse aquatic habitat.

(v) DisSolved;Gés (***)

VDuring f{iling of Watana Stage III the water-nax-'ﬁl;i.lu“};w

released through the outlet works for flood control
and dam safety purposes will be stored in the
reservoir to raise the water level. Therefore,

. Watana outlet works use will be minimized during this
period. Some water may be released through the Devil
Canyon outlet works to meet envirommental flow

_requirements and as a result of floods in the area
between Watana. and -Devil Canyon. - However, -there is

" less likelihood that the outlet works or spillway
will be used during this period than at any other
time during project operation. Therefore,

_supersaturated gas concentrations are expected to be
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(e)

(vi)

(vii)

(viii)

minimized during this period. The operation of the
cone valves to minimize gas concentrations is
explained in Section 6.10.4.

Nutrients (#¥%%)

Two opposing factors will affect nutrient
concentrations during filling of Stage III. First,
initial inundation of land between el. 2,000 and el.
2,185 will likely cause an increase, in nutrient
concentrations due to leaching. Second,
sedimentation will strip some nutrients from the
water column. The magnitude of net change in
nutrient concentrations 1s unknown, but it is likely
that nutrient concentrations will increase,
especially in close proximity to the reservoir floor
for at least a short time during filling.

Total Dissolved Solids, Conductivity,

Significant Ions, Alkalinity and Metals (¥%¥%)

The effects of dam impoundment on these parameters
discussed for Stages I and II in Sections
4.1.2(e)(vii) and 4.2.3(c)(viii) are generally
applicable to the raising of the Watana water level
from el. 2,000 to el. 2,185. Any leaching should
result in the highest concentrations of these
parameters near the reservoir bottom. As the water
level rises, additional bank areas may be subject to
leaching. However, sediment will eventually blanket
these areas and retard the leaching process.

Leaching products which do not remain near the
reservoir banks and bottoms will be diluted by the
large reservoir volume before being drawn through the
power or outlet works intakes. No adverse impacts on
the water quality downstream of the project are
expected.

Other (#*%)

No additional water quality impacts of any
significance are anticipated.

Groundwater Conditions (##%%*)

Within the Watanma Reservoir area, raising the water level
would raise the groundwater table in a manner similar to
that described for Stage I. The increase would be greatest
near the reservoir banks. In the construction area,
groundwater impacts will likely result from the construction
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activity. The relict channel at Watana has previously been
identified as an area of potential groundwater seepage
problems after Watana Reservoir is filled (Acres 1982b). It
lies within the drainage between Deadman Creek to the east,
the Susitna River to the south, and Tsusena Creek to the
west and northwest. Groundwater gradients in the
unconsolidated sediments of the channel are principally
towards Tsusena and Deadman Creeks with the diorite pluton
at the damsite acting as a groundwater barrier to the

south, '

.The groundwater regime in the relict channel is complex and

poorly understood due to the presence of intermittent

. permafrost, aquicludes, perched water tables, and confined

aquifers. Possible artesian or confined water tables exist
in several of the stratigraphic units. while other units
appear to be unsaturated.

Permeability testing indicates the range of average
permeability in the more gravelly materials is about 10-3
cm/sec (2ft/day), while the tills and lacustrine deposits
can be estimated at about 10~% to 10~ cm/sec (0.3 to 0.03
ft/day).

With the raising of the reservoir for Stage III, the overall
seepage gradient between the Susitna River and Tsusena Creek
will increase slightly., Although the seepage gradient will
steepen, it is still considered to be low and coupled with

the high groundwater table in the area, it is perceived that
there is an extremely low probability of developing any
significant seepage. :

Since some uncertainties about seepage still exist, remedial
measures for Watana Stage III have been planned. First, a
long drainage gallery would be constructed in overburden
across the relatively narrow relict channel exit area just

--upstream-of-Tsusena Creek, -Additionally;-if required;-a
positive seepage barrier would be built across the throat of .
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the relict channel where the width of a potential aquifer is
minimal. During raising of the reservoir the relict channel
will be monitored with piezometers and at the outfall. If
necessary, the outfall will be treated with a filter blanket
to minimize the risk of piping.

During filliﬁg,-thé E-VI flow”réduireﬁentskwfll be

~maintained and groundwater table levels along the mainstem -

river downstream of the dam would be similar to normal
operation of Stages II and III for most of the year. Excess
flows normally released from Watana in the July-September
period will be stored in the reservoir during filling.
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(£)

(g)

Thus, May-November flows during filling may be more stable
than during normal operation at a level slightly above the
minimum requirements. Since July-September flows will be
lower than normal operation, water table levels along the
mainstem may be reduced by up to 2.5 feet near Gold Creek in
August. ’

The groundwater upwelling to sloughs will follow the same

" general pattern as the groundwater table along the mainstem.

That is, groundwater upwelling will be more stable in the
May-November period during filling of Stage III as compared
to normal operation. Upwelling will be less than during
normal operation in the July-September period. Based on
relationships obtained for Sloughs 8A, 9, and 11 groundwater
upwelling during this period may be reduced by an average of
0.5 to 1.3 cfs._ In the fall period upwelling will be higher
than natural condition since mainstem flows will be higher
than natural. Thus, the normal period of minimum upwelling
will be eliminated. 1In the winter, ice conditions will be
similar to operational and mainstem water levels will be
higher than natural within ice covered reaches downstream of
approximately RM 130 and lower than under natural conditions
upstream of RM 130. Therefore, upwelling should be higher
than natural downstream of RM 130 and lower than natural
upstream of RM 130. Overall, upwelling during filling
should be more stable than under natural conditions.

Lakes and Streams (**%)

Impoundment of waters by the Watana Stage III Dam will
inundate nineteen small tundra ponds, including Sally
Lake, a 63~acre lake known to contain lake trout. The
impoundment will also inundate additional lotic habitat in
tributaries to the Stage I reservoir (Table E.2.2.42).

Instream Flow Uses (%%%)

(i) Fishery Resources, Riparian Vegetation, Wildlife and
Recreation (F*%)

Impacts of the Watana Stage. III impoundment on
fishery resources, riparian vegetation and wildlife
habitat during filling are discussed in Chapter 3.
Recreation uses including whitewater kayaking are
discussed in Chapter 7. Case E-VI flow constraints
will be maintained through impoundment. As the
reservoir level is increased, some new aquatic
habitat will become available within the reservoir.
However, additional tributary habitat will become
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‘inundated. 1In addition, approximately 18,000 acres
of terrestrial habitat will be lost as a consequence
of filling the reservoir from Stage 1 to Stage III
maximum elevations.

(ii) Navigation and Transportation (#¥¥)

As previously described in this section (4.3.2.(b))
filling of the Watana Stage III Reservoir may last
for approximately five years on the average. During
this period, summer streamflows will be reduced to
the minimum allowable level, in order to both
generate power and fill the reservoir. Consequently,
the downstream impacts on navigation will be the same
as during Stage I filling, with the exception that
Devil Canyon Reservoir will already be in place.
When the water level in Watana Reservoir is being
raised, theé maximum upstream extent of the reservoir
will reach a point eight miles downstream of the
confluence with the Tyone River. Vee Canyon rapids
will be permanently inundated.

(iii) Waste Assimilative Capacity (#*¥)

Reduced summer flows due to Stage III impoundment
could result in a slight reduction in the waste
assimilative capacity of the river. Limited sources
. of waste loading to the river exist (see Section
" 2.6.6); therefore no adverse impacts are expected.

(iv) TFreshwater Recruitment to Cook Tnlet (##*¥%)

Since river flows during the July-September period
will be reduced as the reservoir water level is
being raised, the salinity of Cook Inlet during this
period is expected to be higher than predicted for

normal operation of thée two stage project (RMA 1983),
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of Stage 1. Salinities during the period October
through June would be similar to normal operation as
flows during this period would be generally
unchanged. A more detailed description of salinity
change during Stage I filling is given in Section
4.1.2(h)(iv). '

Teéting én&ﬁCéﬁmiséfdﬁiﬁé7(***)

The fifth unit at Watana and the first unit to be installed
in Stage III is scheduled to be tested and commissioned in
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spring of 2012. The second unit will be tested and
commissioned in the summer of 2012. The testing of the
units requires several sequences of bringing the units
on-line and taking them off-line. These will be
accomplished in a manner to minimize the effects on flow
stability, This can be done in several ways, any of which
may be selected. One method would be to reduce flows
through the outlet works or other units by amounts
comparable to the test flow through the unit. A second
method would be to store the test flow at Devil Canyon
Reservoir without releasing it downstream.

4.3.3 - Watana Stage III Operation/Devil Canyon Stage II

Operation (#**¥%)

Flows and Water Levels (¥¥%)

(i) Project Operatiom (*¥*%)

After Stage III comes on line, Watana will be
operated as a peaking plant and Devil Canyon as a
baseloaded plant subject to discharge fluctuation
constraints betwen 90 percent and 110 percent of the
weekly average. Advantage will be taken of the
two~reservoir system to optimize energy production
with the constraint that the Case E~VI downstream
flow requirements will be met. A discussion of
project operation is included in Section 3.

Devil Canyon Reservoir will re-regulate peak
discharges from Watana. Section 3 discusses
allowable weekly flow variations when Devil Canyon is
on line. The Devil Canyon Reservoir will normally be
at its maximum water level, el. 1,455, between
November and May. In dry years Devil Canyon will be
drawn down between May and November reaching its
minimum level of el. 1,405 in August. 1In average
flow years, the reservoir will be drawn down between
June and August reaching a minimum of approximately
el. 1,440 in July. Average weekly Devil Canyon
powerhouse flows will be similar to Watana, but
slightly higher due to additional inflow in the
intervening area between the two dams.

Watana will still be operated in a storage-and-
release mode similar to Stage II, so that summer
flows will be stored for release in winter.
Generally, the Watana Reservoir will be at or near
its normal maximum operating level of el. 2,185 feet
each year at the end of September. Gradually, the
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reservoir will be drawn down to meet winter energy
demand. The flow during this period will be governed
by winter energy demand, water level in the
reservoir, and powerhouse characteristics. The
turbine characteristics will allow a maximum
powerhouse flow of approximately 22,000 cfs. Normal

Watana Stage III average weekly powerhouse discharges

are simulated to range from approximately 3,000 cfs
to 9,000 cfs in early Stage III and 3,000 cfs to

013,000 cfs in late Stage III.

In early May, the Watana Reservoir will reach its

. minimum annual level of between-approximately el.

2,080 ft and 2,130 ft, depending on energy demand and
inflow, and then begin to refill with the spring
runoff. Flow in excess of both the downstream flow
requirements and power needs will be stored during
the summer until the reservoir reaches the normal
maximum operating level of el. 2,185 ft. 1If the
reservoir reaches el, 2,185 ft, and inflow exceeds
energy and envirommental flow requirements, excess
flow will be released and the reservoir water level
will rise as the flood is being stored. This 1is
explained 1in Section 3.6.2..

~ Environmental Flow Requirement (¥¥%¥)

During project operation the Case E-VI

environmental flow requirements will be

maintained as discussed in.Section 3. Minimum
. .requirements-will. be met- by releases from the

powerhouse and, if necessary, the outlet works.

‘=~ Weekly Reservoir Simulations (¥¥%)

Weekly simulation-of reservoir operation were

——conducted-for-the-34-years-of record -from-1950-to—
1983_using Case E=VI_flow.requirements. Energy . .
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demands representative of conditions for early
Stage III operation and a year representing near
full utilization of project generating capacity
were used. Reservoir operation and water levels
~are summarized on Figures E.2.4.189 through
E.2.4.,204, :

-Additionally; to-provide a sensitivity analysis for
flows and temperatures, weekly reservoir
simulations were made. for Case E-I flow
requirements for late Stage III energy demands (HE
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1984h), Results of the reservoir simulations are
presented in Figures E.2.4.205 through E.2.4.212,

Case E~I was chosen for the sensitivity testing
because it has the highest minimum summer flow
requirements of any of the cases considered (14,000
cfs). For comparison case E-VI minimum summer flow
requirements are 9,000 cfs. With the information
on these two extremes, it is possible to determine
the effects of project operation on water use and
quality for other sets of flow requirements between
E~-1 and E-VI.

Daily Operations (#¥%)

Daily operations of Watana and Devil Canyon
powerhouses are explained in Section 3 and the
Applicants Case E-VI Environmental Flow Reglime
Report (HE 1985f). -Watana will operate as a
peaking plant and Devil Canyon will act as a
baseloaded plant and re-regulate flows. The
peaking of Watana will cause a water level
fluctuation of less thapn one foot in Devil Canyon
Reservoir.

Figures E.2.4.31 through E.2.4.34 may be used to
estimate the average weekly stage variation
resulting from changes in weekly average flow.
These curves are based on steady state rating
curves at the noted locations. For example, at RM
127.1 for a weekly average flow of 10,000 cfs the
maximum weekly stage fluctuation for a +1,000 cfs
or +10 percent flow variation would be 0.44 ft
(+0.22 ft). The corresponding fluctuation at RM
136.68 would be 0.6 feet (+0.30 ft).

These figures have been drawn for locations near
the upstream end of Sloughs 8A, 9, 11 and 21.
Examination of water surface profiles in a report
by the Applicant (HE 1984d) indicates these are
representative of the range in stage fluctuation in
the middle reach of the Susitna River. The rating
curve at the Slough 11 head appears to give near
maximum stage fluctuations while those at Sloughs
8A and 21 give near minimum stage fluctuatioms.

Table E.2.4.6 and Figure E.2.4.35 show the surface
area of the mainstem and peripheral habitat areas
of the Susitna River between Devil Canyon and the
Susitna-Chulitna confluence. These can be used to
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(ii)

estimate the change in habitat surface area for a
change in discharge. The change in gravel and
vegetated bar area represents the areas which are
either exposed or covered by water as the water
level decreases or increases, respectively. The
relationships were compiled from mapping of aerial
photographs of the river at flows less than 25,000
cfs (EWTA 1985) and from simulations of water
surface profiles im the river (HE 1984d).

Mean Monthly Flows and Water Levels (¥¥%)

Weekly water levels and discharges at Watana were
simulated using the weekly reservoir operation
program. Maximum, minimum and average monthly water
reservoir levels are shown on Figures E.2.4.189
through E.2.4.205 for Case E~VI. Maximum water
levels are those which would normally be attained in
wet years and minimum levels are attained in dry
years. o

The Watana Reservoir fills to el. 2,185 in almost
every year and is drawn down to between el. 2,065 and
2,130 by April. The effects of the 1969 and 1970 low
flow years are indicated by the low reservoir level
attained in September 1969 and 1970.

The Devil Canyon Reservoir fills to el. 1,455 and is

- -stable ‘at that level in wet years. In average flow

years the reservoir may be drawn down to el. 1,440 in
July, “but is-filled by ‘September. In dry years the
reservoir may be drawn down to near the minimum level
between June and October. -

‘The sequences of simulated monthly flows at Watana,

Devil Canyon, Gold Creek, Sunshine, and Susitna

Station forCase E=VIare—shown in Tables E+2.4.51——
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through E+2+4+605-respectivelys

Tables E.2.4.61 through E.2.4.64 compare natural and
with-project conditions. Figures E.2.4.213 through
E.2.4.217 show simulated natural and with-project
flows at Gold Creek for:

1964 - Flood -of ‘record in June
1967 - Large-flood in August
1970 -~ Second driest year
1981 - Wet year used in temperature analysis
1982 - Average flow year used in temperature
simulations.

000 0O
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Stream flow sequences for the same years using Case
E-I flow requirements are shown in Figures E.2.4.218
through E.2.4.222,

In general, project operation results in higher than
natural winter flows and lower than natural summer
flows. Flood peaks are considerably reduced. Lowest
flows occur in early May and October.

The Watana Reservoir normally is full in September.
Winter energy demands are met from reservoir storage.
Since the demands in QOctober and May are less than
for other winter months, the flows are lower than for
the rest of winter. For the early years of Stage
I1I, flow stability is similar to Stage II except in

" September and October of dry years. As energy demand

increases, flow stability in Stage III improves and
in average years would be very stable throughout the
year. In dry years there would be decreased flows in
September and October and in wet years increased
flows in August and September.

The increased flow stability with increasing energy
demands in Stage III is a result of the greater
storage capacity made available by greater winter
drawdowns at Watana. In many years the reservoir
will not fill, and outlet-works releases in excess of
powerhouse flows will not be required. This improves
flow stability in most years. In dry years there
may be a need to reduce energy production in
September and October to ensure meeting winter power
demands.
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With-project mean monthly flows at Gold Creek are
compared to natural flows in the following table.

"Month Natural With-Project
Early Late
Stage III Stage III
January 1,500 8,300 10, 300
February 1,300 8,100 10,100
March 1,200 7,300 9,100
April 1,400 6,600 8,100
May 13,500 7,600 9,000
June 27,800 9,200 10,400
July 24,400 13,200 9,400
August 21,900 18,500 10,700
September 13,500 13,400 10,800
October 5,800 ; 7,700 8,600
November 2,600 8,200 9,500
December 1,800 9,000 11,000

Further downstream at Sunshine and Susitna Stations,
the differences between natural and with-project
flows are reduced, due to the inflows from
tributaries. The following tables illustrate the
differences at Sunshine and Susitna Stations.

Sunshine ,
- _Mounth Natural With-Project
Early Late
Stage III Stage III
January 3,700 10,000 12,000
February 3,100 9,900 12,000
March 2,800 8,900 11,000
April 3,600 8,700 10, 000
May 28,000 22,000 23,000
- e Jume 63,000 455000~ 465000 — - -
—July-—— 645000535000 -49--000-—
August 56,000 53,000 45,000
September 33,000 33,000 30,000
October 14,000 16,000 17,000
November 6,200 12,000 13,000
December 4,400 12,000 14,000
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T(iii)

Susitna Station
Month Natural With-Project
Early Late
Stage III Stage III

January 8,100 15,000 17,000
February 7,400 14,000 16,000
March 6,400 13,000 14,000
April 7,700 13,000 14,000
May 57,000 51,000 52,000
June 112,000 94,000 95,000
July 127,000 115,000 112,000
August 109,000 106,000 98,000
September 68,000 68,000 65,000
October 33,000 35,000 36,000
November 15,000 21,000 22,000
December 9,300 16,000 18,000

The mean annual flow will remain the same at all
stations. However, flow will be redistributed from
the summer months to the winter months to meet energy
demands.

Water surface elevations based on maximum, mean, and
minimum weekly flows at Gold Creek for May through
September at selected mainstem locations between
Portage Creek and Talkeetna are illustrated in
Figures E.2.4.223 through E.2.4.228., The figures
illustrate the water level change expected as a
result of operation of Stage III. 1In general, there
is a decrease in water level from natural to

- with-project levels in the summer.

Floods (#%%)

The operatlon of the project durlng floods is
explained in Section 3.6.2.

The method for estimating with~project flood flows is
explained in Sectiom 4.1.3(a)(iii).

Flood flows are given for both years representing
early Stage III operation and the full use of project

generating capacity.

- Spring Floods (#%*%)

For the 34 years of weekly simulations, Watana
Reservoir had sufficient storage capacity to
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absorb all floods. The largest flood of record on
June 7, 1964 had a peak discharge of 90,700 cfs at
Gold Creek, corresponding to a recurrence interval
of about better than 40 years (annual series).
This flood provided the largest mean monthly inflow
on record at Gold Creek, 50,580 cfs, and contained
the largest flood volume on record. For this
flood, in early Stage III the simulated reservoir
level increased from el. 2,109 to el. 2,170. A
further 15 feet of storage was available before an
outlet works release would have been necessary.
For late Stage III the reservoir level increased
from el. 2,065 to el. 2,140, leaving 45 feet of
storage available before a release would be
necessary.

The flood volume for the May to June l:50-year
flood was determined to be 1.4 million acre-feet
(HE 1984¢). The 50-year May-June flood was routed
through Watana Reservoir starting with median
May-June reservoir water levels of el. 2,122 and
el. 2,085 for early and late Stage III simulationms,
respectively. The average Watana turbine dischar-
ges of 4,130 cfs and 5,900 cfs for early and late
Stage III simulations, respectively, were used.

The flood was passed through the reservoir without

‘raising the water level above el. 2185, and did not

require operation of the outlet works or spillway.

Spring floods downstream of the project will be

reduced by the discharge stored in Watana
Reservoir. Devil Canyon Reservoir will generally
be full during this period and will not provide any
flood storage. Peak flows will generally be passed
through Devil Canyon Reservoir without attenuation.
Flood flows will be less than for natural

-conditions-in—the-middle -reach- In-the-reach- -~ -
downstream of- the confluence, flood flows will be .
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closer to natural than in the middle reach. This
is because in the lower reach, the drainage area
controlled by the dam is proportionately much less
than in the middle reach. Additionally, under
natural conditions, flood peaks in the lower reach
may often result from peak flows in drainage areas
not controlled by -the project.

The following table gives the frequency of May-June
floods at Watana, Gold Creek, Sunshine and Susitna
Station. R
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MAY-JUNE . FLOOD FREQUENCY
NATURAL AND STAGE III

- Watana Gold Creek
Return With-Project With Project
Period Natural Early Late Natural Early Late
(Years)
2 39,000 4,100 5,800 42,500 18,000 19,700
5 51,500 4,100 5,800 56,200 25,000 26,700
10 60,000 4,100 5,800 66,300 28,800 30,500
25 73,800 4,100 5,800 80,500 32,100 33,800
50 84,400 4,100 5,800 92,100 36,100 37,800
Devil Canyon Sunshine
Return With Project With Project
Period Early Late Natural ©Early Late
(Years)
2 15,300 17,000 118,000 81,000 83,000
5 20,900 22,600 135,000 92,000 93,000
10 23,900 25,600 149,000 102,000 104,000
25 26,600 28,300 163,000 112,000 114,000
50 29,700 31,400 174,000 120,000 122,000
Susitna Station
Return With Project
Period Natural Early Late
(Years)
2 156,000 123,000 125,000
5 179,000 140,000 142,000
10 197,000 155,000 157,000
25 215,000 171,000 173,000
50
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230,000 184,000 186,000

The table above indicates that the 50~year flood
peak at Devil Canyon of 31,400 cfs is less than the
capacity of the Devil Canyon outlet works. Thus,
the 50-year flood can be passed through the Devil
Canyon Reservoir without using the spillway,
minimizing the potential for nitrogen
supersaturation (see Sections 4.3.3(a)(v) and
6.10.4). ‘

For spring floods greater than the 1:50-year event,
it is possible that the Watana Reservoir would
fill, and inflow would be set equal to outflow. If
this occurred, floods downstream would be unchanged
from natural conditions.
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- Summer Floods (*%)

During wet years, the Watana Reservoir will reach
el. 2,185 ft sometime in July or August. Design
considerations were therefore established to ensure
that the powerhouse and outlet facilities would
have sufficient capacity to pass the 1:50-year
summer flood without operation of the spillway (see
Sections 4.3.3(a)(v) and 6.10.4), A further
decision criterion was established that the
reservoir would be allowed to surcharge to el.
2,193 ft during the 1:50 year flood. This is
explained in Section 3.6.2. Derivation of the July
to September 1:50 year inflow hydrograph at Watana
is given in a report by Harza-Ebasco (HE 1984c).

The 50-year July to September flood at Watana has a
peak of 77,800 cfs and a volume of 1.14 x 106 acre
feet.  This flood was routed through Watana
Reservoir assuming median July-September water
levels of el, 2,185 and el. 2,159 for early and
late Stage III, respectively. ~ The powerhouse
discharge of early Stage III for the early Stage
III simulation since the Watana water level was
above el. 2,185 and the operating policy in Section
"3.6.2 prescribes that energy demands will be met '
from Watana under these circumstances, For the
late Stage III simulation, an average powerhouse
“discharge of 5,800 ¢fs was USed when the water
level was less than el. 2,185; a discharge of
12,500 cfs was used when the water level exceeded
el, 2,185. The maximum water level obtained did
not exceed el. 2,193, and the spillway was not
operated. The maximum outflow for early Stage III
of 33,900 cfs was comprised of 24,000 cfs outlet
works flow and 9,900 cfs powerhouse flow. The

- o was_5,800_cfs powerhouse flow, _

The following table gives the July-September flood
frequency for Watanma, Gold Creek, Sunshine and
Susitna Stations. -
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July-September Flood Frequency

Watana Gold Creek
With-Project With~Project
Return Period Natural Early Late Natural Early Late
(Years) '
2 34,200 30,100 5,800 37,300 35,500 15,700
5 45,700 33,900 5,800 49,800 43,100 21,300
10 54,500 33,900 5,800 59,400 45,000 24,000
25 67,200 33,900 5,800 73,200 45,000 26,500
50 77,800 33,900 5,800 84,800 47,300 29,500
Devil Canyon Sunshine
‘With—Project
Early Late Natural Early Late
2 33,600 13,700 138,000 128,000 104,000
5 40,400 18,200 163,000 149,000 121,000
10 41,000 20,400 180,000 162,000 134,000
25 41,000 22,400 196,000 175,000 147,000
50 42,000 24,800 210,000 187,000 159,000
Susitna Station
With-Project
Natural Early Late
2 183,000 182,000 158,000
5 216,000 212,000 184,000
10 238,000 232,000 204,000
25 259,000 253,000 225,000
50 278,000 271,000 243,000

The 50-~year peak inflow to Devil Canyon Reservoir
for the early Stage III simulation is 42,500 cfs.
This exceeds the outlet works capacity by 500 cfs.
Therefore, provision has been made in the operating
policy for Devil Canyon Reservoir (Section 3.6.2)
to surcharge the water level and store the inflow
in excess of outlet works capacity to prevent
spillway operation for the 50-year flood and thus
minimize potential gas concentrations downstream.
The operation of the outlet works and the manner in
which cone valves minimize gas concentrations are
explained in Sections 4.3.3(a) and 6.10.4.
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- Annual Floods (#*%)

Annual flood peaks of the Susitna River at the
project sites most frequently occur in June. The
annual series 50-year flood at Watana was calculat-
ed to have a peak discharge of 89,500 cfs and a
volume of 1.43 x 100 acre feet (HE 1984¢). This
flood was routed through the Watana Reservoir
assuming median June water surface levels at el.
2,141 and el. 2,104 for early and late Stage III,
respectively. According to the operating policy in

. Section 3, the powerhouse discharge was shifted

from Devil Canyon to Watana when the Watana water
level reached el. 2,185, thus increasing the Watana
capacities to 9,900 cfs and 12,500 cfs for early
and late Stage III, respectively. The maximum
water level attained did not exceed el. 2,185. The
maximum outflow was 3,300 cfs for early Stage III.
For late Stage III the maximum discharge was 5,400
cfs. Spillway operation was not required and
nitrogen supersaturation would be minimized. The
following table illustrates the annual series flood
frequency at Watana, Gold Creek, Sunshine and
Susitna Statiomns.

ANNUAL FLOOD FREQUENCY
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- Watana : Gold Creek
Return Natural With-Project Natural  With-Project
Period Early Late Early Late
(Years)
2 43,500 3,340 5,400 48,000 20,000 22,100
5 57,400 3,340 5,400 63,300 27,700 29,800
10 67,000 3,340 5,400 73,700 32,100 34,200
25 79,800 3,340 5,400 87,300 36,000 38,100
50 89,500 3,340 5,400 97,700 40,600 42,700
Return -———Devil-Canyon—-— - Sunshine
Period Natural . With Project
(Years) ‘Early  Late Early Late
2 16,700 18,800 143,000 103,000 105,000
5 22,800 24,900 166,000 119,000 121,000
10 26,400 28,500 183,000 131,000 133,000
25 29,500 31,600 200,000 145,000 147,000
50

33,200 35,300 214,000 157,000 159,000
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Susitna Station

Natural With Project
Return Period Early Late
(Years)
2 189,000 157,000 159,000
5 220,000 183,000 185,000
10 242,000 202,000 204,000
25 264,000 223,000 225,000
50 283,000 242,000 244,000

The 50-year peak inflow to Devil Canyon Reservoir
is 33,200 cfs in early Stage III and 35,300 cfs in
late Stage III. This is less than the capacity of
the outlet works. Therefore, surcharging Devil
Canyon Reservoir to prevent spillway operation
would not be required.

Under natural conditions, the highest annual floods
at Gold Creek occur in June. With the project, the
annual flood peaks will occur in the July-September
in early Stage III. The flood frequency for that
series represents the flood frequency. As project
energy generation increases over time, the Watana
storage capacity in the July-September period will
increase and the magnitude of the July-September
floods will decrease. In late Stage III, the
July-September flood peaks for Gold Creek are less
than those for the May-June period and annual
series. Thus, for late Stage III the flood
frequency will be defined by the annual series
simulation. :

At Sunshine and Susitna Station the with-project
flood frequency will be defined by the July-
September series throughout Stage III, as for
Stages I and II. The flood frequency relationship
for the annual series and July-September periods at
Sunshine and Susitna Station remain relatively
constant from Stage I through the early years of
Stage III. The simulated increase in energy
demands between early and late Stage III results in
additiomnal storage available at Watana in the
July~September period in late Stage III. This has
an effect on the frequency of floods for this
period as far downstream as Susitna Station.

Assuming a two-year return period (USDI 1974), the

mean annual flood flows at Gold Creek, Sunshine and
Susitna Station are shown below.
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(iv)

Mean Annual Flood Flows - 2-Year Return Period

Natural With-Project
Early Late

Gold Creek 48,000 35,500 22,100
Sunshine 143,000 128,000 105,000
. Susitna Stationm 189,000 182,000 159,000

The reduction in the mean annual flood flow at
Sunshine, downstream of the confluence with the
Chulitna and. Talkeetna Rivers, 1s less than 10
percent in early Stage III and approximately 25
percent for late Stage III. At Susitna Station,
downstream of the Yentna confluence, the reductions
are approximately two percent for early Stage III
and approximately 15 percent for late Stage III.

Flow Variability (*%¥%)

Under normal hydrologic.conditions, flow from the
Stage III development will be regulated. The

- downstream flow will be controlled by the following

criteria: downstream flow requirements, minimum
power demand, and reservoir operating rule curve.
However, there can be significant variations in

discharge from one season- to the next and for the

same month from one year to the next.

Flow variability under natural conditions 1is
illustrated.by the flow duration curves using daily
recorded flow values shown on Figures E.2.2.44 and
E.2.2.45, ‘

As discussed invSeétion_3¢6.1, with~project flows
from the powerhouse may be allowed to vary by 10
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maximum variation in the mean weekly flow from one

percent-above:.and below the.mean weekly. flows. The ... __

week to the next will be 20 percent,

Weekly reservoir operation simulations were made to

‘illustrate the variability in weekly average flows

for five years. These are illustrated by Figures
E.2.4.213 through E.2.4.217. There will also be

variation in flows in one week from year to year.
~Figures E,2.4,229 through E.2.4.236 show the 6

percent, 50 percent and 97 percent exceedence level
flows for each week of the year. The variability in
flows for Case E~I flow requirements is shown on
Figures E.2.4.237 through E.2.4.240.
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(v)

Additionally, in order to illustrate the variation in
with-project flows as compared to natural variation,
monthly flow duration curves have been prepared for
Watana, Gold Creek, Sunshine and Susitna Stations
(Figures E.2.4.241 through E.2.4.250. These curves
are based on monthly average with-project flows. The
natural flow duration curves on these exhibits are
based on monthly average flows and not on daily
values as in Figures E.2.2.44 and E.2.2.45.

The project outflows show little variability because
of the high degree of reservoir regulation and the
relatively constant powerhouse flow. Gold Creek
exhibits more variation because of the variability in
local inflow. The flow duration curves show a
diminished natural and with-project difference with
distance downstream from Watana.

Operation of Qutlet Works and Fixed—-Cone Valves (##%)

The Watana outlet works are described in Section
4.1.3(a)(v). The maximum capacity of the Watana
outlet works would be increased from 24,000 cfs in
Stage I to 30,000 cfs in Stage III, as a result of
the increase in hydraulic head. However, the
capacity required to pass the 50-year flood without
using the spillway remains at 24,000 cfs in Stage
III. Passage of flows greater than 24,000 cfs may
result in flows exceeding the Devil Canyon outlet

works capacity of 42,000 cfs. Therefore, in Stage

III the outlet works capacity at Watana will be
limited to 24,000 cfs. The Devil Canyon outlet works
are controlled by four 102-inch and three 90~inch
diameter fixed cone valves which will have a combined
capacity of approximately 42,000 cfs at the normal
maximum pool and 80 percent gate stroke. The four
intakes to the 102-inch valves will draw water from
el. 1,050 and discharge it approximately 120 feet
above the normal tailwater. The intakes to the three
90-inch valves will draw water from el. 930 and
discharge it about 50 feet above the normal tailwater
level. The purpose of the outlet works is to release
flows to meet environmental requirements and to pass
flood flows without using the spillway. As noted
previously under Floods (Sec. 4.3.3(a)(iii)), those
floods up to the 50-year event can be discharged
without using the spillway. Tables E.2.4.65 and
E.2.4.66 present data on outlet works operation from
the weekly reservoir simulations.
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Included for each year of the 34 years of simulation
are the week of first release, the week of maximum
-release, the maximum release, the powerhouse flow at
the time of maximum release, the volume released and
the maximum Watana release during the period of Devil
Canyon outlet works operation.

As shown, the outlet works would operate in middle to
late summer of almost every year in early Stage III
and in less than half the years for the late Stage
III simulation. This occurs because the reservoir

is simulated to have filled, and thus it was
necessary to pass flows to maintain freeboard on the
dam.

Information on the downstream temperature impacts
caused by the operation of the outlet works can be

found in Section 4.3.3(c)(i).

River Morphology (¥#%¥)

With Watana/Devil Canyon Stage III in operation, streamflows
above the damsites will be regulated further (Figures
Ee2.4.229 through E.2.4.236) and release of large flows in
excess of meeting the energy and envirommental requirements
will be less frequent than in Stage II. Reservoir operation
studies indicate that the mean-annual maximum weekly flow at
Gold Creek would be about 25,000 and 16,000 cfs for early

and laté Stage 111 Tespectively. ~“Thesé aré smaller than thé
mean “annual maximum flows during Stage II operation. If bed

.degradation (lowering of the bed level) has not reached its

maximum expected extent in Stage II (Section 4.2.3(b)), the

rate of bed degradation.in .Stage III will be reduced from

Stage II and the maximum expected degradation would be
similar to Stage.I - 0.8-1.3 feet, a few inches less than in
Stage II. As the projected energy production increases in

will_result in a_lessened _potential for further bed
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Stage--II1I,-the-.reduction-in-mean-annual-maximum -weekly-flow. ...

degradation. The stream bed is expected to stabilize early
in Stage III if it has not stabilized in Stage II. If bed
degradation reaches its maximum expected extent in Stage ITI,
there would be no further degradation in Stage III and the
bed will be stable.. : : -

Sediment deposition near and below the confluence of the
Susitna, Chulitna;-and Talkeetna Rivers will continue, but
the river will gradually stabilize with a better defined,
narrower channel,
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(c)

Potential impacts on the side channels and sloughs will be

essentially the same as those described in Section
4.1.3.(b).

Water Quality (#¥¥)

(i) Water Temperature (¥#%*)

- Reservoirs (##%%)

The program DYRESM, described in Section
4.1.3(ec)(1i) was used to predict reservoir
temperature profiles and outflow temperatures from
both the Watana and Devil Canyon Reservoirs. The:

" Watana inflow, the inflow temperature, and the

meteorological data from Watana and Devil Canyon
Stations for the period May 1981 through October
1982 were used in the simulations. These data are
the same as used for Watana Stage I operation
(section 4.2.3(c)(i)), however, Watana outflow is
changed due to the different mode of operating the
Watana Reservoir when the project progresses from
Stage I to Stage III. The simulated flows for May
1981 through October 1982 from the Case E-VI weekly
reservoir simulation for early and late Stage III
were used as the source of inflow and outflow data
for the two reservoirs.

The four level Watana Stage III intake as shown in
Figure E.2.4.251 was used in the analysis. The
Watana Stage I intake was not used since the Stage
I intake ports are generally below the thermocline-
of the Watana Stage III Reservoir. The Devil
Canyon two-level intake (Section 4.2.3(c)(i)) was.
also used in the study.

In the DYRESM simulations, the operations of both
Watana and Devil Canyon intakes were simulated to
match the Watana inflow temperature as close as
possible. As explained in Sections 6.10.3 and
6.10.7, this is expected to give temperatures close
to natural all year and to minimize suspended
sediment and turbidity in the winter.

Stratification and outflow temperatures at Watana
under the assumed operating condition are similar
to that of Watana operating alone. Some smoothing
of peak temperatures occurs. The temperature and
quantity of Watana outflow, and the flow
contribution from the area between the damsites are
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inputs to the Devil Canyon Reservoir simulation

‘model. The temperature of the Watana outflow is

more stable and is cooler in summer and warmer in
winter than for natural conditionms. Devil Canyon
Reservoir exhibits the general pattern of early
summer warming, summer stratification, and fall to
winter cooling through an isothermal condition to
reverse stratification which occurs at Watana.

Figures E.2.4.252 and E.2.4.253 illustrate the
Devil Canyon Reservoir outflow temperatures for May
1981 through October 1982 for late Stage III. The
Watana inflow temperatures are also shown in the
figures. These results indicate that, under the
Stage III project operating conditions, the Devil
Canyon two-level intake structure can provide
reasonable control of July-August outflow
temperatures when the outlet works are not in
operation. With the outlet works in operation, the
multi~level intake would become less effective.

The outlet works would generally pass a larger
volume of water from the hypoliminion and are
generally operated in July through September. 1In
September, the natural river temperature would
decrease very rapidly from about 10°C to near
freezing. This corresponds to the rapidly changing
meteorological condition. Therefore, the September
operation of the outlet works should not have a

“significantimpact on the-effectiveness-of—the-

multi-level intake operation. However, in August
or July, if the outlet works are operated at larger
flow rates, the effectiveness of the intake
operation is expected to be affected. In general,
the 1981-1982 simulation indicates that the Stage
III Devil Canyon outflow temperature in June, July
and August may vary from 5°C to 11°C while the

Watana inflow temperature varies from 5°C to 13°C.
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Temperature simulations were also made for early
Stage III operation as shown on Figures E.2.4.254
and E.2.4.255 (HE 1985f, Appendix H). Reservoir
outflow temperatures for energy demands between the

- two extremes can be estimated by interpolation in

the figures.

T‘Addltlonally, in order to evaluate the effects of

alternative flow requlrements on river
temperatures, a sensitivity test was made using
reservoir operations for the E~I flow requirements
(HE 1984h). The outflow temperatures for this
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simulation are illustrated on Figures

E.2.4.256 and E.2.4.257. 1In the wet year (1981)
simulation, outflow temperatures with E-I are
generally lower than for E-VI between mid-May and
mid-September ‘and higher than E~VI between
mid~September and mid-November. Between December
and mid-May the temperatures are generally
similar, 1In the average year simulation the
temperature differences are less. E-I outflow
temperatues are generally lower than for E-VI
between mid-May and early August, similar in August
and September and somewhat higher in October,

Typical reservoir temperature profiles at Watana
are given in Figures FE.2.4.258 through E.2.4.263
for August 1981 to January 1982, respectively. The
reservoir temperature profiles at Devil Canyon in
Stage IIT would be similar to those for Stage II
discussed in Section 4.2.3(c)ii. The reservoir
stratificgtion in Watana in Stage III is similar to
Stages I and II as discussed in Section 4.1.3(c)ii.
Devil Canyon Reservoir, because of its smaller
size, is more responsive to meteorological and
project operating conditions. Generally, reservoir
stratification is weak in June, but builds during
July and August. Typical mixed layer depths are in
the order of 50 to 70 ft during the summer months.

Isothermal conditions occur in November. Cooling
continues throughout the reservoir depth until
maximum density i1s reached. Reverse stratification
begins in December.

In December, the reservoir is weakly stratified.
The mixed layer depth in winter is about 100 to 120
feet and is influenced by severe cold weather,
mixing events, and Watana outflow and temperature,

- Devil Canyon to Talkeetna (#*¥%%)

. Mainstem (%¥%)

The Devil Canyon operation outflow temperatures,
which were simulated using /DYRESM, were used to
determine the water temperatures in the reach
between Devil Canyon and Talkeetna. The
discharge and outflow temperatures from Devil
Canyon were used as input for the program SNTEMP
described in reports by the Arctic Envirommental
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Information and Data Center (AEIDC 1983, 1984a,
1984b, 1984c, 1985a).

River . temperatures were s1mu1ated on an average
weekly bas1s.‘10utput of daily temperatures from
DYRESM were averaged and used in the weekly
simulations, along with the average weekly

~ discharges from the reservoir operation results

presented in W 4.2.3(a)

TemperatureA51mu1athns using SNTEMP were carried

- out for open water reaches of the river between

the dams and the Sunshine stream gaging station
(RM 84). .In summer, the entire reach was

'51mu1ated - In winter, only the reach from the

dams downstream to the location where water

temperature reached 0°C was simulated. The

period May 1981 through September 1982 was
simulated for, ‘the three—stage project. This
represents a wet summer followed by a winter of
average temperatures followed by an average flow
summer. The selection of cases for simulation is
discussedﬁln the Applicant's replies to the

FERC's Request for Supplemental Information of

April 12, 1983 Schedule B, Exhibit E No's 2.28
and 2.41. ‘ '

Simulations for the three-stage project were
limited“;b.the”caseS'discussed’abovej“in”order to
show the similarities and differences between

.simulated.temperatures for the original two-

stage and the proposed three-stage project. The
simulations which have been made for the two-
stage project (APA 1984a Appendix V, HE 1985f
Appendices.H and I) may be used to determine the
sensitivity of the river temperatures to other

fhydrdlogicmandwmeteorologic”conditionslh‘vMww““
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Simulations are also presented in other reports
by the Applicant (AEIDC 1983, 1984a, 1984b,
1984c, 1985a). The results of the simulations
are presented on Figures E.2.4.264 through
E.2.4.266 and on Tables E.2.4.67 through
E.2.4.70. The flgures also contain simulated

. __temperatures for_ the final stage of the original
-~ two_stage -project - for -the -Case C flow

requirements. They 111ustrate that temperatures
from Case C and Case E-VI are generally similar

‘with some small differences in the July-September

period. These differences are the result of
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changes in the minimum flow requirements from
Case C to Case E-VI. Case E-VI minimum flow
requirements are higher than for Case C in June
and early July. Thus more flow is released early
in the summer for E~VI and the Watana Reservoir
fills later. Therefore, the outlet works opens
later for E~-VI than for C and temperatures are
higher in late July and early August. Later in
the summer the outlet works must open for Case
E-VI as well as Case C and the temperatures for
E~VI decrease to slightly below those for Case C.
The Case C temperatures aré warmer in this period
because the early opening of the Devil Canyon
outlet works causes the replacement of cold water
in the Devil Canyon hypolimnion with warm water
from the Watana epilimnion,

Temperatures for late Stage III are generally
warmer than Stage II temperatures in May through
July or early August and cooler than Stage II
temperatures from August through October. Summer
Stage III simulated temperatures are closer to
natural than Stage II. Open water temperatures
in winter for Stage III are warmer than Stage II.
This is reflected in the ice simulations
discussed later.

Temperatures were also simulated for early Stage
IITI (see Tables E.2.4.69 and E.2.4.70). A
comparison between simulated temperatures for the
final stage of the three stage project for early
and late energy demands is shown in Figures
E.2.4.296 through E.2.4.298. Temperatures for
energy demands between these two extremes can be
interpolated from the tables and figures.

Summer temperatures simulated for early Stage III
are generally cooler than for Stage II of the
three-stage project, as discussed in Section
4.2,3(c)i. Winter temperatures are somewhat
warmer. Thus, when. Stage III begins operating,
summer temperatures may decline slightly from
Stage II. Summer temperatures will probably be
below those experienced during Stage III filling,
since outlet works releases during Stage III
filling will be minimal. Winter open water
temperatures will increase gradually from Stage
II operation through Stage III filling to Stage
III operation. As energy demands increase, the
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outlet works releases will decrease and summer
temperatures will increase toward levels
simulated for late Stage III. In winter, the
open water temperatures should not change much
throughout Stage III.

In late Stage III, summer with-project river
temperatures would exhibit a lag behind natural
conditions of approximately one month. Simulated
temperatures at RM 130 are close to 4°C in early
May, peak near 10°C between July and August, and
decrease to 1°C by late November. In wet years
the reservoir fills by early August; thus, the
outlet works must be operated to pass flow.
Because the outlet works draw from a lower
elevation in the reservoir, these flows are
generally cooler. Outlet works releases due to a
full reservoir causes the drop in river
temperatures in July in the 1981 simulation and a
smaller drop in the 1982 simulation.

In winter, the temperature of the mainstem will
remain above 0°C longer than natural because of
the warmer outflows from the project. The
temperature in the spring will exceed 0°C sooner
than natural for the same reason. Between the
upstream end of the ice cover and the dams, the
river temperature will be between 0°C and 2°C to

"3°C, whereas the natural temperature in this

reach is 0°C.

Based on these simulations and simulations of
natural conditions, the mean annual (time
weighted) temperature at RM 130 has been
calculated for the period May 1981 through April
1982 to be 3.7°C for natural conditions and 4.7°C

~for-with-project—-conditionsi Simulations—of

natural and with=project conditions for other
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meteorological and hydrological conditions for
other flow requirements also indicates that mean
annual with~project temperatures may be slightly

* greater than natural mean annual temperatures.

Mean annual temperatures in dry year with-project
simulations are generally closer to natural

«.conditions than in:-wet years.

The simulated temperatures shown on Figures
E.2.4.264 through E.2.4.266 are for the proposed
three stage project with the proposed two-level
intake at Devil Canyon Reservoir. Figures
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E.2.4.177 and E.2.4.178 show simulations of
temperatures for other hydrological and
meteorological conditions for the final stage of
the two-stage project (APA 1984a) for energy
demands typical of Stage II. As noted previously
(Section 4.2.3(a)), these may be used to show the
sensitivity of temperatures to various hydrologic
and meteorologic conditions for the three-stage
project. Similar sensitivity tests have been
carried out for late Stage III energy demands.
These are shown on Figures E.2.4.301(a) and
E.2.4.301(b).

The simulations discussed above have all been
carried out using the policy of withdrawing water
that has as close a temperature to natural as
possible. This policy is known as "inflow
temperature matching." Additional simulations
have been carried out to determine whether other
policies of multi-level intake operation would
significantly affect temperatures. The results
of these studies are discussed in Section
4.2.3.(c)i.

Simulations were also made to determine the

‘effect of different environmental flow

requirements on river temperatures for late Stage
IIT . Case E-I described in a report by the
Applicant (APA 1985f) and in Section 3 was used
for this simulation. The results of this
simulation are presented in Figures E.2.4.270
through E.2.4.272 and in Tables E.2.4.71 and
E.2.4.72. These results indicate that, for Stage
I11, the E~I temperatures at RM 130 are similar
to E~VI between October and early to mid-June, up
to 2°C colder between mid-June to mid-July,
similar to E-VI between mid-July and mid-August
and up to 2°C warmer between mid-August and late

September. The average June-September

temperatures at RM 130 for E-I and E-VI are
similar, although E~VI has warmer temperatures
earlier in the year. Differences between
temperatures for the two cases are more
pronounced at the damsite and less pronounced at
RM 100 due to the effect of climate. At RM 100,
temperatures for E-VI appear closer to natural
than those for E-I.

Temperatures for E~VI are warmer than for E-I
early in the summer primarily because the E-I
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environmental requiréeménts are greater than the
power demands resulting in outlet works releases.
This also results in a drawdown of Devil Canyon
Reservoir to el. 1,405 with E-I compared to el.
1,452 with E-VI. ‘As a result, powerhouse flows
must be drawn from the deeper port at Devil
Canyon contributing to colder outflows. Removing
this cold water from Devil Canyon Reservoir early
in the summer raises temperatures later in the
summer. The cold water removed from the Devil
Canyon hypolimnion is replaced by warmer water
from Watana, and outlet works releases later in
the summer are warmer for E~I than E-VI.

Sloughs and Peripheral Habitat Areas (#%¥%¥%)

Slough and side-channel surface water
temperatures are affected by the temperature of
groundwater upwelling, climatic conditions, and
the temperature of mainstem flow when the
upstream berm is overtopped. Since the frequency
of overtopping of the upstréam berm will be
reduced due to lower summer flows, the slough and
side~channel surface water temperature will be
more often solely a function of groundwater
temperatures and climate. It has been determined
that the temperature of the groundwater component
of slough flows generally is similar to the mean

annual temperature (time-weighlited) of the riveri
Since the project will not alter this temperature
significantly, the only change in surface water

temperatures in sloughs and side channels will be

a function of the frequency of overtopping of the

upstream berm.

When habitat areas in sloughs and side channels

temperatures are generally less than the
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are not overtopped-in..summer,.their surface water

mainstem., This reflects the influence of
groundwater temperatures and climatic conditions.
In summer, therefore, a reduction in overtopping
of habitat upstream berms will generally cause
habitat surface-water temperatures to be lower
than for natural conditions, but higher than
groundwater temperatures. The variation in
surface-water temperature resulting from
intermittent overtopping of the berms will be
reduced. Side channels will be affected less
than sloughs because summer discharges
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with~project will generally keep side channel
areas overtopped.

Surface water temperatures in tributary habitats
are usually a function of tributary temperature
and will not be affected by the project. The
extent of the effect of tributary temperatures on
the mainstem may change as a result of decreased
summer mainstem flows.

Intergravel temperatures in sloughs and side
channels are generally between 3°C and 5°C, ‘and
appear to be related to the mean annual mainstem
temperature. In some areas the intergravel
temperature may be more directly related to
mainstem temperature, such as at a site in Lower
Slough 8A. Since the mean annual mainstem
temperature is not expected to change signifi-
cantly, the intergravel temperature in sloughs
and side channels is expected to remain the
same.

- Talkeetna to Cook Inlet (#%¥)

During summer, temperatures downstream of the
confluence will reflect the temperatures of the
Talkeetna and Chulitna Rivers in addition to the
middle Susitna River. Since summer flows from the
middle reach will be reduced, the Chulitna and
Talkeetna Rivers will have a greater effect on
temperatures than for natural conditions.

Because the Talkeetna and Chulitna Rivers are
generally colder than the Susitna, the mainstem
temperatures would be colder than natural. Simu-
lated average weekly with-project temperatures at
Sunshine can be compared to simulated natural
temperatures (Tables E.2.4.21 and E.2.4.22.)
With-project summer temperatures are generally
similar to those for Stage II, but are slightly
colder in August and. September. Stage III
temperatures are slightly closer to matural than
Stage II temperatures in the summer. Simulated
with-project temperatures are generally between
0.5°C and 1.0°C cooler than natural between May and
August, similar to natural in September, and up to
2.5° C warmer than natural in October. ‘

In the fall and early winter, the middle Susitna -

River flows will begin to have greater influence on
temperatures downstream of the confluence. This
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will result in downstream temperatures being
slightly above natural until late October to early
November. Cold climatic conditions will cause
temperatures after early November to be the same as
for natural conditions (0°C). In April, warmer
outflows from the reservoir may reach the
confluence after the ice cover melts. Thus, early
spring temperatures may also be 2°C warmer than
natural. - This:difference diminishes with time, and
by early May temperatures will be similar to
natural.

Ice (;k'k‘k)

~ Reservolrs (##%%)

Ice cover formation on the Watana and Devil Canyon
Reservoirs during Stage III operation was

simulated with the DYRESM model based on the
average winter weather conditions of 1981-82, and
the Case E-VI and E~I. downstream flow requirements.
Simulations were made for early and late Stage III
energy demands. Reservoir ice cover conditions
would be similar to those of the Stage II
operation. The Watana Reservoir ice cover would

‘form in late November and would reach a maximum

thickness of four feet in March. The ice cover

would -begin to melt in mid April and would be
completely melted by late May. : E——

HThe Dev11.Canyon‘Reserv01r ice cover during Stage

III operation would form in late November and would
reach a maximum thickness of three feet by March.
The ice cover would begin to melt in early April
and would be completely melted by late May.

Simulations.of. reservoir.ice cover.are.included. in.

other reports for the final stage of the original
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two stage project. These are generally applicable

to Stage III which is identical to the final stage

of the two stage project (HE 1985f Appendices H and
I, APA 1984a Appendix IV).

These simulations show that, dependlng on climatic

..conditions, the Watana Reserv01r ice cover will
---generally begin-to form-in mid to late November and

grow to between three and four feet thick before
melting out between early May and early Jume. The
Devil Canyon Reservoir ice cover will generally
form. a week later than at Watana and reach a

" thickness of approximately three feet before

melting out in early to late May.
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- Devil Canyon to Talkeetna (F%¥)

The ICECAL model as described in Section 4.1.3c(ii)
was used to simulate river ice conditions between
Devil Canyon and Talkeetna during Stage III
operation. Results of the modeling are shown in
Figure E.2.4.273 based on the winter weather
conditions of 1981-82 (an average winter in terms
of mean air temperature), the Case E-VI downstream
flow requirements early and late Stage III energy
demands., As shown, frazil ice generation would be
limited to the reach downstream of RM 126 in early
Stage III. The upstream extent of frazil ie
generation would gradually move downstream to near
RN 115 in late Stage III. The extent of ice
genration would vary with daily weather conditions
and reservoir release temperatures. For much of
November and December, no frazil ice would be
generated upstream of Talkeetna.

Ice cover progression at Talkeetna during Stage III
operation is expected to begin in early January and
would reach a maximum extent near RM 126 in early
Stage III and RM 114 in late Stage III. The
maximum upstream extent would occur in late
January. Maximum ice cover thicknesses of two to
four feet are expected in early Sfage III and
maximum thicknesses of two feet are expected in
late Stage III. Thicknesses would be several feet
less than those of natural conditions., Maximum
river stages within the ice-covered reach would be
approximately two feet higher than those of natural
conditions, causing somewhat greater than natural
slough overtoppings in this reach if the mitigation
measure of berm construction (Section 6.10.5) are
not implemented. Upstream of the ice cover,
maximum river stages would often be one to three
feet lower than those of natural conditions, and
fewer slough overtoppings are expected than under
natural conditions.

The ice cover upstream of Talkeetna with Stage III
operation is expected to be melted out by early to
mid-March. As discussed for Stage I and Stage II
(Section 4.1.3c(ii)), the ice cover is expected to
substantially melt in place without major ice
jamming or associated flooding.

The effects of differing winter weather conditions
on river ice are expected to be generally similar
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to: the trends discussed in Section 4.2.3(c)(ii).
Relative to the river ice conditions for the
average 1981-82 winter, ice front progression for
other weather conditions may occur a few weeks

.earlier or later and may reach a maximum extent a

few miles further upstream or downstream. Maximum
ice cover thicknesses and river stages would also
be expected to vary by a few feet among the various
weather conditions.

The Instream Ice Simulation Study (HE 1984f)
provides sensitivity studies for ice simulation and

- for other hydrologic-and meteorologic conditions.

The simulations for the final stage of the two
stage project can be used to estimate the
sensitivity with Stage III since Stage III is the
same as the final stage of the two stage project.

The effects on Stage III river ice conditions due
to alternative designs and operating policies for
the multi-level power intakes is expected to be
similar to that discussed for Stage II (Section
4.2.3(c)(ii)). The alternative designs and
operating policies are not expected to

.substantially affect the river ice conditions.

Stage III operation with the Case E-I flow
requirements, as an alternative to Case E-VI, has
also been simulated with the river ice model,

Results for Case E~I and Case E-VI are compared in
Figure E.2.4.274 for 1981-82 weather conditions and

~for late Stage ITIl energy demands. Based on these

simulations, the maximum river stages, slough

:overtopping events and-ice front starting and

melt-out dates are expected to be similar to those

‘discussed above for Case E-VI. Slightly greater

ice thicknesses:and ice front extent may occur for

E=T relative to E=VI.
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Talkeetna to Cook Inlet (¥%%*)

River ice conditions between Talkeetna and Cook

~ Inlet during Stage III operation are expected to

show the same general trénds as discussed for the
Stdage II operations:’' Based on the "average"

+1981-82 winter,~arrival-of the ice front at
.-Talkeetna-is-expected to-occur in late December

for early Stage III and early January for late
Stage III, approximately four to six weeks later
than for natural conditions. Maximum river stages
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(iii)

between Talkeetna and Cook Inlet would be somewhat
higher than natural due to the higher than natural

flow rates.

~ Sloughs and Peripheral Habitats (#&%%¥)

For Stage III operation, the maximum expected ice
thicknesses, river stages and ice front extent
are less than those expected for Stage I or Stage
II. Mitigation measures (Section 4.1.3c(ii) and
Section 6.10.5) proposed for slough protection
during Stage I or Stage II would, therefore, be
adequate for Stage III.

Table E.2.4.23 summarizes information on winter
water levels near sloughs and side channels for
Stages I, II and III for Case E-~VI flow
requirements, Similar information for Case E-I
flow requirements is provided in Table E.2.4.24.
Results of the two simulations are generally
similar. The tables show the occurrences of slough
overtoppings for the natural berm elevations.

Where berms are elevated (Section 6.10.5),
overtopping would not be expected.

Suspended Sediment (#¥%%¥)

The extended DYRESM model has been applied to
simulate the suspended sediment concentrations in
both Watana and Devil Canyon Reservoirs and outflows
under 1982 flow conditions. The suspended sediment
load for 1982 is estimated to be similar to an
average year as described for Stage I, (Sectionm
4.1.3(c)(ii1)). Case E-VI downstream flow
requirements and late Stage III energy demands were
incorporated. The basic data and solution procedure
used in this study are the same as that used in the
Stage I and Stage II studies as described in Section
4.1.3(c)(iii). Table E.2.4.73 shows the outflow
suspended sediment concentration from Devil Canyon
Reservoir. Figures E.2.4.275 and E.2.4.276
illustrate the predicted outflow suspended sediment
concentrations from Devil Canyon. Figures E.2.4.277
and E.2.4.278 illustrate the outflow suspended
sediment concentration from Watana for the same
period. As indicated in the Stage II study, a small
amount of the suspended sediments passing through the
Watana Reservoir is expected to settle in the Devil
Canyon Reservoir. This is attributable to the small
sizes of the particles (less than 4 microns in
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diameter) entering the reservoir from Watana and the
relatively short retention time of the Devil Canyon
Reservoir (two months) in comparison to the Watana
Reservoir (twenty months). The suspended sediment
and turbidity levels that occur within the Devil
Canyon impoundment and downstream will be slightly
reduced from those that exist in the outflow from
Watana.

As indicated in the Stage II studies, the Devil
Canyon outflow suspended sediment concentration and
turbidity level are expected to be more uniform
throughout the entire year than the natural river
condition. The outflow suspended sediment
concentration of the Watana Reservoir in Stage III in
July and August would be less than for the Watana
Reservoir in Stages I and II. The reduction in
concentration may be up to about 50 mg/l. This
reduction is due to the larger and deeper Watana
Reservoir formed in Stage III (retention time

‘increases from 9 months 'to .20 months). The outflow

suspended sediment concentration from Devil Canyon
Reservoir is correspondingly less in Stage III than

" in Stage II.

The outflow suspended sediment concentration from

Devil Canyon would reach its lowest level of about 10
to 20 mg/l in April or May and approach a maximum of
about.90. to_100_mg/1l in July or August. The average

concentration between August and January would be

about 70 mg/l.

- Other Sources of Sediment  (%#*%)

As discussed in Section 4.1.3(c)(iii), and
4,3.2(d)(iii), inundation of land by the
reservoir will result in the potential for bank
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types, shallow rotationgl, and assorted frozen,
partially frozen and non-frozen block slides. As a
result of the slope instability along the
shoreline, an indeterminate amount of material will
become suspended in the reservoir,

--In-Stage-III-the potential for slope instability

~along the reservoir banks will be greater than for

“"Stage I, because of the“increase in shoreline
length and because the shoreline at the higher
water level is comprised of overburden having
greater thicknesses than in Stage I. This is
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particularly true near the downstream end of the
reservoir.

In the downstream end of the reservoir the deposits
in the Stage III shoreline area are primarily
glacial tills comprised primarily of silty sands
(SM) but including some sandy clays (SC).
Geotechnical investigations in the dam site area
indicate that less than 15 percent of the material
having a size less than 3 inches is smaller than 5
microns. Based on the reservoir suspended sediment
modeling, material of the 3 to 4 micron size range
would be expected to remain in suspension in the

reservoir.

As discussed for Stage I, the time period over
which bank instability and slides would occur is
unknown. Slope failures would be highest early in
Stage III and would decrease with time. Therefore,
an increase in suspended sediment concentration due
to slope failures would be highest in the early
years of Stage TIII.

Devil Canyon to Talkeetna (#*¥%%)

As discussed in Section 4.1.3(c)(iv) for Stage I,
suspended sediment concentrations in this reach
would be similar to those in the outflow from the
Devil Canyon reservoir.

Talkeetna to Cook Inlet (##%%)

As discussed in Section 4.1.3(c)(iv) for Stage I,
the reduction in suspended sediment concentration
in the middle reach may result in a small reduction
in summer suspended sediment concentrations

"downstream of the Susitna-Chulitna confluence. An

increase in winter suspended sediment concentration
may also be expected. During the summer, the
sediment concentration will be a function of the
sediment load of the Chulitna River. Mixing of the
suspended sediment from the Chulitna, Susitna and
Talkeetna Rivers will take place over a short
length of river between Talkeetna and upstream of
the bridge at Sunshine. Downstream, the fully
mixed river may have a summer suspended sediment
concentration of about five percent less than under
natural conditions. In the winter, assuming an
average sediment concentration between November and
May of approximately 40-50 mg/l from the project,
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the average concentration downstream of the mixing
area would be approximately 30-40 mg/l.

(iv) Turbidity/Vertical Illumination (#*%%¥)

- Reservoirs (¥%¥%)

Because of the reduced suspended sediment
concentrations near the surface of the

reservoirs, Stage III turbidities will be reduced
from Stages I and II and vertical illuminationm will
be increased. '

In Watana Reservoir, turbidity near the surface
would be approximately 170 NTU in November
decreasing to less than 5 NTU by January.
Turbidities would remain low throughout winter and
begin to increase in May. By July the turbidity .
near the surface would be approximately 150 NTU and
would stay between 100 NTU and 160 NTU until
November when isothermal conditioms in the
reservoir and wind mixing cause uniform conditions
in the upper portion of the reservoir.

Turbidity levels near the surface of Devil Canyon
Reservoir would be less than those in Watana.
Simulations of suspended sediment indicate
turbidity near the surface would be close to 130
NTU . in November decreasing to less than-5 NTU in_
December and remaining at that level throughout the
winter. Turbidity would increase in March to near
20" NTU and in April and May to near 30 NTU.
Simulations indicate the turbidity level would
continue to increase to mear 60 NTU in late June
and 80 NTU in July, remaining between 60 and 80 NTU

until 'isothermal conditions in November allow wind

“mixing to cause uniform conditions in the

reservoir.
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Vertical illumination would be greater than in

Stages I or II because of the decreased turbidity.

Devil Canyon to Talkeetna (#*%%)

"Turbidity ‘levels in this-reach would be less than

Stage I and II because of the reduced suspended

~sediment~concentrationsi—-Turbidity in the summer

would be measurably reduced from natural conditions

"because of the trapping of material in the

reservoir. Winter turbidity levels will be higher
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({ because of the fine material which remains
suspended in the reservoir and which is carried out

_ of the reservoir with winter powerhouse flows.

| Summer turbidity levels are simulated to increase

I3 . from values of 20-40 NTU in early May to maximums
of 200 NTU in late July and to decrease to

[ approximately 100 NTU by September. Turbidity

R would be relatively constant at 100-140 NTU through

December and decrease to minimum levels in early

May.

Vertical illumination would be greater than in
Stages I or II.

;J - Talkeetna to Cook Inlet (##¥%)

!“[ ‘ Summer turbidity levels in this reach would be

|| similar to natural conditions because of the
influence of the Chulitna and Talkeetna Rivers.

( Winter turbidity levels would be higher than

. natural but lower than Stages I and II and, based
on suspended sediment simulations, would be
approximately 60-80 NTU on the average.

» + Vertical illumination would be greater than in
Stages I or II,.

(v) Dissolved Oxygen (¥¥%¥)

- Watana Reservoir (¥#%)

The discussion of dissolved oxygen for Stages I and

ITI is applicable to Stage III. As in those

stages, larger trees within the area between the

j Stage I and Stage III pool levels would be
selectively cleared, removing the potential BOD

. they would have created. Some organic material

| ’ will remain along the banks in the area of clearing

and some localized oxygen depletion could occur.

Reservoir stratification may limit oxygen
replenishment in the hypoliminion. The spring

. turnover, with its large inflow of freshwater, will
| [ cause mixing; however, the depth to which this

- - mixing will occur is unknown. Dissolved oxygen is
. - expected to be at relatively high levels in the

;7 upper portion of the reservoir (within 100 to 200
‘J feet of the surface) and to decrease with depth.
This is because most inflowing water will enter the
reservoir in the upper levels. The fall turnover
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will tend to make dissolved oxygen levels more

‘uniform throughout depth.

Devil Canyon Reservoir (#¥¥%)

Dissolved oxygen in Devil Canyon Reservoir should
be similar to that discussed for Stage II. "Since
there will be no new clearing, and since some
sediment will be trapped and cover the organic
layer, dissolved oxygen will increase near the
bottom of the reservoir from Stage II levels.
Dissolved oxygen will be highest near the surface
of the reservoir, as most outflows from Watana will
enter the reservoir near the surface, and outflows
from Watana are expected to have relatively high

~dissolved oxygen concentrations.

M1x1ng of the reservoir during fall and spring

‘turnovers-will replenlsh dissolved oxygen

concentratlons to an unknown depth. Operation of
the outlet works may also increase dissolved oxygen

“levels at depth. Generally, when the outlet works

operate, water from the hypolimmion is removed from
Devil GCanyon and replaced with water from closer to
thé Watana Reservoir surface. This will tend to
increase dissolved oxygen concentrations in the
lower levels of Devil Canyon Reservoir.

rDownstream from Dewil. Canyon (Ekd)

Dlssolved oxygen levels in Stage III would be
similar to Stage II. In general, dissolved

oxygen is expected to be similar to natural

conditions, because water will generally be
withdrawn from near the reservoir surface. During
perlods when the Devil Canyon outlet works are
operating, some water with lower than natural
dissolved oxygen may be released from the
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reservoir. This water will be released as @
diffused spray which will tend to increase its

~dissolved oxygen content. Additionally, exposure

to the atmosphere and mixing with water released
through the powerhouse will increase dissolved
oxygen levels downstream. Continual operation of

the Devil Canyon outlet works will cause

ear the bottom of Devil

replacement of water

"Canyon Reservoir with water from near the surface -
- of Watana. Thus, after a period of releases with

potentially lower dissolved oxygen levels, the
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(vi)

(vii)

concentration in the water released through the
outlet works is expected to increase.

As discussed for Stages I and II in Sections
4.1.3(a)(v) and 4.2.3(a)(v) and in Section 3.6.2,
the project operating policy and project design are
planned to minimize the potential for downstream gas
concentrations to exceed naturally occurring levels.
Dissolved gas concentrations in Stage I1I would be
similar to Stage I1. Fixed comne valves are provided
in the outlet works to disperse releases and minimize
dissolved gas concentrations downstream. Floods with
recurrence intervals of less than 50 years would be
released without operating the spillway (Section
4.3.3(a)(iii)). Immediately downstream of Devil
Canyon Dam, dissolved gas concentrations would not
exceed .

105 percent to 110 percent., Further downstream, gas
concentrations would be reduced. Gas concentrations
are expected to be less than natural for some floods
with return periods of greater tham 50 years also,
due to the inundation of the Devil Canyon rapids and
mixing of spillway, outlet works and powerhouse
flows. A description of the manner in which fixed
cone valves minimize gas concentrations is given in
Section 6.4.4.

Trophic Status (Nutrients) (¥*¥)

A detailed analysis of the anticipated trophic status
of the Watana Reservoir has been developed by
Peterson and Nichols (1982) and more recent
literature studies.

Reservoir trophic status is determined in part by the
relative amounts of carbon (C), silicon (Si),
nitrogen (N), and phosphorus (P) present in a system,
as well as the quality and quantity of light
penetration. The average 1980-1981 C:Si:N:P June
ratio of 1080:340:28:1 indicates that phosphorus will
be the limiting nutrient in the Susitna impoundments.
Nutrient loading and hydraulic residence models for
large water bodies were considered to be the most
reliable methods for estimating the Watana Stage III
Reservoir trophic status. However, because the
validity of these models are based on phosphorus data
from temperate, clear-water lakes, predicting trophic
status of silt-laden water bodies with reduced light
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S (viii)

conditions and high inorganic phosphorus levels may
over estimate the actual trophic status (see
previous discussion for Stage I Section
4.1.3(c)(vii)).

Artificial phosphorus loading of the reservoir from
domestic sources was similarly investigated by :
Peterson and Nichols (1982), They concluded that the
maximum allowable artificial loading is equivalent to
the waste from 115,800 permanent residents, if
oligotrophic conditions are to be maintained.
However, this estimate is conservative since the
effects of low light penetration and the use of waste
treatment were not considered. :

Total Dissolved Solids, Conductivity,
Significant Ions, Alkalinity, and Metals (¥%¥)

The leaching process, as previously identified in
Section 4.1.2(e)(vii), is expected to result in
increased levels of dissolved solids within the
reservoir immediately after raising the Stage III
water level. The magnitude of these changes cannot
be quantified, but should not be biologically
significant (Peterson and Nichols 1982).

Furthermore, Baxter and Glaude (1980) have found such
effects are temporary and diminish with time.

The discussions of these parameters for Stage I

(d) Ground

(Section, 4.1.2.(e) and 4.1.3(c)) are generally
applicable to Stage III.

Water Conditions (#¥%¥)

(i)
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Mainstem (#*%%)

As a result of the annual water level fluctuation in

—the reservoir; there-will-be—localized—-changes in— —
—ground-water—in—the—immediate—vieinityof -the

reservoir. . Downstream ground water impacts during
summer will be similar to those described in Sections
4.1.2(£)(1i) and 4.1.3(d)(1i) for Stage I and will be
confined to the river area. During winter, ice
staging will occur during freezeup (Section
4.3.3(c)(iii)) and hence, the ground water levels
will increase along ice-covered sections of the

"mainstem. The extent of Triver covered with ice and

with increased water levels will be reduced from
Stages I and II. Mainstem stages during July and
August will be higher than during filling of Stage
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(ii)

III because excess flows will be released rather than
stored. Thus groundwater levels adjacent to the
river will increase.

Sloughs and Peripheral Habitat Areas (#*¥¥)

The groundwater flow to peripheral habitat areas will
generally be more stable with-project than for
natural conditions, reflecting the more stable
with-project mainstem flows and further downstream
extent of the winter ice front. During winter in the
Devil Canyon to Talkeetna reach, some of the sloughs
(downstream of RM 126 in early Stage III and
downstream of RM 114 in late Stage III) will be
adjacent to an ice-covered section of the Susitna
River. The river will have staged to form an ice
cover at project operation flows of about 10,000 cfs.
The associated water level will be a few feet above
normal winter water levels and will cause an increase
in the ground water table, This will in turn cause
an increase in ground water flow adjacent to the
ice-covered reach of the river. In the middle reach
downstream of the ice front, groundwater flow will
generally be very stable all summer and increased
slightly in the winter.

Sloughs upstream of RM 126 in early Stage III and RM
114 in late Stage III may be adjacent to open water
sections of the Susitna River. Because flows will
average approximately 10,000 cfs in winter, the
associated water level will be less than water levels
occurring under the natural freezeup process. Hence,
the ground water table will be lower. Sloughs in -
this area may experience a decrease in ground water
flow in the winter from natural conditions. However
the flow stability for Stage III operation and the

“reduction in ice front extent will provide very

stable water levels and upwelling all year in the
middle river upstream of the ice fromt.

During summer, the mainstem~slough ground water
interaction will be similar to that discussed in
Section 4.2.2(f)(ii) and 4.1.3(d)(i).

During July and August the mainstem flow will be
greater than during filling (4.3.2(c)(i)) and thus,
the groundwater flow to the sloughs will be higher.
During the fall, under natural conditions, flows
generally decline to nearly 3,000 to 5,000 cfs before
an ice cover forms. This is the period of lowest
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(e)

groundwater flow. With the project, discharges and
water levels will remain higher than natural during
this period providing an increase in groundwater
flow.

Lakes and Streams (#¥%%)

The numerous small lakes inundated by the Watana Stage III
Reservoir will mostly remain below the reservoir surface

at all times, but a few may become perched at low reservoir
levels.

The mouths of reservoir tributaries will shift upstream and
downstream in response to water level fluctuations in the
reservoir. The position of delta formation will also vary.
Bedload and suspended sediments will be deposited wherever
the streams enter the still waters of the reservoir.

Reduced river levels due to project operation will cause
geomorphic changes at tributary mouths downstream of Devil

Canyon as described for Stages I and II.

Instream Flow Uses (#%%) .

The effects on the fishery resource, wildlife habitat, and
riparian vegetation are described in Chapter 3. The
effects on recreation, including whitewater kayaking, are
discussed in Chapter 7.

(i) Navigation and Transportation (¥*%)

Table E.2.4.74 shows that Stage III flows are
expected to exceed levels estimated for navigation
with minimum difficulty (Section 4.1.3(f)iii)) with
about the same frequency as for Stages I and II
(Tables E.2.4.30 and E.2.4.50). The effects of Stage
111 operation on navigation and tramsportation would

~~thus~besimilar—to-those for-Stages-I—and-II-
-di-scussed—in-Seetion-4.1.3(£)(ii) and Section.
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4.2.3(f)1i and navigational difficulties would be
similar to natural conditoins. WNavigational
difficulties may be encountered slightly more
frequently than in Stages I and II in September
downstream of the Chulitna River and in Alexander
_Slough. Navigational difficulties may be encountered
.slightly more frequently than mnatural in
mid-September (in approximately 5 percent more
years).
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(ii) Freshwater Recruitment to Cook Inlet Estuary (*¥%%)

Salinity changes in Cook Inlet due to Watana
operation were simulated using a computer model
(Resource Management Associates 1983) for the
two-stage project. The effect on flows and water
‘levels of the three-stage project would be similar to
the two-stage project and the results of the modeling
of the two-stage project are considered applicable to
the three-stage project. Results of the modeling
indicate that the salinity in Cook Inlet will attain
a dynamic equilibrium within approximately one year
of reservoir operation. Winter salinities will be
less and summer salinities will be greater. Results
summarized in Section 4.,1.3 for Stage I would be
generally applicable to Stage III.

4,4 -~ Access Plan (%)

The Watana access road will begin with the construction of a 2.0-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 approximately 21.3 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
long gravel road will be constructed in a southerly direction to the
Watana campsite. Access to the Devil Canyon site will be via a 37 mile
road from Watana, north of the Susitna River, and a 12 mile railroad
extension from Gold Creek to Devil Canyon, on the south side of the
Susitna River.

Access roads will consist of unpaved 24-feet wide running surfaces with
shoulder widths of 5 feet. Design speed will be 55 mph where
acceptable, and 40 mph in areas of steep grades and sharp turms to
avoid the need for excessively deep cuts and extensive fills.

Side borrow techniques will be the primary construction method used to
develop the access roads, This will minimize disturbance to areas away
from the access road by confining construction-related activities to a
narrow strip on each side of the road. Careful stripping of the vege-
tation and organic soils, excavation, construction, backfilling and
vegetative rehabilitation should be confined to an area with a maximum
width of between 100 and 140 feet.

A few borrow sites of 10-20 acres will be needed along the road

alignment for construction materials. These borrow sites will be
located in well-drained upland areas.
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Additional detail on. the proposed access corridors and their construc-
tion can be found in Chapter 10 and in Exhibit A. The methodology
behind the selection of these corridors is explained in Chapter 10.

4] - Flows (%)

. Flow rates on streams crossed by the access road will not be

changed However localized 1mpacts on water levels and flow
velocities could occur if crossings are improperly designed.
Therefore, the Applicant has developed a manual entitled
"Drainage Structure and Waterway Design Guidelines" (HE 1985d)
which includes consideration of effects of bridges, culverts and

‘other water crossings on water levels, velocities, fish passage,

bed scour, and channel stab111ty Thls manual will be followed
in construction of the project.

General considerations in the manual are enumerated here.

o Because they do not restrict streamflow, bridge crossings
Wifl‘be preferred to culverts or low-water crossings. .
Bridge supports will be located outside active channels, if

__possible. | ‘

o} ,Improperly designed culverts can restrict upstream fish
" movement because of high velocities or perchlng of the
culvert above the. streambed.

o Malntenance of adequate flSh passage will be ensured as per
Alaska Statute 16.05-840.,

o Culverts are more susceptible to ice blockage problems
which can cause restricted drainage and road flooding,
especially during winter. snowmelt perlods. Culverts will

- be designed to handle flood flows and.icing problems.

) Low-water crossings will only be used in areas of
infrequent, light traffic (for example, for construction of

— ~the transmission line). -They will-conformto-the local -

streambed-slope-and- w111 ~be-.constructed of. materlals,thatrﬂm
will allow water to flow over them instead of percolating
“through them..

4.4.2 - Water Qualitjv(**)

. Most water quality impacts assoc1ated with the proposed access
- routes-will occur. during constructlon. The pr1nc1pa1 1mpacts
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associated with construction will be. temporary increases in

suspended sediment and turbidity levels and the potential for
accidental leakage and spillage of petroleum products. The Best
Management Practices Manuals prepared by the Applicant, and the
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manual entitled Drainage Structure and Waterway Design Guidelines
(APA 1985a, 1985b, 1985c, 1985d, 1985e, and HE 1985d), will be
followed during comstruction of the project to minimize these
potential impacts.

(a) Turbidity and Sedimentation (*%)

Some of the more apparent potential sources of turbidity and
sedimentation problems during access road construction
include:

o Instream operation of heavy equipment;

Location and type of permanent stream crossings
(culverts vs. bridges);

Location of borrow sites;

Lateral stream transits;

Vegetation clearing;

Side hill cuts;

Disturbances to permafrost; and

Construction timing and schedules.

Q

O 00 0 O0O0

These potential sources of turbidity and sedimentation are
addressed in Chapter 3, Sections 2.3 and 2.4.3. A more
thorough discussion of these and other sources and of proper
methods to control and minimize this impact is given in ‘the
BMP Manual "Erosion and Sedimentation Control" (APA

1985a).

(b) Contamination by Petroleum Products (*¥

Contamination of water courses from accidental spills of
hazardous materials, namely fuels and oils, is a major
concern. During construction of the trans—Alaska oil
pipeline, oil spills were a greater problem than
anticipated. Most spills occurred as a result of 1mproper1y
maintained machines, equipment repair, refueling, and
vehicle accidents.

Water pumping for dust control, gravel processing, dewater-
ing, and other purposes can also lead to petroleum contamin-
ation since water pumps are usually placed on the river or
lake bank.

A Spill Prevention Containment and Countermeasure Plan
(SPCC) will be developed and implemented prior to the start
of construction to minimize petroleum contamination prob-
lems, as required by law. A Best Management Practices
Manual prepared by the Applicant entitled "0il Spill
Contingency Planning" (APA 1985b) indentifies the major
elements that comprise an o0il spill contingency document and
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also describes -specific techniques for spill containment,
cleanup, disposal, and reclamation.

A more detailed discussion of petroleum contamination prob-
lems as they relate to fishery impacts are provided in

Chapter 3, Sections 2.3 and 2.4.3.

4.5 - Transmission Corridor (%)

The transmission line consists of four segments: the Anchorage-Willow
line, the Fairbanks-Healy line, the Willow~Healy Intertie, and the
Gold Creek-Watana line. All Susitna transmission lines will be
operated-at 345 kV. A-description of the segments is contained in
Section 2.8. Route selection is discussed in detail in Chapter 10.

The Gold Creek-Watana segment is composed of two sections: Watama to
Devil Canyon and Devil Canyon to Gold Creek., Construction of the por-
tion from the Watana damsite to Devil Canyon will follow the same
central corridor as the access road between Watana and Devil Canyon.
Hence, impacts to stream flows and water quality will be confined to
those streams discussed in Section 4.3. From Devil Canyon to the
Intertie at Gold Creek, the transmission corridor will parallel the
railroad extension from Gold Creek to Devil Canyon. This will help to
minimize impacts associated with vehicular construction access.

The Willow-Healy Intertie has been built as a separate project and was

completed in 1984. When Watana Stage I is completed a second line will
be added parallel to the Intertie, and the operating voltage of the

" existing line will be increased from 138 kV to 345 kV. -When Watana

Stage III comes on-line, a third parallel line will be constructed from
Gold Creek to Healy and from Willow to Knik Arm.

The existing access points and construction trails will be utilized to
construct  the—additional-lines.- Thus, the impacts of new construction
will be minimized as a result of the previous construction. The
Environmental Assessment Report for the Intertie (Commonwealth
Associates 1982) discusses the expected environmental impacts of

~“transmission line constructionin-the-Gold—-Creek-to-Willow segment. — —-

For construction of the north (Fairbanks-Healy) and south (Anchorage-
Willow) stubs, stream crossings will be required. The potential
effects will be of the same type as those previously discussed in
Section 4.4 and in Chapter 2, Section 2.3. However, impacts should be
less than those caused by access road construction because of the
limited access: necessary to construct the transmission line.
Short-term erosion related problems can be caused. by stream crossings,
vegetative clearing, §iting .of transmission towers, .locations and
methods of access and disturbances to the permafrost. With proper
design and construction practices, few erosion-related problems are
anticipated.
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Contamination of local waters from accidental spills of fuels and oils
is a second potential water quality impact. The Spill Containment and
Countermeasure Plan (SPCC) to be developed and implemented will mini-
mize the potential contamination of the watershed.

Once the transmission line has been built, there should be few impacts
associated with routine inspection and maintenance of towers and lines.
Some localized temporary sedimentation and turbidity problems could
occur when maintenance vehicles are required to cross streams to repalr
damaged lines or towers. A thorough description of all transmission
corridors, their development and maintenance is presented in Exhibit A,
Sections 4 and 10. '
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ENCY CONCERNS AND RECOMMENDATIONS (%*%)
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us water quantity and quality concerns have been identified by
and federal resource agencies since 1980. These concerns were

d extensively in the Applicant's February 28, 1983 License
ation, with substantial additional analysis added in the present
ent. The principal concerns include:

Flow regimes during filling and operation;

Morphological stream changes expected;

Reservoir and downstream thermal regime;

Winter ice regime;

Sediment and turbidity increases during construction;

Sedimentation process and turbidity in the reservoirs and
downstream;

Dissolved oxygen levels in the reservoirs and downstream;
Nitrogen supersaturation downstream from the dams;

Potential contamination from accidental petroleum spills and
leakage;

Potential contamination from concrete wastewater;
Wastewater discharge from the construction camps and villages;
Downstream ground water impacts; and

The effects on instream flow uses including navigation,
transportation, and recreation.

plicant's consultation with the agencies on these and other
s 1s summarized in Chapter 11 of this Amendment.
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6 - MITIGATION, ENHANCEMENT, AND
PROTECTIVE MEASURES



6 - MITIGATION, ENHANCEMENT, AND PROTECTIVE MEASURES (%%)

6.1 - Introduction (%)

Mitigation measures were developed to protect, maintain, and enhance
the water quality and quantity of the Susitna River. These measures
were developed primarily to avoid or minimize impacts to aquatic habi-
tats, although all instream flow needs were given consideration.

The first step in the mitigation process was the identification of
water quality and quantity impacts from construction, filling, and
operation that could be mitigated through preconstruction planning,
design, and scheduling. Three key mitigation measures were
incorporated into the project design:

1. Flow constraints were selected to provide downstream
fishery resources with adequate flows and water levels for
migration, spawning, rearing, and overwintering while
maintaining the economic viability of the project;

2, Multilevel intakes were added to improve downstream
temperature and sediment control; and

3. Fixed cone valves were incorporated in the outlet works and
flood storage pools were provided to prevent spillway
operation for floods more frequent than the 50~year recurrence
interval event. Regulation of flood peaks by the project, use
of the outlet works and cone valves rather than the spillway,
and inundation of Devil Canyon rapids will reduce with~project
gas concentrations to levels below natural conditions.

The second step of the mitigation process will involve the implementa-
tion of envirommentally-sound construction practices. These practices
will be part of design and construction documents and, therefore, their
implementation will be required. Monitoring of construction practices
will be required to identify and correct problems. The process of
construction monitoring and mitigation is described in detail in
Exhibit E, Chapter 3, Sections 2.4 and 2.6.

Upon completion of construction, the third mitigation step will consist
of operational monitoring and surveillance to identify problems and
employ corrective measures as quickly and effectively as possible,

Mitigation planning, development, and refinement will continue through-
out the permitting and licensing, detail design, comnstruction, and
operational phases of the project. The proposed mitigative,
enhancement and protective measures are highlighted in the following
sections. 1In some cases, the reader is referred to other chapters,
especially Chapter 3, for a thorough discussion of proposed

mitigation.
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6.2 - Mitigation — Watana Stage 1 - ‘Construction (#%%)

Mitigation measures during construction of all three stages are similar
and are discussed in detail for Watama Stage I. This discussion is
referenced in the sections on Stage II and Stage III construction.

Mitigation measures during construction of Watana Stage I will be
necessary to minimize the potential of significant impacts occurring
to the quality of the adjacent water resources. Techniques and quide-
lines contained in the Best Management Practices (BMP) manuals (APA
1985a, 1985b, 1985c, 1985d, and 1985e) and in the "Drainage Structure
and Waterway Design Guidelines" report (HE 1985d) will be incorporated
into contractual documents prior to the onset of construction, so that
the envirommental goals of the Power Authority are met.

Prior to construction, all necessary federal, state and ‘local permits
and certificates requlred for dam constructlon and instream work will
be obtained. ‘

A 401 Water Quality Certification, pursuant to Sectiomn 401 of the
Federal Water Pollution Control Act, was filed with ADEC on December 9,
1982, A copy of the.letter .requesting.this certification is attached
at the end of this section. It is the Applicant's intent to renew the
request for this certification upon the f111ng of the:Amended
Application.

Compliance with the terms and conditions of the various permits, cer-
tifications and licenses will m1t1gate many of the project-related

: 1mpacts -on._water.. resources. et Sl e

6.2.1 - Borrow Areas (#*%)

Prior to.development of the borrow areas, all necessary permits
for material removal will be obtained from'the Bureau of Land
Management (BLM), U.S. Army Corps of Engineers (COE), State of
Alaska Department of Environmental Comservation (ADEC), State of
Alaska Department of Natural Resources (ADNR), and the Cook Imnlet
Region Incorporated (CIRI). The devélopment 6f Borrow Site E Has

been identified as a major concern because of its potential
. contribution to:increased siltation and turbidity in the
immediate area and downstream. Mitigation of these impacts
primarily involves the methodology and scheduling of excavation
activities and the construction and operation of settling ponds.
‘Guidelines and techniques found in the BMP manual entitled
----- - "Erosioen-and--Sedimentation Control' . (APA 1985a).will..be
1ncorporated 1nto contractual documents prlor to ‘the 1n1t1at10n

Borrow Site E (See Sectlons 4.1.,1(c)iii and 4.3. 2(d)111)
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The more likely water quality impacts of Watana construction are:
siltation~related problems associated with development of Borrow
Site E, contamination caused by concrete production waste
products, contamination by petroleum products; and coanstruction,
operation, and maintenance of support facilities. Detailed
discussion of additional fishery oriented mitigative measures is
contained in Chapter 2 Sections 4.1.1(c), 4.2.1(ec), 4.3.1(c) and
4.3,2(d) and Chapter 3. ’

During Stage I the waste products from the gravel processing
operation will be redeposited into the excavated site to avoid
their entrainment in the river flow, Washwater resulting from
these operations will be discharged into bermed ponds where
suspended particles will be allowed to settle.

The processing plant for concrete aggregates and filters will
produce a limited amount of spoil. Potential impacts will be
controlled by running the wash water into a series of settling
ponds. Fines will be removed from the wash water by :gravity or
as it filters through the existing granular soil berms before
reentering the river., These fines will be disposed of within the
excavation area to preclude their entrainment in the river flow,

All waste water will be discharged into receiving waters in
accordance with ADEC permit requirements (AS46.03.100).

Upon completion of mining activities, most of the borrow sites
will be below the natural river level. Additional areas will be
inundated by the future Devil Canyon reservoir. Selective spoil
disposal will provide a diversified shoreline.

All upland borrow areas for Stage I and Stage III will be
rehabilitated using the stockpiled organic layer and required
erosion prevention activities will be employed.

Streams impacted by borrow activities will be reconstructed to
allow natural fish movements to and from the river. Further
information on material removal and erosion control is discussed
in Chapter 3, Sectiom 2.4.3.

6.2.2 - Contamination by Petroleum Products (**

The information found in the Best Management Practice (BMP)
manual entitled "Fuel and Hazardous Material' (APA 1985d) will be
incorporated into contractual documents prior to the storage of
fuels,

A SPCC will be developed in accordance with 40 CFR 112.7 as

required by EPA. The BMP manual entitled '"0il Spill Contingency
Planning" (APA 1985b) defines the elements of such a plan and
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describes emergency techniques. This information will be
incorporated into contractual documents prior to the initiation
of construction.

All oil spills will be reported to the ADEC regardless of their
size. as mandated in 18 AAC 70-080.

Sections 4.1.1(c)(vi), 4.2,1(c)(vi) and 4.3.1(&)(viii) of Chapter

2 and Section 2.4.3(e) of Chapter 3 describe specific measures
that will be employed to minimize the potential contamination of
surface water and ground water from petroleum products.

6.2.3 - Concrete Contamination (%)

The use of an efficient central batch plant will reduce the po-
tential problems that could be caused by waste concrete and
concrete wash water. Rejected concrete will be disposed of by
haulage directly to an upland disposal area or dumped, allowed to
harden and disposed in an excavated area.

Waste water from the washing of mixing and hauling equipment will

‘be processed and stored in an impermeable lined pond until its

specific gravity drops to a point which allows its reuse as
mixing water for concrete batching. This system will minimize
the wastewater effluent to be returned to the river systems.

At concrete placement areas, the wash water resulting from
cleanup of placing equipment, curing and green cutting will be
collected in sumps and pumped to settling ponds to remove the

suspended materials before the effluent is discharged into the
river. Ponds will generally be unlined with sand filters to
ensure removal of most waste products. Wastewater will be
neutralized to avoid. elevated pH discharges. Control of toxic
chemicals in the effluent will be accomplished through careful
selection of concrete additives, provision of filters for the
effluent, and close monitoring of operations by the Construction
Manager.

Al effluentSMWili~cqmplvaitthDEGNandhEPAweff}uentstand&rdsﬂwww~w

1
(AS 46.03.100; 18 AAC 70.020 and 18 AAC 72.010).

Airborne particulates will also be controlled with the use of a
modern central batching plant. The plant will be fully enclosed
to facilitate winter operation requirements and the transfer of

..materials will be_via enclosed pipes.... .
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Sections 4.1.1(c)(vii), 4.2.1(c)(vii) and 4.3.1(c)(ix) of Chapter
2 describe measures that will be employed to minimize potential
impacts from concrete contamination in each stage of project
construction. '
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6.2.4 - Support Facilities (#%)

(a)

(b)

Water Supply (%¥)

All required permits will be obtained and their stipulations
will be complied with. Withdrawal of water for the
construction camp and village will meet ADF&G criteria for
the protection of fisheries resources. A water
appropriation permit (AS 46.15; L1 AAC 93) will be obtained
from ADNR.

An application will be filed with ADEC for approval of the
proposed water supply system plan as mandated by 18 AAC
80.100.

The techniques and guidelines found in the BMP manual
entitled "Water Supply" (APA 1985e) will be incorporated
into contractual documents prior to the installation of tne
water system.

Sections 4.1.1(g)(i), 4.2.1(g)(i) and 4.3.1(g)(i) describe
the water treatment requirements anticipated for all stages
of project construction.

Wastewater Treatment (*%)

As noted in Section 4.1.1(g)(ii) all the necessary
wastewater and waste disposal permits will be obtained,

and complied with. These include ADEC permits 18 AAC 72.060
and 18 AAC 72 and a 401 Water Quality Certification pursuant
to Section 401 of the Federal Water Pollution Control Act.

It is anticipated that compliance with all the necessary
permits and certificate(s) will include the mitigation of
any water quality impacts associated with the support
facilities. The information found in the Best Management
Practices manual entitled "Liquid and Solid Wastes" (APA
1985¢c) will be incorporated into contractual documents prior
to the construction of the waste water treatment system, and
will minimize water quality impacts.

Sections 4.1.1(g)(1), 4.2.1(g)(i) and 4.3.1(g)ii describe
the water treatment requirements anticipated during the
three stages of project construction.

6.2.5 - Others (o)

Additional mitigation measures are contained in Chapter 3.
These measures include: stream crossings and encroachments
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guidelines, erosion control plans, blasting guidelines, and
guidelines for clearing of vegetation.

6.3 - Mitigation - Watana Stage I Impoundment (%%

The primary concerns during filling and operation of the reservoir, as
discussed in Sections 4 and 5 of this chapter and Chapter 3,
include:

0o Maintenance of minimum and maximum downstream flows for fishery
resources and other instream flow needs.

o Morphological changes to the river and adjoining tributary
mouths; '

"0 Changes 1in downstream sediment concentrations;

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

0 Ice processes;

o Downstream gas supersaturation;
o Eutrophication processes and trophic status; and
o Effects on ground water levels, temperatures, and ground water

upwelling rates.

Downstream flows will be provided to minimize the impact filling the
reservoir could have on downstream fishery resources and other instream
flow uses. Flow selection is discussed in Section 3. A minimum flow
-of 9,000 cfs will be provided from June through August and, in
combination with the fishery mitigation measures discussed in Chapter
3, will provide for no net loss of habitat value.

_Navigation problems are not anticipated with these flows (see Section

2.6.3 and Section 4.1.1(f)(ii)).

Changes in mainstem river morphology between Devil Canyon and Talkeetna
may occur (see Section 4.1.2(d)), but are not expected to be
significant enough to warrant mitigation, during the summer of filling,
and no mitigation measures are expected to be necessary. As part of
the monitoring program, access by salmon to tributaries will be
monitored and if it becomes restricted, regrading of stream mouths will
be undertaken where necessary to insure salmon access. .

Reservoir releases will be from the low level outlet works during the

summer of filling. The temperature of water released from the
reservoir during filling is described in Section 4.1.2(e)(i).
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Temperatures are expected to be slightly less than natural in May
through July, similar to natural in August and higher than natural in
September before the commercial operation of the first on-line unit.
These temperature differences will be reduced with distance dowastream
from the project due to solar and atmospheric effects. Downstream of
the Chulitna-Susitna~Talkeetna confluence the temperature differences
will be further reduced. Water temperatures are expected to be within
the tolerance range of the fish species present in the Susitma River
and will be moderated somewhat downstream, although slight downstream
thermal impacts to fish growth and migration timing may occur. No
mitigation measures have been prepared to offset these below-normal
downstream temperatures. :

During the first winter of filling the first two powerhouse units are
expected to become operational, and winter releases will be made

.through the multi~level powerhouse intakes. The release temperatures

will generally be between 1°C and 3°C. Expected ice conditions during
the winter following filling are described in Section 4.1.2(e)ii. The
river is expected to become ice-covered somewhat later than under
natural conditions and in the area where an ice cover forms, winter
maximum water levels are expected to be similar to or less than
natural. An area downstream of the dam will remain ice-free all
winter, with temperatures above the normal 0°C. This is considered as
being beneficial to fishery resources and therefore, no mitigation
measures are proposed.

Eutrophication was determined not to be a problem and, therefore, no
mitigation is required.

6.4 - Watana-Stage I Operation (#*%)

The primary concerns during Watana operation are identical to those
identified for Watanma filling.

6.4.1 - Flows (&%)

Maximum and minimum flow constraints for all project stages were
developed on a weekly basis for each week of the year (See
Section 3). The adopted flow constraints (Case E-VI) can be
separated into three major divisions: winter flows, summer
flows, and transitional flows.

The most important- winter flow constraints are maximum flows
since normal project operation would produce discharges greater
than the naturally occurring flows during the November to April
period. The selected winter maximum (October-April) is intended
to establish a boundary near the upper range of operational flows
that would result in flow stability and provide a reasonable
level of protection to over-wintering habitat for fish. The
16,000 cfs maximum flow would prevent overtopping of all the
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ma jor sloughs prior to freeze-up, and stabilize habitat
availability during ice-cover periods.

The winter minimum flow is established to prevent dewatering of
rearing habitats. The 2,000 cfs minimum is chosen based on
natural flows and represents a high mean natural winter flow.

Flow constraints during the winter to summer transition period
(mid to late May) are intended to maintain flow stability and
prevent rapid drops in discharge due to decreasing power demand
in May and to gradually increase flow to summer levels. The

minimum flow constraints are most important during this period.

Summer flow constraints are designed to maintain rearing habitats
and provide greater flow stability. A 9,000 cfs minimum flow
would maintain 75 percent of the existing habitat quantity at
sites presently utilized by rearing chinook and increased flow
stability would improve both habitat quality in existing rearing
areas and increase habitat quantity in other areas over natural
conditions, to ensure that the 'mo net loss of habitat value"
criterion is maintained. This is more fully explalned in Section
3 of this. Chapter and Chapter 3. :

Flow constraints during the summer to winter transition period
(September and October) are intended to maintain flow stability
and prevent rapid drops in flow prior to high winter power
demands., ‘

marlly as a base-loaded plant unt11 Dev11 Canyon is constructed.
The allowable daily flow variation is discussed in Section 3.
Additional details on the flow selection process are discussed in
Section 3.

6.4.2 - River Morphology (¥*%)

The mainstem Susitna River is expected to undergo a gradual

degradation process (reduction 1n river bed elevation) between

Watana and Talkeetna ofnice the project becomes operational. This
is described in Section 4.1.3(b). 'The maximum expected
degradation is expected to average approx1mate1y one foot. This
may result in somewhat lower water levels in the Watana to
Talkeetna reach with-project than for the same flow under natural
conditions. This may affect access conditions to sloughs, side
channels and peripheral- fisheries habitat, as well as affecting

groundwater flow from the mainstem to the habltat areas. As part
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of “the proposed monitoring program, these condltlons will be
checked and habitat modifications will be made as necessary to
ensure access and adequate groundwater.
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Additionally, it has been determined that certain tributaries of
the Susitna River which support salmon may become perched
(Section 4.1.3(b)) and that three streams crossed by the Alaska
Railroad: Skull Creek and two unnamed creeks at RM 127.3 and
110.1, could degrade.

Perching of tributary streams is not expected to result in
limiting access by fish since, over time, tributary stream flows
will degrade the mouth area, and extensive mitigation is not
anticipated. However, monitoring will be undertaken and should
access be limited as a result of project operation, tributary
mouth modification will be made to improve access.

The extent of scour in the tributaries crossed by the railroad
cannot be predicted. Degradation may be limited by bedrock and
the potential for endangering bridge foundations may be minimal
if the foundation is sufficiently deep. ' If a problem becomes
apparent, appropriate mitigation measures, such as placement of
large riprap, will be taken to minimize possible bridge
foundation problems.

The potential for aggradation in the reach between the
Susitna~Chulitna confluence and the Sunshine bridge has been
identified (Section 4.1.3(b)). The alluvial deposits of the
Chulitna River are expected to progress toward the east and the
main channel in this area is expected to become narrower and more
well defined. This is not expected to restrict fish movement or
other instream flow uses of this area., Therefore, no mitigation
measures are proposed,

Because of the increased discharge during freeze~up, the river
stage will be higher than natural in the winter. Without
mitigation, this will result in increased flow through some of
the sloughs which are currently overtopped during the freeze-up
process, The higher stage may also cause flow through some
sloughs which are presently not overtopped in winter. To
minimize the impact on important salmon spawning sloughs, berms
will be constructed at the heads of these sloughs to prevent
overtopping during with-project river freeze-up. The spawning
gravels in these sloughs will be maintained based on a monitoring
program., Further information on this mitigation measure is
contained in Chapter 3.

6.4.3 - Temperature (*%)

As noted in Section 4.1, the impoundment of the Watana Stage I
Reservoir will change the downstream temperature regime of the
Susitna River. To minimize the potential change, multi-level
intakes have been incorporated in the power plant intake
structures so that water can be drawn from various depths. By
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selectively withdrawing water, an acceptable temperature for the
downstream fish species can be maintained at the powerhouse
outlet and downstream throughout the year. Additionally, the
intake to the outlet works has been placed close to the normal

maximum reservoir water level in Stage I to enable withdrawals of

warmer water when the outlet works must be used.

Studies have been undertaken to determine the effect on
downstream temperatures of project operation and these are
described in Section 4,1.3(c). Several policies for operating
the multi~level intake have been tested and are also described
therein. Sensitivity studies to increased minimum summer flow
requirements are also discussed.

The proposed operating policy for the outlet works (Section 3.6)
is designed to minimize the potential for sudden temperature

changes resulting from opening the outlet works.

6.4.4 ~ Totai Dissolved Gas Concentration (#%¥)

The avoidance of gas supersaturation will be achieved by the
inclusion -of--fixed~cone valves-in -the--outlet-facilities and a
flood storage pool in the reservoir.

By using the reservoir storage capacity coupled with the average

summer powerhouse flow and the outlet works, floods with
recurrence intervals of up to 50 years can be discharged through
the outlet works and cone valves and minimize the potential for

-gas-concentrations to exceed-naturally-occurring-levels. -As- A
previously described in Section 4.1.3(a)(v), six 78~inch diameter

valves with a design capacity of approximately 4,000 cfs each
(for Stage I water levels), will be located approximately 125
feet above normal tailwater levels. These valves will discharge
the flow as highly diffused jets to achieve. 51gn1f1cant energy
dissipation while preventing deep penetration of an air-water
mixture to depths sufficient to cause high levels of gas
concentration.,
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Water becomes supersaturated with gas when an air-water mixture
is subjected to pressures in excess of atmospheric.  This causes
the dissolution of nitrogen and oxygen from the entrained air
into the surrounding water. The amount of dissolved gas which
water can hold at saturation is directly proportional to the
absolute pressure on the water. Water at a depth of 34 feet can
hold 50 percent more gas than water at the surface (Johnson
1975). e S,

A jet of water which has entrained air either in its free
trajectory above the water or at the surface of the water upon
impact and which reaches a depth in the tailwater of the project
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is likely to contain gas concentrations in excess of 100 percent
saturation at atmospheric pressure. The gas concentration in the
water can be minimized by reducing the entrainment of air in the
jet of water, reducing the pressure to which the air-water
mixture is subjected, or both. Turbine discharges, which are
made below tailwater levels are not expected to contain
supersaturated gas concentrations because they will mot contain
entrained air.

It 1s not possible to prevent spillway and outlet work releases
from entraining air, therefore, it is necessary to prevent the
water released from the structures from reaching a great enough
depth to result in excessive supersaturation. The depth which
the jet from either the spillway or outlet works reaches in the
tailwater is dependent on the angle of impact, the flow velocity
and the flow intensity (flow per unit area) at impact. The depth
of jet penetration into the tailwater can be minimized by
decreasing the flow intensity, decreasing the included angle
between the jet and the tailwater or by decteasing the velocity
at impact. Fixed cone valves were selected to be used on ‘the
outlet works because they disperse the flow and decrease the flow
intensity and velocity at impact. Flip buckets, such as on the
Watana and Devil Canyon spillways, also cause dispersion of flow
and, depending on the velocity and depth of the flow, and the
bucket lip shape, may cause the flow through the bucket to impact
the tailwater over a large area. However, it is believed that
the use of the come valves will result in lesser gas concentra-
tions than the use of the spillways to pass a given flow.

Little literature and no precedent data are available regarding
the performance of fixed-cone valves in reducing or preventing
supersaturated discharges. As such, a theoretical assessment of
their anticipated performance was conducted based upon available
studies of the aeration efficiency of similar Howell—Bungenl
fixed-cone valves and the physical and geometric characteris tics
of diffused jets discharging freely into the atmosphere (Elder
and Dougherty 1952, Allis Chalmers, Chen and Davis 1964, Falvey
1980, Johnson 1967, Johnson 1975).

The results of the assessment indicate that estimated gas
concentrations that would occur as a result of a flow release are
100 to 105 percent of saturation downstream of Watana Dam,
Concentrations will be within this range for up to the 50-year
flood. Supersaturation will still occur in Devil Canyon, but as
explained in Section 4.1.3(c)vi, with-project levels are expected

1/Trademark of the Allis Chalmers Corporation
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to be less than naturally-occurring levels because of regulation l
of flood peaks by the project and the use of the outlet works

cone valves, Operation of the spillway for floods less frequent :
than the 50~year flood would be expected to result in increased l
gas concentrations. However, because the dam will reduce

downstream flood peaks, gas concentrations for those events may

also be less than those occurring naturally for these floods. ,]

To support these conclusions, a field test of similar valves was
undertaken at the Lake Comanche Dam on the Mokelumne River in

California (Ecological Analysts 1982). The results of the tests “
indicate that the valves prevented supersaturation and, to a
limited extent, may have reduced existing nitrogen concentra-
tions. Flows of 4,000 cfs with a dissolved nitrogen
concentration of 101 percent at the intake structure were passed
through four Howell-Bunger valves. Gas concentrations in the
discharge were 97 percent. At 330 feet and 660 feet downstream,
concentrations were 95 and 97 percent, respectively.

6.4.5 - Ice . (%%)

- As discussed in Section 4.1.3(c)ii winter with-project water
levels are expected to be a few feet above natural between the
Chulitna~Susitna confluence and approximately RM 140, but varying
in some years due to dimatological conditions. This may cause
berms at the upstream ends of some sloughs to be overtopped with
cold (0°C) water. It is believed that this could be detrimental
to incubating embryos and overwintering fish. The Applicant

proposes_to prevent this overtopping by constructing berms above
the maximum expected winter water levels at the significant habi-
tat areas potentially affected and to maintain the habitat sub-
strate on a regular basis as determinéd by a monitoring program.

Winter water levels are expected to increase slightly downstream

of the Susitna—-Chulitna confluence. Mitigation measures are not

proposed in this reach because winter rearing habitat is expected
to be the same or improved over existing conditions as a result

"of the higher winter flows, Only a few isolated spawning sites

are found 1nm the lower rTeach and these are not expected to be
significantly impacted. ‘

6.4.6 - Groundwater Flow, Temperatures and Upwelling Rates(*¥)

As a result of project operation summer mainstem water levels

- —--will decrease from natural, fall mainstem water :levels will
increase, winter mainstem water levels will increase downstream
of the ice cover (RM 140+) and winter water levels will decrease
upstream of the ice cover (see Figure E.2.4.45 through E.2.4.48
and Figure E.2.4.103 and E.2.4.104. In general, the
stabilization of river flows in the May to November period will
result in more uniform mainstem water levels during this period
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than under natural conditions. Since groundwater upwelling flows
in sloughs and side channels are related to mainstem water levels
(Section 2.4) the upwelling flows will be stabilized at levels
somewhat lower than natural summer levels but higher than natural
September~October values. Winter upwelling upstream of the ice
cover will also be stable at levels similar to summer and fall
values. Winter upwelling downstream of the ice cover will be
greater than the summer-fall value,

The temperature of upwelling in peripheral habitat has been
related to the mean annual mainstem temperature (Section 2.4).

As pointed out in Section 4.1.3(c)i the mean annual time weighted
temperature with-project will be approximately the same as
natural conditions, or slightly warmer. Thus the temperature of
groundwater upwelling should not be affected significantly by
project operation. :

Mitigation measures are not expected to be necessary. However,
monitoring of habitat areas will be undertaken. If additional
groundwater upwelling is required, it can be obtained, to a
limited extent, by habitat modifications to increase the
hydraulic gradient between the mainstem river and the habitat
area such as lowering the slough bed.

6.4.7 - Suspended Sediment and Turbidity (%)

Suspended sediment concentrations and turbidity in the reach
between the project and the Chulitna-Susitna confluence are
expected to be decreased from natural conditions in the summer
and increased in the winter. The impact of this on the biology
of the fish population is discussed in Chapter 3. The winter
increase is proposed to be minimized by operating the multi-level
powerhouse intake in a manner to cause the lowest concentration

. releases downstream. This generally means using the intake port
level nearest the surface in the winter., The simulations of
suspended sediment concentrations discussed in Section
4.1.3(c)iii and 4.1.3(c)iv used this policy.

6.4.8 - Eutrophication Processes(*%¥)

Eutrophication is not expected to be a problem and mitigation is
not proposed.

6.5 - Mitigation - Devil Canyon Stage II - Construction (¥*%)

Mitigation of the impacts of Devil Canyon Stage II construction
activities will be achieved using the same measures described for
Watana Stage I (see Section 6.2). All the appropriate permits and
certifications will be obtained. Fish and wildlife mitigation measures
are described in Chapter 3.
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Borrow site development at Devil Canyon Stage II is not expected to
cause significant increases in suspended sediment loads and
turbidities. Excavation of Site G will be outside the river.
Subsequently, it will be completely inundated during Devil Canyon
Reservoir filling.

6.6 — Mitigation - Devil Canyon Stage II - Impoundment (*%)

Other than the continuance of the Case E~VI flow constraints at Gold
Creek and the use of fixed cone valves at Watana and Devil Canyon, no
additional mitigation measures are planned during the Devil Canyon
Stage II impoundment period.

6.7 - Mitigation - Devil Canyon/Watana Operation (¥%)

6.7.1 - Flows (*%)

The downstream flow requirements at Gold Creek will be the same
as those used during Watana  Stage I operation.:. After Devil
Canyon Stage II is on line, Watana Stage I will be operated as a
peaking plant. The Watana tailrace will discharge directly into
~the -Devil Canyon -Reservoir;-thus-peaking-at-Watana -Stage I will
have no downstream impacts. The Devil Canyon Stage II Reservoir
will provide the flow regulation required to stabilize the
downstream flows.

The Devil Canyon Stage II power facilities will.be operated as a
base loaded plant, but with a small allowable da11y flow
e ——eyariation-(see Section 3+6+1). ' - ,

6.7.2 - River Morphology (*%)

As discussed in Section 4.2.3(b), effects on river morphology in
Stage II are expected to be similar to Stage I. Mitigation
measures and monitoring, as discussed in Section 6.4.2 for Stage
I will be continued.

6.7.3 - Tempef;Eure (*%)

Multi-level intakes, similar to those at Watana Stage I have been
incorporated into the Devil Canyon Stage II design to regulate
temperature and sediment, Only two intake levels will be needed
because of the limited drawdown at Devil Canyon.

The proposed powerhouse operating policy during Stage II is also
designed_ to_minimize temperature impacts. _As discussed in
Section 3, during periods when flow released to méet power
demands 1is not sufficient to meet envirommental requirements,. the
outlet works must-be operated. This results-in decreased
downstream temperatures because of the cool water drawn through
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the relatively low intakes. 1In order to minimize this, during
periods when Watana Reservoir is filling (May, June and early
July), power releases will be made from the Devil Canyon
Reservoir to the extent possible and Watana powerhouse flows
reduced in order to reduce Devil Canyon outlet works releases.
When Watana Reservoir is filled, power generation must be shifted
to Watana to aid in the passing of flood flows without using the
spillway. '

Additionally, as discussed in Sections 3.6 and 6.4.3, the
proposed operating policy for opening the outlet works and
spillways is designed to minimize abrupt changes in Lemperature
resulting from sudden opening of the outlet works and spillway,
or sudden changing of energy generation from Devil Canyon to
Watana, or vice-versa.

6.7.4 - Total Dissolved Gas Concentration (#*%)

Fixed come valves have been included at Devil Canyon, and a flood
storage pool provided to allow storage and release of all

floods up to the 50-year event without using the spillway and
thus minimizing gas supersaturation downstream. The operation of
the outlet works is discussed in Sections 4.2.3(a)v, 4.2.3(c)v
and 6.4.4.

The Devil Canyon Dam will include seven valves at two levels with
a total design capacity of 42,000 cfs. Four l02~inch diameter
valves, each with a capacity of 6,300 cfs, will .be located
approximately 170 feet above normal tailwater. Three more
valves, with diameters of 90 inches and capacities of 5,600 cfs,
will be located approximately 50 feet above normal tailwater
elevations. Operation of these valves is expected to result in a
maximum dissolved gas concentration of between 105 and 110
percent for the 50-year flood event, immediately downstream of
Devil Canyon Dam. This assumes that gas concentrations from use
of the Watana cone valves of 100 to 105 percent are not
dissipated in the Devil Canyon Reservoir. This is a reduction
from naturally~occurring levels which would annually exceed L15
percent.,

6.7.5 - Ice (*%)

The with-project river ice cover is simulated to be further
downstream and winter water levels are expected to be lower in
Stage II than Stage I. The mitigation measures proposed for
Stage I would prevent overtopping of habitat berms in Stage II.
No further mitigation is proposed.
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6.7.6 — Groundwater Flow, Temperature and Upwelling Rates (*%)

The flow stability introduced by the Case E-VI Environmental Flow
Requirements will have the same general effect on groundwater
upwelling rates and temperatures as in Stage I. No further
mitigation is proposed. '

6.7.7 ~ Suspended Sediment and Turbidity (*%*)

The addition of Devil Canyon Reservoir will result in slight
lowering of suspended sediment concentrations and turbidity
from Stage I downstream of Devil Canyon. Mitigation measures
proposed for Stage I would be continued.

6.7.8 - Eutrophication Processes (*%)

Eutrophication is not expected to be a problem and m1t1gat10n is
not proposed.

6.8 - Mitigation - Watana Stage III - Construction (¥¥%)

M1t1gat10n of the impacts of Stage III construction activities will be
~achieved using the same measures described for Watana Stage I (see
Section 6.1)., All the appropriate permits and certifications will be
obtained. Fish and wildlife mitigation measures are described in
Exhibit E, Chapter 3.

Borrow site development at Watana is not expected to cause significant
increases in suspended sediment loads and turbidities. As discussed in

e

Section 4.3.1(c)(iii) and 4.3.2(d)(iii) river dredging and borrow will
not be undertaken. Only portions of Borrow Site E, adjacent to the
river, Borrow Site D and Quarry A are planned to be used.

‘Borrow Site E will be reopened for Stage III construction, but no
instream borrow activities are anticipated. The lake produced by
Stage I activities may be dredged, but no activity will occur in
Tsusena Creek or the Susitna River. Additional upland material may

alsofbe~removedmfrom'theISite;v

Rehabilitation of the lake at Borrow Site E will be finalized upon the
completion of excavation activities.

6.9 - Mitigation - Watana Stage III Impoundment (**%¥)

Stage III construction will continue as the reservoir is being filled.
Case E-VI flow requirements will be maintained. Filling will

progress as the multi=level intake ports are available to provide .
temperature control and as the spillway and dam crest elevation are
such that dam safety is assured., The mitigation measures proposed for
Stage I construction and Stage II construction will be maintained
during this period.
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6.10 -
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Mitigation - Stage III Operation (%*¥%)

6.10.1 = Flows (%*%%)

The Case E-VI Flow Requirements will be maintained during this
period as in Stages I and II. As the energy demand on the
project increases with time, more water will be used to supply
power requirements and less water will have to be released during
the July-September period to maintain freeboard requirements.
Thus, as discussed in Section 4.3.3(a), flow stability will
improve with time.

Watana will continue to operate as a peaking plant to follow
load changes. Devil Canyon Reservoir will act to reregulate
these flows. A small daily flow fluctuation will be allowed at
Devil Canyon powerhouse (see Section 3.6.1).

6.10.2 - River Morphology (*%%)

In the early years of Stage III operation there will still be
frequent use of the outlet works during the July-September
period. The middle reach channel degradation process begun in
Stage I and continued in Stage II (see Sectiomns 4.1.3(b),
4.2.3(b), and 6.4.2) will lessen and stop. Degradation will be
at a reduced rate as the stream bed will be approaching its
armored equilibrium position which is expected to be, on the
average, approximately one foot below its natural location. As
the energy demand increases the use of the outlet works in
July~-September will diminish and the mean annual flood flow in
the middle reach will decrease. Degradation is expected to stop.
The mitigation measures proposed for Stage I and II will be
continued.

Measures for mitigating other morphological changes such as re-
stricted access to tributaries by salmon will also be continued.
The potential for additional streambed aggradation in the
Susitna~Chulitna confluence area will diminish with time, as an
equilibrium condition is reached. No mitigation is proposed.

6.10.3 - Temperatures (##%*)

Multi-level powerhouse intakes will be constructed and operated
in Stage III. As discussed in Sections 4.3.3(c)i, 6.4.3 and
6.7.3, these will allow the withdrawal of water having tempera-
tures as close to natural as possible and the minimization of
downstream temperature impacts.

The operating policy for the Watana Stage III powerhouse and the

Devil Canyon powerhouse is designed to minimize outlet works
operation and resulting cool releases. As described in Sections
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3.6 and 6.7.3, during periods when Watana Reservoir is filling
(May, June, and early July) envirommental flow requirements will
be met as much as possible by using the Devil Canyon powerhouse
and avoiding outlet works releases at Devil Canyon. When Watana
Reservoir is full then power demands must be met by Watana first
in order to ensure the ability to pass the 50-year flood without
using the spillway.

6.10.4 = Total Dissolved Gas Concentration (%¥¥%)

Fixed cone valves will be provided on the Watana and Devil Canyon
outlet works to disperse excess releases and minimize the
potential for gas supersaturation in excess of naturally occur-
ring levels. These are described in Sections 6.4.4 and 6.7.3.
The capacity of the Watana outlet works will be approximately
30,000 cfs during Stage III as compared to 24,000 cfs during
Stage I because of the additional hydraulic head on the valves.

During the early years of Stage III operation the outlet works
will be operated approximately as frequently in Stage III as in
Stage II1. However, as energy demands increase, more water will
be.used for power and outlet works operation will decrease. The
ability of the project to control floods in excess of the 50-year
event will be improved. ‘

6.10.5 - Ice (¥#%)

"Simulated ice front progression and water levels in the winter

are less with Stage III than Stages II and:I.:.. Therefore, the
mitigation measures proposed in Section 6.4.5 will provide
adequate  protection from overtopping of habitat berms by cold
mainstem water,

6.10.6 - Groundwater Flow, Temperature and Upwelling Rates (¥%%)

The mainstem flow stability introduced by the use of the Case
E~VI Environmental Flow Requirements will provide stability in

groundwater upwelling in habitat areas as well. Temperatures of

upwelling will generally be equal to or slightly higher than
natural conditions as described in Section 6.4.6 for Watana Stage
I. The with-project ice front is simulated to be further
downstream in Stage III than in the other two stages so that a
greater area of the river, upstream of the ice front, is expected
to have stable groundwater upwelling rates all year. Downstream

~of the ice front, in the middle reach, winter water-levels are
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expected to be less than in Stage I and II, introducing
additional stability to groundwater upwelling rates in these
areas.
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6.10.7 - Suspended Sediment and Turbidity (#¥¥%)

Raising of Watana normal maximum water level to its Stage III
position of el. 2,185, is simulated to cause additional
trapping of sediment in the reservoir and reduced downstream
- suspended sediment concentrations and turbidity from Stages I and
\ II. Suspended sediment concentrations and turbidity levels will
be decreased from natural in the summer and increased over
natural in the winter. The mitigation measure proposed in Stages
I and II will be continued in Stage III, namely, drawing water
for winter powerhouse flows from as near the reservoir surface as
possible, where suspended sediment concentrations are expected to
be the lowest.

6.10.8 - Eutrophication (#*¥%)

Eutrophication is not expected to be a problem and mitigation
measures are not proposed.

6.11 ~ Mitigation ~ Access Road and Transmission Lines (#%¥%)

The mitigation measures to be used to minimize the impacts of
construction, operation, and maintenance of the access roads and
transmission lines are described in Chapter 3.
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BEPT. OF ENVIRONMERTAL CONSERVATION (907) 274-2533

=) P.0. BOX 515
KODIAK, ALASKA 99615
(907) 486-3350

O P.0. 8OX 1207
SOLDOTNA, ALASKA 99669
(907) 262-5210

O P.O. BOX 1709
VALDEZ, ALASKA 99686
(907) 835-4698

O P.O. BOX 1064
WASILLA, ALASKA 99687
(907) 376-5038

SOUTHCENTRAL REGIONAL OFFICE

December 21, 1982

Mr. Eric Yould
Executive Director
Alaska Power Authority
334 West 5th Avenue
Anchorage, Alaska 99501

Subject: Susitna HydroeTectrit Project
_401 Water Quality Certificate

Dear Mr. Yould:

This letter is to confirm that our office has received your December 9,
1982 request for Section 401 certification of the Federal Energy Regula-
tory Commission (FERC) license for the subject project.

As you are aware, studies are still under way to evaluate the project's
potential impacts upon the environment. These studies and conclusions
from others must be completed when your agency applies for the necessary
Corps of Engineers construction permit(s). As this Department must also
issue a 401 certificate for- the Corps permit(s) and the above data,
necessary for project evaluation, will then be available, we will honor
your December 9, 1982 request for 401 certification at that time. Thus, a
401 certificate will be issued of the Corps of Engineer perm1t(s) and
"“the FERC license -at-the-same-time. : U

If you have any questions concern1ng the above, please advise. -~

Sincerely.,,fé:::::
\ A2 ll// ('hl
Tim Rumfelt

Environmenta] eld Officer

TR/mr
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Accretion - the gradual addition of material by the deposition of
sediment carried by the water of a stream,

Alluvium - a general term for all detrital deposits resulting from
the operations of modern rivers, thus including the sediments laid
down in riverbeds, floodplains, lakes, fans at the foot of
mountain slopes and estuaries; stream deposits of relatively
recent age.

Aquiclude - a formation that will not transmit water fast enough to
furnish an appreciable supply for a well or spring.

Aquifer - stratum or zone below the surface of the earth capable of
producing water, as from a well.

Aufeis - an ice feature that is formed by water overflowing onto a
surface, such as river ice or gravel deposits, and freezing, with
subsequent layers formed by water again overflowing onto the ice
surface and freezing.

Bankfull stage — the river stage (height above a known elevation)
which results in a water level that just fills the banks of a
stream at a given 1ocat10n without encroaching on the floodplain
or overbank area.

Bifurcate - forked as in a Y-shape.

Candle ice - elongate, prismatic crystals of ice arranged
perpendicular to the surface and in a weakened state.

Colluvial - consisting of alluvium in part and also containing
angular fragments of the original rocks; rock detritus and 3011
accumulated at the foot of a slope.

Diel - a chronological day (24 hours) or distinct from the daylight
portion of varying duration.

Epilimnion - an upper stratum of more or less uniformly warm,
circulating and fairly turbulent water, usually overlying a deep,
cold, and relatively unturbulent hypolimniomn.

Eutrophication -~ the process by which a body of water becomes overly
rich in nutrients and deficient in dissolved oxygen.

Floodplain - that portion of a river valley, adjacent to the river
channel, which is built of sediments during the present regimen of
the stream, and which is covered with water when the river
overflows its banks at flood stages.
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Fluvial - of or pertaining to rivers; produced by river action.,

Frazil ice - ice formed in turbulent, supercooled water in rivers and
lakes,

Glacial flour - finely ground rock particles, chiefly clay size,
resulting from glacial abrasion.

Hypolimnion -~ a relatively deep, cold undisturbed, non-turbulent
layer of water usually underlying a relatively warm, freely
¢irculating, turbulent epilimnion.

Ice pan - a large, flat piece of ice.

Lacustrine - pertaining to, produced by, or formed in a lake or
lakes.

Lithology - the study of the physical characteristics of rock.

Meltstream - water resulting from the melting of snow or of glacier
ice. .

Qutwash - drift deposited by meltwater streams beyond active glacier
ice,

Periglacial - of, or pertaining to the outer perimeter of a glacier,
particularly to the fringe areas immediately surrounding the
--continental-glaciers of the--geologic-ice-ages, with-respect: to
environment, topography, areas, processes, and conditions
influenced by the low temperature of ice.

Stratigraphic unit - unit consisting of stratified sedimentary rocks
grouped for description.

Thalweg - the line connecting the lowest or deepest points of a
stream bed, valley, or reservoir, whether underwater or not.

Thermocline - the horizontal plame in a thermally stratified lake
located at the depth where temperature decreases most rapidly with
depth.

Till - nonsorted material depoéited by glaciation, usually composed
of a wide range of particle sizes; and nonstratified drift

Water yearwfuas,definéd:byvthe,U,S;AGeoldgical_Survey,AtheAperiod
from October 1 of a given year to September 30 of the next year
is defined as the water year of the next year.
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