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o0 SUMMARY

River ice simulation results are presented herein as a supplement to those

included in the "Instream Ice Simulation Study” (Harza-Ebasco 1984b). The

supplementary simulations are intended to evaluate the sensitivity of Susitna

River ice processes to the following parameters:

a) Case C vs. Case E~VI instream flow requirements

b) Alternative operating policies for multi~level power intakes

c) Alternative low levels for Watana power intake

d) Alternative levels for Devili Canyon cone valves

e) "Staged Project” vs. "License Applicaton Project.”

Resulis of the river ice simulations support the following conclusions:

1.

Expected river ice conditions with the Case E-VI flow requirements

are not significantly different from those with Case C.

Of the altermative intake operating policies considered, use of the

"lowest port year—-round” may be the most effective in reducing river
ice development. However, this policy also results in the coldest

summer releases.

0f the alternmative Watana power intakes considered, an added low
intake at elevation 1636 ft. is expected to be most effective in
reducing river ice development. Low intakes at elevation 1880 or

1800 may not be effective in reducing the river ice development.



1.0 INTRODUCTION

This report presents the results of river ice simulations for the middle
reach of the Susitna River (i.e., downstream of the proposed Susitna
Hydroelectric Project and upstream of the Chulitna River confluence - see
Figure l}. These river ice simulations are provided as a supplement to the
previocusly published "Instream Ice Simulation Study"” (Harza—-Ebasco 1984b) and
are intended to evaluate the sensitivity of Susitna River ice processes L0
several parameters beyond the scope of the original report. In particular,
the present report considers the effects on river ice of alternative instream
flow requirements, alternative designs for the proposed multi-level power
intake at Watana Dam, alternative operating policies for the power intakes at
Watana and Devil Canyon Dams and alternative intake elevations for the Devil
Canyon cone valve outlet works. The scope of these supplementary river ice
simulations is summarized in Table 1 and details of these alternatives are
discussed in Chapter 2. In addition, this report considers the river ice
effects of "staged construction” of the Susitna Hydroelectric Project as an
alternative to the "License Application Project.” The "Staged Project,” as
detailed in Section 2.5, includes initial construction of a lower Watana Dam,
followed by construction of the full Devil Canyon Dam and finally the raising

of Watana to its full height.

The methodology for the supplementary river ice simulations herein is identi-
cal to that employed for the Instream Ice Simulation Study (Harza-Ebasco
1984b). The calibrated river ice model ICECAL (Harza-~Ebasco 1984a) is used
to generate the simulations. Each ICECAL simulation is based on the results
of a corresponding reservoir temperature simulation via the DYRESM model
(Alaska Power Authority 1984) and a stream temperature simulation via the
SNTEMP model (Arctic Environmental Information and Data Center 1984, Alaska
Power Authority 1984). Results of the ICECAL model are presented in terms of
representative ice thicknesses and watevr surface elevations as a function of
time and location along the river. Results continue to be focused at the
river mile locations of those slough and side channels believed to be most

important in terms of salmon production.
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An alternative high cone valve (elevation 1425) at Devil Canyon has
no significant effecr on expected river ice conditions relative to

the elevation 990 cone valve.

Stage I and Stage I1 of the "Staged Project” are expected to result
in greater ice front extent and greater potential for slough overto-
ppings relative to the License Application Project. Stage III is
expected to be similar to the completed License Application Project

with regard to river ice.



1.0 INTRODUCTION

This report presents the results of river ice simulations for the middle
reach of the Susitnas River (i.e., downstream of the proposed Susitna
Hydroelectric Project and upstream of the Chulitna River confluence =~ see
Figure 1). These river ice simulations are provided as a supplement to the
previously published "Instream Ice Simulation Study" (Harza-Ebasco 1984b) and
are intended to evaluate the sensitivity of Susitna River ice processes Lo
several parameters beyond the scope of the original report. In particular,
the present report considers the effects on river ice of alternative instream
flow requirements, alternative designs for the proposed multi-level power
intake at Watana Dam, alternative operating policies for the power intakes at
Watana and Devil Canyon Dams and alternative intake elevations for the Devil
Canyon cone valve outlet works. The scope of these supplementary river ice
simulations is summarized in Table 1 and details of these alternatives are
discussed in Chapter 2. In addition, this report considers the river ice
effects of "staged ccnstruction” of the Susitna Hydroelectric Project as an
alternative to the "License Application Project.” The "Staged Project,” as
detailed in Section 2.5, includes initial construction of a lower Watana Dam,
followed by construction of the full Devil Canyon Dam and finally the raising

of Watana to its full height.

The methodology for the supplementary river ice simulations herein is identi-
cal to that employed for the Instream Ice Simulation Study (Harza-Ebasco
1984b). The calibrated river ice model ICECAL (Harza-Ebasco 1984a) is used
to generate the simulations. Each ICECAL simulation is based on the results
of a corresponding reservoir temperature simulation via the DYRESM model
(Alaska Power Authority 1984) and a stream temperature simulation via the
SNTEMP model (Arctic Environmental Information and Data Center 1984, Alaska
Power Authority 1984). Results of the ICECAL model are presented in terms of
representative ice thicknesses and water surface elevations as a function of
time and location along the river. Results continue to be focused at the

river mile locations of those slough and side channels believed to be most

important in terms of salmon production.



For a more complete description of the background, methodology, capabilities
and limitations of the river ice modeling process, it is recommended that the
reader review the previously published reports (Harza-Ebasco 1984a, Harza-

Ebasco 1984b),before proceeding with the present report.

i



2.0 SCOPE OF RIVER ICE SIMULATIONS

Alternative Operating Policies for Watana and Devil Canyon Multi-Level

Power Intakes

Water temperatures within the proposed Watana and Devil Canyon reser-
voirs will vary with time and with depth. The multi-level power intake
structures proposed for the Watana and Devil Canyon reservoirs are
therefore intended to provide some degree of control over the reservoir
release temperatures discharged to the river through the powerhouse.
Alternative policies considered herein for operating the multi-level
power intakes include "inflow-matching”, "warmest water” and "lowest
port”. The "inflow-matching"” policy, which was assumed for the
“"Instream Ice Simulation Study” (Harza-Ebasco 1984b), represents a year-
round attempt to match the reservoir release temperatures with the
natural temperature of the flow entering the reservoir. In effect,
"inflow-matching” results in winter release of the coldest water avail-
able to the power intakes. The “warmest water” policy represents a
year—round policy of releasing the warmest water available to the power
intakes. For both "inflow—matching” and "warmest water” policies, the
particular intake port selected for operation will vary with the chang-
ing reservoir levels and temperature profiles. The "lowest port”
operating policy means that the lowest port of the multi-level power

intake will be operated year-round regardless of water temperatures.

Compariscns of river ice simulations for these three alternative operat-
ing policies are based on Watana and Watana + Devil Canyon operating,
Case C and Case E-VI alternative flow requirements (see Section 2.2) and
the weather conditions of 1981-82 and 1971-72 (average and cold winters,

respectively, in terms of mean air temperature).
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Alternative Instream Flow Requirements

River ice simulations based on the “"Case C" and "Case E~-VI" alternative
instream flow requirements are compared in this report. The "Case C©
instream flow requirement (Figure 2) is proposed in the Susitna
Hydroelectric Project License Application (Alaska Power Authority, 1983)
and is assumed for the "Instream Ice Simulation Study" (Harza-Ebasco
1984b). The “"Case E-VI" flow requirement (Figure 2) represents
a recommended refinement of "Case C" as described in the report
"Evaluation of Alternative Flow Requirements"” (Harza-Ebasco 1984c).
Comparisons of river ice simulations for "Case C” and "Case E~VI" are
based on both "inflow-matching” and "warmest water” operating policies
(Section 2.1), Watana and Watana + Devil Canyon project stages, and the
1981-82 weather conditions (an average winter in terms of mean air
temperatures). Figure 3 shows a comparison of the simulated Case C and
Case E-VI flow rates released from Watana reservoir for Watana operating
alone with 200! energy demand and the 1981-82 weather conditions.
Figure 4 shows corresponding flows released from Devil Canyon reservoir

with the 2002 energy demand.

Alternative Designs for Watana Multi-~Level Power Intake

River ice simulations are provided for several alternative designs of
the Watana multi-level power intake structure as detailed in Table 2.
The "present design”™ shown in Figure 5 corresponds to that proposed in
the Susitna Hydroelectric Project License Application (Alaska Power
Authority, 1983) and includes intake ports at elevations 2151, 2114,
2077 and 2040 fr. MSL with an approach channel at elevation 2025 ft.
MSL. This “present design” was assumed for the "Instream Ice Simulation
Study” (Harza-Ebasco, 1984b). The alternative Watana power intake
designs considered herein are similar to the "present design” but with
one additional low level port at elevation 1880, 1800 or 1636 ftr. MSL
(Table 2). These alternative power intake designs are considered in
order to determine if an additional low level port can effectively

provide warmer winter reservoir releases and subsequently reduced river
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ice cover development downstream relative to that with the "present
design”. Comparisons of river ice simulations for the alternative power
intake designs are based on the "warmest water” operating policy
(Section 2.1), "Case C" flow requirements (Section 2.2), Watana and
Watana + Devil Canyon operating and the 1971-72 and 1981-82 weather

conditions.

Alternative Designs for Devil Canyon Cone Valve Intakes

River ice simulations are included for two alternative designs for the
intake to the Devil Canyon cone valves. The "present design” provides
the cone valve intake at elevation 990 ft. MSL and was used for the

"Instream Ice Simulation Study” (Harza-Ebasco, 1984b). An alternative

“high level” cone valve intake at elevation 1425 ft. MSL was later
considered for the purpose of improving summer release temperatures.
River ice results for the "present design” and "high level” cone valves
are compared herein on the basis of the "warmest water” power intake
operating policy (Section 2.1), "Case C" flow requirements (Section
2.2), the "present” and Elev. 1800 Watana power intake designs (Section

2.3) and the average 1981-82 winter weather conditions.

Staged Construction of Susitna Hydroelectric Project

The Susitna Hydroelectric Project as presented in the License
Application (Alaska Power Authority 1983) would be constructed in two
phases. Watana Dam would be completed to its full height (normal maxi-
mum pool elevation 2185 feet MSL) for operation in 1996 and Devil Canyon
Dam would be completed for operation in 2002. The river ice simulations
discussed previously in this report are based on this "License
Applicaton Project.” In addition, this report includes river ice
simulations which consider the effects of an alternative “staged
construction” of the Susitna Hydroelectric Project. With this "Staged
Project”, a lower Watana Dam (normal maximum pool elevation 2000 feet
MSL) would initially be coanstructed for operation in 1996 (Stage 1),

followed by completion of the full Devil Canyon Dam for operation in



2002 (Stage II) and finally the raising of Watana to its full height
(normal maximum pool elevation 2185 feet MSL) for operation in 2008
(Stage I11). The "Staged Project”, when completed, would therefore be
equivalent to the "License Application Project™ but would be completed

at a later date.

River ice simulations for Stage T and Stage II of the "Staged Project”
are included in this report for comparison with the "License Aplication
Project.” Comparisons are based on the 1981-82 weather conditions
(average in terms of mean winter air temperature=s), the inflow-matching
power intake coperating policy and the Case E-VI instream flow
requirements. In accordance with the License Application, simulations
of Devil Canyon included a maximum drawdown of 50 feet and a 2-level
power intake (port elevatioms 1425 and 1375 feet MSL). In an effort to
improve summer release temparatures from Devil Canyon during Stage 11,
an alternative 9 foot maximum drawdown and an alternative 3-level power
intake (port elevations 1425, 1400 and 1375 feet MSL) were also
considered. River ice simulations for these alternatives are therefore

2lso included in this report.



3.0 RESULTS

General

The supplementary river ice simulation results are presented in Exhibits
A through V. These exhibits are presented in the same format as those
of the "Instream Ice Simulation Study” (Harza-Ebasco, 1984b) and include

the following plotted information:

l. Profile of maximum river stages which occurred during the simulation
period and the corresponding ice cover thickness which existed on

the date of maximum stage.

2. Location of the ice front and 0°C water isotherm throughout the

simulation.

3. Time history of water surface elevation, ice thickness and water

temperature at selected slough and side channel locations.

Tables 3, 6 and 9 present a summary of the maximum simulated river
stages and simulated ice front progression for the various alternatives
considered in this study (see Chapter 2). With a similar format, Tables
4, 7 and 10 summarize the maximum simulated total ice thicknesses and
Tables 5, 8 and 11 show the maximum solid ice thicknesses for the

various alternatives.

For comparative purposes, Tables 3 through 11 include summary results of
certain river ice simulations already presented in the Instream Ice

Simulation Study (Harza-Ebasco 1984b).
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Alternative Operating Policies for Watana and Devil Canyon Multi-Level

Power Intakes

Watana Operating Alone with 2001 Energy Demand

River ice simulation results for the alternative power intake operat-
ing policies for Watana operating alone (License Application Project)
are preserted in Exhibits A through F. A summary of these results is
shown in Tables 3, 4 and 5. (Note that these exhibits and tables also

consider the effects of the alternative instream flow requirements -

see Section 3.3.)

Review of Tables 3, 4 and 5 suggests that the relative effects on
river ice of the alternative Watana power intake operating policies
(r.eo "inflow-matching”, "warmest water” and "lowest port” - see
Section 2.1) do not follow a simple general trend. These river ice
results, however, are consistent with the corresponding results of the
reservoir temperature simulations (DYRESM model) and can best be
discussed in conjunction with the DYRESM results. Figures 6, 7 and 8
show these corresponding reservoir temperature simulation results for
the alternative power intake operating policies based on Watana

operating alone with 2001 energy demand.

Figure 6 shows that, based on Case C flows and 1981-82 weather condi-
tions, the "lowest port"” operating policy provides significantly
warmer releases (often by 1°C or more) during the winter months than
either the "inflow-matching” or "warmest water” policies. This is
reflected in the river ice results (Tables 3, 4 and 5) which show a
significantly reduced ice front extent, reduced ice thickness and
river stages and fewer slough overtoppings for the "lowest port”
policy relative to “"inflow-matching” or "warmest water.” Figure 6
shows that the "lowest port"” policy also provides summer releases
which are often colder (by as much as 6°C) than those of "inflow-
matching” or "warmest water”. To some extent, these cold summer

releases of the "lowest port" policy may allow the reservoir to store

-1



a relatively large amount of thermal energy (compared to the alterma~
tive policies) which can subsequently be released in the form of
warmer water the following winter. Based on Case C flows and the
1981-82 weather conditions, it therefore appears that the "lowest
port” policy is more effective than the other policies in reducing the
extent of river ice development. Environmental effects of the rela-
tively cold summer releases with the "lowest port”™ policy are beyond

the scope of this report.

Based on the Case C flows and 1981-82 weather conditions, Tables 3, &
and 5 show that the "warmest water” operating policy is not effective
in reducing river ice development relative to "inflow-matching”. Im
fact, simulated results of the "warmest water" policy at some loca-
tions show greater ice thicknesses and river stages than the "inflow-
matching” policy. These river ice results are consistent with the
corresponding reservoir temperature simulation results (see Figure 6)
which show that, for Case C flows and 1981-82 weather, the "warmest
water” policy provides winter releases which are often cooler than
those of the "inflow-matching”™ policy. Although this result may
appear unusual, it should be emphasized that these alternative power

intake operating policies are year-round policies. As shown in Figure

6, the summer releases of the "warmest water” policy are often sig-
nificantly warmer than those with "inflow-matching”. The "warmest
water” policy may therefore cause faster depletion of thermal energy
storage in the reservoir and subsequently colder water available for

release the following winter.

A comparison of the "warmest water” and "inflow-matching” policies is
also made for the Case E-VI flows with 2001 energy demand and 1981-82
weather conditions. The simulated river ice results for Case E-VI are
again consistent with the corresponding reservoir temperature simula-
tion results shown in Figure 7. As shown, temperature simulations
with Case E—-VI flows apparently result in a different trend from the
Case C flows discussed above. With Case E-VI (see Figure 7), the

"warmest water” policy again shows summer releases which are often

..11_.
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warmer than those of "inflow-matching”, but also shows warmer winter

_releases. In this case, release of warmer water during the summer may

Bﬁjg resulted in earlier formation of the reservoir ice cover which
subsequently tended to insulate the reservoir from the further cooling
effects of wind and air temperature. As shown in Tables 3, 4 and 3,
simulated river ice results for Case E-VI with the "warmest water”
policy show reduced ice thicknesses, river stages and ice front extent

and fewer slough overtoppings relative to "inflow-matching”.

Alternative operating policies for Watana operating alone with 2001
energy demand and Case C flows are also simulated for 1971=-72 weather
conditions. For these conditions, Figure 8 shows that reservoir
releases with the "warmest water” policy are warmer during the winter
months than those with the "inflow-matching” policy. These release
temperatures are again reflected in the simulated river ice results.
As shown in Tables 3, 4 and 5, the "warmest water” policy (with Case C
flows, 2001 energy demand, 1971-72 weather) results in reduced ice
thicknesses and river stages and fewer slough overtoppings in the
reach upstream of River Mile 126 relative to the "inflow~matching"”

policy.

Watana and Devil Canyon Operating with 2002 Energy Demand

River ice simulation results for the "inflow-matching” and "warmest
water"” power intake operating policies for Watana and Devil Canyon
operating (License Application Project) with 2002 energy demand are
presented in Exhibits G, H and I. These results are based on Case C
and Case E~VI flows and the 1961-82 weatber conditions. As shown in
Tables 3, 4 and 5, the river ice results for the "warmest water”
policy are nearly identical to those with with "inflow-matching”
policy. The corresponding reservoir temperature simulation results
(Figures 9 and 10) show that the "warmest water” policy provides
slightly warmer winter releases than “"inflow-matching”, but this
difference is not great enough to significantly affect the river ice

development.

_..12...



3.3 Alternative Instream Flow Requirements

3.3.1

Watana Operating Alone with 2001 Energy Demand

River ice simulation results for Watana operating alone with the Case
C and Case E-VI alternative flow requirements are presented in
Exhibits A, B, D and E. These compariscons are based on the License
Application Project, the 1981-82 weather conditions and 2001 energy
demand and consider both "inflow-matching” and "warmest water" intake
operating policies. Results are summarized in Tables 3, 4 and 5. As
discussed in Section 3.2.1, trends in river ice simulation results
reflect the corresponding treands in the reservoir temperature simula-
tion results. Simulated Watana reservoir release temperatures for the

alternative instream flow requirements are compared in Figures 11l and
12.

Based on the "inflow-matching” policy, simulated reservoir release
temperatures during the winter for Case C and Case E-VI show sig-
nificant time-variation (Figure 11) but the average winter release
temperatures for the two flow cases appear quite similar. The cor-
responding river ice simulations for "inflow—-matching” show that Case
E-VI causes slightly greater ice thicknesses and river stages upstream
of River Mile 126 and slightly reduced ice thicknesses and river
stages downstream of River Mile 126 relative to Case C. The extent of
the ice cover progression and the occurrences of slough overtoppings,

however, remains nearly the same for Case C and Case E-~-VI.

Based on the "warmest water” policy, Figure 12 shows that Case E-VI
results in warmer winter reservoir releases (often by 1°C) than those
of Case C. This is reflected in reduced river ice extent, reduced
river stages and fewer slough overtoppings for the Case E-VI river ice

simulations relative to Case C (Tables 3, 4 and 5) based on the

"warmest water” policy.

13-



3.3.2 Watana and Devil Canvon Operating with 2002 Energy Demand

River ice simulation results for the alternative flow requirements
with both dams operating are presented in Exhibits G, H and I.
Comparisons of Case C and Case E-VI are based on the License
Application Project, the 1981-82 weather conditions and 2002 energy
demand and include "inflow-matching” and "warmest water” operating
policies. Corresponding results of the Devil Canyon reservoir release

temperature simulations are shown in Figures 13 and l4.

Figures 13 and 14 show that the simulated winter releases from Devil
Canyon reservoir for Case E-VI are generally quite similar or only
slightly colder than those of Case C. This trend is reflected in the
river ice simulations which show generally similar river stages, ice
thicknesses and slough overtoppings for Case C and Case E-VI flow

requirements.

3.4 Alternative Designs for Watana Multi-Level Power Intake

3.4.,1 Watana Operating Alone with 2001 Energy Demand

River ice simulation results for altermative Watana power intake
designs (see Section 2.3) are presented in Exhibits B, F and J through
0 based on Watana operating alone (License Application Project), 2001
energy demand, Case C flows and the "warmest water” operating policy.
These results are summarized for comparison in Tables 6, 7 and 8.
Figures 15 and 16 show simulated reservoir release temperatures for
several of these alternatives and are consistent with the trends in

river ice simulation results.

Tables 6, 7 and 8 show that the addition of a lower level intake port
may tend to reduce somewhat the extent of the simulated river ice
cover and corresponding river stages near the upstream extent of the
cover. Based on the 1971-72 weather condition, the largest reduction

in ice extent, relative to the present intake design, is simulated for

~14-



3.4.2

the addition of an intake port at elevation 1636 ft. For this alter=—
native, the ice cover extent 1s reduced by 9 miles and simulated
overtopping at sloughs 9A, 11, 20 and 21 is prevented, relative to the

present intake design. - ¢ fg%

Provision of a lower level intake port, however, does not necessarily
result in significantly reduced river ice development. Based on the
1971-72 weather conditions, for example, an additional intake at
elevation 1880 ft. provides no reduction in river ice extent or slough
overtoppings relative to the present intake design. A lower level
intake at elevation 1800 ft. shows only a very slight reduction in
river ice extent and prevents at most only one additional slough

(8lough 21-A6) from overtopping relative to the present design.

It therefore appears that the addition of lower level ports to the
Watana power intake may not be a dependable method for reducing the
extent of river ice development. Also, further consideration of the
alternative low intakes, particularly at elevation 1636, will require
evaluation of other environmental‘eﬁfects (e.ge, high turbidity, low

dissbived oxygen) associated with rei%ases from such great depths.

Watana and Devil Canyon Operating with 2002 Energy Demand

River ice simulation results for alternative Watana intake designs are
presented in Exhibits G, P, Q and R based on Watana and Devil Canyon
operating (License Application Project), 2002 energy demand, 1981-82
weather conditions, Case C flows and the "warmest water” intake
operating policy. These results are summarized for comparison in
Tables &, 7 and 8. Note that compariscns are based on both "present”
and "high" alternative designs for the Devil Canyon cone valves (see
Section 2.4). Figures 17 and 18 show the corresponding reservoir

release temperature simulation results.

Tables 6, 7 and 8 show that an additional Watana intake port at eleva-

tion 1800 results in a very slight reduction in river ice development




3.6

relative to the existing Watana intake designs. For the most part,
river stages and slough overtoppings with the lower (Elevation 1800)
intake are the same as those with the present design. This trend
occurs based on both the "present design” and the "high level” Devil
Canyon cone valves. It therefore again appears that lower level power
intakes for Watana may not be effective in reducing river ice

Py
¥

development.

;
y
w et

z

Alternative Designs for Devil Canyon Cone Valve Intake

River ice simulation results for the "present” and "high level” dec’zns
for the Devil Canyon cone valve intake (see Section 2.4) are presented
in Exhibits G, P, Q and R. These alternatives are based on 1981-82
weather conditions, the License Application Project, 2002 energy demand,
Case C flows and “"warmest water  operating policy. The results are
summarized for comparison in Tables 6, 7 and 8. Corresponding results
of the reservoir release temperature simulations are shown in Figures 19

and 20.

As shown in Figures 6, 7 and 8, there is no significant difference in
river ice results between the alternative Devil Canyon cone valve intake
designs. This is true based on both the "“present design” and the alter-
native "El. 1800" design for the Watana power intakes. The similarity
of winter resevrvoir release temperatures for the alternative Devil

Canyon cone valves is apparent from Figures 19 and 20.

Staged Construction of Susitna Hydroelectric Project

River ice simulation results for Staged Construction of the Susitna
Hydroelectric Project (see Section 2.5) are presented in Exhibits S, T,
U and V. These results include Stage I and Stage I1 and are base/ on
the 1981-82 weather conditions, Case E-VI flow requirements and the
"inflow-matching"” operating policy. The Staged Project river ice
results are summarized in Tables 9, 13 and il for comparison with the

License Application Project. Results of the corresponding reservoir

-] G~



temperature simulations are shown in Figures 21, 22, 23, and 24,
Simulated flow rates released from the reservoirs for the Staged Project

and License Application Project are shown in Figures 25 and 26.

As shown in Tables 9, 10 and 11, expected river ice thicknesses and ice
cover progression with Stage I and Stage II are generally greater than
those with the License Application Project. Stage I (low Watana)
results show approximately 3 additional miles of ice front progression,
higher river stages between RM 130 and RM 137, and an additional over-
topping at Slough 11, relative to high Watana (License Application).
Stage II (low Watana + Devil Canyon) results show 7 additional miles of
ice front progression, greater maximum river stages downstream of RM 132
and additional overtopping events at Sloughs 8A and 9 relative to the
final phase of the License Application Project. For Stage II, river ice
results show no significant difference between the alternative 9 foot
and 50 foot drawdown policies at Devil Canyon. Also, there is no ap-
parent effect on river ice due to the 3-level Devil Canyon intake

relative to the 2-level intake.

The general trends of these river ice results are consistent with the
corresponding reservoir temperature simulations (¥Figures 21, 22, 23 and
24). These results show generally colder winter releases with the
Staged Project (Stages I and II) relative to the License Application
Project. For Stage 11, simulated winter release temperatures are
similar among the alternative Devil Canyon drawdown policies and intake

designs.

Based on the above simulations, it is expected that the first two stages
of the Staged Project would tend to result in somewhat greater river ice
development and greater slough overtopping events relative to the
License Application Project. Although simulations were not performed

for Stage 1II, it is equivalent to the final phase of the License

Application Project and is expected to be similar in terms of river ice.
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4.0 CONCLUSIONS

The following conclusions are based on the supplementary river ice simula~-

tions presented in this study.

10

Alternative Operating Policies for Watana and Devil Canyon Multi-Level

Power Intakes - License Application Project

With Watana operating alone, the "warmest water” and "lowest port"” alter-
native operating policies may reduce river ice development somewhat
relative to that of the “"inflow—matching” policy. Based on 1981-82
weather conditions and Case E-VI flows, for example, the "warmest water”
policy reduced the expected ice cover progression by 11 miles and
prevented overtopping of sloughs 8A, 9 and 9A relative to the "inflow-
matching” policy. This trend, however, does not hold for all cases and
should not be counted on as a general rule. River ice development is
vervy sensitive to winter reservoir release temperatures which, in turn,
are influenced by the preceeding sur r release temperatures and the
timing of the reservoir ice cover formation, amcng other factors. The
combination of these factors is complex and may not follow a regular

pattern in terms of winter release temperatures.

Of the alternative operating policies considered, it appears that the
“lowest port” policy may be most effective in reducing river ice
development. This policy, however, also results in the coldest summer
releases which must be evaluated in terms of effect on the summer in-

R— e ’

stream environment.

With Watana and Devil Canyon operating, the alternative operating

policies appear to have very little effect on river ice development.

Alternative Instream Flow Requirements = License Application Project

With Watana operating alone, based on the 1981-82 weather conditions, the

expected river ice development with the Case E-VI flow requirements 1is

-18-



equivalent to or ess than that with the Case C flows. With Watana and
Devil Canyon operating and the 1981-82 weather conditions, the Case E-VI1
flows result in slightly greater expected ice front progression and ice
thicknesses, but no significant difference in slough overtoppiags rela-
tive to Case C. It therefore appears that the Case E-VI instream flow
requirements are generally similar te Case C with regared to river ice.

./ﬂ

Alternative Designs for Watana Multi-level Power Intake - License

Application Project

Relative to the present design of the Watana power intake, the addition
of lower level intake ports with Watana operating alone tends to reduce
the expected ice front progression and the corresponding river stages
near the upstream extent of the cover. ©Based on the 1971-72 weather
conditions, the most significant reduction in river ice occurs for the
lowest of the alternative intake ports (elev. 1636 ft.). With this
alternative, the expected ice cover progression is reduced by 9 miles and
overtopping of sloughs 94, 11, 20 and 21 is prevented relative to the
present power intake design. Based on the 1971-72 weather conditions,
the alternative lower intake ports at elev., 1880 and 1800 are much less
effective than the elev. 1636 alternative and may not significantly
reduce slough overtoppings relative to the existing design. With Watana
and Devil Canyon operating, based on the 1981-82 weather conditions, the
alternative lower level port at elev. 1800 also is quite ineffective in

reducing river ice development relative to the present design.

It therefore appears that, except for the very low intake at elev. 1636,
the alternative lower intake designs will not be a dependable method for
reducing river ice development. Also, further consideration of the elev.
1636 intake alternative will require evaluation of potential negative
environmental effects (e.g. high turbidity, low dissolved oxygen) as-

gociated with releases from such great depths.
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Alternative Designs for Devil Canvon Cone Valve Intake - License

Application Project

Based on Watana and Devil Canyon operating with the 2002 energy demand
and the 1981-82 weather conditions, the alternative high cone valve
intake at elev. 1425 has no significant effect on river ice relative to

the present cone valve design at elev. 990.

Staged Project vs. License Application Project

Relative to the "License Application Project”™, Stages I and II of the
"Staged Project" are expected to result in somewhat greater ice front
progression, greater river stages and increased slough overtopping
events. Based on the 1981-82 winter (average air temperatures), the
additional expected ice front progression is approximately 3 miles for
Stage I and 7 miles for Stage II. Additional overtoppings events for the
1981-82 winter include Slough 11 for Stage I and Sloughs 8A and 9 for
Stage 11, relative to the License Application Project. Stage III is
expected to result in river ice conditions similar to those of the com~

pleted License Application Project.

With the "Staged Project”, addition of Devil Canyon Dam (Stage I1) tends
to reduce the expected ice cover extent, river stages and slcugh overto-~
ppings relative to Watana alone (Stage I). This trend is similar to that

of the "License Application Project.”

A
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TABLE 2

SUSTITNA HYDROELECTRIC PROJECT
ALTERNATIVE WATANA POWER INTAKE DESIGNS
PORT ELEVATIONS IN FEET M.S.L.

Present Ale. Alt. Alt. Alt.

Design 1880/1850 1800/1770 180G/1500 1636/1470 Stage 1
Level 1 2151 2151 2151 2151 2131 1964.5
Level 2 2114 2114 21146 2114 2114 1926.5
Level 3 2077 2077 2077 2077 2077 1888.5
Level 4 2040 2040 2040 2040 2040 1850.5
lLevel 5 — 1880 1880 1800 1636 1812.5

Approach Channel 2025 1850 1770 1500 1470 1800



SUSITNA HYDROELECTRIC PROJECT

MAXIMUM SIMULATED WINTER RIVER STAGES TABLE 3
ALTERNATIVE POWER INTAKE OPERATING POLICIES ANMD iINSTREAM FLOW REQUIREMENTS
WATANA ONLY 2007 ENERGY DEMAND WATANA + DEVIL CANYON 2002 BEMAND
SLOUGH OR RIVER THRESHOLD WINTER 1981 82 WINTER 197172 | WINTER 1981 82
SIDE CHANNEL - MILE ELEVATION CASE C FLOWS CASE E-VI CasE C CASEC CASEE-VI |
: i w J L : i w : ‘ w ! E w f E W NOTES:
Wingkers w018 357 371 B (270} (71 20} 372 [372) 369 389 [369] 369] 1 3 LOCATIONS WHERL MAXIMUM
Gasht Creek 112 ¢ Unknown 4617 458 458 458 457 469 459 456 455 456 455 RIVER STAGE OVERTOPS A
6A 1423 {Upland) 464 461 450 460 460 461 461 458 458 459 458 KNOWN StOUGH THRESHOTD
& 1141 a7s [a77) {a76] 475 475 475 [a78] 475 a7 476 ars ELEVATION -
oo w | B9 ) @) @ | 6 )| B ) | e
s s o] o | B0l [l | G o || e Gl | OO e A
Cury 1260 Unknown 525 525 522 524 522 525 527 520 520 520 52t fINFLOWRMATCHING
Mouse 1235 Unknown 553 656 552 552 | 546 | 555 556 548 548 548 548 W WARMEST WATER
8A West 126.1 573 (574 [574] 23] | el 569 [575] 575 568 568 571 571 L LOWESTPORT v 3
8A East 127.1 582 584 [E8s) ri&?ﬂ (585) 582 (538 585 580 581 581 681 3 ALLRIVERSTAGES IV FEET S
9 1293 504 [6o6)  [6os] 602 607] 603 [610) 607 601 601 601 601 T N s p e Tans
g ufs 1306 Unknown 620 620 | g7 621 | 617 625 622 516 616 816 616 THROUGHOUT
ath Juty 1318 Unknoven 632 633 628 633 628 636 633 627 627 627 627 6 WINTER AIR TEMPERATURES
9a 1337 851 [652) [654] 850 654] 650 (659 (655l 650 649 649 649 198182 AVERAGE
10 u/s 134 3 857 [so] | 656 | lee0] | es6 [665) [663] 655 655 655 655 197172 COLD
1 ds 1353 Unknown | 667 | 670 | 668 668 668 676 674 667 667 667 667 6. LICENSI “TION PROJECT
1" 136 5 687 643 684 694 6584 684 [690] [687] 682 682 682 582
17 139.3 Unknown 715 15 715 1o "y 721 78 714 714 714 714
20 1405 730 729 729 729 129 729 [741] [738] 728 728 728 728
21 (A6 1418 747 747 747 747 147 747 751 [7a9] 745 748 746 746
2 1422 755 753 753 793 754 764 [755) jﬂ wa || 792 752 752 752
22 1448 788 87 787 787 787 787 E 78/ 87 785 785 785 785
L UPSTREAM EXTENT OF ICE COVER PROGRESSION
SIMULATED ICE FRONT PROGRESSION |
lce Front Start at River Mile 98 6 12 30 12 28 1 12 78 13 1o 1 17 30 i 1230 PEY
Maximum foe Front £ etent (Ber Mide!) 134 136 176 134 123 14z 142 174 124 128 126
#fipts Out Date 473 374 319 3723 349 Hh Ha 312 313 31g 318

&




SUSITNA HYDROELECTRIC PROJECY

MAXIMUM SIMULATED TOTAL ICE THICKNESSES

ALTERNATIVE POWER INTAKE OPERATING POLICIES AND INSTREAM FLOW REQUIREMENTS

WATANA ONLY. 2001 ENERGY DEMAND

WATANA+DEVIL CANYON 2002 DEMAND

SLOUGH OR RIVER THRESHOLD WINTER 1981.82 WINTER 1977172 WINTER 1981 82
SIDE CHANNEL MILE ELEVATION T T T s S A
CASE C FLOWS CASE £~ Vi CASEC CASEC CASE - E -V
2 I BB BRI S R
Clow ] o ow Colow o w C

Whiskers 015 3867 3 3 2 3 2 H 5 ? 2 3 2

Gash Creek 112.0 Unknown 7 3 3 2 2 5 5 2 2 3 2z

BA 112.3 {Upland 7 4 3 2 2 5 5 3 2 4 3

B8 114.1 478 4 3 3 2 1 5 5 3 3 4 3

MS I 1165 482 5 a 4 3 1 5 5 3 2 3 i

MS it 1158 487 6 6 6 3 1 5 6 4 3 4 3

C ery 1200 Unknown 6 7 3 4 2 5 7 1 1 i 1

Moose 1235 Unknown 5 g 5 4 6 8 i 1 3 3

8A West 126.% 573 ? 3 2 2 5 4 1 1

84 East 1273 582 2 2 Z 4 3

jd 1293 604 1 ? 2 3] 2

9 uis 1308 Unknown 1 2 2 6 3

4th July 1318 Unknown 2 3 3 7 3

728 1337 651 i 3 ? 8 5

10 u/s 134.3 857 i 3 2 9 7

17 dis 13563 Unknown 2 8 5

11 1365 687 5 3

17 1393 Unknown 13 3

26 140 5 730 12 b

21 {AB} 1418 747 3 i

21 142 2 755 i

22 144 8 788

TABLE

NOTES:

1 OPERATING POLICIES FORWATANA
AND DEVIL CANYON POWER INTAKES
§ INFLOW MATCHING
W WARMEST WATER
. LOWEST PORT

2 ALL ICE THICKNESSES INFEET

(8]

“PRESENT DESIGN” FOR
WATANA POWER INTAKE
ASSUMED THROUGHOUT

&

4 WINTER AIR TEMPERATURE

1981 82 AVERAGE
197172 COLD

5 LICENSE APPLICATION PROJECT

378v.L
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SUSITNA HYDROELECTRIC PROJECT

MAXIMUM SIMULATED SOLID ICE THICKNESSES

ALTERNATIVE POWER INTAKE CPERATING POLICIES AND INSTREAM FLOW REQUIREMENTS

WATANA ONLY: 2601 ENERGY DEMAND

WATANA+DEVIL CANYON:2002 DEMAND

SLOUGH OR RIVER THRESHOLD WFNT.ER“ 1§81 782 WEINT?VE‘R ;iM971 72 WINT Eé T‘QQ‘.‘ 82 -
SIDE CHARNNE: - MILE ELEVATION CASE C FLOWS ] CASE E-Vi CASE C B “C_Ag;CNNM T CAVSE“é”\;; o
o ow | ol ow o ow o w vl ow

Whiskars 101.5 367 3 3 ? 3 2 5 5 2 2 3 2

Gash Creek 1120 Unknown 3 3 ? 2 1 5 5 2 2 2 2
1) 1123 (Upland} 3 3 2 2 i 5 S 2 2 2 2
2 1141 478 Z 3 2 2 1 5 5 2 2 2 2
MS 1 165 482 2 2 i 2 1 5 4 1 1 1 {
ME 1 1159 487 2 2 i 2 1 Y 5 1 1 1 1
Curry 1200 Unknown H 2 1 7 0 3 4 1 1 1 1
Moose 1235 Unitnown 1 1 i 1 4 3 0 0 ¥ 1
BA West 126.1 573 1 1 0 1 4 3 1 o
8a East 127.1 582 1 1 1 4 3

g 128.3 504 i 1 1 4 2

Ju/s 1306 Unknown 1 1 4] 4 2

4th July 1318 Unknown 0 1 ¢ 4 2

gA 1337 651 0 0 4] 4 2

10 uls 1343 657 0 0 0 3 2

¥iodiss 1383 ‘inknown 0 3 2

11 1365 687 3 1

37 1393 Unknown 2 1

28 140.5 730 2 i

2V {48} 1418 747 i 0

21 142.2 755 0

22 1448 788

NOTES:

TABLE &

1 OPERATING POLICIES FOR WATANA
AND DEVIL CANYON POWER INTAKES

!

H
L

INFLOW MATCHING
W WARMEST WATER
LOWEST PORT

2. ALLICE THICKNESSES IN FEET
“PRESENT DESIGN FOR WATANA
POWER INTAKE iS ASSUMED

THROUGHOUT

4 WINTER AR TEMPERATURE

1981 82 AVERAGE
197172 COLD

CLICENSE APPLICATION PROJECT
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SUSITRNA HYDROELECTRIC PROJECY

MAXIMUM SIMULATED WINTER RIVER STAGES

ALTERNATIVE DESIGNS FOR WATANA POWER INTAKE AND DEVIL CANYON CONE VALVE INTAKE

WATANA ONLY . 2001 ENERGY DEMAND

1
Ii\“JATANA +DEVIL CANYON 2002 DEMAND

SLOUGH OR RIVER  THRESHOLD WINTER 1981 82 WINTER 1971 72 ‘WINTER 198182 |
SIDE CHANNEL  MILE FLEVATION VPRESENTJWBO/?BBO!280(}/1770 PRESENT!\BSO/IBSGI1800/17?0}1800/!5501 1636/1470 || PRESENT |1800/1770 ?RssemLsmxwmg
ST o - o PRESENT (E4.980) | HIGH (EL. 1425)
Vernskers 1015 387 73] 372 b72] ‘ 369 369
Gash Creek 1120 Unknown 458 459 a61 459 481 480 455 455 455
5A 1123 {Upland) 461 461 464 461 464 462 | 458 458 458
8 141 476 a77]  [480) {478 ‘ 474 475 474
MS 11 1155 482 i (750 [a88}
MS 1t 1159 487 489] [as2] [ag3] [452] fag7 [28g) 486
Curry 1200 Unknown 522 527 526 528 527 525 520 520 520
Moase 1235 Unknawn 551 556 585 £57 556 555 C[Teas T ses [ saa ]
8A West 126 1 573 572 574 574 568 568 568
84 East 1271 582 [ B2l { (584 585 851 585 585 EBa} 581 581 581
3 129.3 604 i 602 £04] 607 608 [0zl 608 f605] 607 601 601
G uls 130.6 Unknown i 617 627 6824 621 671 620 616 616 616
ath duly 1318 Unknown ‘ 628 633 635 633 633 627 627 627
7 13317 851 | 690 [656] 649 649 549
10 u/s 1343 657 856 655 655 655
11d/s 135.3 Unknown J 668 674 672 673 673 667 667 667
11 1365 87 583 [687] 682 682 682
17 1393 Unknown 715 718 719 A e 714 714 714
20 1405 730 729 728 728 728
21 (A86) 1418 747 747 fas]  [re9 747 747 746 746 746
2 1422 755 753 T 754 184 753 753 752 752 752
22 144.8 788 787 787 767 787 87 785 785 785
y
SIAULATED ICE FRONT PROGRESSION
jcs Frant Start at Auver While 98 6 12 28 12 | 121 122 122 123 11 11 s
#aximum jce Front Extent (River Mile) 126 142 142 140 139 122 124 122
Melt cut Date 315 53 430 426 425 39 314 310
|
i

NOTES

i é I FOUATIONS WHE RE MAXIMUM RIVER

STAGE OVERTOPS A KNOWN STOUGH
THRE SR D ELEVATION

A RVE R STAGES N EEE T ML

CASE CINSTREAM FLOW REGUIREMENTS AND

WARME ST WATER POWER INTAKE OPERATING

POLICY 19 ASSUMED THRODIGHOUE

JOM T H AVE BAGE

4 WINTES SR TERMPERATOE

TSV P2

5 LICENSE APPLICATION PROJECT

TABLE €

WATANA POWER
INTAKE DESIGN

b DEVIL CANYON

CONE VALVE

UPSTREAM EXTENT
OF ICE COVER
PROGRESSION

g #14dvl




SUSITNA HYDROELECTRIC PROJECT TABLE 7
MAXIMUM SIMULATED TOTAL ICE THICKNESSES

ALTERNATIVE PSSIGNS FOR WATANA POWER INTAKE AND DEVIL CANYON COME VALVE INTAKE

WATANA ONLY: 2001 ENERGY DEMAND WaTANA+DEVIL CANYON 2002 DEMAND
SLOUGH OR RIVER THRESHOLD WINTER 1981 82 WINTER 1871 72 WINTER 1981 82
SIDE CHANNEL MiLE ELEVATION PRESENTg!BGGNSSG}?BOO/???U PHESEN?!1880!1850]3800/37?0?1809/?500 163671470 PRESENT[TSQO}???O PRESENT}!&G{}!?77D ':I:éATZ?(P‘éADiQS}fGENR
e SRR SR S
PAESENT (EL.990)] HIGH (EL.1425) {ég\ﬁg caNyeN

Whiskers 1015 367 3 2 2 5 ) 4 4 3 2 2 2 2

Gash Craek 112.0 Unknown 3 4 4 5 i 4 7 5 2 i 2 1

6A 1123 {Upland) 4 5 3 5 / 4 ] B 2 2 3 1

B8 7141 478 3 3 3 5 6 4 5 4 3 2 3 2

M5 1 1185 482 4 3 5 5 6 7 7 ) 2 1 2 1

MS 1159 487 6 b 6 6 i IR g ) 3 2 3 i

Curry 1200 Unknown 7 2 5 7 7 9 ? 5 i 1 1 i

Moose 1235 Unknown ] 4 5 8 8 S 8 8 i 1

BA Waest 126 1 573 3 1 3 4 2 3 3 3

BA East 1273 582 ? i 3 Z Z 2 ?

o 1293 6504 2 7 3 3 3 1

9 uls 130.86 Unknown ? 3 5 2 3 1

4th July 1318 Unknown 3 3 4 3 3 1

SA 1337 851 3 5 3 o) 5

10 u/s 1343 857 3 7 4 6 6

114d/s 1353 Unknown ? 5 3 4 4

i1 13€ 587 3 3 3 3

17 i39.3 Unknown 3 4 7

20 1405 730 b 5

21 LAB) 1418 747 1 1

21 1422 755

22 144 8 788 "“

NOTES:
1 ALL RIVER STAGES IN FEET MSL 2 CASE CINSTHEAMFLOW REQUIREMENTS
AND " WARMEST WATER POWER INTAK! w‘sg
OPTRATING POLICY 1S ASSUME U THROUGH k;
3, WINTER ATR TEMPERATURE ?ﬁ

1981 82 AVI RAGE g‘m
1971 72 COLD Ty

4 LICENSE APPLICATION PROJECT
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SUSITNA HYDROELECTRIC PROJECT TABLE &
MAXIMUM SIMULATED SOLID ICE THICKNESSES
ALTERNATIVE DESIGNS FOR WATANA POWER INTAKE AND DEVIL CANYON COME VALVE INTAKE

WATANA ONLY: 2001 ENERGY DEMAND WATANAL+DEVIL CANYON 2002 DEMAND
SLOUGH OR RIVER THRESHOLD WINTER 1981.82 WINTER 197172 i WINTER 71981732 7
SIDE CHANNEL  MILE ELEVATION [ &~ 7777 ! T ) ' ‘ o E TTRYTT YT T o R WAT%NA POW\ER
j’AH‘ES?NTI‘i830{3350{1839/?770 PRESENT[]SSO/’ISSO{1800/37?011800;1500 i 1636/3‘3{)‘_ PRES;E?JTPB”OGH'?'IO PRESEN?L’!S?????O INTAKE DESIGN
PRESENT (EL 990) | HIGH (EL 1425 ggx’gk SQNSN
Whiskers 1015 367 3 2 ? b 5 H 4 3 2 2 2 2
Gash 1120 Unknown 3 2 2 5 ] 4 4 3 2 i 2 1
A 1123 {Uptand)} 3 2 i 5 4 4 4 3 2 1 2 i
8 114.1 476 3 2 1 5 4 4 3 3 2 H 2 1
MiS il 1158 482 2 1 1 4 4 4 3 3 1 1 1 1
MS 1 115.9 487 2 1 1 5 3 4 3 3 1 1 1 1
Curry 120.0 Unknown 2 ! 1 4 3 3 3 3 1 g ? 4]
Moose 1235 Unknown 1 1 1 3 3 3 2 2 0 0
BA West 126.1 573 1 0 1 3 2 2 2 1
8A Egst 1271 582 H O 3 2 2 ? i
g 129.3 604 i 2 2 2 2 0
@ ufs 1306 Unknown 1 2 2 2 ?
4th July 131.8 Unknown 1 2 2 2 ?
A 1337 851 0 2 2 1 i
10 uls 1343 887 2 2 1 1
11 d/s 1353 Unknown 0 ? 1 i i
11 1365 687 i 1 i i
37 1393 Unknown i i 0
20 140.5 730 i 1
21 (A8 1418 747 4] O
21 1422 755
22 1448 788
NOTES.
1 ALL RIVER STAGESIN FEET MSL 2 CASE CINSTREAM FLOW REQUIRFMENTS

AMD WARMEST WATER POWF R INTAKE
OPERATING POLICY 1S ASSUME D THROUGH
3 WINTER AIR TEMPEHRATURE
1981 82 AVERAGE
1921 72 ¢
4 L1 TNSE APPLICATION PROJEC
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TAB

SUSITNA HYDROELECTRIC PROJECT
MAXIMUM SIMULATED WINTER RIVER STAGES
STAGED CONSTRUCTION vs LICENSE APPLICATION PROJECT

WATANA ONLY WATANA + DEVIL CANYON
SLOUGH QIVER THRESHOLD | 2001 ENERGY DEMAND 2002 ENERGY DEMAND
OR SIDE MILE ELEVATION LICENSE LICENSE STAGE I} DEVIL CANYON:
CHANNEL APPLICATION | STAGE | | APPLICATION | g5 50 Ft. 9 Fe MAX. DRAWDOWN
PROJECTY PROJECT 15y EVEL | 2LEVEL | 2LEVEL | POWER INTAKE
Whuskers 1015 387 371] 371] 369 [370]
Gash Craek 112.0 UnXnown 458 458 456 460 459 460
6A 1123 {Upland} 460 460 459 462 461 462
8 114 1 476 475 475 476 @ 1 {:j 4LOCAT!ONS WHERE MAXIMUM
RIVER STAGE OVERTOPS A KNOWN
MS 11 1155 482 ksg] 485 [as7] {a87] SLOUGH THRESHOLD ELEVATION
MS 1 115.9 487 90 {ag4] 488 {ano] 490
Curry 1200 Unknown 524 528 520 521 522 520 2. ALL RIVER STAGES IN FEET MSL
Moose 1235 Unknown 552 555 548 552 553 551 3 ASSUMED CONDITIONS THROUGHOUT
8A West 126.1 573 575 574 571 {573 573 574 1981 82 WINTER (AVERAGERCASE E VI
A East 127 1 582 585 s84] | et [584] 584 ;,’;2‘2&&,%%’35 ? ,E;“,L%‘ %t%’(
g 1263 604 507 601 605 [eosi 607
S uls 136 6 Unknown 621 622 616 | 619 619 619
4th July 1318 Unknown 633 834 627 | 630 630 630
94 1337 651 {54! 649 649 649 649 §\
10 uls 134 3 657 660 565 655 855 655 656 -~ UPSTREAM EXTENT
11 dss 1353 Unknown | 668 1 675 667 667 667 667 OF ICE COVER
PROGRESSION
11 136 5 687 684 688 682 682 682 532
17 1393 Unknown 715 T 714 714 714 714
20 120 5 730 729 729 723 728 728 728
21 (AB) 1418 787 2y 747 746 746 746 746
21 142.2 755 754 53 752 147 757 752
27 144 8 788 787 87 785 785 785 785 ]
b
SIMULATED ICE FRONT PROGRF SSION 8y
™
fce Front Start at River Male 88 6 12 78 1212 12 30 1229 12729 1279 77
Maximum lee Front Extent {River Mite) 131 137 176 133 133 132 o
Meit out Date 373 412 319 aa 41 303 w




MAXIMUM SIMULATED TOTAL ICE THICKNESSES

SUSITNA HYDROELECTRIC PROJECT

STAGED CONSTRUCTION ve LICENSE APPLICATION APPLICATION PROJECT

WATANA ONLY
2001 ENERGY DSMAND

WATANA + DEVIL CANYON

2002 ENERGY DEMAND

TABLE 10

DEVIL CANYON:

8Ft @ MAX DRAWDOWN

2LEVEL o= POWER INTAKE

SLOUGH RIVER THRESHOLD S
OR SIDE MILE ELEVATION LICENSE LICENSE STAGE i
CHANNFL APPLICATION | STAGE | APPLICATION [~ oo S0 Ft P
PROJECT i PROJECT
} ZLEVEL | 3-LEVEL
Whiskers 1015 367 3 3| 3 3 3 3
Gash Craek 112.0 UnKnown 2 3 3 & 5 &
6A 112.3 {Uptand) 2 3 4 6 5 6
8 1141 476 2 3 ! 4 4 3 4
MS 11 1155 482 3 5 | 3 4 4 4
MS 1 116.9 487 3 g 4 6 6 6
Curry 1200 Unknown 4 g | 1 2 3 H
Mooss 1235 Unknown 4 7 3 8 7 5
8A Wast 126.1 573 2 3 1 3 3 3
8A East 1271 582 2 2 2 2 2
g 1293 604 2 3 2 3 2
Buls 130.6 Unknown 2 4 2 2 2
dth July 131.8 Unknown 3 4 2 2 i
9A 133.7 651 ? 8
0o/ 1343 657 2 9 :
11 dfs 1353 Unknown 7 '
11 1365 687 3 }
17 136.3 Unknown i
20 140.5 730 l
21 (AB) 1418 747 §
21 1422 755 ‘
22 144 6 788 |

NOTES:

ALL RIVER STAGES IN FEET MSL

ASSUMED CONDITIONS THROUGHOUT
1981 82 WINTER (AVERAGE];CASE F VI
FLOW REQUIREMENTSINFLOW
MATCHING OPERATING POLICY

?gﬁ
=
"

z
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1
i
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SUSITNA HYDROELECTRIC PROJECT
MANIMUM SIMULATED SOLID ICE THICKNESSES
STAGED CONSTRUCTION vs LICENSE APPLICATION PROJECT

WATANA ONLY
20601 ENERGY DEMAND

WATANA + DEVIL CANYON
2002 ENERGY DEMAND

SLOUGH RIVER THRESHOLD
c?{izir?; MILE ELEVATION LICENSE LICENSE STAGE N
APPLICATION | STAGE | | APPLICATION [T oo P T b
PROJECT PROJECT
ZLEVEL | 3LEVEL | 2LEVEL jom
Whiskers 1018 367 3 3 3 3 3 3
Gash Creek 112.0 UnKnown 2 3 2 3 3 3
A 112.3 {Upland) 2 3 2 3 3 3
8 114.1 476 2 3 2 2 3 2
MS 1t 1155 482 2 3 1 2 2 2
MS H 1159 487 ? 3 1 2 2 2
Curry 120.0 Unknown 2 3 1 1 1 1
Moose 1235 Unknown 1 3 1 1 1 H
8A West 126.1 573 1 3 1 1 1 i
8A East 127.% 582 1 2 1 1 i
g 1293 604 1 i 1 i 1
Suls 130.6 Unknown 4] 2 0 0 1]
4th July 131.8 Unknown 0 1 o 4 0
9A 133.7 651 0 1
10 u/s 134.3 657 ] 1
T1dis 1353 Unknown 1
11 1365 687 0
17 139.3 Unknown
20 1405 730
21 {AB) i41.8 47
21 142.2 755
22 144 8 788

DEViIL CANYON:

MAX. DRAWDOWN
POWER INTAKE

NOTES:

1 ALL RIVER STAGESINFEET MSL

2. ASSUMED CONDITIONS THROUGHOUT
1081.82 WINTER (AVERAGE|CASE £ Vi
FLOW REQUIREMENTSINFLOW
MATCHING OPERATING POLICY

ety
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