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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:

aj

b)

c)

d)

e)

Case C vs. Case E~VI instream flow requirements

Alternative operating policies for multi-level power intakes

Alternative low levels for Watana power intake

Alternative levels for Devil Canyon cone valves

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

Results of the river ice simulations support the following conclusions:

1.

Expectec river ice conditions with the Case E-VI flow reguirements

are not significantly different from those with Case C.

0f the alternative intake operating policies considerec, 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

gunmer releases.

Of the alternative Watana power intakes congidered, 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 veducing the river ice development.
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An alternative high cone ve’we {elevation 1425) at Devil Canyon has
no significant effect on exprcied river ice conditioms relative to

the slevation 990 cone valve.

tSt:age I and Stage II of the "Staged Project” are expected to resﬁlzt

in greater ice front extent and greater potential for slough overto-

ppings relative to the License Application Project. Stage Iﬁ_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 Susitna Rivér {(i.e., downstream of the proposed Susitna
Hydroelectric Project and upstream ¢f the Chulitna River confluence - see
Figure 1). These river ice simulations are provided as a supplement to Lhe
oreviously published "Instream Ice Simulation Study"” (Harza-Ebasco 1584b) and
are intended to evaluate the sensitivity of Suritna River ice processes to
several parameters beyond the scope of the original report. In particular,
the present report congiders the effects on river ice of alternative instream
filow requirements, alternative Jdesigns 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
Czayon 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, thic report considers the river ice
effects of "staged construction” of the Susitna Hydroelectric Project as an
alteruwative tc the “"License Application Project.” The "Staged Project,” as
detailed in Section 2.5, includes initlal construction of a lower Watana Dam,
followad by construction of the full Devil Canyon Dam and firally the raising
of Watana to its full height.

The methodology for the supplementary river ice simulations herein is identi~
cal to that smploved for the Instreanm Ice Simulation Study (Harza-Ebasco
1984b). The calibrated river ice model ICECAL {(Harza-Ebasco 1984a) is used
to gonevate che simulacions. Each ICECAL simulation 1s based on the results
of a Corresnoending reservolr tempevatuve slmulation via the DYRESM model
(Alaska Power *ithovity 1984) and a stream temperature Lsimulation via the
SNTEMP model (Arccic Envircnmental Information and Data Center 1984, Alaska
Power Authority 1984). Results of the ICECAL modei are presented in terms of
representative ice thicknesses and water surface elevations as a function of
time and location along the viver. Resulis continue to be focused at the
river mile loceations of those slough and zide channels believed to be most

important in terms of salwmon 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, Havza-

Ebasco 1984b) before proceeding with the present report.



2.1

2.0 SCOPE OF RIVER ICE SIMULATIONS

&lternative 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” snd “"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 regavrdless of water tLemperatures.

Comparisons of river ice simulations for these three alternative operat~
ing policies are based on Watana and Watana + Devil Canyen operating,
Case C and Case E-VI alternative {low requirements (see Section 2.2) and
the weather conditiors of 1981-82 and 1971-72 {average and ccld winters,

respectively, in terms © mean air temperatuve).



2.2 Alternative Instream Flow Requirements

2.3

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) represeuts
a recommended refinement of "Case C" as described in the report
“Evaluaiion of Alternative Flow Pequirements” (Harza-Ebascoc 1984c).
Comparisons of river ice simulations for "Cas: 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
198i-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 2001 energy demand and the 1981-82 weather conditions.
Figure 4 shows corresponding flows released from Devil Canyon reservoir

with the 200Z 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 "prescnt design"” was assumed for the "Instream lce Simulation
Study"” (Harza—-Ebasco, 1984b). The altewrnative 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
{(Tabs. 2). These alternative power Intake designs are considered in
order to determine if an additional low levzl port can el{fectively

provide warmer winter reservoir rveleases 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 alternmative power
intake designs are based on the “warmest water"” operating policy
(Section 2.1), “Case C" flow requirements (Section 2.2), Watama and
Watana + Devil Canyon operating and the 1971-72 and 1981-82 weather

conditionse.

Alternative Designs for Devil Canvon 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 purposes 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 complated for operation in 2002, The river ice simulations
discussed previously in this report are baszed on this "License
Applicaton Project.” In addition, this report includes river ice
gimulations 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
M5L) would initially be constructed for operation in 1996 (Stage 1),

followed by completion of the full Devil Canyon Dam forv opervatlion in



2002 (Stage II) and finally the raising of Watana to its full‘ﬁeight
(normal maximum pool elevation 2185 feet MSL) for operation in 2008
(Stage III). The "Staged Project”, when completed, would therefore be
equivalent to the "License Application Project” but would be comyleze&
at a later date. )

River ice simulations for Stage I and Stage II (. the "Staged Project”
are included in this report for comparison with the "License Aplication
Project.” Comparisons are bascd on the 1981-82 weather conditions
(average in terms of mean winter air temperatures), the inflow-matching
power intake operating 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 elevations 1425 and 1375 feet MSL). In an effort to
improve summer release temperatures from Devil Canyon during Stage II,
an alzernative 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
also included in this report.




3.1

3.0 RESULTS

Genafal

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:

1. Profile of maximum river stages which occurred during the simulation
period and the corrvesponding 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

certaln viver lce simulations already presented in the Instream Ice

Simulation Study {Harza~Ebasco 1984b).

-G



3.2 Alternative Operating Policies for Watana and Devil Canyon Multi-Level

Power In;akas

3.2.1 Watana Qggrating Alone with 2001 Energy Demand

River ice simulation results for the alternative power intake operat-
ing polities~f0r Watana operating alome (License Application Project)
are presented 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 vequirements -
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
(i.e. "inflow-matching”, "warmest water” and "lowest port" - see
Section 2.1) do not follow a simple general tremnd. 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 reservolr 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 watev.” Figure 6
shows that the "lowest port” policy also provides summer releases
which avre often colder (by as much as 6°C) than those of "inflow-
matching” or "warwmest water”. To some extent, these cold summer

releases of the "lowest port” policy may allow the reservolr to storve

~10-



a relatively large amount of thermal energy (compared to the alterna-
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, 4
and 5 show that the “warmest water” operating policy is not effective

in reducing river ice develcopment relative to "inflow-matching”. I

e

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” rolicy. 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 reservolr 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 conuitions. The simulated viver ice resulis for Case E~-VI arve
agaln 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 rveleases which ave often
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warmer than those of "inflow-matching”, but alsc shows warmer winter
releases. In this case, release of warmer water during the summer may
have 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 5,
simulated river ice results for Case E-VI with the "warmest water"”
policy show reduced ice thicknesses, river stages aund 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"”
policye.

Watana and Devil Canvon 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
opevating (License Applicaticn Project) with 2002 energy demand are
presented in Exhibits G, H and 1. These results are based on Case C
and Case E-VI flows and the 1981-82 weather 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 13 not great encugh to significantly affect the viver ice

development.



3.3 Alternative Insiream 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 comparisons 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 trends in the reservoir temperature simula-
tion results. Simulated Watana reservoir release temperatures for the

alternative instream flow requirements are compared in Figures 11 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, remalns nearly the same for Case C and Case E~VI.

Based on the "warmest watevr” policy, Figure 12 shows that Case E~VI
results in warmer winter reservoir releases (often by 1°C) than those
of Case C. Thig is veflected in rvreduced river fice extent, reduced
river stages and fewer slough overtoppings for the Case E~V' river ice
simulations relative to Case C (Tables 3, 4 and 5) bas d on the

"warmest water” policy.

S



3.3.2 Watana and Devil Canvon Operating with 2002 Energv Demand

River ice simulation results for the alternative flow requirements
with both dams operating are presented in Exhibite G, H and X.
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
Canvon reservolir 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

3eb.1

Watana Operating Alone with 2001 Energy Demand

River ice simulation results for alternative 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 € flows and the "warmest water” operating policy.
These results are summavrized for comparison in Tables 6, 7 and 8.
Figures 15 and 16 show simulated reservolr 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 rviver stages ngar the upstrean extent of the
cover. Based on the 1971-72 weather condition, the largest reduction

in ice extent, relative to the present intake deslgn, is simulated for
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the addition of an intake port at elevation 1636 ft. For this alter—
native, the ice cover extént is reduced by 9 miles and simulated
overtopping at sloughs 94, 11, 20 and 21 is prevented, relative to the

present intake design.

Provision of s 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 additiomal 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

(Slough 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 tne
extent of river ice development. Also, further consideration of the
alternative low intakes, particularly at elevation 1636, will require
evaluation of cther environmental effects (e.g., high turbidity, low

dissolved oxygen) associated with releases from such gresat depths.

Watana and Devil Canyon Operating with 2002 Energy Demand

River ice simulation results for alternative Watana intake designs arve
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 6, 7 and 8. Note thst comparisons 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 veservoir

release tempervature siwvlation vesulis.

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

tion 1800 results in a very slight reduction in river ice development
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relative to the existing Watana intake designs. For the most park,
river stages and slough overtoppings with the lower (Elevation 1300)
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. 1t therefore again appears that lower level power
intakes for Watana may not be effective in reducing river ice

development.

Alternative Designs for Devil Canyon Cone Valve Intake

River ice simulation results for the “"present” and "high level  designs
for the Devil Canyon cone valve intake (see Section 2.4) are ; .esented
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 wpolicy. 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, thrre is no significant difference in
river ice results between the alteruative 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 reservolr release temperatures for the alternative Devil

Canyon cone valves is apparent from Figures 19 and 20.

Staged Construction of Susitna Hydroelesctric Projzct

River ice simulation results for Staged Construction of the Susitnsa
Hydroelectric Project (see Section 2.5) are presented in Exhibits §, T,
U and V. These results include Stage I and Stage Il and are based on
the 1981-82 weather conditions, Case E~VI flow requlrements and the
"inflow-matching” operating policy. The Staged Project river ice
results arve summarized ia Tables 9, 10 and 11 for comparison with the

License Application Project. Results of the corrvesponding resevvolir

\,..,A
o
i3



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

and Licemse Appl.cation Project are shown In Figures 25 and 26.

As shown in Tables 92, 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 Zront progression,
higher river stages between RM 130 and RM 137, and an addirioral over-
topping at Slough 11, relative to high Watana (License Applicatiom).
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 alternmative 9 foot
and 50 foot drawdown pohliciss at Devil Camyon. Also, there is no ap-
parent effect on river 1ce due to the 3-level Devil Canyon intake

relative tc the 2-level intake.

The general trends of these river ice results are comnsistent with the
corresponding reservoir temperature simulations (Figures 21, 22, 23 and
24). These resulls show generally colder winter releases with the
Staged Project (Stages I and II) relative to the License Application
Project. For Stage 1I, simulated winter release temperatures are
similar among the alternative Devil Canyoen drawdown policies and intake

designs.

Rased on the above simulations, it is expected that the first two stages
of the Staged Project would tend to vesult in somewhat greater river ice
developrz2nt and greater slough overtoppling events rvelative to the
License Application Project. Although simulations weve not pe:formed
for Stage I1I, it is equivalent to the finel phase ot the License

Application Project and is expected to be similar 'n terws I viver icn.



4.0  CONCLUSIONS

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

tions presented in this study.

1.

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 policizs 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 "warwmest water”
policy reduced the expected ice cover progression by 11 miles and
prevented overtopping of sloughs 84, 9 and 9A relative to the "inflow-
matching” policy. This trend, however, does not hold for zll cases and
should not be counted on as a general rule. River ice development is
very sensitive to winter reservoir release temperatures which, in turn,
are influenced by the preceeding summer release tewmperatures and the
timing of the reservoir ice cover formation, among other factors. The
combination of these factors is complex and may not follow a regular

pattern in terms of winter release temperatures.

0f the alternative operating policies considered, it appears that the
"lowest port"” policy may be most effective in reducing river ice
development. This policy, howaver, also results in the coldest summer
releases which must be evaluated in teirms of effect on the summer in-

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 opervating alone, based on the 1981-82 weather conditions, the

expected river lce development with the Case E~VI flow requirements is



equivalent to or less than that with the Case C flows. With Watana and
Devil Canyon operating and the 1981-82 weather conditions, the Case E-VI
flows result in slightly greater expected ice front progression and ice
thicknesses, but no significant difference in siough overtoppings rela-
tive to Case C. It therefore appears that the Case E-VI instream flow

requirements are generally similar to Case C with regared to river ice.

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 stagzes
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 9A, 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 o the present design.

I¢ 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-

socliated with releases from such great depths.



b

Alternative Designs for Devil Canyon Conme 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 wvalve
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
progressicn, 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 1I. 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 111 1s
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 lce cover extent, river stages and slough overto-
ppings relative to Watana alone (Stage 1). This trend is similar to that

of the "License Application Project.”
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Level 1
Level 2
Level 3
Level &
Level 5
Approach Channel

*

TABLE 2

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

Stageyl

Present Alt, Alt. Alt. Alt.
Design 1880/1850 1800/1770 1800/1500 1636/1470
2151 2151 2151 2151 2151
2114 2114 2114 2114 2114
2077 2077 2077 2077 2077
2040 2040 2040 2040 2040
—— 1880 1880 1800 1636
2025 1850 1770 1500 1470

1964.5
1926.5
1888.5
1850.5
1812.5
1800
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