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

included in the "Instream Ice Sinul.ation study" (Harza-Ebasco 1984b). '111e 

supplementary simulations are inteOOed to include recent refinements in the 

p~ SUSitna ~lectric Project and to evaluate the sensitivity of 

Susitna River ice processes to various parameters. The following were 

conside~: 

a) Revised "three-stage" construction of the project 

b) Alternative instream flow requirements 

c) Alternative operating policies for nulti-level power intakes 

d) Alternative low levels for Watana power intake 

e) Alternative levels for Devil canyon ootlet works. 

Results of the river ice sin'ulations support the following conclusions: 

1. Expected river ice conditions with the proposed case E-VI flow re

quirements are not significantly different from those with Case C or 

case E-I requirements. 

2. It is e>tpeeted that the "wannest water" and the "lowest port" alter

native operating policies may tend to reduce sanewhat the ice cover 

development relative to the proposed "inflow-matching• policy. 

However, this trend did not hold for all of the sensitivity sinul.a

tions and should not be ccunted on as a general rule. In particular, 

with Devil canyon Dam in operation the alternative operating policies 

have no significant effect on river ice. 
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j. It is expected that provision of lower ports at the watana power 
intake would generally tend to reduce sanewhat the extent of the ice 

front progression and the maximum river stages near the upstream 
extent of the cover. However, substantial reductions in the ice 

condit i ons are not expected to occur consistently unless a very low 
intake port at Elevation 1636 is provided • 

. 
4. An alternative high intake (elevation 1425) for the Devil canyon 

a.ttlet works has no significant effect on expected river ice condi
tions relative to the present design, although it increases release 
temperatures during brief periods of summer operation. 
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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 1). These river ice sinulations are prov:.ded as a supplement to the 

previously published "Instrean Ice Sina\lation Study' (Harza-Ebasco 1934b). 

One purpose of the present study is to provide u~dated river ice results 

based on recent refinements to the proposed susitna HyaL·~lec.:tric Project. 

In particular, these updated results are based on the revi."«l "Case E-VI" 

instream flow requirements and the "Three-Stage" construction sequence 

(Alaska Power Authority 1985), which has replaced the "TWo-Stage" project 

proposed in the original License Application (Alaska Power Authority 1983). 

'lhis report is also intended to evaluate the sensitivity of SUSitna River ice 

p~ to several parameters beyond the scope of the earlier report. 

These include alternative power intake operating policies, alternative 

designs for the watana nulti-level power intakes, alternative instream flow 

requirements and alternative intake elevations for the Devil canyon outlet 

works. '11le scope of these alternatives is discussed in Chapter 2. 

Many of the sensitivity sinulations described in this report were carried out 

with the case c flow requirements and the "two-stage" project prior to the 

adoption of the "Case E-VI" flow r>9QI.lirements and the "three-stage" project 

by the Alaska Po.ler Authority. '!he general trends of the sensitivity results 

are not expected to be ffected by these changes in flow requirements and 

construction staging. Conclusions regarding sensitivity of river ice 

processes are therefore considered valid. 

The methodology for the supplementary river ice sbnulations herein is identi

cal to that employed for the Instream Ice Simulation Study (Harza-Ebasco 

1984b). 'ttle calibrated river ice nodel ICECAL (Harza-Ebasco 1984a) is used 
to generate the sinulations. Each ICFX:AL sinulation is based on the results 

of a corresponding reservoir tEI!p!rature simulation (via the DYRESM model, 

Alaska Power Authority 1984, Harza-Ebasco 1984d) and a stream temperature 
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sirlulatioo (via the SN1'!MP model, Arctic Environnental Information and Data 

Center 1984, Alaska Power Authority 1984). Results of the !CECAL model are 

presented in tems of representative ice thicknesses and water surface eleva

tions as a function of time and locatioo along the river. Results continue 

to be focuaed at the river mdle locatioos of those slough and side channels 

beliewd to be mat inp>rtant in tems of salmn productioo. 

A more ~lete deecriptioo of the backgroond, methodology, capabilities and 

lilaitations of the river ice modeling process is included in the previously 

published reports (Barza-Ebasco l984a, Harza-Ebasco 1984b). 

-4-



2.1 General 

Initial ICECAL simulations included in the •rnstream Ice Sim..tlation Study• 

(Harza-Ebasco 1984b) were based on conditions presented in the original 

License ~licatioo (.PJ.21.ska Power Authority 1983). 'lhese conditioos included 

a •two-stage• oonstructioo sequence (i.e., watana completed in 1996, Devil 

canyon caapleted in 2002), the case C flow requirements (Figure 2), multi

level watana power intake geometry shown in Figure 3, and the •inflow

matching• operating policy for the ~r intakes (i.e., an atterti>t to match 

the reservoir release water tenperatures with the natural flow tenp!ratures). 

These initial sim..tlations wre performed for a variety of wather conditions 

am project energy demands. 

several refinements to the proposed susitna Hydroelectric Project have 

recently been adq>ted by the Alaska Power Authority, am are fully discussed 

in the License Application Amendment currently under preparation (Alaska 

Power Authority 1985). In particular, these refinements include the •case 

E-vr• flow-requirements (Figure 2) and the •three-stage• construction se

quence for the project as outlined below: 

1. Stage I - A lower watana Dam (normal maxinuJm pool elevation 2000 ft. 

MSL) would be constructed. 

2. Stage II -The full Devil Canyon Dam (normal maximum pool elevation 

1455 ft. M.<;L) would be added. 

3. Stage III - Watana Dam would be raised to its ultimate height (normal 

maxi.nun pool elevation 2185 ft. MSL). 

This report includes I CECAL simulations which are based upon these project 

refinenents as currently adopted. '11lese !CECAL simulations were performed 

for operation of Stage I, Stage II and Stage III based on the 1981-82 weather 
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conditions (an average winter in terms of mean air temperatures). The 

"inflow-matching" power intake qlerating policy and the case E-VI flew re

quiranents, adc.pted by the Alaska Power Authority, were asswned for these 

simulations. The effects of the alternative Case E-I flow requirements 

(Figure 4), relative to the adopted Case E-VI requ i rement, were also 

simulated. case E-I was selected for these sensitivity studies since it has 

the highest min~ summer flow requirements of the suggested alternative 

flow constraints ( Harza-Eblaco 1984c). 'ttle S\.lll'll!r mininun flew requirement 
for case E-I is 14,000 cfs as compared to 9,000 cfs for Case E-VI. Ice 

condi tiona for summer minimum flew requirements between these two ext~ 
are expected to be within the sirlul.ated range of conditions for E-VI and E-I. 

As detailed in the following sections, this report also includes a runber of 
sensitivity simJlations. '1hese sirlul.ations were performed to investigate the 

effects on river ice due to alternative flow requirements, additional low 
power intakes at watana Dam, alternative intake operating policies which 

attempt the release of warmer water, and alternative intake elevations for 

the Devil canyon outlet works. '!he SCqle of these sensitivity sinulations is 

shown in Table I. Although these sensitivity simulations, as well as those 

presented in the "Instrean Ice SimJlation Study" (Harza-Ebasco l984b), wer.e 

based upon the original "two-stage" project, the general trends of the 
results are believed applicable to the "three-stage" project also. 

Conclusions regarding the sensitivity of river ice to weather conditions, 

flew requirements, power intake designs, qlerating policies and outlet works 
designs, based on the simulations of the •two-stage" project, are therefore 

also believed valid for the "three-stage" project. 

2.2 Alternative Qperating Policies for watana and Devil canyon Multi-Level 
Power Intakes 

water temperatures within the proposed Watana and Devil Canyon reservoirs 

will vary with time and depth. The multi-level power intake structures 

prcp>sed for the watana and Devil canyon reservoirs are therefore intended to 

provide same degree of control over the reservoir release temperatures dis

charged to the river through the powertn.tse. Alternative policies considered 
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herein for operating the multi-level power intakes include "inflow

matching", •warmest water" and "lowest port•. '!be "inflow-matching" policy, 

which was assumed for the "Instream Ice Simulation Study" (Harza-Ebasco 

1984b) and has been adopted by the Alaska PoWer Authority for the License 

APPlication studies (Alaska Power Authority 1983, 1985), represents a year

round attempt to match the reservoir release temperatures with the natural 

temperature of the flow entering the reservoir. In effect, "inflOW-1Mtching" 

results in .winter release of the coldest water available to the power 

intakes. '!he "inflow-matching" policy also is expected to result in the 

lowest possible suspended sediment concentration in the reservoir outflow 

during the winter, thereby minimizing the project effects in this regard 

(Alaska Power Authority 1985). '!be "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 changing reservoir 

levels and temperature profiles. 'lbe "lowest port• operating policy means 

that the lowest port of the lllll.ti-level power intake will be operated year

round regardless of water temperatures. 

Comparisons of river ice s~ations for these three alternative operating 

policies are based on the "t'«HHtage• project, Case C and Case E-vi alterna

tive flow requiranents (see Section 2.3) and the weather oonditions of 1981-

82 and 1971-72 (average and cold winters, respectively, in terns of mean air 

temperature) • 

2.3 Alternative Instream Flow Req\lirements 

River ice simulations based on the •case c• and •case E-VI" alternative 

instream flow requirements are compared in this report. '!he "Case c• in

stream flow requirement (Figure 2) was proposed in the original Susitna 

Hydroelectric Project License Application (Alaska Power Authority 1983) and 

was assl.ltled for the "Instream Ice Simulation Study" ( Harza-Ebasco 1984b) • 

'lbe "Case E-VI" flow requiremant (Figure 2) represents a recamended refine

ment of •ease c• as described in the report "Evaluation of Alternative Flow 

Requirements• (Harza-Ebasco 1984c)and the License Application Amendment 
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(Alaska Power Authority 1985). Comparisons of river ice simulations for 

•ease c• and •ease E-VI" are based on both "inflow-matching• and •warmest 

water- operating policies (Section 2. 2), watana and watana + Devil Canyon 

operating ("two-stage• project), and the 1981-82 weather conditions (an 

average winter in tez:ms of man air temperatures) • Figure 5 shows a can

parison of the siJiulated Case C and Case E-VI flow rates released fran watana 
reservoir for watana opgrating alone with 2001 energy danand and the 1981-82 

weather conditions. Figure 6 shows corresponding flows released fran Devil 

canyon reservoir with the 2002 energy demand. 

2.4 Alternative Designs for watana Multi-Level Power Intake 

Ri r ice sUDulations are ~ovided for several alternative designs of the 

Watana multi-level power intake structure as detailed in Table 2. The 

•original design• shown in Figure 3 corresponds to that proposed in the 

original License Application (Alaska Power Authority 1983) and is also ap

plicable to Stage III of the "three-stage• project. This design includes 

intake ports at elevations 2151, 2114, 2077 and 2040 ft. MSL with an approach 

channel at elevation 2025 ft. MSL. '!his •original design• was assumed for 

the "Instream Ice Simulation Study" (Harza-Ehlsco l984b). 'Ihe alternative 

watana power intake designs considered herein are similar to the "original 

design" but with one additional low level port at elevation 1880, 1800 or 

1636 ft. MSL (Table 2). These alternative power intake designs are con

sidered in order to determine if an additional low level port can effectively 

provide wacner winter reservoir releases and subsequently reduced river ice 

cover development downstream relative to that with the "original design". 

Comparisons of river ice s~lations for the alternative power intake designs 

are based on the "warmest water" operating policy (Section 2.2), "case C" 

flow requiranents (section 2.3), watana and Wiltana + Devil Canyon operating 

("two-stage" project) and the 1971-72 and 1981-82 weather conditions. 
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2· 5 Alternative Designs for Devil canyon Qltlet w:>rks 

River ice sil'lul.ations are included for blo alternative designs for the intake 

to the Devil Canyon ootlet works. 'Ihe "present design" provides the outlet 

works intakes at elevation 930 and 1050 ft. MSL and was used for the 

"Instream Ice Sinulation Study" (Harza-E2)asco 1984b). As discussed in the 

License Application JIJmenanent (Alaska Power Authority 1985), an alternative 

"high level" intake at elevation 1425 ft. MSL was considered for the purpose 

of warming the reservoir release temperatures ~ 1°C to 2°C during summer 

oper&tion of the outlet works. .River ice simulations were performed to 

determine if such a change in summer release temperatures would have any 

effect on winter conditions. River ice results for the "present design" and 

"high level" outlet works are oc::Dpared on the basis of the "wcu:mest water" 

power intake operating policy (Section 2.2), "Case C" flow requirements 

(Section 2.3), the "original" and Elev. 1800 Watana power intake designs 

(Section 2.4) and the average 1981-82 winter weather conditions. 
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3.0 RESOLl'S 

3.1 General 

The supplementary river ice sinulation results are presented in Exhibits A 

through x. 'l1lese exhibits are presented in the sane format as those of the 

•rnstream Ice Sinulation Study• (Barza-Ebasco 1984b) and include the follow

ing infotmation: 

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

period and the corresponding ice cover thickness which existed on the 

date of maxinun stage. 

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

sinulation. 

3. Time history of water surface elevation, ice thickness and water tertt>8ra

ture at selected slough and side channel locations. 

Tables 3, 6 and 9 present a SlJIITiilrf of the maxinun simulated river stages and 

simulated ice front progression for the various alternatives considered in 

this study (see Olapter 2). With a similar format, Tables 4, 7 and 10 sum

marize the maxinun sinulated total ice cover thicknesses (i.e., solid + slush 

ice cx:up:>nents - Barza-Ebasco 1984b) and Tables 5, 8 and 11 show the maximum 

solid ice c::at{XXlE!nt 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 (Rarza-Ebasco 1984b) with simulations prepared for this 

supplementary study. 
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3.2 'lhree-Stage Project 

River ice simulations for the current "three-stage• Susitna Hydroelectric 

Project are presented in Exhibits A, B and c. 'ttlese results are summarized 

in Tables 3, 4 and 5 and Figures 7 through 10. These results are based on 

the "inflow-matching" operating policy and Case E-VI flow requirements. 

(Additional sinulatioos based on the case E-I flow requirements are shown in 

~bits o, E and F and are also summarized in Tables 3, 4 and 5.) The 

results are shown for operation of Stage I, Stage II and Stage III and are 

based on the average winter weather conditions of 1981-82. Results of the 

corresponding reservoir ~rature sinulations are shown in Figures 14, 15 

and 16. Simulated flow rates released fran the reservoirs are shown in 

Figures 11, 12 and 13. Sinulations of Stage I and Stage II are believed to 

be representative of typical ice conditions throughout the duration of those 

particular stages. The Stage III simulation represents conditions when the 

project's annual energy output is nearing its ultimate capacity. 

'1he river ice siJmllation results for Stage I, Stage II and Stage III indicate 

the following: 

3.2.1. Stage I Qperation 

a) Ice oover progres sion upstream of Talkeetna in an average winter is 

expected to begin in mid-December, approximately 3 weeks later than for 

natural conditions. The ice cover would reach a maximum extent near 

RM 139 in late January and would melt-out by late April, about 2 weeks 

earlier than the spring breakup of natural conditions. 

b) Maxinun total ice cover thicknesses in an average winter '«>Uld range fran 

3 feet to 9 feet along the river, and are generally similar to those of 

natural conditions. Maximum solid ice thicknesses of 3 'fee t are 

expected. 

-ll-
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c) MaxiDun river stages within the ice-covered reach (downstream of RM 139) 

in an average winter would generally be 2 to 6 feet hi~r than those of 

natural conditions and additional sloughs, including Slough 11, would be 

overtopped. '11lose sl~ overtqlped W'der natural conditions would be 

ove~ by greater anounts with Stage I operating. 

d) Upstream of the ice cover, the river would remain open with sane border 

ice and anchor ice expected within approximately 10 to 25 miles upstream 

of the cover. 

e) River ice results with case E-I flow-requirements are similar to those 

with case E-VI. 

3.2.2. Stage II Operatioo 

a) Ice cover progression upstream of Talkeetna in an average winter is 

expected to be further delayed fran Stage I operation, beginning in late 

December (approximately 6 weeks later than under natural conditions). 

Ice front progression is expected to reach a maxinl.un extent near RM 133 

in late January and would melt-out by late March, about 6 weeks earlier 

than the natural spring breakup. 

b) Maxinun total ice cover thicknesses in an average winter would range fran 

2 to 6 feet and would be less than or equal to those of natural 

conditions. Solid ice thicknesses of up to 3 feet are expected. 

c) Maxinun river stages within the ice-covered reach (downstream of RM 133) 

in an average winter would typically be 1 to 4 feet higher than those of 

natural conditions and would cause an additional overtopping event at 

slough a. 

d) Upstream of the ice cover, maximum river stages would be less than or 

equal to those of n.atural conditions, and Slough 9A would oo longer be 

ove~. water tEII'(:leratures in this reach (i.e., upstream of RM 133) 
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would ~in above o•c for Stage II operation in an average winter and no 

border or anchor ice is expected. 

e) River ice results with case E-I flow requiranents are similar to those 

with Case E-VI. 

3.2.3. Stage III q.ratioo 

a) Ice cover progression upstream of Talkeetna in an average winter is 

expected to start at the beginning of Januacy, similar to that of Stage 

II operation and about 6 weeks later than under natural oonditions. 'l1le 

ice cover is expected to reach a maximum extent near RM 114 in late 

Jarauary and would malt out by early March, about 9 weeks earlier than the 

natural spring breakup. 

b) Maxinm total ice cover thicknesses in an average winter would range fran 

1 to 3 feet and would be several feet less than under natural conditions. 

SOlid ice thicknesses are not expected to exceed 1.5 feet. 

c) Maximum river stages within the ice-covered reach (downstrean of ~ 114) 

in an average winter would be about 2 feet higher than those of natural 

comitions. 

d) ~trean of the ice cover, maxinun river stages would be typi..:ally less 

than those of natural conditions. Slcugh overtoppings in this reach 

would be less frequent and less severe than under natural conditions. 

e) River ice results with case E-I show somewhat greater ice developnent 

than with Case E-VI. Slough overtcppings and the timing of the ice front 

progression, however, remain similar for case E-I and CasP. E-VI. 

f) '!he Stage III simulation described above is based on the projected energy 

demand when the project is operating near its ultimate capacity. Earlier 

in the Stage III operation, it is expected that river ice conditions 

would be generally similar to those described above, except that the ice 
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COII'8r may progress to a point between ~ 120 and ~ 126. 'Ibis conclus ion 

is based on simulation of the final stage of the two-stage project 

(equivalent to Stage III) for an energy demand which is slightly less 

than the demand during the early years of Stage III operation (Exhibit 

N) • 

3.3 Alternative Qperating Policies for watana and Devil Canyon Multi-Level 

PQ.Ier Intakes - ~tage" Project 

3.3,1 watana Qperating Alone with 2001 Energy Demand 

River i~e simulation results for the alternative power intake operating 

policies for watana operating alone ("two-stage" Project) are presented in 

EXhll>its G through L. A SU1IDiliY of these results is shown in Tables 6, 7 and 

8. (Note that these exhibits and tables also consider the effects of the 

alternative instream flow requirements - see Section 3.4.) 

Review of Tables 6, 7 and 8 suggests that the relative effects on river ice 

of the alternative Watana power intake operating policies (i.e. "inflow

matching", "wannest water" and "lowest port• - see Section 2.2) do not fellow 

a simple general trend. lbese 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 17, 18 and 19 show these correspondil"g reservoir tempera

ture simulation results for the alternative power intake operating policies 

based on watana operating alone with 2001 energy demand. 

Figure 17 shows that, based on Case C flows and 1981-82 weather conditions, 
the "lowest port" operating policy provides significa ntly warmer releases 

(often by l°C or more) during the winter months than either the "inflow

matching" or "wannest water" policies. ntis is reflected in the river ice 

results (Tables 6, 7 and 8) which show a significantly ~ced 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 17 also shows that the "lowest port" policy provides summer 
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releases in the range of 6 to 8°C. 'lhese tenperatures are often 4°C colder 

than those obtained using the "i nflow-matching• or •waruest water- policies. 

FUrther downstream, however, this tauperature difference is only about 2•c 
(Alaska Power Authority 1985). 'lb 8aiB extent, these cold Sl.l'llller releases of 

the "l0111est port• policy may allow the reservoir to store a relatively large 

amount of thermal energy (compared to the alternative policies) which can 

subsequently be released in the form of wanner water the following winter. 

Based on case C flows and the 1981-82 weather conditions, it therefore ap

pears that the "l0111est port• policy is m:>re effective than the other policies 

in reducing the extent of river ice development. 

Baaed oo the case C flows and 1981-82 weather conditions 1 Tables 61 7 and 8 

show that the •warmest water" qlerating policy is not effective in reducing 

river ice development relative to "inflow-matching•. In fact, simulated 

results of the •warmest water• policy at some locations show greater ice 

thicknesses and river stages than the "inflCIW-1natching• policy. These river 

ice results are consistent with the corresponding reservoir temperature 

si.Dulatioo results (see Figure 17) which show tha:t, 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 

pc:Mtr intake qlerating policies are year-round policies. As shown in Figure 

17, the s\.IIU'Iler releases of the •wanmst water• policy are often warmer than 

those with "inflow-matching". 'lhe •warmest water• policy may therefore cause 

faster ~epletion of thermal energy storage in the reservoir and subsequently 

colder water available for release the following winter. 

A canparison 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. 'lhe simulated river ice results for case E-VI are again consis

tent with the corresponding reservoir temperature sinulation resul~ shown in 

Figure 18. With case E-VI (see Figure 18) I the •wannest water• policy agaht 

shews sl.l'llller releases whi ch are oft n warmer than those of "inflCIW-1natching" 1 

oot also shows wauner winter releases. In this case, the reservoir ice cover 
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f ormed earlier with the •warmest water• policy than with the •inflow

matching" policy and subsequently tended to insulate the reservoir fran the 

further cooling effects of wind and air tertperature. The earlier ice cover 

formation with •warmest water• policy appears to be caused by removal of 

greater anounts of wann water fran near the reservoir surface, resul ting in 

cooler surface tenperatw.es. Is shown in Tables 6, 7 and 8, si..nulated river 

ice results for Case E-VI with the •wannest water• policy show reduced ice 

thicknesses, river stages and ice front extent and fewer slough overtopping& 

relative to "inflCJW-1M.tching". 

Alternative operating policies for watana qlerating alone with 2001 energy 

demand and case C flows are also simulated for 1971·-72 weather conditions 

(cold winter). For . these conditions, Figure 19 stxlws that J:eservoir releases 

with the •wa.rmest water• policy are warmer during the winter months than 

those with the •inflow-matching• policy. These release temperatures are 

again reflected in the si..nulated river ice results. As shown in Tables 6, 7 

and 8, the •warmest water• policy (with Case C flows, 2001 energy demand, 

1971-72 weather) results in reduced ice thicknesses and river stages and 

fewer slo.Jgh overtopping& in the reach upstream of River Mile 126 relative to 

the "inflCJW-1M.tching" policy. 

).3.2 Watana and Devil Canyon Operating with 2002 Energy Demand 

River ice si..m.Jlation results for the "inflow-matching" and "wannest water" 

power intake q>erating policies for watana and Devil Canyon q>erating ( "'I'vt'o

Stage• Project) with 2002 energy denand are presented in Exhibits M, N and o. 
These results are based on Case C and Case E-VI flows and the 1981-82 

(average) weather conditions. As shown in Tables 6, 7 and 8, the river ice 

results for the "warmest water• policy are nearly identical to t l.ose with 

with "inflow-matching• policy. The corresponding reservoir temperature 

simulation results (Figures 20 and 21) show that the "wannest water• policy 

provides slightly warmer winter releases than "inflow-matching•, but t his 

difference is not great enough to significantly affect the river ice 

developnent. 
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3.4 Alternative Instrearn Flow Requirements - •Two-stage• Project 

3.4.1 watana C\)erating Alone with 2001 Energy Demand 

River ice simulation results for watana operatiD;;J alone with the Case c and 

Case E-VI alternative flow requirements are presented in Exhibits G, H, J and 

K. These comparisons are based on the •TWo-Stage• Project, the 1981-82 

weather conditions and 2001 energy demand and consider both "inflow-matchiD;;J" 

and •warmest water• intake operating policies. Results are stmnarized in 

Tables 6, 7 and 8. As discussed in Section 3.3.1, trends in ri~er ice 

siDulation results reflect the correspondiD;;J trends in the reservoir t~ra

ture simJJ.ation results. Sinulated Wi!ltana reservoir release tenperatures for 

the alternative instrearn flow requirements are carpared in Figures 22 and 23. 

Based on the •inflow-matchiD;;J" policy, simulated reservoir release tempera

tures during the winter for Case C and Case E-VI show significant time

variation (Figure 22) but the average winter release temperatures for the two 

flow cases appear quite similar. 'ttle correspondi~ river ice si..nulations for 

•inflow-matchiD;;J• show that Case E-VI causes slightly greater i ce thicknesses 

and river stages upstream of River Mile 126 and slightly reduced ice thick

nesses and river stages downstream of River Mile 126 relative to Case c. 11'\e 

extent of the ice cover progression and the occurrences of slough overto

ppings, however, ranains nearly the sane for Case C and Case E-VI. 

Based on the •warmes t water• policy, Figure 23 shows that Case E-VI results 

in warmer winter reservoir releases (often by l°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 6, 7 and 8) based on the "waorest water• policy. 
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3.4. 2 watana and Devil Canyon (!lerating with 2002 Energy Demand 

River ice sinulation results for the alternative flCM requirements with both 

dane ~rating are presented in Exhibits M, Nand o. Comparisons of Case C 

~nd Case E-VI are based on the "Two-Stage• Project, the 1981-82 weather 

conditions and 2002 energy demand and include "inflCiiMIIatching" and '"warmest 

water• operating poli.cies. Corresponding results of the Devil canyon reser

voir release teuperature si.Jrulations are shewn in Figures 24 and 25. 

Figures 24 and 25 shCM that the sinulated winter releases fran Devil canyon 
reservoir for case E-VI are generally quite similar or only slightly colder 

than those of Case c. 'lbis trend is reflected in the river ice sinulations 

which shCM generally similar river stages, ice thicknesses and slough overto

pping& for case C and Case E-VI flCM requirements. 

3.5 Alternative Designs for watana Multi-Level Power Intake - "Two-Stage" 

Project 

3. 5.1 .;.;wa==...;epe~.;;.ra;;;;t;;;;i;.;.;ng-..,;;Al=one;.;;;;.....;;w;.;;i.;;;th;;...;;;2;.;.00.;;.;1::....=Ene=rgy:;.ow.....;Demand== 

River ice sinulation re~ · -"1 for alternative watana power intake designs (see 

Section 2.4) are presented :...'l Exhibits H, L and P through U based on Watana 

operating alone ("Two-Stage" Project), 2001 energy dEmand, case C flCMS and 

the •warmest water• operating policy. These results are summarized for 

canparison in Tables 9, 10 and 11. Figures 26 and 27 shCM sinulated reser

voir release temperatures for several of these alternatives and are 

consistent with the trends in river ice si.rm.llation results. 

Tables 9, 10 and 11 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 conditions, the largest reduction in ice extent, relative 

to the original intake design, is simulated for the addition of an intake 

port at elevation 1636 ft. For this alternative, the ice cover extent is 
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redlced by 9 miles and simulated overte«>ing at sloughs 9A, 11, 20 and 21 is 

prevented, relative to the original intake design. 

Provision of a lower level intake port at elevation 1880 or 18 00 ft., 

however, does not necessarily result in significantly reduced river ice 

development. Based on the 1971-72 weather conditions, for example, an addi

tiooal intake at elevation 1880 ft. provides no reduction in river ice extent 

or slough overtoppings relative to the original intake design. A lower level 

intake at elevation 1800 ft. shows only a vecy slight reduction in river ice 

extent and prevents at most only one additional slough (Slough 21-A6) from 

overtopping relative to the original design. 

It therefore appears that the addition of lower level Watana power intake 

ports at elevation 1636 would substantially reduce the extent of river ice 

deYelopnent relative to the "original desigp". Intake ports at elevations 

1880 or 1800 ft, however, may not be vecy effective. 

3.5.2 watana and Devil Canyon <prating with 2002 Energy Demand 

River ice stmulation results for alternative watana intake designs are 

presented in Exhibits M, V, W and X based on watana and Devil Canyon operat

ing ("'IWO-Stage" Project), 2002 energy demand, 1981-82 weather conditions, 

case C f lows and the "warnest water• intake operating policy. 'lbese results 

are S\.Dtl!Mrized for ~ison in Tables 9, 10 and 11. Note that canparisons 

are based on both "present" and "high" alternative designs for the Devi l 

Canyon outlet works (see Section 2.5). Figures 28 and 29 show the cor

responding reservoir release tf31tt)8rature simulation results . 

Tables 9, 10 and 11 show that an additional watana intake port at elevation 

1800 results in a vecy slight reduction in river i ce developnent relative t 

the original watana intake designs. For the most part, river stages and 

slough overtoppings with the lower (Elevation 1800) i ntake are the same as 

those with the original design. This trend occurs based on both the "present 

design" and the "high level" Devil canyon outl et works. I t t herefo _ aga · n 
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appears that lower level Wl!ltana power intakes at elevations 1880 or 1800 ft 

may not be very effective in reducing river ice developnent• 

3.6 Alternative Designs for Devil canyon OUtlet WOrks - •TWo-stage• Project 

River ice sinulation results for the •present• and •high level• designs for 

the Devil canyon ootlet works (see Section 2. 5) are presented in Exhibits M, . 
v, Wand x. 'lhese alternatives are based on 1981-82 weather conditions, the 

•TWo-stage• Pro j ect, 2002 energy demand, case c flows and •warmest water• 

operating policy. 'lhe results are SliiiMrized for carparison in Tables 9, 10 

and u. Corresponding results of the reservoir release terrperature si.nula

tions are shown in Figures 30 and 31. 

AS shown in Tables 9, 10 and 11, there is no s ignificant difference in river 

ice results between the alternative Devil canyon outlet works designs. This 

is true based on both the •original design• and the alternative •El. 18oo• 

design for the Wl!ltana power intakes. The similarity of winter reservoir 

release temperatures for the alternative Devil Canyon outlet works is ·ap

parent from Figures 30 and 31. 
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4. 0 CXH::LUSIOOS 

'!he following conclusions are based on the river ice sirroJlations presented in 

th.is study and the •Instream Ice Sirrulation Study• (Harza-Ebasco 1984b). 

4.1 "11lree-st:age• Project as CUrrently Adopted - Average Winter weather 

Expected river ice conditions during an average winter with operation of 

Stage I, Stage II and Stage III are as shown in Figure 10 and described in 

section 3.2 of this report. Ice front progression at Talkeetna, with Stage I 

operating, would be delayed about 3 weeks (relative to natural conditions) 

until mid-Deoember, and would be further delayed until late Decenber or early 

Jamaey with the q>eration of Stages II and III respectively. Spring meltwt 

in the Middle SUsitna River with Stage I operating would be <Xtll>leted by late 

April about 2 weeks earlier than the natural breakup. With addition of 

Stages II and III, the meltwt would be further advanced, occurring in late 

to early March, respectively. 

The maximum upstream extent of the ice oover during an average winter would 

be in the vicinity of ~ 139 with Stage I operating. This ice cover extent 

would be reduced to near ~ 133 with Stage II operating and further reduced 

to the vicinity of ~ ll4 with Stage III operating. '!he total thickness of 

the river ice cover with Stage I operating 1o100ld be generally similar to that 

of natural oond.itions. Ice cover thickness would be progressively reduced 

with the addition of Stages II and III. 

MaxLmum river stages within the ice-covered reaches during operation of 

Stages I, II and III would generally be several feet higher than those of 

natural conditions. The frequency and magnitude of slough overtoppings 

within the ice-covered reaches during project operation would therefore be 

greater than under natural conditions (Table 3). Mitigation measures such as 

construction of berms will therefore be undertaken with the project to 

prevent these sloughs fran overtopping. UpstreCill of tr ice-cover, however, 

maximum river stages with the project q>erating would be generally less than 

or equal to those of natural conditions. Frequency and magnitude of slough 
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overtoppings upstream of the ice cover with the project in cp!ration would 

therefore be less than or equal to natural conditions. 

4.2 weather CoOOitions 

'rtle conclusions of Section 4.1 above are based on the average winter weather 

conditions of 1981-82. In a cold winter, such as that of 1971-72, the ice 

front progression upstrean of Talkeetna would be expected to begin several 

weeks earlier and would extend a few miles further upstrean than with the 

average winter conditions. 'lbe maxircun with-project ice front progression 

would occur with Stage I cp!rating during a cold winter and would be expected 

to reach the vicinity of RM 142 (versus RM 139 in an average winter). 

Maxinun ice cover thicknesses and river stages in a cold winter are likely to 

be about 2 feet greater than those in an average winter. Further slough 

overtopping would therefore be expected in a cold winter. 

In a very warm winter, such as that of 1976-77, the extent of the ice cover 

is expected to be a few miles downstream of that in an average winter. 

Maxircun ice cover thicknesses and river stages in a very warm winter are 

expected to be about 2 feet less than those in an average winter. Fewer and 

less severe slough overtoppings are therefore expected in a very wam winter. 

4.3 Alternative Power Intake Qperating Policies 

'lhe conclusions of Section 4.1 above were based on the recommended "inflow

matchi!V1" cp!rating policy for the 111Jlti-level power intakes. It is expected 

that the •warmest water" and the "lowest port• alternative operating policies 

may tend to reduce sanewhat the ice cover extent and maxinun ice thicknesses 

and may result in fewer slough overtoppings, relative to the "inflow

matching• policy. However, this trend did not hold for all of the 

sensiti vity sbrulations and should not be counted on as a general rule. In 

particular, with Devil canyon Di!ln in operation (Stages II or III) the alter

native operating policies are expected to have no significant effect on river 

ice. 
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4.4 Alternative Instream Flow ReqiJirements 

The expected river ice conditions with the Case E-I or Case C flow require

ment are not significantly different from those with the recommended Case 

E-VI requirements. 

4.5 Alternative Designs for watana Power Intake 

The conclusions of Sectioo 4.1 above are based oo the Stage I and Stage III 

multi-level power intake elevations shown in Table II. It is expected that 

provision and use of alternative lower intake ports would generally tend to 

reduce sanewhat the extant of the ice froot progression and the maxi.nun river 

stages near the upstream extent of the cover. HOwever, substantial reduc

tions in the ice conditions are not expected to occur consistently unless a 

ver:y low intake port at Elevatioo 1636 is provided. 

4.6 Alternative Elevations for Devil canyon OUtlet WOrks 

It is expected that an alternative high level intake at elevation 1425 ft. 

MSL would have no significant effect on river ice relative to the present 

design for the Devil canyon cutlet works. 
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RIVER MILE 13718Y MEANS Of IOROFII 
CE BRIDGING 

... 
~ 
rm 
w 



SLOUGH OR RIVER 
SlOE CHANNEL MILE 

Whhlo .. IOU 

a... c... 112.0 

lA 112.:1 

• 114.1 

IIIII 111.1 

Mill 111.1 

Cuny 120.0 ...._ 123.5 

lA West 121.1 

IAE•t 127.1 

• 121.3 

tu/1 1:JU 

4111 July 1J1.1 

lA 1l:J.7 

IOU/I 134.3 

lid/• 1a3 

11 138.1 

17 1:11.3 

20 140.5 

21(Afl 141.8 

21 142.2 

22 144.8 

IUIITNA HYDROELECTRIC PROJECT 
IIAXIIIUII SIMULATED TOTAL ICE THICKNESS 

1811-12 WEATHER CONDITIONS (AVERAGE WINTER) 
THREE-STAGE PROJECT va NATURAL CONDITIONS 

WATANA ONLY WATANA ANO DEVIL CANYON 
THAt: HOLD NATURAL 
ELE'V n oN ~IOHS 

STAGE I STAGE II STAGE 1M 

CASE E-VI CASE E-1 CASE E-VI CASE E-1 CASE E-VI CASE E-1 

387 4 3 3 3 3 2 2 I),._ 4 3 4 6 6 I 3 

IUplondl 4 3 4 6 6 I 3 

471 4 3 6 4 3 I 2 

482 6 3 7 4 4 1 

417 7 3 8 8 7 1 

u..-n 7 7 7 2 2 1 .,._ 
7 II II s 4 

11:1 3 4 3 3 3 

182 3 3 3 2 2 

11M 7 3 4 2 2 .,._ 8 3 4 2 2 u .. _ 
3 3 4 I I 

.1 3 6 6 

.7 3 II 7 

u'*- 3 7 6 

107 3 4 3 --- -u'*-
730 

747 

756 

71111 

~ .... Til AM RY I IIOUHOA Of 
NA TUAAliiMUlA fiONI 

TABLE 4 

NOTE I : 

I ALL ICE rHICKNESS IN FEET. 

2. " INFLOW MATCHING" POWFR INTAKE 
OPERATI:'!G POLICY IS ASSUMED FOR 
PROJECT SIMU LATIONS. 



SLOUGH OR RIVER 
SlOE CHANNEL MILE 

....... IOU 

o.IIC. ... 112.0 .,. 112.3 

I 114.1 

Mill 111.1 

Mill 1ltll 

Curry 120.0 ..... 123 s .,. ..... 12&. I 

lA Eat 127.1 

• 121.3 . ..,, 130.1 ...... tlU 

lA 133.1 

tOM/a 134.3 

11dll 131l.3 

11 131.5 

17 131.3 

20 140.5 

21 .,.., 141.1 

21 142.2 

22 1 4.1 

SUSITNA HYDROELECTRIC PROJECT 
MAXIMUM SIMULATED SOLID ICE THICKNESS 

1881-82 WEATHER CONDITIONS (AVERAGE WINTER) 
THREE-STAGE PROJECT ve NATURAL CONDITIONS 

WATANA ONLY WAUNA AND DEVIl CANYON 
THRESHOLD NATURAL 
ELEVATION CONDITIONS 

367 4 

Ut*- 4 

f\Jpllndl 4 

478 4 

U2 4 

417 4 .... _ 
4 

Ut*"""'n 4 

573 3 

5a2 3 

104 J .... _ 
3 

Ut*- 3 

161 3 

M7 3 

Ut*- 3 

101 3 --- -
Ut*-

730 

747 

155 

710 

'--

STAGE I 

CASE E-VI CASE E-1 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 
2 2 

2 1 

2 1 

1 I 

I I 

I 1 

I I 

I I 

Ul'lllllAMIIOUNDAIIY Of 
NA lUll A~ SMU~A liONS 

STAGE N STAGE. 

CASE E-VI CASE E-1 CASE E-VI CASE E-1 

3 3 1 1 

3 3 0 I 

3 3 0 I 

3 3 0 I 

1 1 0 

1 1 0 

2 I 0 
I I 

I I 

1 I 

1 I 

0 0 

0 0 

. 

TABLE I 

NOTU· 

1 ALL ICE THICKNESS IN FEU 

2. " INflOW MATCHING" r<>WE II INTAKE 
OPERA liNG H>LICY 1$ ASSUMED fOR 
'ROJEC f SIMULA liONS 

o ~~· II I'll \1 NlS \flllll let 
IOIMAIION • 0. ~ · 1111 K 



SUSITNA HYDROELECTRIC PROJECT 
MAXIMUM SIMULATED WINTER RIVER STAGES,TWO-STAGE PROJECT: SENSITIVITY STUDIES 
ALTERNATIVE POWER INTAKE OPERATING POLICIES AND INSTREAM FLOW REQUIREMENTS 

WATANA ONlY : 2001 ENERGY DEMAND ~A TANA +DEVIL CANYON: 2002 DEMAND 

SLOUGH OR RIVER THRESHOLD WINTER 1111·U WINTER 1111-12 WINTER 1981·U 

SIDE CHANNEL MILE ELEVATION 
CASEC FLOWS CASE E- VI CASEC CASEC CASE E- VI 

I I w I L I I w I I w I I w I I w ....... 101.1i 317 [ill) (ill] lRID liD] llili1 (ill] [ill) ~ ~ ~ ~ 
GeoiiCt .... 112.0 u..- 461 458 458 458 467 459 459 456 455 458 455 

lA 112.3 fUplendl 464 461 4110 4110 460 461 461 468 468 4511 468 

• 114.1 411 Iilli lilil 476 476 475 lilil Iilli 475 475 478 478 

MSII 11&.6 412 ~ ~ riD1 ~ ~!iLl l!i!l ~ (gi) ~ ~ ~ 
MSII 11&.11 411 ~ ~ ~ ~ ~ @] ~ H!iJ ~ (g§J 487 

Cuny 120.0 u'*- 526 526 622 624 522 525 527 520 520 520 520 

~ ---- 123.& u..- 663 658 552 552 646 555 556 648 548 548 548 

Iilli Iilli -~ [ill] Iilli 
r-----

lAW. 12e.1 &73 569 575 568 f;68 571 511 

1!!!1 mJ I Iilli ~ ~ 
~--

IAE• 127.1 512 582 585 580 581 581 581 

I 12e.3 104 ~ 1!!1 802 @!) 803 ~ 807 801 801 801 801 ... ,. 130.1 u..- 120 820 I 811 8~1 I 611 625 622 616 818 818 818 

4dl July 131.1 u'*- 832 833 I 828 833 I 828 636 833 627 827 827 827 

lA 133.7 lli1 (!@ I!Bl 850 ~J 650 ~ (@ 650 649 8411 849 

1011/t 134.3 167 -~ li§ii) I 658 ,_liQl 656 ~ @] 655 655 655 655 

11 d/t 136.3 u..- 867 ! 670 I 868 668 868 676 674 667 661 867 867 

11 131.& 117 663 684 664 664 664 ~ ~ 682 682 662 682 

11 131.3 u..- 715 715 115 715 715 121 718 714 714 714 714 

20 140.6 730 729 729 729 729 729 (ill) lilil 128 128 728 728 

211AII 141.1 141 141 747 747 747 141 liD) [ili) 745 746 746 746 u- --=-21 142.2 1&& 753 7!>3 763 754 754 ~ 754 752 752 752 752 

22 144.1 711 181 787 7R 787 787 T;&1 787 785 785 785 785 

L__ UPSTREAM EXTENT OF ICE COVER PROGRESSION 

SIMULATED ICE FRONT PROGRESSION: 

Ice Front S..t II Ri¥1r Mile 111.8 12 30 12 28 I 2 12 28 I 3 II 28 12 I •2 JO II 12 JO 12 31 

Ma•imum Ice Front htont IRI¥• Motel 134 136 126 134 173 142 142 124 124 126 126 

Melt Out Dele 43 329 3 19 3 23 39 5 15 53 312 3 13 3 19 318 

TABLE 8 

NOTES: 

1. CJ LOCATIONS WHERE MAXIMUM 
RIVER STAGE OVERTOPS A 
KNOWN SLOUGH THRESHOLD 
ELEVATION. 

2. OPERATING POLICIES FOR WATANA 
AND DEVIL CANYON POWER INTAKES: 

INFLOW·MATCHING 

W WARMEST WATER 

l LOWEST PORT 

3. ALL RIVER STAGES IN FEET MSl. 

4 "'OICINAI lllSICN' FOR WATANA 
POWER INTAKE IS ASSUMED 
THROUGHOUT. 

&. WINTER AIR TEMPERATURES: 
11181-82 AVERAGE 
1971 ·72 COLD 

8. TWO·STAGE PROJECT. 

... ,.. 
II ,.. 
m 
0. 



SUSITNA HYDROELECTRIC PROJECT 
IIAXIIIUII SIMULATED TOTAL ICE THICKNESSES,TWO-STAGE PROJECT: SENSITIVITY STUDIES 

ALTERNATIVE POWER tNT AKE OPERATING POLICIES AND INSTREAII FLOW REQUIREMENTS 

WATANA ONLY: 2001 ENERGY DEMAND WATANA+DEVIL CANYON:2002 DEMAND 
·--· 

SlOUGH OR RIVER THREIHOLD WINTER 11181·12 WINTER 1171-72 WINTER 11181·12 
SIDE CHANNEL MILE ELEVATION 

CASEC FLOWS CASE E- VI CASEC CASEC CASE - E- Vl 

I I w I L I I w I I w I I w I l w ....... 101.6 .7 3 3 2 3 2 5 5 2 2 3 2 

OaoltCtooll 112.0 Uo*- 7 3 3 2 2 5 5 2 2 3 2 

lA 112.3 ......... 7 4 3 2 2 5 5 3 2 4 3 

I 114.1 471 4 3 3 2 I 5 5 3 J 4 3 

Mill 111i.li 412 5 4 4 3 1 6 6 3 2 3 1 

Mill 115.1 417 II II II 3 1 5 6 ~ 3 4 3 

Cuny 120.0 Uo*- II 7 3 4 2 5 7 1 1 1 1 

Mooto 123.11 Uo*- 5 II 6 4 6 8 I 1 3 3 

lAW. uu li73 2 3 2 2 5 4 I 1 

lA fall 127.1 lil2 2 2 2 4 3 

I 121.3 104 1 2 2 6 2 
lu/1 130.1 Uo*- 1 2 2 6 3 .... ....., 131.1 Uo*- 2 3 3 7 3 
lA 1331 11111 1 3 2 8 5 
1011/1 134.3 151 I 3 2 9 7 

11dll 1311.3 Uo*- 2 8 6 
11 1.1i 117 5 3 

n 1.3 Uo*- 13 3 

20 140.6 730 12 5 
21 CAll 141.1 747 3 I 
21 142.2 1lili I 

22 144.1 111 

TABLE 7 

NOTES: 

1. OPERATING POLICIES FOR WATANA 
ANO DEVIL CANYON POWER INTAKES: 

I INFLOW-MATCHING 
W WARMESTWATER 
L LOWEST PORT 

2 ALL ICE THICKNESSES IN FEET 

3. 'OaiCINAI. llt:SIGH" FOil 
WATANA POWER INTAKE IS 
ASSUMED THROUGHOUT 

4. WINTER AIR TEMPERATURE : 
11181 ·82 AVERAGE 
1971 ·12 COLD 

r.. TWO-STAGE PROJECT. 

.... • ID 
r 
m ..., 



SUSITNA HYDROELECTRIC PROJECT 
MAXIMUM SIMULATED SOLID ICE THICKNESSES, TWO-STAGE PROJECT: SENSITIVITY STUDIES 

ALTERNATIVE POWER INTAKE OPERATING POLICIES AND INSTREAM FLOW REQUIREMENTS 

WATANAONLY : 2001 ENERGY DEMAND WATANAtDEVIL CANYON:2002 DEMAND 

r-;;INTER 197172 
--

SLOUGH OR RIVER THRESHOLD WINTER 191U2 WINTER 1911 12 

SIDE CHANNEL MILE ELEVATION --- --
CASEC FLOWS CASE E- VI CASEC CASEC CASE E- VI 

I I w I L I I w I I w I I w I I w 
Whlolo•• 101.1i ll7 3 3 2 3 2 5 6 2 2 3 2 

a.hCteolo 112.0 u,._ 3 3 2 2 I 5 5 2 2 2 2 

lA 112.3 (Uploftdl 3 3 2 2 I 5 5 2 2 2 2 

I 114.1 478 2 3 2 2 I 5 5 2 2 2 2 

MSII 11fi.6 412 2 2 I 2 I 5 4 I I I I 

MSII 111i.l 417 2 2 I 2 I 5 5 I 1 I I 

Currt 120.0 u,._ I 2 I 2 0 5 4 I I I 1 .._ 123.11 u..- I I I I 4 3 0 0 I 1 

IAW..I 121.1 1173 1 I 0 I 4 3 1 0 

IAE• 127.1 1112 1 1 I 4 3 

•• 121.3 104 1 I 1 4 2 ... ,. 130.1 u..- 1 1 0 4 2 

4111 July 131.1 u..- 0 I 0 4 2 

lA 133.7 1111 0 0 0 4 2 

10 ulo 134.3 1117 0 0 0 3 2 

11 dlo 135.3 u..- 0 3 2 

11 131.5 117 3 I 

11 131.3 
u .. _ 

2 I 

20 140.!i 730 2 I 

211AII 141.1 741 I 0 

21 142.2 755 0 

22 144.8 788 

TABLE 8 

NOTES: 

I. OPERATING POLICIES FOR WATANA 
ANC DEVIL CANYON POWER INTAKES. 

I INFLOW·MATCHING 
W WARMEST WATER 
l LOWEST PORT 

2. All ICE THICKNESSES IN FEET . 

3. •OJiteiN.\1 I~ FORWATANA 

POWERINTAKEISASSUMED 

THROUGHOUT. 

4. WINTER AIR TEMPERATURE . 
1911 82 AVERAGE 
1171 72 COLD 

5 . TWO STAGE PROJECT 

lo . '0' RIPRI SINlS SOtlll ICl fORMATION 

< 0 .5 ' HUCk 

... ,.. 
CD ,.. 
m 
CD 
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SUSITNA HYDROELECTRIC PROJECT TABLE 8 
IIAXIIIUII SIMULATED WINTER RIVER STAOES,TWO-STAOE PROJECT: SENSITIVITY STUDIES 

ALTERNATIVE DESIGNS FOR WATANA POWER INTAKE AND DEVIL CANYON OUTLET WORKS INTAKE 

WATANA ONLY : 2001 ENERGY DEMAND WATANA+DEVIL CANYON:2002 DEMAN(I 

aOUOHOR 
110£ CHANNEL 

RIVER 
MILE 

~----------~--·-r----------~~~~---------, 
THRESHOLD WINTER 1111·12 WINTER 1111-12 

ELEVATION r----1 .I - - I .I ,I .I 

....... 
GMICrell< .... 
I 

Mill 

Mill 

Cwry .... ....... 
lA Eeet 

I . ..,. 
411t.lltfy .... 
10"" 

11dh 

11 

17 

20 

:UIMI 

21 

22 

101.& 

112.0 

112.3 

114.1 

1111.11 

1111.1 

120.0 

17J.II 

121.1 

127.1 

121.3 

130.1 

1:11.1 

133.7 

134.3 

131.3 

131.11 

131.3 

140.6 

141.1 

142.2 

144.1 

317 

IMIL

IUpMndl 

471 

412 

417 

IMIL

IMIL-

173 
1112 

104 

IMIL

IMIL-

111 

117 

u..-
117 

Unll-

730 

747 

)16 .,.. 
SIMULATED ICE FRONT PROGRESSION: 

lceFr-s..tMR ... Milell.l 

MMimuon Ice Fr011t h .... (R ... Mile) 

Melt-oul Date 

-. 1110111110 I 110011no -. 1110111110
1 
110011no

1 
1100111100

1 
11311147o 

&illJ miD 
451 451 

481 481 

HiiJ liW 
B!i) Hiii 
(ig) B!!J 
626 622 624 

&lie 661 662 

Iilli 672 11!1 

~~~L_I-
820 I 811 611 

833 1 828 628 

i!B I 6!i0 8!i0 
(iii) 8li8 856 

r-~!.O:J 688 887 
884 883 883 

715 

7211 

747 

753 

787 

12 28 

136 

329 

715 

7211 

747 

753 

787 

I 2 

126 

315 

715 

7211 

747 

753 

781 

1·1 

129 

320 

NOTES: 

1m) mJ 
4611 481 

481 484 

(ffiJ l!!iJ 
ri!1 B!iJ 
1m! fWJ 

1m) 
4611 

481 

IWJ 
[!iii 
~ 
518 

557 

lm:l 
Iii] 
~ 

1m) 
481 

484 

WiJ 
Bl!! 
~ 
527 

51ie 

liiiJ 
IYil 
I!!] 

mil 
480 

482 

BiiJ 
Iii 
lffil 
515 

H6 

irn 
iij) 
iiJ 

622 

633 

624 621 621 620 

635 633 633 631 

Iii) 
Iii» 

liH ~ g) l65o-
ii21 iijj ~ I 657 

612 673 673 I eea 674 

riiiJ (§iii g) li@j 883 
118 7111 7j7_J -716 

~ lml I~ liii1 
fii) li§) _j 147 747 

r-~,s,.- 7~4 753 753 

767 787 787 181 

121 

142 

(, J 

12 2 

142 

430 

12 2 

140 

426 

12·3 

139 

415 

715 

7211 

747 

753 

787 

12-6 

133 

4 5 

WINTER 1111·12 

IIAI.I
1 

I, WATANAPOWER 
~110011170 - 1110011170 ~INTAKE DESIGN 

PREll NT Ill. 10501 HIGH IEL. 142111 ~ DfVIL CANYON 
~ biiJ ~ ~ OUll n WOUS 

455 455 455 455 

451 451 451 451 

475 474 475 474 

l9il B!!l Biil (!g) 
IiiJ IU Iii 486 
520 520 520 520 

548_r-si5- ~54 .. -L 
-588 li6ll ~ 5ea 588 

UPSTREAM EXTENT 
lie I 511 511 511 OF ICE COVER 
1101 

816 

627 

6411 

655 

867 

862 

714 

728 

746 

752 

765 

1·1 

124 

3-13 

1101 

818 

827 

8411 

855 

867 

882 

714 

728 

746 

752 

765 

11 

122 

39 

1101 

818 

127 

8411 

865 

867 

882 

714 

728 

748 

752 

716 

I 1 

124 

3 14 

1101 

618 

827 
6411 

855 

867 

862 

714 

728 

748 

752 

765 

II 

122 

3 10 

PROGRESSION 

I D lOCATIONS WHERE M,AXIMUM RIVER 
STAGE OVERTOPS A KNOWN SLOUGit 

TllRESHOLD ELEVA liON. 

3 CASE C INSTREAM HOW REQUIR EMENTS AND 

" WARMESl WATER " POWER IN TAICF OI'FRA TING 
POLICY IS ASSUMED THROUGI·IOU T. 

5 . TWO STAGE PROJECT . 

7 Alt RIVER STAC.ES IN FHT MSl 4 WINTFR AIR T£MPERATURE 
l qH I H 1\V~RA .~ . 191 1 n C:O I 0 

... 
~ ,.. 
m 
co 



IUaiTNA HYDROELECTRIC PROJECT 
IIAX_,.. IMILATED TOTAL ICE THICKNESIEI,TWO-STAGE PROJECT: SENSITIVITY ITUDIEI 

ALTERNATIVE DEIIGNI FOR WATANA POWER INTAKE AND DEVIL CANYON OUTLET WORKS INTAKE 

ILOUOHOR RIVER TMfiEIHOt.O 
1101 CHANNEL MILE ELEVATION 

........ IOU ., 
011111 Cnoll 112.0 u..-
lA 112.3 ,.......,. 
• 114.1 471 ... 115.1 412 ... 1K.I "' c-., UD.O u..-..... 12.1.1 u..-
lA- 1&1 an 
lA EM 111.1 1112 

I 1&3 .. 
IM 1al u..-........ 131.1 u..-
lA 1317 .1 .. ..,. 134.3 ., 
~~~ 131.3 u..-
11 131.1 117 

11 1-.l u..-
2D 140.6 730 

211AII 141.1 741 

:n 142.2 766 

22 144.1 ,. 

WATAHA ONLY: 2G01 ENfRGY DEMAND WATANAtOEVIL CANYON::ZOOZ DEMAND 
- r · - -

WINUR 1•1"2 WINTER 111172 WINTER 1·1·12 

-11..,1110,110011110 - _1...,11101110011110 11100111001113111410 a~ 1«~10011710 -1110011170 

3 2 2 !) 

3 • • 6 

4 r. 3 !) 

3 3 3 6 

• 3 6 !) 

8 li 8 6 

1 2 5 1 

I 4 !) 8 
) I 3 4 

2 2 3 

2 2 

2 3 

3 3 

3 !) 

3 1 

2 !) 

l 

l 

!) 

I 

I . ALL RIVER STAGES IN FEET MSL 

f'f::ERNT til. IOSOI 

!) !) 4 3 7 7 

1 4 1 6 2 1 

1 4 1 !) 2 2 

8 4 5 • 3 2 

6 1 1 5 7 1 

1 11 8 8 3 7 

1 II 7 5 I I 

8 II 8 8 I 

2 3 3 3 

2 2 2 2 

3 3 3 I 
!) 2 3 I 

4 3 3 I 

l 6 s 
4 6 6 

l 4 4 

l l l 

4 ':1 

5 

I 

NOTES: 

'1 C E C INSTREAM FlOW REQUIREMENTS 
ANIO " WARMEST WATER" POWER INTAKE 
OP.E RATING POLICY IS ASSUM ED THROUGH 

l . NTfR AIR TFMP ERATURE 
198 1 82 AVERAGE 
I 7 1 1'1 COLO 

4 TWO STAGE PROJECT 

HtOH IEL 14251 

2 7 

2 1 

3 1 

3 2 

2 1 

3 1 

I I 

1 

~ 

• 

TABLE 10 

WATANAP'OWER 
INT AilE DESIGN 

DEVIL CANYON 
001111 WOitKS 

.... • ID ,.. 
m .. 
0 



IUIITNA HYDROELECTRIC PROJECT 
MAXIMUM SIMULATED SOl.IO ICE THICKNESSES,TWO-STAGE PROJECT: SENSITIVITY STUDIES 

ALTERNATIVE DESIGNS FOR WATANA POWER INTAKE AND DEVIL CANYON OUTLET WORKS INTAKE 

I&.OUOHOR RIVER 
SIDlE CHANNIEL MILlE 

........ 101.1 

a... 112.0 

lA 112.3 

I 114.1 

Mall 115.5 

IllS II 111.1 

Cwry 120.0 ..,.. 123.1 

lAW. 121.1 

lA &It 127.1 

I 121.3 . ..,. 130.1 ... .,.., 131.1 

lA 133.7 

10"" 134.3 

11d/a 131.3 

11 131.1 

11 131.3 

20 140.1 

21CAII 141.1 

21 142.2 

22 144.1 

WATAHA ONLY: 2001 ENIEROY DEMAND 

THRIEIHOLO WINTIER 1·1·12 WINTIER 1171-72 
IELIEVAJION 

_AL,11111111i01180Q/1770 ~ 1,..,,..,, 11001171011100115001 ,1311, .. 70 

ll7 3 2 2 s 5 s 4 3 

u..- 3 2 2 5 4 4 4 3 

IUp!Mdl 3 2 I s 4 4 4 3 

471 3 2 I 5 4 4 3 3 

412 2 1 I 4 4 4 3 3 

411 :> I I 5 3 4 3 3 

u..- 2 1 I 4 3 3 3 3 

u..- 1 I I 3 3 3 2 2 

173 1 0 I 3 2 2 2 I 

112 I 0 3 2 2 2 I 

11M I 2 2 2 2 0 

u..- I 2 2 2 2 0 

u..- I 2 2 2 2 0 

111 0 2 2 1 I 

117 0 2 2 I 1 

u..- 0 2 I I I 

117 1 I 1 I 

u..- 1 I 0 

1lO 1 I 

747 0 0 

111 

1. 

NOTES: 

1. ALL RIVER STAr.ES IN FEET MSL. 2 CASE C INSTREAM HOW REQUIREMENTS 
AND 'WARMEST WATER " POWER INTAKF 
OP ERATING POLICY IS ASSUMfO THROUGII 

3 WINTER AIR TEMPERATUR~ 

1981 82 AVERAGE 
1911 12 COLO 

4 TWO STAGE PROJ • CT 

WATANAtDIEVII, CAHYON:2002 DEMAND 

WINTIER t•t·U 

~~~110011170 ~ ~110011170 
PRIEIINT Ill. 10'101 -HIGH tiEL 14251 

2 2 2 2 

2 I 2 1 

2 I 2 I 

2 1 2 1 

1 1 1 1 

I I I 1 

1 0 I 0 

0 0 

'• 'II' kll'ki\INI\ \tlllll II I lllkAHIIIIN ' 01 \ ' 1111< ~ 

TABLE 11 

~' 
WATANA POWER 
INTAKIE DIESIGN 

~ 
DIEVIL CANYON 
OU 1111 WOIU:~ 

... ... 
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FIGURE 1 
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FIGURE 3 

WATANA MULTILEVEL INTAKE 

ORIGINAL DESIGN 

FIGURE 3 
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ENERGY CE~O • 2001 CASE C VS. CASE E- VI 
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