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1.0 INTRODUCTION 

1.1 OBJECTIVE AND SCOPE 

This report presents the results to date of the instream ice simulation 

studies for the Susitna Hydroelectric Project. The objective of these 

studies is to determine the effect of the proposed Watana and Devil Canyon 

Dams on river ice processes and the corresponding water surface elevations 

during the winter season in the Susitna River downstream of the dams. These 

studies are limited to the Middle Reach of the Susitna River (i.e., upstream 

of the confluence·with the Chulitna River- See Figure 1), wherein the 

greatest impact of the project is expected. 

The information presented in this report will be used in future environmen

tal studies, particularly in assessment of possible project impacts on. 

salmon incubation and spawning. Of special in.teres t in this regard are a 

number of slough and side channel areas, adjacent to the mainstem of the 

Susitna River, which are known to be the habitat for salmon spawning. 

Results of the river ice studies are therefore focused on several of the 

more important slough and side channel locatio,ns along the Middle Susitna 

River. Results include continuous descriptions of ice thickness, water 

surface elevation and water temperature at these locations. 

This report provides a comparison of simulated pre-project (i.e., "natural") 

river ice conditions with that expected during operation of the proposed 

project (i.e., "with-project"). In order to provide a broad range of com

parisons, various combinations of winter weather patterns, project energy 

demands, instream flow requirements and re!servoir release temperature 

policies were considered. The river ice simulations cover the six month 

period from November 1 through April 30, during which the freeze-up and 

melt-out of the Middle Susitna River is generally expected to occur with

project • 
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The river ice simulation studies represent one component of a coordinated 

environmental study effort. Corresponding simulations of the reservoir 

operation, reservoir temperature distribution and stream temperature 

provided boundary conditions on which the river ice studies were based. The 

results of these related studies were summarized in separate reports 

provided to the Federal Energy Regulatory Commission in the Alaska Power 

Authority's comments on the Draft Environmental Impact Statement. 

1.2 BACKGROUND INFORMATION 

The proposed Susitna Hydroelectric Project is to be located in south-central 

Alaska approximately 140 miles north-northeast of Anchorage and 110 miles 

south-southwest of Fairbanks. The proposed project, consisting of Watana 

and Devil Canyon dams, would generate electrical power for the Railbelt 

region of Alaska. The Watana and Devil Canyon dam sites are 184 and 152 

river miles, respectively, upstream from the mouth of the Susitna River at 

Cook Inlet. Construction of the Watana dam, an 885 ft high earthfill struc

ture, is planned to be completed in 1994 with power generation beginning in 

1996. The 645 ft high Devil Canyon concrete arch dam is planned to be 

completed in 2002. 

Observations of natural ice processes on the Middle Susitna River have been 

documented for the past four winters; 1980-81, 1981-82, 1982-83 and 1983-84 

(R&M Consultants 1981, 1982a, 1983, 1984). An additional study of natural 

hydraulic and ice conditions has also been presented (R&M Consultants 

1982b). The reader may find it useful to review these materials in order to 

become familiar with Susitna river ice processes and general ice terminology 

used in this report. 

The present river ice simulation studies are based upon application of the 

computer model "!CECAL." !CECAL computes hydraulic and ice conditions 

wichin the river on a daily basis and its capabilities are briefly outlined 

in Section 2.1. A detailed documentation of !CECAL and its calibration to 

the Middle Susitna River has been presented previously (Harza-Ebasco, 1984). 
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Each ICECAL simulation of with-project conditions is based upon correspond

ing simulations of the flow rates and water temperatures released from the 

Watana or Devil Canyon reservoir and the subsequent cooling (or warming) of 

this water as it travels in the river downs:tream. of the reservoir. Flow 

rates and water temperatures released from the proposed reservoirs are 

simulated with the Dynamic Reservoir SimulatiOill Model, i.e. "DYRESM" {Alaska 

Power Authority 1984). Results of the DYRESM simulations are input to a 

stream temperature simulation model, "SNTEMP" (Arctic Environmental 

Information and Data Center 1984, Alaska Power Authority 1984), which com

putes longitudinal stream temperature proflles in the Susitna River on a 

weekly basis. Results of the DYRESM and SNTEMP simulations are then input 

to the ICECAL model for simulation of the instream hydraulic and ice 

conditions. 
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2.0 METHODOLOGY 

2.1 MODEL 

The computer model, !CECAL, was used to generate the river ice simulations 

presented in this report. The model provides a daily summary of hydraulic, 

temperature and ice conditions throughout the study reach. A brief outline 

of !CECAL operations is presented in this section. A detailed documentation 

of !CECAL and its calibration to the Middle Susitna River for the winters of 

1982-83 and 1983-84 has been presented previously in a calibration report 

(Harza-Ebasco 1984). 

Two improvements have been incorporated into !CECAL since the preparation of 

the calibration report. Computation of solid ice growth (See Item 6 below) 

has been refined to include the effects of snow cover which tends to insu

late the ice cover from the ambient air temperature. Also, computation of 

lateral ice growth (See Item 4 below) has been improved to more accurately 

reflect observations on the Susitna River. The effects of these !CECAL 

improvements were checked by repeating the calibration simulations for the 

1982-83 and 1983-84 winters. It was found that the improved !CECAL version 

gave equivalent or better calibration results compared to the previous 

version, in terms of agreement with the observed ice conditions. The im

proved !CECAL calibration runs for the 1982-83 and 1983-84 winters are 

presented in this report as Exhibits D and E respectively. All river ice 

simulations presented in this study are based on the improved version of 

!CECAL. 

The particular hydraulic and ice operations performed by the !CECAL model 

include the following: 

1. Hydraulic profiles are computed daily for the study ceach. 

Computations are based upon the Bernoulli and Manning equations 

and include the effects of existing ice in the river. 

2-1 

-

.... 

-

-

-

-



-

-
-

-
'~ 

2. Water temperature profiles required :for with-project simulations 

are provided by the SNTEMP stream temperature studies (AEIDC 

1984). The SNTEMP stream temperatur~~s are based upon open water 

conditions and are therefore not applicable to that portion of the 

river which is ice covered. For ice covered reaches, therefore, 

stream temperatures are computed by !CECAL based on a heat trans

fer coefficient approach (Harza-Ebasc.o 1984). 

3. Generation of small ice crystals, know as frazil ice (Ashton 

1978), is computed for reaches of turbulent, open water in which 

the water temperature has dropped to 0°C. Frazil ice flow rates 

are tabulated as the ice is carried downstream with the flow. 

4. 

5. 

6. 

Lateral or border ice growth proceeding from the river banks (See 

Figure 2) is computed based on Susitna River observations. This 

lateral ice growth tends to reduce the open water surface area 

available for frazil ice generation. 

Frazil ice particles tend to coalesce into floating pans or larger 

rafts of slush ice which may accumulate downstream at the front of 

a developing ice cover (See Figure 2). Hydraulic conditions at 

the ice cover are analyzed to determine if the incoming ice pans 

will accumulate at the upstream edge of the cover, thereby advanc

ing the "ice front". Alternately, the incoming ice may be swept 

beneath the ice front and deposited downstream on the underside of 

the ice cover, thereby thickening the ice cover. 

Slush and solid ice component thicknesses of the river ice cover 

are computed. Initial ice cover acc:umulations consist of slush 

ice as discussed in (5) above. The initial slush ice cover then 

gradually freezes into solid ice, be:ginning at the upper surface 

(exposed to the cold air) and proceeding down. !CECAL computes 

this daily growth of solid ice withi.n the initial accumulations of 

slush ice. If the solid ice grows thru the slush, the model 

computes the additional thickness be:low the slush. 
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7. Melting of the ice cover and retreat of its ice front are computed 

when warm water (i.e., above 0°C) reaches the ice cover. In this 

manner, a spring "melt-out" is simulated. Mechanical "break-up" 

of -the ice cover is not considered, being beyond the state-of-the

art in river ice modeling. Although severe springtime break-up 

activity and resulting ice jams have been observed for certain 

years under natural conditions, it is expected that a gradual 

spring melt-out, as considered in the model, will be more charac

teristic of the with-project condition. Severe springtime break

up activity is largely associated with rapid natural flow 

increases which lift and fracture the ice cover (R&M 1982a). The 

proposed project reservoirs will regulate such seasonal flow 

events, yielding a more stable flow regime for the Middle Susitna 

River and thereby allowing an existing ice cover to melt in place. 

Required input data for the !CECAL model includes the following: 

1. River cross-sectional geometry and bed roughness for study reach 

2. Weather conditions (daily air temperature and wind velocity) 

within the study reach 

3. Water inflow hydrograph at upstream boundary of study reach 

4. Daily frazil ice discharges at upstream boundary of study reach 

5. Water temperature profiles in the study reach upstream of the ice 

front. 

Further discussion of the input data used for natural and with-project 

simulations is presented in Sections 2.3 and 2.4, respectively. 
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2.2 RANGE OF SIMULATED CONDITIONS 

The particular river ice simulations included ln this report are tabula ted 

in Table I. · As shown, the simulations include four winters of historical 

weather and flow data; 1971-72, 1976-77, 1981-82 and 1982-83. Air tempera

tures for these four winters are plotted in Figure 3. Figure 4 shows the 

corresponding natural river flows during the wlnter season. The four par

ticular winters were selected to include possible extremes in expected with

project river ice conditions. Based on Talkeetna air temperatures averaged 

over the 5 month period from November through March, as shown in Figure 5, 

the winters of 1971-72 and 1976-77 respectively represent the coldest and 

warmest winters recorded during the past 40 years. The winter of 1981-82_. is 

considered average in air temperature and the winter of 1982-83 is con

sidered warmer than average. 

Talkeetna air temperatures averaged over the 3 month period from December 

through February (See Figure 6) show similar historical trends as the 5 

month period from November through March. 

The range of simulated conditions also includes various stages during 

development of the project; natural conditions, filling of Watana Reservoir 

(firs~ and second winters), Watana operating alone (1996 and 2001 energy 

demands), and Watana and Devil Canyon operating together (2002 and 2020 

energy demands). The year 1996 represents the expected first year of Watana 

power generation. Start-up of the Devil Canyon power generation is planned 

for the year 2002. 

Reservoir releases for the with-project simulations satisfy the Case C 

operating guide (Alaska Power Authority, 1983). Flow rates for the with

project simulations are adjusted on a weekly basis and are shown in 

Figure 7. 

Temperature of the reservoir releases is controlled by operation of a multi

level intake structure. The policy of operation used in the simulations is 

based on an attempted match of the release temperature with that of the 
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natural flow entering the reservoir. In effect, this "inflow matching" 

policy results in release of the coldest available water during the winter 

months. As a sensitivity investigation, one river ice simulation considers 

the effect of an assumed release of warm, 4°C water throughout the period of 

simulation. Release of 4°C water is a hypothetical situation only, since 

the warmest water available to the proposed intake structure (using the 

lowest level intake ports) will be somewhat colder than 4°C during the 

winter months. 

The range of simula te.d conditions in this study is intended to provide a 

broad base for comparisons between the natural and with-project river ice 

environments. Of necessity, all combinations of meteorology, hydrology, 

energy demands and reservoir operations could not be considered herein. 

However, the range of simulations included is believed adequate to allow 

significant conclusions regarding river ice behavior. 

2.3 SIMULATIONS OF NATURAL ICE CONDITIONS 

As shown in Table I, this report includes natural ice simulations for the 

winters of 1971-72, 1976-77, 1981-82 and 1982-83. These simulations were 

based on the following conditions and assumptions: 

1. Study Reach 

The study reach extends from River Mile 98.6 (Chulitna confluence) 

to River Mile 139.4 (slightly upstream of Gold Creek). 

Progression of a defineable ice front has been observed in this 

reach under natural conditions. Upstream of Gold Creek, however, 

localized unstable ice bridging processes have been observed to 

close the river prior to arrival of the ice front. Since the 

!CECAL model does not attempt to simulate such processes, and 

since observations of frazil ice quantities are available only at 

Gold Creek, the model does not extend upstream of this vicinity 

for the simulations of natural ice conditions. The central ques

tions regarding project-induced changes in natural ice conditions 
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2. 

pertain principally to civil structures or environmental concerns 
I 

within the 40 mile river segment included in the !CECAL natural 

simulations. Project effects on natural ice processes upstream of 

RM 139 can be forecast on the basis of the stream temperature 

modeling and the experience gained from winter ice observations 

and modeling the lower 40 miles of the Middle Susitna River with 

!CECAL. 

Period of Simulation 

Simulations cover the 6 month period from November 1 through April 

30. Ice front progression up the Middle Susitna River has not 

occurred prior to November .1 du:ring the four years of ice 

observations. Simulation of spring break-up or melt-out is not 
I 

attempted for natural conditions. 

3. Starting Date for Ice Front Progression into the Middle Susitna 
River 

When available, actual observations a:re used for the starting date 

of the ice front progression at the Susitna-Chulitna confluence. 

Observed starting dates have ranged from November 5 through 

December 8 and are shown in Table II. For years when observations 

are not available, an assumed date is selected within the observed 

range based on the sever! ty of the particular winter. 

4. Water Flow Rates 

Historical flow data at Gold Creek (River Mile 137) were used as 

recorded by the USGS and/or R&M Consultants, Inc. (See Figure 4 ). 

Daily flow rates were interpolated for periods when data are not 

available. Flow rate adjustment factors were applied along the 

study reach to account for tributary inflows (ll&M 1982b). 
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5. Weather Data 

Daily air temperatures and wind speeds recorded at Talkeetna and 

Watana weather stations were interpolated linearly along the river 

length. Talkeetna data are available for all years simulated. 

Watana data, when not available, were estimated from a correlation 

with available Talkeetna data. 

6. Frazil Ice Discharge at Gold Creek 

This quantity was computed from actual ice observations at Gold 

Creek (Rive~ Mile 137), when available. These ice discharges were 

found to be well correlated with Talkeetna air temperature data. 

This correlation provided an estimate of frazil ice discharge at 

Gold Creek for years in which observations were not available. 

7. Stream Temperatures 

Stream temperatures were assumed to be 0°C throughout the natural 

simulations. 

2.4 SIMULATIONS OF WITH-PROJECT ICE CONDITIONS 

The various with-project ice simulations were based on the following condi

tions and assumptions: 

1. Study Reach 

The study reach extends from the Susitna-Chulitna confluence 

(River Mile 98.6) to the Watana (River Mile 184.4) or Devil Canyon 

(River Mile 152) damsite. 
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Period of Simulation 

Simulations cover the 6 month period from November 1 through April 

30.- The freeze-up and melt-out of the Middle Susitna River are 

generally expected to occur during this period. 

Starting Date for Ice Front Progression into the Middle Susitna 
River 

Progression of the ice front upstream of the Susitna-Chulitna 

confluence begins when the Lower Susitna River (downstream of the 

Chulitna confluence) has frozen over. The Lower Susitna freeze-up 

is characterized by an initial ice bridge formation near River 

Mile 9 and the subsequent advance of an ice cover up to the 

Chulitna confluence. 

The Lower Susitna ice cover during with-project conditions is. 

supplied by frazil ice generated in the Yentna, Talkeetna, 

Chulitna, Lower Susitna (upstream of the ice cover) and Middle 

Susitna Rivers. The !CECAL model considers the total volume of 

ice required to fill the Lower Susitna River from the Yentna 

confluence (River Mile 30) to the C:hulitna confluence (River Mile 

98.6) and computes the time needed to generate the necessary 

frazil ice. Frazil ice generation in the Middle Susitna River is 

computed directly by the model. The frazil ice contributions of 

the Talkeetna, Chulitna and Lower Susitna Rivers are computed by 

correlation with cumulative freezing degree days at the Talkeetna 

weather station. 

Lower Susitna River ice observations suggest that the ice front 

typically reaches the Yentna confluence (River Mile 30) in late 

October or early November under natural condi tiona (See Table II). 

It is expected that this evcat will not be significantly delayed 

under with-project conditions. Although the frazil ice contribu

tion from the Middle Susitna River is greatly reduced under with

project conditions, the Yentna River, which produces more than SO% 
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of the total ice downstream of River Mile 30 (R&M, 1984), remains 

unchanged. Also unchanged are the frazil ice contributions of the 

Chulitna and Talkeetna Rivers which represent about 20% of the 

natural Susitna frazil ice discharge at Talkeetna (R&M 1983). 

Based on the above, November 1 was selected as a representative 

date on which the Lower Susitna ice front reaches the Yentna 

confluence during with-project conditions. The !CECAL model and 

related computations of tributary frazil ice production therefore 

begin on November 1 for the with-project river ice simulations. 

Daily tabulations of cumulative ice production are performed until 

the ice storage capacity of the Lower Susitna is reached. At this 

point, the model begins progression of the ice cover at the 

Chulitna confluence (River Mile 98.6). 

4. Water Flow Rates 

Water flow rates at. the upstream boundary of the !CECAL simulation 

are determined by releases from the Watana or Devil Canyon 

reservoirs. This information is read directly from the output of 

the corresponding DYRESM simulation and is summarized in Figure 7. 

The flow rates are provided on a weekly basis and are adjusted 

along the study reach to account for tributary inflows (R&M 

1982b). Fluctuations of flow within a particular day or week are 

not considered. 

5. Weather Data 

Daily air temperature and wind speed data are interpolated along 

the river length between Talkeetna, Devil Canyon and Watana 

weather stations. Watana and Devil Canyon data, when unavailable, 

are estimated from a correlation with Talkeetna data. 
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6. Frazil Ice Discharge at Upstream Boundary of Model 

7. 

Water released from the Watana and Devil Canyon reservoirs remains 

above 0°C throughout the year. Therefore, no frazil ice exists at 

the upstream boundary of the with-project simulations. 

Stream Temperatures 

Reservoir release temperatures are computed in daily time steps by 

the DYRESM simulations. Corresponding SNTEMP simulations provide 

stream temperature profiles on a weekly basis throughout the study 

reach. This information is read directly into the ICECAL model. 

The SNTEMP stream temperature profiles are based upon open water 

conditions and are therefore not appUcable to that portion of the 

river which is ice covered. The SNTEMP results are therefore 

superseded by !CECAL temperature computations for that portion of 

the river where an ice cover exists. 

2.5 SLOUGH AND SIDE CHANNEL AREAS 

Various slough and side channel areas adjacent to the mainstem Susitna River 

are of special importance as salmon spawning habitat. A typical slough, 

illustrated in Figure 8, is an overflow channel separated from the mainstem 

by a well-vegetated bar or island (Alaska Power Author! ty 1983). Sloughs 

are generally fed by a small stream and/or up1~elling of groundwater. Side 

channels are similar to sloughs, but are not fed by such a stream or 

groundwater upwelling. An alluvial berm generally extends across the 

upstream end of the slough or side channel, shielding it from the river. 

High natural river flows or ice activity will periodically overtop this 

upstream berm and flood the slough or side cham1el with water or ice. The 

water level at a given mainstem river mile which results in overtopping of a 

nearby slough or side channel berm is referred to in this study as the 

"threshold elevation." Since slough and side channel systems may include a 

network of multiple channels, overtopping of a particular berm may be con

trolled by the water level in the mainstem at a different river mile 
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location. For this reason, the "threshold elevation" in the mainstem is not 

necessarily equal to the corresponding berm crest elevation. 

The important -sloughs and side channels have been identified and are tabu

lated in Table III. For the purpose of the river ice simulations, it is 

assumed that particular sloughs have been isolated from the river channel. 

That is, the model assumes that the cross-sectional area of these particular 

sloughs (See Table III) is not available to pass flow or store ice. This 

assumption has no influence on the model results for those simulations in 

which the river stages remain below the natural threshold elevations. For 

those simulations which show slough overtoppings, the slough isolation 

assumption yields river stages which may be slightly higher than those 

expected had these slough areas been included in the cross sections. The 

slough isolation assumption therefore yields conservative results, reflect

ing levels to which slough berms would have to be constructed if that slough 

were to be protected from overtopping. 

2.6 INTERPRETATIONS OF COMPUTER SIMULATIONS 

River ice mechanics and modeling is a relatively primitive field of study. 

Ice processes are complicated, unsteady and non-uniform, and many aspects 

are not yet fully understood. Although the ICECAL model is considered 

state-of-the-art, certain simplifications and limitations are necessarily 

involved. Three dimensional concepts are presented in a one-dimensional 

format, and the model therefore computes an average or characteristic 

velocity and ice thickness to represent a particular cross-section. The 

actual spatial distribution of velocity and ice thickness may be highly non

uniform and is beyond the scope of the model. Figure 9 contrasts actual and 

computed ice distribution at a hypothetical cross-section. 

For these reasons, selected !CECAL computer simulations have been inter

pretted by R&M Consultants, Inc., based on their experience with Su,itna 

River ice over the past four years. These interpretations are identified in 

Table I and are presented in Exhibits U-Al. The resulting interpretive 

sketches combine the quantitative !CECAL results with observed river ice 
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distribution trends to yield the best estimate of the actual river ap

pearance at selected cross-sections • 
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3.0 RESULTS 

3.1 GENERAL 

Results of the river ice simulations are presented in Exhibits A through T. 

Each exhibit includes the following information: 

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

simulation period and the corresponding ice cover thickness which 

existed on the date of maximum stage. (Since river stage is 

influenced by both flow rate and ice thickness, the ice thick

nesses shown do not necessarily represent the maximum thickness.) 

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

simulation. 

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

water temperature at selected slough and side channel areas. 

Table IV is a summary of the maximum water surface elevations which occurred 

at selected slough and side channel areas for all the river ice simulations. 

Table V summarizes the number of occurrences where with-project simulations 

resulted in higher maximum stages than the corresponding natural conditions 

for the same weather period. Table VI shows those slough and side channel 

areas where the known threshold elevation was simulated to be overtopped 

with-project but not under natural conditions, and vice versa. Table VII 

summarizes the starting date, maximum extent and melt-out date of the ice 

front for each simulation. Tables VIII and IX present the maximum total and 

solid ice thicknesses, respectively, which occurred during the simulations. 

Interpretive sketches for selected ICECAL simulations are presented in 

Exhibits U-Al. Each sketch shows natural river conditions observed in 1983-

84, a selected ICECAL simulation result and an interpreted version of the 
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!CECAL result for a particular river cross section. This interpreted ver

sion is based on detailed observation of Susitna River ice processes and 

represents the best estimate of the actual appearance of the particular 

river cross section at the time of its maximum winter stage. Relative to 

the !CECAL results, the interpretive sketches show that the thickest 

deposits of slush ice will generally accumulate in the low velocity zones 

near the river banks. Correspondingly thinner ice and occasional open water 

is shown in the high velocity zones of the channel • 

3.2 SIMULATIONS OF NATURAL CONDITIONS 

Of the four years simulated, the cold winter of 1971-72 (Exhibit A) typi

cally results in the greatest ice thicknesses and highest river stages 

within the study reach. For this winter, maximum total ice thicknesses 

(solid + slush component) within the study rea1:h range from 5 ft. to 11 ft., 

including up to 5 ft. of solid ice. The winter of 1981-82 (Exhibit C), an 

average winter in terms of air temperatures, shows maximum total ice thick

nesses of 4 ft. to 10ft., of which 3ft. to~ ft. is typically solid ice. 

Maximum river stages for 1981-82 are often 1 ft. to 3 ft. lower than those 

for 1971-72. 

The winter of 1982-83, a relatively warm winter, was used for model calibra

tion purposes (Harza-Ebasco 1984). Actual ic1e observations are shown along 

with simulated results in Exhibit D. Maximum total ice thicknesses for 

1982-83 range from 3ft. to 8 ft., of which 3ft. is typically solid ice. 

Maximum river stages are generally 0 ft. to 4 ft. lower than those of 1971-

72. 

The very warm winter of 1976-77 results in the smallest ice thicknesses and 

lowest river stages of the four winters simulated. Maximum total ice thick

nesses range from 1ft. to 7 ft., of which 1ft. to 2ft. is solid ice. 

Maximum river stages for 1976-77 are generally 2 ft. to 6 ft. lower than 

those of 1971-72. 
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For the winters of 1971-72, 1981-82 and 1982-83, ice front progression at 

the Chulitna confluence (River Mile 98.6) begins in early or mid-November 

and reaches Gold Creek in late December or early January. The winter of 

1976-77 however, shows the ice front beginning in early December and reach

ing Gold Creek in early March. All four simulations are characterized by a 

rapid initial ice front progression rate in the lower portion of the study 

reach with a gradual slowing as it approaches Gold Creek. 

3.3 WATANA OPERATING WITH 1996 ENERGY DEMAND 

Simulation results are presented in Exhibits F-J. As shown, the start of 

the ice front progression at the Chulitna confluence ranges from late 

November (1971-72 winter) to late December (1981-82 winter). This repre

sents a delay of 2 to 5 weeks relative to natural conditions for the 

corresponding winters. The maximum upstream extent of the ice front is 

between River Miles 137 and 140 for the winters of 1971-72, 1976-77 and 

1981-82, and at River Mile 127 for the winter of 1982-83. Completion of the 

spring melt-out in the Middle Susitna (i.e., down to River Mile 98.6) ranges 

from mid March (1982-83 winter) to mid May (1971-72 winter). The spring 

melt-out occurs 5 to 7 weeks earlier than natural river break-up based on 

observation of 1981-82 and 1982-83. 

The most severe ice conditions for Watana operation and 1996 energy demand 

occur for the winter of 1971-72 (Exhibit F). For this simulation, maximum 

total ice thicknesses range from 2 ft. to 11 ft., including up to 5 ft. of 

solid ice. These ice thicknesses are generally similar to those of natural 

conditions in the reach downstream of Gold Creek (River Mile 137). Maximum 

river stages, however, are 3 ft. to 7 ft. higher than natural conditions due 

to the significantly higher winter flow rates with the project. 

The mildest simulated river ice conditions for the 1996 energy demand occur 

for the winter of 1982-83 (Exhibit I). Maximum total ice thicknesses for 

this simulation range from 2 ft. to 8 ft., including up to 2 ft. of solid 

ice. These thicknesses are generally similar to natural 1982-83 conditions, 

but maximum with-project river stages are 2 ft. to 5 ft. higher than natural 
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conditions due to the higher with-project winter flows. Maximum river 

stages for the 1982-83 with-project simulation are 0 ft. to 7 ft. lower than 

those of the 1971-72 severe conditions. 

The effect of a hypothetical warm (4°C) water release from the Watana reser

voir throughout the 1971-72 winter was considered as shown in Exhibit J. 

With these "warm" reservoir releases, the :Lee cover progression at the 

Chulitna confluence begins 3 weeks later and melt-out occurs approximately 7 

weeks earlier than with the '"inflow matching" temperature release policy of 

Exhibit F (See Section 2.2). Maximum ice thicknesses with the warm releases 

range from 2 ft. to 7 ft., and maximum river stages are typically 1 ft. to 

7 ft. lower than those with the "inflow-matching" releases. Maximum extent 

of the ice cover with the warm releases is River Mile 127, versus River Mile 

140 under inflow matching release temperatures. It therefore appears that 

control of the reservoir release temperatures may have a significant impact 

on river ice development. 

3.4 WATANA OPERATING WITH 2001 ENERGY DEMAND 

Simulations of Watana operating with the 2001 energy demand were made for 

the winters of 1971-72 and 1982-83 (See Exhibits K and L). Results show 

that the ice front starting date, melt-out date and maximum upstream extent 

are similar to those of the 1996 energy demand for the corresponding 

winters. However, some redistribution of the :frazil ice deposit ions along 

the river length is apparent. Such differences in ice distribution can be 

caused by different patterns of reservoir release temperatures occuring at 

different times within a given winter season. In particular, for the 1971-

72 winter, the 2001 energy demand shows colder December reservoir releases 

than the 1996 demand, thereby causing a fast1er ice front progression. The 

subsequent heavy frazil production in January is accumulated at a further 

upstream location for the 2001 demand. As a result, maximum river stages in 

the vicinity of river miles 137-142 for the 1971-72 winter with 2001 energy 

demand are 2 ft. to 10 ft. higher than those with the 1996 demand. 
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Maximum total ice thicknesses for the 1971-72 winter with 2001 energy demand 

range from 4 ft. to 14 ft. of which 4 ft. to 5 ft. is solid ice. Maximum 

river stages are 2 ft. to 6 ft. higher than for natural 1971-72 conditions. 

Maximum total ice thicknesses for the 1982-83 winter with 2001 energy demand 

range from 2 ft. to 7 ft. including up to 2 ft. of solid ice. Maximum river 

stages are 1 ft. to 6 ft. higher than natural conditions in the reach 

downstream of River Mile 124 where the with-project ice cover exists. 

Upstream of the with-project ice cover, however, maximum river stages are 

1 ft. to 4 ft. lower than natural conditions. Although the with-project 

flow rates are higher, the displacement and frictional resistance of the 

natural ice cover in this reach result in higher river stages for natural 

conditions than with-project. 

3.5 WATANA AND DEVIL CANYON OPERATING WITH 2002 ENERGY DEMAND 

Simulation resul t.s for Wa tana and Devil Canyon operating with 2002 energy 

demand are presented in Exhibits M-P. Results show that the beginning of 

the ice front progression at the Chulitna confluence ranges from early 

December to mid-January, approximately 0-2 weeks later than the correspond

ing Watana-only simulations, and 4-6 weeks later than natural conditions for 

the same winters. Maximum upstream extent of the ice front ranges from 

River Mile 123 to 137, and is 3-13 miles downstream of that with Watana only 

and 1996 energy demand. Simulated melt-out with both dams operating and 

2002 energy demand ranges from mid-March to mid-May, being 0-3 weeks earlier 

than Watana-only simulations for the corresponding winters, and 7-8 weeks 

earlier than the natural break-up observed for the 1981-82 and 1982-83 

winters. 

For both dams operating with 2002 energy demand, the most severe ice condi

tions occur with the 1971-72 winter (Exhibit M). Maximum ice thicknesses 

for this case range from 3 ft. to 7 ft., of which 3 ft. to 5 ft. is solid 

ice. Maximum river stages are 1 ft. to 5 ft. lower than the corresponding 

Watana-only simulation with 1996 energy demand. Maximum river stages 

downstream of River Mile 130 are 0 ft. to 4 ft. higher than natural 
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conditions. Upstream of this location, holrlever, the ice cover is much 

thinner with-project and maximum river stages are 0 ft. to 3 ft. lower than 

natural conditions. 

The winters of 1976-77, 1981-82 and 1982-83 (EJthibits N, 0 and P) all show 

relatively mild ice conditions for both dams <)perating with the 2002 energy 

demand. Maximum ice thicknesses for these cases range from 1ft. to 6 ft., 

including 1ft. to 2ft. of solid ice. Max:lmum river stages are 0 ft. to 

7 ft. lower than the corresponding Watana-only simulations with 1996 energy 

demand. Maximum river stages, where an ice co'~er exists, are 1 ft. to 4 ft. 

higher than corresponding natural conditions. Upstream of the with-project 

ice cover, maximum river stages are 0 ft. to 5 ft. lower than natural 

conditions. Again, the higher natural stages in this reach are due to the 

displacement and frictional resistance of the natural ice cover. 

3. 6 WATANA AND DEVIL CANYON OPERATING WITH 20:20 ENERGY DEMAND 

Simulations of Watana and Devil Canyon operating with the 2020 energy demand 

were performed for the winters of 1971-72 and 1982-83 (Exhibits Q and R). 

Results show that the ice front starting date and maximum upstream extent 

are generally similar to those of the 2002 energy demand for the correspond

ing winters. The spring melt-out with the 2020 energy demand, however, 

occurs 1 to 3 weeks earlier than with the 2002 energy demand. This is 

apparently caused by somewhat warmer reservoir release temperatures result

ing from the 2020 reservoir simulation. 

Simulation of the 1971-72 winter with 2020 energy demand shows maximum ice 

thicknesses which range from 2 ft. to 7 ft. including 1 ft. to 4 ft. of 

solid ice. Maximum river stages in the ice-covered reach (downstream of 

River Mile 130) are 1 ft. to 7 ft. higher than corresponding natural 

conditions. Upstream of the with-project ice cover, maximum river stages 

are 1 ft. to 5 ft. lower than those of natural conditions, due to the dis

placement and frictional resistance of the natural ice cover. 
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Simulation of the 1982-83 winter with 2020 energy demand shows maximum ice 

thicknesses ranging from 1 ft. to 3ft., including up to 1ft. of solid ice. 

Maximum river stages in the ice-covered reach are 0 ft. to 4 ft. higher than 

natural conditions. Upstream of the with-project ice cover, maximum stages 

are 0 ft. to 4 ft. lower than corresponding ice-covered natural conditions. 

3.7 WATANA FILLING 

River ice simulations for the first and second years of filling the Watana 

reservoir are shown in Exhibits S and T. The first winter of filling, which 

involves relatively warm reservoir releases from the low level outlet works, 

was simulated with the relatively warm 1982-83 weather conditions. The 

second winter of filling includes release of colder water from the reservoir 

surface and was simulated with the colder 1981-82 weather conditions. The 

two simulations were selected to provide a typical range of ice conditions 

during the filling of the Watana reservoir. 

Results for Watana filling show that the ice front progression at the 

Chulitna confluence begins in mid-December, 5-7 weeks later than correspond

ing natural conditions. The simulated melt-out for the first winter of 

filling occurs in early May, similar to the timing of break-up under natural 

conditions. The second winter of filling shows an estimated melt-out in 

late May (extrapolated from April conditions), 2 to 3 weeks later than the 

natural break-up. However, since increasing Watana flow releases during the 

month of May are not included in the simulation period, a mild spring break

up for the second year of Watana filling may actually occur with similar 

timing as the natural conditions. 

The Watana filling simulations show the ice front progressing up to River 

Mile 156-162. This ice progression is significantly further upstream than 

any of the other with-project simulations and is due to the lower river 

flows and velocities which exist under filling conditions. However, simula

tion of an ice front progression upstream of River Mile 140 is considered an 

approximation only, since intermittent bridging of lateral ice has been 
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observed to be the dominant process in this reach for natural conditions. 

Such intermittent ice bridging is not modeled by ICECAL. 

Simulation of the first year of filling with the 1982-83 winter shows maxi

mum ice thicknesses of 1ft. to 6ft., including up to 2ft. of solid ice. 

Maximum river stages are 0 ft. to 5 ft. lower than natural conditions for 

1982-83. 

Simulation of the second year of filling with the 1981-82 winter shows 

maximum ice thicknesses of 1 ft. to 8ft., including up to 3ft. of solid 

ice. Maximum river stages are generally 0 ft. to 3ft. lower than natural 

conditions for 1981-82. 
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4.0 CONCLUSIONS AID RECOMMENDATIONS 

The following conclusions are based upon the river ice simulation results to 

date and are subject to the various assumptions and conditions described in 

this report. In particular, the with-project ice results are based on a 

reservoir release temperature policy which attempts to match the natural 

stream temperatures incoming to the reservoir (i.e., coldest available water 

is released from the reservoir during winter season). Conclusions apply 

only to the Middle Susitna River (i.e, upstream of the confluence with the 

Chulitna River) wherein the most significant project impacts are expected. 

1. Ice Front Progression and Melt-Out 

Relative to natural conditions, initial progression of the Middle 

Susitna ice front at the Chulitna confluence (River Mile 98.6) is 

expected to be delayed by 2 to 5 weeks with Watana operating 

alone, and 4 to 6 weeks with Watana and Devil Canyon operating 

together. Completion of a gradual spring melt-out in the Middle 

Susitna River with Watana operating alone is expected 5 to 7 weeks 

earlier than the natural, mechanical break-up. With both dams 

operating, completion of the spring melt-out is expected 7 to 8 

weeks earlier than the natural break-up. 

Maximum upstream extent of the river ice cover during the selected 

warm, average and cold winters is expected to range from River 

Mile 124 to 142 with Watana operating alone. With the addition of 

the Devil Canyon dam, this maximum ups~ream extent will be some

what reduced, with an expected range of River Mile 123 to 137. 

2. Ice Thicknesses 

In those reaches where an ice cover exists, the maximum total and 

solid ice thicknesses with Watana operating alone are expected to 

be generally similar to those of natural conditions. With both 
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dams operating, the maximum total and solid ice thicknesses are 

expected to be typically 1 ft. to 2 ft. less than those of natural 

conditions. 

Ri '<rer Stages and Slough Overtopping 

In those reaches where an ice cover exists, the maximum river 

stages with Watana operating alone are expected to be generally 

higher than those of the natural conditions, typically by 2 ft. to 

7 ft. Corresponding maximum river stages in ice covered reaches 

wit:h both dams operating are expected to be typically 1 ft. to 

6 ft. higher than those of natural conditions. 

Upstream of the with-project ice front, however, the maximum river 

stages with Watana operating alone are expected to be typically-

1 ft. to 3 ft. lower than the corresponding natural conditions • 

With both dams operating, these maximum river stages are expected 

to be typically 1 ft. to 5 ft. lower than natural conditions. 

As a result of the above, overtopping of the natural threshold 

elt~vations in various slough and side channel areas in the lower 

reaches of the Middle Susitna (downstream of River Mile 127) is 

expected to be more frequent with the project than under natural 

conditions (See Table VI). However, various slough and side 

channel areas in the upper reaches of the Middle Susitna (upstream 

of River Mile 127) are expected to be overtopped less frequently 

with the project than under natural conditions. 

4. Further Considerations 

It is expected that the policy which governs reservoir release 

temperatures may have a major impact on the river ice development 

(See Exhibit F vs. Exhibit J). Additional simulations including 

possible alternate temperature release policies may therefore be 

useful for future aquatic assessments. 
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TABLE I 

SUSITHA HYDROELECTRIC PROJECT 
SCOPE OF RIVER ICE SIMULATIONS 

I Natural Watana Only watana and Devil 
Project Status Conditions Operating Canyon Operating 
Operating Guide ---- Case C Case C 
Energy Demand ---- 1996 2001 2002 
Release Temperature 

...... ___ 
N w N N 

His tori cal Period: 

1971-72 (Cold winter) X ®® X ® 
1976-77 (Very Warm winter) X ® X 

1981-82 (Average winter) X X X 

1982-83 (Warm winter) X ® X ® 

Notes: 1. N represents natural "inflow matching" policy for 
reservoir release temperatures. 

2·. W represents assumed warm, 4 °C temperature release. 

Legend: X !CECAL simulation 

® !CECAL simulation and interpretive sketch 

2020 
N 

X 

X 

Watana I 
Filling 
----
----
----

1st 2nd 
Winter Winter 

® 
X 



Observed 
Location of River 
Ice Front Mile 

River Mile 9 9 

Chulitna Confluence 98.6 

Near Gold Creek 136 

TABLE II 

SUSITNA HYDROELECTRIC PROJECT 
OBSERVED ICE FRORT PROGRESSION 

ON THE SUSITNA RIVER 

1980 1981 

Unknown Early Nov. 

Nov. 29 Nov. 18 

Dec. 12 Dec. 31 

-

-

1982 1983 ~ 

Oct. 22 Oct. 26 

Nov. 5 Dec. 8 

Dec. 27 Jan. 5 

-

-, 

""'!! 
J 
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Area 

*Whiskers Slough 

TABLE III 

SUSITRA HYDROELECTRIC PROJECT 
SLOUGH ARD SIDE CHANNEL AREAS 

IN MIDDLE SUSITNA RIVER 

River Mile 
Location 

101.5H 
Side Channel at Head of Gash Creek 112 .OM 

*Slough 6A 112 .3H 
*Slough 8 114.1 

Side Channel MSII 115 .5H 
Side Channel MSII 115. 9H 
Curry Slough · 120.0H 

*Moose Slough 123.5H 
*Slough 8A - West Channel 126.1H 
*Slough 8A - E<!S t Channel 127.1H 
*Slough 9 129.3 
Side Channel Upstream of Slough 9 130.6 
Side Channel Upstream of 4th July Creek 131.8H 
Slough 9A 133.7 
Side Channel Upstream of Slough 10 134.3 
Side Channel Downstream of Slough 11 135.3H 

*Slough 11 136.5H 
*Slough 17 139.3H 

Slough 20 140.5H 
*Slough 21 - Entrance A6 141.8H 
*Slough 21 142.2H 

Slough 22 144.8 

Legend: 

Threshold 
Elevation 

(feet) 

367 
Unknown 

u 
476 
482 
487 

Unknown 
Unknown 

573 
582 
604 

Unknown 
Unknown 

651 
657 

Unknown 
687 

Unknown 
730 
747 
755 
788 

* - For purposes of simulation, these sloughs are assumed 
to be isolated from the cross-section. 

H - Indicated location represents the head of the slough or channel 

M - Indicated location represents the mouth of the slough or channel 

U - "Upland" slough with no upstream head or berm. 



Slou(lilor 
lideChMMI Riv•Mi .. 

Whilk•a 101.6 

GMhCrll8k 112.0 

lA 112.3 

I 114.1 

MSII 116.6 

M&ll 116.8 

Curry 120.0 

..._ 123.fi 

IAWt11 128.1 

lA bit 127.1 

8 128.3 

flu/a 130.8 

4dl July 131.1 

lA 133.7 

lOu/a 134.3 

11 d/1 136.3 

11 138.5 

17 138.3 

20 140.6 

21(A61 141.1 

21 142.2 

22 144.8 

J 

SUSITNA HYDROELECTRIC PROJECT 
MAXIMUM SIMULATED WINTER RIVER STAGES 

NATURAL 
WATANAONLY WATANA AND DEVIL CANYON 

CONPITIONS 1896 2001 2002 
DEMAND DEMAND DEMAND 

Threshold 
Elw•tiDn 

N ..... N C') .... ..... "' C') 3:.,. .... :; .... ..... "' :; :::: r:- C9 C9 r:- r:- C9 C9 co .... ~ "' ii i 
'"": "":- r:- r:- Cip 

..... ..... 81 81 ..... ..... ~ N :e ! "' a> a> ~ ~ 
..... ..... I ..... 81 ~ ~ ~ ~ ~ ~ ~ ~ ~ 

367 gJ 366 IB~ ~!mil [ill] IHQ) llliJ 1m] wg [ill] ~~Iii) 
Unknown 456 466 456 466 468 467 460 468 460 458 461 468 466 466 467 

(UpW!dl 468 467 457 468 462 460 462 462 463 461 463 460 4fi8 468 480 

478 474 472 472 474 lllil 475 lillJI!ZiJWil Biillilll 476 474 476 476 

482 li!J 4110 ~~ ~~B!!JBiilliil ~B!! Giil~~[il] 

487 486 482 486 486 liii Hii ~ BiTI ~ ~~ ~~19!1~ 
Unknown 522 520 523 520 526 625 627 626 523 626 521 522 521 620 520 

Unknown 

673 

682 

604 

Unknown 

Unknown 

861 

867 

Unknown 

8111 

Unknown 

552 548 548 548 566 554 666 550 552 565 550 553 550 548 [5..6-
572 668 571 570 f§l§)flli)[iij 572 572 lffiiF- Iilli 571 J 568 568 

~ 581 WI I@! IYZ]~liii](ii2)~ ~1581 ~~ 580 581 

~ 603 1!!1 ~ !mil JiQZI lEI r-eoo-s03- l§lQ) 603 ~1602 601 602 

622 616 620 621 624 622 120 I 617 617 625 617 620 1616 616 616 

632 626 629 630 636 633 831 628 628 636 I 628 633 627 627 627 

~ 648 rill] (§[j] IWJ ~lUI 660 650 ~1660 ~ 1 660 660 650 

~ 654 @] ~ ~ @!) 11!1 I 656 666 ~ 666 ~ 655 655 655 

673 667 670 672 

"' '" ;;]"' 668 676 
1

668 670 667 667 667 

684 681 683 684 ~ 686 7 683 683 ~ 683 -~682 682 682 
,-----

727 715 - - - - 717 I 715 715 715 715 714 714 714 714 

730 

747 

766 

788 

- - - - -~~ 728 729 729 !Mil• 728 728 728 728 728 

- - - - 746 746 746 746 745 ~J'~ 746 746 745 746 

- - - - 753 753 753 753 753 ~ 753 752 752 752 752 

- - - - \ 787 787 787 786 787 ~8; 786 785 785 785 785 

\._ "'---NOTES: Upav•m BoundMy of N8tur11 SimulltiON UpavMm EKt .. t of Ice Cov• Progr-

1. D lndicat81 locations wh•• maximum riv• 1~ 8QUels or ex..-!11 known 5. All rev• ~in feet. 
liollllh thrllhold eiiVItion. S.. Exhibiu A· T lor duretion of ovlrtoppifllll. 

2. "Call c·· oper1ting guid1 i1 IllUmed for with·projlc:t aimulltionl. 

3. 1871-72W simulltion IUUmll werm, 4"C r..voir r~l••· All oth• with· 
project aimulltiona •uu- •n "inllow·m•tching" lllllf*IIUrl policy. 

4. UpstriNillll ()llttlnt off nimuletllll ice cov• progr ... ion loo- WM!o!nM lillinu oc£U<~ 
upstr•m ot Aivllfl' Mifitt ]~.!B. 

_I 

6. Win .. •ir t-per•tur•: 
' 1971·72 cold 

1976·77 very warm 
1981·82 overoge 
1982-83 warm 

.J 

2020 
DEMAND 

N 

~ r:-

~ ! 
1m) wg 
468 457 

461 468 

lill1 47fi 

liW Iii] 
Jm]~ 

625 623 

666 560 

Iilli 672 

~ail~ 

~~&00-

621 I 617 

--~628 
li[iJ 650 

IWl 656 

668 668 

684 684 

715 716 

729 729 

(ill) Jill 
753 754 

787 787 

J 

TABLE IV 

WATANA 
FILLING 

YR.1 YR.2 

'I ~ 

i i ... ... 
387 387 

466 466 

467 467 

473 473 

481 IB --620 521 

541 541 

1518 570 

680 liS) 
802 103 

618 611 

826 628 

860 650 

liiil 66fi 

670 688 

882 1182 

712 713 

727 728 

746 746 

761 750 

782 782 
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TABLE V 

SUSITNA. HYDROELECTIUC PROJECT 
OCCURRENCES WHERE WITH-PROJECT MAXIMUM RIVER STAGES 

ARE HIGHER THAN NATURAL CONDITIONS 

Watana Watana and 
Slough or River Only Devil Canyon Watana 
Side Channel Mile Operating Operating Filling 

Whiskers 101.5 6/6 6/6 0/2 
Gash Creek 112.0 6/6 5/6 0/2 
6A 112.3 6/6 5/6 0/2 
8 114.1 6/6 6/6 1/2 
MSII 115.5 6/6 6/6 0/2 
MSII 115.9 6/6 6/6 0/2 
Curry 120.0 6/6 3/6 0/2 
Moose 123.5 6/6 4/6 0/2 
SA West 126.1 5/6 4/6 0/2 
SA East 127.1 4/6 2/6 0/2 
9 129.3 4/6 2/6 0/2 
9 u/s 130.6 3/6 0/6 0/2 
4th July 131.8 3/6 2/6 0/2 
9A 133.7 3/6 1/6 0/2 
10 u/s 134 .3· 4/6 1/6 0/2 
11 d/s 135.3 3/6 0/6 0/2 
11 136.5 4/6 2/6 0/2 

Notes: 

1. For example, 4/6 means that 4 of the ·6 with-project simulations 
resulted in a higher maximum river stage than the natural 
conditions for corresponding winters. 

2. "Case C" operating guide and "inflow-matching" 
reserv·oir release temperatures are assumed for with-project 
simulations. · 



SUSITNA HYDROELECTRIC PROJECT 
EXPECTED PROjECT· EFFECTS ON WINTER SLOUGH OVERTOPPING 

WATANAONLY 

1996 
DEMAND 

"' 
,... N M 

Slou~or Rivtr 
Side Channel Mill 

~ r:- op op 
~ ID ~ Iii ,... ,... ! (J) en en ... ~ ~ .... 

Whilkers 101.5 X 

8 114.1 X X X 

MSII 115.5 X 

MSII 115.9 X X X X 

SAW•t 126.1 X X X 

SA Ean 127.1 X 

9 129.3 X 0 

9A 133.7 X 0 

10 u/s 134.3 X 0 

11 136.5 X X 

LEGEND: 

X Slou~ is overtopped with project, but not under 
simulated natural corditions for the corresponding winter. 

0 Slough is ovll!"topped with simulated natural conditions, 
but not overopped with project. 

J .I ] 

~ 
N 
~ 
~ ,... 
(J) ... 

X 

X 

0 

0 

0 

WATANA AND DEVIL CANYON WATANA 
FILLING 

2001 2002 2020 
DEMAND DEMAND DEMAND YR.1 YR. 2 

"' M "' 
,... 

"' M "' M M N r:- op r:- ,... op op '":' op op op 
~ &1 ~ rD a; "' ~ "' N ... ,... ,... 

fii 8! ,... co ! co 
Dl Dl Dl (J) Dl en (J) 
~ ~ ~ ~ ~ ~ - ~ ~ ~ 

X 0 0 

X X X 

X 0 

X X X X X X X X 

X X X 

0 X 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 

X 

NOTES: 

1. "Case C" operating guide is auumed for with-project simulations. 

2. 1971-72W simulation assumes warm, 4• C reservoir reiNses. All other with-project 
simulationsaNUnw an "inflow-matching" temperature policy. 

3. Winter air Temperatur•: 

) 

1971-72 cold 
1976-77 veq1 w~rm 
Hl3HJ2 •vmr~!Jl!> 

] 9P_"-___ 
0
_ ~] 'lt'llalHI' ••. J 

TABLE VI 
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TABLE VII 

SUSITNA RYDROELECIRIC PROJECT 
SIMDLA.TED ICE FllONT PllOGB.ESSION 

Starting Date 
at Chulitna Melt-Out 

Natural Conditions 
1971-72 
1976-77 
1981-82 
1982-83 

Watana Only - 1996 Demand 
1971-7 2 
1976-77 
1981-82 
1982-83w 
1971-72 

Watana Only - 2001 Demand 
1971-72 
1982-83 

Both Dams - 2002 Demand 
1971-72 
1976-77 
1981-82 
1982-83 

Both Dams - 2020 Demand 
1971-72 
1982-83 

Watana Filling 
1982-83 (YR.1) 
1981-82 (YR.2) 

Confluence Date 

Nov. 5 
Dec. 8 
Nov. 18 
Nov. 5 

Nov. 28 
Dec. 25 
Dec. 28 
Dec. 12 
Dec. 17 

Nov. 28 
Dec. 19 

Dec. 2 
Jan. 10 
Dec. 30 
Dec. 22 

Dec. 3 
Dec. 14 

Dec. 23 
Dec. 2'3 

May 1~E 
May 3 
April 3 
Mar. 20 
Mar. 27 

E May 15 
March 16 

E May 3 
April 20 
Mar. 12 
Mar. 20 

April 15 
Mar. 12 

Legend: B - Observed natural break-up. 

Maximum 
Upstream 
Extent 

(River Mile) 

137N 
137N 
137N 
137N 

140 
137 
137 
127 
127 

142 
124 

137 
126 
124 
123 

133 
127 

E - Melt-out date is extrapolated from results when occurring beyond 
April 30. 

Notes: 

N - Ice cover for natural conditions extends upstream of Gold Creek 
(River Mile 137) by means of lateral ice bridging. 

I - Computed ice front progression upstream of Gold Creek (River 
Mile 137) is approximation only. Observations indicate closure 
of river by lateral ice in this reach for natural conditions. 

1. '"Case C" operating guide is assumed for with-project simulations. 

2. 1971-72W simulation assumes 4°C reservoir releases. All 
Clther with-project simulations assume an "inflow-matching" 
temperature policy. 

3. Weather conditions: 
1971-72: Cold winter 
1976-77: Very warm winter 

1981-82: Average winter 
1982-83: Warm winter 
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SUSITNA HYDROELECTRIC PROJECT 
TOTAL ICE THICKNESS 

MAXIMUM SIMULATED VALUES 

WATANAONLY WATANA AND DEVIL CANYON 
NATURAL 

CONDITIONS 1996 
DEMAND 

~ 
N ..... N .., N ..... N (') N 

Slough or ":- ..... Ojl Cl'jl ":- ":- "? C9 ":-
SidiCMnMI Ri-Mile - cD i N - <') 

iii N -..... ..... i ~ 
..... co ..... 

Gl Ql (J) ., (I) - - - - - - .... -
Whilk .. 101.6 6 2 4 J 6 2 J 2 J 

GMhCrelk 112.0 5 4 4 4 6 3 6 5 6 

lA 112.3 6 6 4 5 5 3 5 4 6 

8 114.1 5 2 4 4 5 2 4 3 4 

MSII 116.6 5 2 5 5 6 2 5 5 4 

MSII 116.8 5 3 7 6 1 3 1 6 6 

Curry 120.0 6 5 7 4 1 5 8 5 3 

Moo• 123.6 10 4 1 5 8 6 8 2 4 

BAWett 128.1 5 2 3 3 5 3 3 1 1 

8A ., ... 127.1 5 2 3 3 4 3 2 0 0 

9 128.3 6 4 7 6 5 J 3 
,--
I 

9u/s 130.1 B 3 6 7 5 4 2 

4th July 131.8 7 1 3 5 5 3 2 

9A 133.7 7 1 3 3 6 4 2 I 

10 U/1 134.3 11 1 J 4 7 5 2 

11 d/1 136.3 6 1 3 5 6 4 2 

11 136.5 5 1 3 4 3 2 2 I 

17 139.3 
( Upstream Boundary 

2 : 

140.6 ~ 20 of 
Natur1l Simulations ''== Upatrlllm Extent of 21 (All 141.8 

21 142.2 
101 Cov• Progreaion 

22 144.8 

NOTES: 
1. "Cate C" operating guide is 1-.umed for with-project simulationa. 
2. 1971-72w simulation aJIUrTIII5 warm, 4"C r818fvoir releaMI5. 

All other with-project simulations a5sume an "inflow-matching" tempennure policy. 
3. Upstream extent ot 5imulated ice cover.pmgrenion for Wetana filling occurs 

upstream of River Mile 144.8. 

I .J 

2001 2002 
DEMAND DEMAND 

N .., N ..... N .., 
":- Ojl ":- ..... 

"' Ojl - N - cD - N ..... q) ..... ..... ! i m ., Q) Gl - - - - -
6 2 5 1 2 2 

5 7 5 2 2 3 

5 1 5 2 3 4 

5 5 4 2 3 3 

6 6 4 3 3 4 

5 8 4 6 4 6 

5 1 4 3 1 1 
,--

6 2 1 4 _1j r-- (J 5 3 

4 I 3 

6 I 
J 

I 
6 : I I 
7 

8 J I 

9 I 4 

B J 

6 1 I 
______J 

13 I 

12 

3 

I I 
~ 

4. All W:. thick.- in feet. 
5. Winter air tlmP«Itur•: 

1971·72 cold 
1976-77 Yery warm 
~981·82 •verage 

J l!lA~ jf wa·~ .J 

2020 
Dt:MAND 

N .., 
":- Ojl - N ..... I ~ -
4 1 

4 1 

4 1 

4 1 

4 2 

5 3 

4 2 

7 2 

3 1 

3 0 

3 r--
2 I 

_ _3j 

TAaLE VIII 

WATANA FILLING 

YR.1 YR.2 

.., N 
Ojl liP 
N -I I - -
2 3 

3 4 

5 5 

3 3 

3 5 

5 8 

4 6 

5 6 

1 2 

1 2 

2 4 

3 6 

1 3 

.3 2 

6 2 

J J 

3 4 

1 4 

1 4 

1 2 

1 1 

1 1 

1 



IUSITNA HYDROELECTRIC PROJECT 
SOLID ICE THICKNESS 

MAXIMUM SIMULATED VALUES 

WATANAONLY WATANA AND DEVIL CANYON 
NATURAL 

CONDITIONS 1811 
DEMAND 

il 
N ..... 

~ ~ 
N J:; N M N 

Slough or ~ ..... ~ op op ~ - til - N - :e ... N -Side Channel RhwMU. ..... ..... I i ..... i i 
,.... 

CJI CJI CJI CJI CJI - - - - ... ... - - -
Wh-ers 101.6 5 2 4 3 5 2 3 2 3 

GalhCrMk 112.0 5 2 4 3 5 2 3 2 2 

SA 112.3 5 2 4 3 5 2 3 2 2 

8 114.1 5 2 4 3 5 2 3 2 2 

MSII 116.6 5 2 4 3 5 2 3 2 1 

MSII 116.9 6 2 4 3 6 2 3 1 1 

Curry 120.0 5 2 4 3 6 2 2 0 1 

Moo• 123.6 5 2 4 3 4 1 2 0 0 

lA West 126.1 5 2 3 3 4 1 1 0 0 

BA East 127.1 5 2 3 3 3 1 1 0 0 

9 129.3 5 2 3 3 3 1 1 ,--
9 u/s 130.8 5 2 3 3 3 1 1 

4th July 131.1 5 1 3 3 2 1 1 I 

9A 133.7 5 1 3 2 2 1 0 

lOuis 134.3 5 1 3 2 2 0 0 

11 d/s 135.3 4 1 3 2 2 0 0 
I 

11 136.5 4 1 3 2 1 0~ 

17 139.3 c UpstrNm Boundwy 
0 r- . 

20 140.5 of 01 
Natural Simulations 

~ Upstream Extent of 21 (A6) 141.8 

21 142.2 Ice Cover Progr-ion 

22 144.8 

NOTES: 
1. "Case C" operating guide is a51Umed for with-project simulations. 
2. 1971·72w simulation assumes warm, 4"C reservoir releases. 

All other with-project simulation• assume an "inflow-matching" temperature policy. 
3. Upstream extent of simulated ice cover progression for Watana filling occurs 

upstream of River Mile 144.8. 

2001 2002 
DEMAND DEMAND 

N M N ..... N M 
~ op ~ ~ op op - N - :e i N ..... i Si i CJI CJI ... - ... - - -
5 2 5 1 2 2 

5 1 5 1 2 1 

5 1 5 1 2 1 

5 1 5 1 2 1 

5 1 4 1 1 1 

5 0 4 1 1 1 

5 0 4 1 1 0 

4 0 4 0 
J--

r-
4 3 ~ 
4 3 I 

4 3 
I 

4 2 

4 2 I 

4 1 

3 I 1 

3 0 
I 

3 --~ 
2 I 

2 

1 

_o_.~ 

4. All ice thickneu in fHt. 
5. Winter air temperatures: 

1971·72 cold 
1976-77 very warm 
1981-82 average 
1962-83 warm 

2020 
DEMAND 

N M 
~ op ... N ..... i CJI - -
4 1 

4 1 

4 1 

4 1 

4 1 

4 1 

3 0 

2 0 

1 0 

1 0 

1 r--
0 

I 
__ .Qj 

TABLE IX 

WATANA FILLING 

YR.1 YR.2 

~ 
N 

! N 

i i - -
2 3 

2 3 

2 3 

2 3 

2 3 

2 3 

2 3 

2 2 

1 2 

1 2 

1 2 

1 2 

1 2 

1 2 

1 2 

1 2 

1 2 

0 2 

0 2 

0 2 

0 1 

0 1 
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MAP COURTESY OF 

SCALE: 1 INCH EQUAL& 2.S MILES 

fiGURE 1 - SUSITHA RIUER 

R&M CONSULTANTS, INC. 
•NOtN •• IIII. OeOLOGI•TW ~ANN·- •u""•tro•• 
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The following study, entitled "Watana-First Year Filling" 

corresponds to the winter of 1991-92, as depicted in Exhibit 

E.2.138 of the License Application. The weather used corresponds 

to the winter of 1982-83, which is a mild winter. Releases from 

Watana under these conditions would be made thru the low-level 

outlet . 
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* Note: Simulation of progression u/s of River Mile 140 ± is considered 
approximate since intermittent bridging of border ice has been 
observed to be the dominant ice process in this zone. 
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The following study, entitled "Watana-Second Year Filling" 

corresponds to the winter of 1992-93, as depicted in Exhibit 

E.2.138 of th-e License Application. The weather used corresponds 

to the winter of 1981-82, which is a cold winter. Releases from 

Watana under these conditions would be made thru the mid-level 

outlet. 
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* Note: Simulation of progression u/s of River Mile 140 ± is considered 
approximate since intermittent bridging of border ice has been 
observed to be the dominant ice process in this zone. 
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1 •. Natural Ice Conditions ( 1983) 

LIPT aa•a 
MAIU.I TaU I a at.M•I 

•• .. 

Mu••oc••• ICI cow•• 
IAN ... ow• •tt• WILOCITY .UIA 
aOLID- 1

1 
• aLu ... - •' 
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2. !CECAL Simulated with Project Ice Condition• ... 
lOUD I FT, ILUIH 0 fT .. . 

LIPI aa•1 IUIII•.t. MAUfiTIM 
MATU•I Tall I a ALH.I - .. .. II .. .. 

3. Interpreted with Project .ce Conditions -
.. . 

LIPT aa•1 
•a•u•• t•••• a ALDial - .. .. II .. .. 

PRtPAIIEO IT I 

R&M CONSULTANTS, I·Nc. 
.I'IIIIIU•OIA••• ··D~PD•e•• ~-. ...................... u •• 

1 

C: DelLI I a•o l.t.•a 

.. •• .. .. •• 
alaT.t..CI • 100 I PI IT I 

RUN #71'98CNA wnm:R 1971-72 

.. 

.. 

LRX-3 

*TAM CFERATII«l AU1fE - 1996 E*IGY tD1MD 
RESERVOIR RELEASE 'JUIP 1 INf'l.Ool M.\TOIII«l 
CASE C n.c::w; 

•• .. .. •• 
aiiTAIICI • 100 I PI ITt 

40 •• .. .. 
1982 CROSS SECTION SURVEY 
RIVER MILE 98.8 
VERTICAL EXAGGERATION 4:1 

•• 

••• 

liLA •• ·-·CII&AIIL ..uu•• T•lll ••• •La••• 

.. .. •• 

IILA•D ltOI CM&IIIIIIL 
MATU.I T•111 .t.•D .LDI.I 

.. II .. .. 

IIL.-•D IIDI C:M&••IL 
M.t.TU•I T•lll a•o &LDI•I 

10 •• •• • • 
PREPARED FOR I 

SUSITNA JOINT VENTURE 
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1. Natural Ice Condition• ( 1883) 
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IIATUIIIf, Til. II AIIO M.PIII 

100~--------~---------,----------r---------,----------r--------~----------r---------~---------r--------~----------r---------,----------r---------,~--------, 

... 
: .. .. .. .. . 
!! .. 
: 
~ .. 

.. II 
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Wlei:1".1T.D IlL All5 
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IIITIIIA .. tl 

•• 10 II 14 II .. 

OV•IIIIJ,NIII Alll.l 
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.. . • 
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...... 110 
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LIPT U.lllf, 
AlDI .. 
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.... .,+ 
• -------,---------.------.. .. 
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~~~~-~:i~~~"~-:~===--:~.::: 
A&M CON5UL.1"ANTS, lf\IC. 
ll ... ll•~···· 1111"-.,DPO·~· -~ ................ ·U"'Y••g,""· 
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.. 
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IIUtUIIII. r•r.~• AIIO ALII)IIII 
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~ II H H II .. •• II • 

II.C:DIIDAIY CHA~!41L 

LRX-7 

Dlll"lll.:t I. 100 I fliT I 

lrHIIIIIllllt tLDUIIH 
UfU:IIIICI 

U'Vl.IIIIAIIIIf IRIA 
MAlU.[ T.[ll AND ILPIIIIa 

r-·--·.----· -.-----.-------.-----,---· --·-..--------. .. f!4 11 u ao .11 •• •• 

1980 CFmSS SECTION SURVEY 
RIVER MILE 101.5 
VERTICAL EXAGGIERATION 4:1! 
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I'Rf~AR£11 FOR: 

SUSITNA JOINT VENTURE 
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1. Natural Ice Conditions ( 1983) 

LIPT IAifl 
IIAII AMI ALDIU 

IIIUIIIIDCitO &CI. CO~II 
IOLID-1'! ILIJIN-1" 

IILAIIID 
IIIAIUII Tllll AND ALIIII 

HUIIIIMD~II*- 11;"1 c;0¥11 
•nH 0,111 LIAD 
AIID IA88IMI 
lOUD-I' I ILUIM-$' 

..... , ...... 
lloJL---------,----------,---------~----------~--------~----------,----------,----------,----------,----------,-----------r----------r----------r----------, 

.. • • .. .. 
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410 
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~ .. 

Ill II .. •• .. •• .. •• 
DIITA .. CI • IDO I PI If) 

2. ICECAL Simulated with Project Ice Conditions RUN +7188CNA 

LIFT lANK 
I•UI a• ALDIII 

tiiNTER 1971-72 
WATANP. CJ>ERATJII> ALC'tft: - 1996 l!a:Rllt' J:DIN«l 
RESEJM:llR RELEASE 1DIP 1 INFL<II W.TOIIII> 
CASE C Ft.CHi 

IILAMD 
IIATUII Till I A•D AL*-111 

II .. •• 

..... , ..... 
110~---------,----------,---------~----------r---------~----------.----------,----------,----------,----------,-----------r---------~----------,----------, 

.. • • 

410 

--• 0 
;;: 
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3. Interpreted with Project Ice Condition• 

LllrT lA• 
I•AII _.,ALDIII 

.. .. . 
DIITANCI W 100 C Pill I 

ID 

fiLA •• 
•aTUII T8111 ••D ALDIII 

II •• •• II 

110~---------,----------,---------~----------r---------~----------.----------,----------,----------,----------,-----------r---------~----------,----------, 
I' 10 II 14 II II ID II 14 &I IO 10 &I 

PREPARED IT' 

A&M CONSULTANTS, INC, 
·-•..,11•• u•Do.OIIII·T· .. 1..NHIIII. •u~~t¥••D•• 

DIITAIICI I 100 f PI If) 

LRX-10 
1980 CROSS SECTION SURVEY 
RIVER MILE 104.8 
VERTICAL EXAGGERATION 4:1 

Plt£1"AitiD fDit• 

COBU·IEM~l:mJ 
SUSITNA JOINT VENTURE 
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""!ll'Eil 1911-U 
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2. ICECAL Slm~.tlated with Project h:e Ce;ndillor.s RUN +7198CNA ~~E:IMliR REU"AYE ma:> • INFLCIII tv.rou..:; 
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.. to .. 14 to 
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LRX-12 

.. ~ 

1831 CfhJSf! St:CTlON SL'~v~·y 
RIVER MII.E ~~8.-4 

VEI!ill'!CAll.. EXAGGERATION 4:1 
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t• It M 
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1. Natural lee Conditions (1983) 

HIIMMOCKID ICI COVII 
IAIIID WltM OP'II LIAO 
IOLID I', IW•M I' 

LIP1' •••• 

IIUMMOC.ID ICI CO~II 
P LDWUII Wit II Ill CIITII ONLY 
IIMAIIIIIII ICI II lfiAIDI:O 

I.COIOA•1' CNAIIIL 

IIINT IAMI 

ILDUIK 
C•OIITIOI OP lA I 

400~-t---------~ll--------~~--------~.r----------.~--------~1!0~------~l!l~------~.~.~------~~~~~--------.~.~--------~ •• ----------;lri----------Mr----------.T.----------.T.----------~40 
DllfAIICI W 100. PUT I 

100 

il • .. .. • .. -·· I 
;:: 

= .. ... .. 

2. ICECAL Simulated with Project Ice Conditions RUN #7188CNA 

IOLID I 

IUIITIA M&.ITI• ... ,, .... . .... , .... 

NINI'ER 1911-72 
WATAM CPERATIM; IILC'M: -
RESEJM:liR RElEASE 'IUIP 1 
Cl\sE C FLCWi 

ILDUIK 
f PDITION OP lA I 

000~.t---------~ .. ----------~~--------~.~.--------~.r---------~.~.--------~.~.----------1T0----------1T1----------.~.----------~.0----------,1r1 ----------Mr----------1T1----------~ •• ----------~.0 

100 

.. : .. .. .. .. -·· I ;:: 

= • ... • 

3. Interpreted with Project Ice Conditions 

L.IPT IAI • IIINT IAI. 

ILDUIN 
tra•rto• or •• a 

400 ~~t----------~r---------~.~.---------.11c---------;.c----------1r0---------.1r1----------1r4----------1r0----------1T1----------1T0----------,11-----------Mr----------1r0----------.~.----------~.o 

PREPARED 8Y • 

~ LRX-17 
R&M CONSULTANTS, INC, 
............ alrDt.OII ... TB -~.......... "v•v•,.u•~ 

DI•TA.ICI I 100 I PIIT, 

1980 CROSS SECTION SURVEY 
RIVER MILE 112.7 
VERTICAL EXAGGERATION 4:1 

PREPARED I'OR • 

Dll~!WAl·lE@JA\$@® 
SUSITNA JOINT VENTURE 
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1. Natural Ice Conditions (1983) 
110 

1100 

IIIJI CH._JL IICOMDI.Y CIIAMIL VII,TITIO IlL a•D 

MUIIllllDCKIO U:! CDVI" 
.AIIIING OY!. HIIIN VILOCITY AM.A 
IOLIIt .... LI.IIM 1 1 

....... ~ · .. 
IUII'T.I. •••UI.II ••1111 Da•• 

·~-L----------r---------~---------,,---------,---------~----------.---------~----------.---------~----------,----------,r---------~----------r-----------
a 10 II .. II .. 10 II •• •• 

DllfUCl • 100 I PUT! 

2. ICECAL Simulated with ProJect Ice Conditions RUN +7191CNA NI!m!!R 1971-72 .... 

-
~tlltAti-D .ILAMit 

II.COtliDAWY CMMI.L 

000 -L----------~------.------ I 

'I • 

3. lnt•erprebut with Project lc;e Conditions 
1110-1 

I 

- ----~r--------~ .. • 

IOLID I FT,8LUIH 0 FT 

-----_....--
lt!Sif•' fill•t••tlllt 

NP.TANA a>ERATlN:: AU't'IE - 1996 DIEJCY IJ!IWII> 
RESER\IOJR ~1!: 'I"94P 1 INFl.CM "'-TCHir«; 
CASE C t'LCNi 

-,-----·~,----·-.,.----.-----~----.c-

10 . Jl M 11 ... 10 •• 
DlltonU U 100 IVUf I 

_....,.- ·-----------
!:. • • 

-.------,-------...----------,..------.---------.------r--·----,-------
10 II .. .. 1( IQ •• " Dlli'A•&I t 100. l•w.ltt 

PR[ .. AREII BY• 
1982 CROSS SECTION SURVEY 
RIVf:i1 MU.IE '4'i a .. 11 

PktrAitEII FOR• 

LRX-18.2 O!~IW .. /EIJ.l~~® 
VeRTICAL i.'::XM1GERATWON 4:1 .SU.SiTNA JOINT VlNTlJIIE 

J I J .J ,,~~·····] .I .) J ,J J ) 1 
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1. Natural Ice Conditions (1983) 

LIPT lAIII 

1011:0111 IC~ a•D ILUIN IIIIIDIII.IATII 
110 NDIIEIIIO• TM.OUIN TMII IIACN 

DPIII LIAD 

NU .. IIOC.IP ICI CDVll 
IIOITL.I IT.AMDID 
IOLID I, IL.UIIt 1 1 

IIDI CIIAIIIIIL. 

l 

. ... , ..... 
1~-L--------~----------r---------T----------r---------,--------~~--------.---------,----------.---------,----------r---------~--------,----------, 

;I 
• .. .. : 

100 

- 110 

I 
0: 

= ~ .. 

10 II •• .. 

2. ICECAL Slmulated~wlth Project Ice Conditions 

LIPT .Alii 

II 10 •• •• II II 
IIITAIICI .. fOQ I PUT, 

RUN +7188CNA WIN'lP 1971-72 
W.O.TAN.\ <»'ERATit«] ALC1IE - 1996 I!NEJGY IDIMD 
RESERVOIR RELEASE TDtP : IN~ MA.TOII!li 
CAsE C f'LCWS 

10 

1101 CIIAIIIIIL. 

1~-L---------,----------r---------,----------.---------,r---------r---------,----------r---------,--------~r---------~--------,----------.---------, 
10 

.. . • 
t; .. 

100 

.. . 
- HO 

! 
5 .. 

II 14 •• 

3. Interpreted with Project Ice Conditions 

10 IO II •• II •• 10 
DtiTA.CI I 100 ..... ,} 

IUIIYIIA •aiiiiTIM IIDI CIIAIIIIIL 

100~--------~-------,---------r--------,---~----~-------.---------r--------~--~---.r--------.--------,---------r-------~--------, 
10 II 14 .. .. 10 •• •• II .. 10 

DIIYAIIU • 100 C PIIT t 

,.RfPARED IIY• 

] 

LRX-23 
1980 CROSS SECTION SURVEY 
RIVER MILE 120.2 11lJBZJl·fM~It® 

R&M CONSULTANTS, INC, 
, ... ..,,...... e•DII..DD••T• ~t..A .. N·P>· ...... ..,.,D•a VERTICAL EXAGGERATION 4:1 SUSITNA JOINT VENTURE 



.. . • 
:; .. .. . 
D 

5 .. 
.: 

~ • .. .. .. .. 
• D 
;:: 
~ .. 
.J .. 

1. Natural Ice Conditions (1983) 
100 

100 

r L D D D 

ILOUtM ILOU•M 

IDIIDIIt ICI ALOIIe L.PT IAII • 
NUMMDClllO ICIE ALOIIe II.Hf 
IAIIIIt WITH n•111 ltl AT Clt:IIT.I 
IOLID 1 1

, ILUIM e• 

..•. , .... 
100~-------.-------.-------.-------.-------.-------.-------,r-------.-------.-------,--------.------~-------,-------. 

f:D •• 14 II • •• •• .. II II ... 
.,llfAIICI: I IDO fPII'I't 

2. ICECAL Simulated with Project Ice Conditions. RUN #7188CHA 
100 

tmm:R 1971-72 
Wo\TMA CI'ERATIJIC Nl'tiE - 1996 !NENOY 1BWm 
RESEJM)IR IIELEASE '1U1P 1 INf'L<Jol MTOfiii(l 
CASE C fU:tli 

). 80L1,11 4 FT,8LU8H I PT 

100 

ILDUIH ILCUMM 

Ll•t ., •• r L 0 0 D 'LA I II 

000 
10 II ~ ~ ~ 10 II .. 

Ill fAIICI I QDD ( n·rt I 

3. tnterpr•ated with Project Ice Conditions 

r L a 0 D 

000-j-----.,.-----,---- . ..,.-----,-----y-----,r- .,----· -- ---,.----- --,------,.----r--· 
I~ .. ~ ~ ~ " " .. 

••••'ANI':( It' !00 !J(lTt 

lRX -27 
1980 CRvSS SE:C'UON GUfWEY 
RIVER MilE '2:!.3 
'l#IE~T!CAL EXAG\GIEIR!IU"!ON 4: ~ 

.J J 

•'' 

!lleNT IAII• 

II 10 10 

II.NT l.o\ .. 1 

-,------. 
•• II 10 

PAEPIIRED FORo 

SUSITNA JOINT VENTIIRE 
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2. ICECAL Simulated with Project Ice Conditione 

D .. TA.CI I 100 ( •• If) 

RUN ~7188CNA 

NIN'li:R 1971-72 
W.TAN.\ CI'ERATII«> Al.CM: - 1996 !NER>Y I:BtANp 
RESEIMUR RElEASE 'l'E)JP 1 INF!ai MTOIIN:i 
CAsE C Pl.QoS 

ILOUIH 
DI .. IIL'I' W'll~faft.D .ITM MITUII Tllll AND ALDll TMtCIITI 

FLOOD PLAI• 
WTIAifl 

BOLIO ·a FT,8LU8H 8 f'T 

IIIMT ..... 
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11110 
!! 
~ 

: .. 
~ . 

ILOUIM 

un •••• 
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P L a D D P L I I • 
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tl II II tJ II II II II 11 •• II •• .. •• 

PR£P4RE D BY' 

LRX-29 

DllfA .. CI I lbD (,.liT t 

1980 CROSS SECTION SURVEY 
RIVER f .. ILE 126.1 
VERTICAL EXAGGERATION 4:1 

PREPARED 'OR' 

Dilbllt171Dl· IEt:JDJ$a:l@ 
SUSITNA JOJNr VENTURE 
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1. Natu.-al Ice Cotidltlons (19B3) Dllt·a•~• • 100 C •••' J 
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2. ICECAL Simulated with Pro)&ct lc\it Conditions o•••• .. c• • •oo 1 
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Q18MT ...... 
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3. Interpreted with Project Ice Conditions 

PREPARED IT' 
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1. Natural Ice Conditione (1983) 

IIDI CMA-L 
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- -1 
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••IMT ...... 
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2. ICECAL Simulated with Project Ice Conditione RUN #7198CNA 

80LID 1.1 P"J,8LU8H I P'T 

IIDI: C:HA_.L 

Ll:fT 11•• 

WINTER 1971-72 
K\T~ c:J'ERATit«; AUM: - 1996 I!NErCY t»w1D 
RESERVOIR RELF.NiE 'lDIP t INFLCW MATOIII«i 
CAsE C fUH:i 

PLOOD I'LIII 

ILOUIM 
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1. Natural Ice Conditions ( 1983) 
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1. Natural Ice Conditions ( 1983) 
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1. Natural Ice Conditions (1983) 
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1. Natural Ice Conditions ( 1983) 
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1. Natural Ice Conditions ( 1983) 
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1. Natural Ice Conditions ( 1983) 

LIJT li.lll. 
I•AII a• ALDI .. 

l 1 

MUIIIIDCIC.l.D ICl COVIA 
SDLIP-z', IILUSN-a• 

.. ~ 

IILAMD 
II.Atl.l•l T•lll AAD ALDIII 

HUIIIIIIOCI.IP ICI COVI• 
WitH OPIM LIAD 
A•D 8AU4111111 
SOLID-I' 1 ILUIN-t• 

- . J 

••••n •••K 

•ooJl----------,-----------r----------,~~---------.,,----------~,.-----------,~.----------~,.c---------~ •• c----------.~.c----------.~.~--------~.I1~--------:1t,----------:..,~--------~" 
DIUAIIIt:£ M 100 ( Jll T) 

2. ICE CAL Simulated with Project Ice Conditione RUN.,.71 02CNA 
WINreR 1971-72 
"'r.TANA AND 1£\i'IL CNimN CRRATit«; - 2002 ENEIGY 1BW10 
RESERVOIR RELEASE TEMP : INf'L(Jol MA'Il:Hit«; 

.. . • .. 
= .. 

... 

- •oo 
:: 
;:; 
% 
~ 

ll" ..... 
I ... D All) ALDIAI 

CASE C f'L<YtS 

SOLID 4.8 FT, 8LU8H D FT 

lllCO•D.t.•Y CNANIIIIL liL-'•D 
IUTUAI tAIII AMD ALDt:•l 

ooo-L----------,-----------r----------,~~---------,11----------~,.-----------,r1-----------.. ~--------r-10~---------. •• -----------. •• -----------,;,----------~.~.----------~M~--------~ ••. 

... 
;: 
• .. 
= .. -• 0 
;:; 

= . .. . 

3. Interpreted with Project Ice Conditions 

LifT ..... 
1•a11 AMIALD! .. 

DtiTAIIIt:l M IOD I ~liT, 

IILA•D AIINT •••• 

M.t.tUA! T•&ta A•D ALDIII 

ooo-L----------~,-.----------r----------,10,----------1,1-----------~r-----------,r1----------~11r----------,10-----------1~1-----------.~.-----------•• ,----------~.r.----------~"'~--------~ •• 

PREPARED 8Y, 

R&M CONSULTANTS, INC • 
.... "'"'"''"• oec:o .. pao•Y• .,L .. ..,.,.. •• , ,...,,...,.vaJII• 

DIUAIIIt:J M IDP 1,-llT) 

LRX-10 
1980 CROSS SECTION SURVEY 
RIVER MILE 104.8 
VERTICAl. EXAGGERATION 4:1 

PREPARED FOR• 

CllUVl·IE/fJ!Al~~aJJ 
SUS/TNA JOINT VENTURE 



.. . • 

~ .. 
l .. .. .. 

1. Natural Ice 

400 

4DL ~ 

LIP1' IAitll: 

HUIIIflli'lCIUD ICl 1:0'1111 
l&f!IQINQ OYlR .. IGH YU.OCITY fLO. 
SOLID t'. 5L UIH 5'- ·t' 

IUIIUIA II .. I.ITlM IILAIID lol .. IU'I 
~GITLV ALDI• •ll.t •OMI fAll I 

... -r------r-----...-----... -..... -·- ·--,......----.- ----.. .. -·----.·-----~----.,.....-~--~---.--~---..-~--
•() II 14 It 

» " " " 
.. •• •• •• 

Oh.TA .. Cf. li II)' t 'liT) 

... 
.. • • 
:; .. 
~ 

•oo ..... . 
0 
0: lll.•'-D ..... , ··~· LIPT t&tl'll 
~ :: IIIO.TLY ALDI• wnl't SDIII ·t•tll .. 
w 

... ;;-------;- --·----r-------,..------~--~-.---·-"------.----··-.,....---
.. •• 10 zt !14 .. •• .. 10 

LIITLICI C HJO 'flt:tt 

,4110-

.. • • 
g 

3. lnhrrpreted with Project Ice Conditions 

~~\~=====~~~J£b.~DJ4?_~·~ -~JP_~ 
••• 

I .. LIPr l.t.fll" • . ; 

... 
,------~------.-----r-
8 10 li .. , 

PREPAR£0 BY, 

J 

c•••• I•L& .. ID 
OITL'f &I,.Dl. eiTtl ,0•1 TW.ll 

-~~------.. ------~·-·····....------------r-· 
lnt s: 14 •• 

.D•IU·•CI • 100 I PI IT, 

lRX-12 

] 

"Hill 'i CROO:l SECTION SURVEY 
AIVER MILE lO:':lA 
VERT!CAIL EXAGGERATIOINI·4:1 

.J 

•••ttr llaa• 

,·---··--, --------; 
II 10 It ... 

PREPARE!> ~011 • 

~~DlW·.fft:I!Al~~® 
SUSITNA JOINT VENTURE 

_.J J 



100 

.. .. .. .. 
-010 

! 
= ~ 

1. Natural Ice Conditions (1983) 

NUIIIIIIDf;KI.D lf;l. f;OV'[II 
1&4111.0 WITH Of't.N L£AD 
lOLII I' t ILUIN I' 

IUIITIIA IIAIIIIITIIII IDLAMD 

.. , 

"UIUIGCII:I.D ICI COVI. 
fLDW1NI WAT£a 1111 CIMTI. ONLY 
aUIIAIIIIIIIII ICI II IT.AitD[D 

IICOIIIDAaY CMAMMIL 

1 

I LOUIN 
Cf•O.TIOII Of lA t 

400~----------r----------r----------r----------r----------~--------~----------,----------,----------,-----------r---------~----------,----------.r---------,-----------, 

il • .. 
:: 

100 

-... 
• 0 

i .. :: 

10 •• 14 .. .. 10 II •• .. •• 10 •• 
OtiTAIIC. I 100 f PIIT) 

WINTER 1971-72 

WIITANA AND IEVIL CAN\'ON Cf'£AATIN:; - 2002 ENEICY 1BtAND 

2. ICECAL Simulated with Project Ice Conditions RUN#71 02CNA =~o~~LFASE TEMP : INF'LCW MATCHIN:: 

SOLID 4 FT, SLUSH 0 

IILAIIID .LDU.N 
... O.TIOtr OF ••• 

LIPT DAIIII. IIIINT IAIIIK 

.. •• •• 40 

400~----------~---------r----------r-----r----r----------~--------~----------,----------,--r-------,-----------r---------~----------,----------.r----------r----------, 

.. . • .. .. 
~ 

.... 

-... 
' .. 
-! .. .. 

10 II .. .. .. 10 

3. Interpreted with Project Ice Conditions 

LIPT aa1111. 

II 14 .. 10 
OIITAIIICI I 100 f VI.IT t 

.liNT ..... 

II 

ILOLIIN 
CPO.TIDIII OFIA) 

•• •• II 10 

400~----------r----------r----------.----------r----------r----------r----------~--------~----------,----------.r----------r----------~--------~----------.-----------, 
10 II •• .. .. 10 .. 

PREPARED BY' 

~ LRX-17 

.. .. 10 
OIIU.IIICI • 100 t FliT I 

1980 CROSS SECTION SURVEY 
RIVER MILE 112.7 
VERTICAL EXAGGERATION 4:1 

.. •• •• .. 40 

PREPARED ,DR' 

C~Dl/PJU· IE&~~©® 
SUSITNA JOINT VENTURE 



~ . • .. . 
~ 

• ; 
~ .. ... . 

:; . 
" .. . 
: . 
!! .. 
! ... .. 

1. N&~tural Ice Conditions ( 1983) 
DID-

~00-

liP( CNI.,.IIlL 

400 ~---------r---------. 

I ' 

NlJM .. OCM.t.D ICif t'UVUI j 
s.-GCH .. "' OVUI lflglf VELOCITY &RU 
$CuD z•, ILUIH a' 

.. ... .. . .. :.-7.:-a': 

IIJtiTM& M*IM&TIIt IUINT ll.k;, 

,----------------~ 

I 10 It 
----r-·-----~ 

.. II 

DlaT.t.•c• • too ', ••. ,' 
II IU II 

2. tCECAL Simulated with ~roiect :ce Conditions RUN+7102CNA WIN'I'ER 1971-72 

Wk~~ MD 00/IL CI!N'ION OI'ERATit«i - 2002 !NEi(;Y f8W«l 
RF.&R'.'OlR REU:i\SE 'IF..HP : lN!'LOJ MATCHlt~ 

1110 

CASP. C fLCU; 

---·--. ~------,----- ·T----·.,.------.- -·-r ----··.....---·---,-----.......,.. ------r--·----r--

... . • .. .. 
: 

• ! 
= . .. . 

I 1~ 

3. b;terpreted with Pr~jE~ct It'& Conditions 
.. 0·1 

100 

II .. II II Ill u •• 

IUIMT aa•• 

II 

.. 

... --r-------.------;---····---r -----.----·· -----,·· ----.......--- -r---------r-----...,------.-------r------
• 

PREPAIIEO !IY' 

§':~~~:-=,~~--==:== 
FI&M CONSULTAI\l'rS, INC:. 
a. ..... , .... •"• •llc ... o ... t .. ,• ., .......... .,.u.,..,.,..g .. .,. 

.J J 

10 Ll tt •• • • lu 

Dll U•CI 'I IOtt I ,liT 1 

LRX-18.2 
HUt~ CRQ~& ~a;,~-4-ION SURVEY 
HtvER MILt: 1 U.1 
VIE~ll!C.!.U .. EXAGGERATION 4!:1l 

II •• II 

I'REP'4JIEO FOit• 

CllDlC~lli ·lEM~ll:llD 
SUS/TNA JOINT VENTURE 

I 



. 
!! .. 
# 
~ .. 

.. . • :; 
: 

IDO 

••• 

000 

... 

-~ 

1. Natural Ice Conditions ( 1983) 

aQIIID(I ICI AIIID ILUIM UIIIDIIIIIII&TM 
ND nOIIIIIIIDN 1MIIIDUIM TloiiS II.IACH 

DPIII '-lAD 

-·--~ -, 

HUIUIDC•IlD ICil CDVI• 
MOITLY ITIIIAMDID 
IOL.ID 1 1 IL.UIM I' 

1 

LU'1 I&MK 
vtalt&VID IIL.t.llll ••••n ...... 

lUll CNAIIINIL. 

10 II 14 II II 10 II 14 .. II 
DIITANCI • IDO C rUT) 

2. ICECAL Simulated with ProJect Ice Conditions RUN#71 02CNA Wltmll 1971-72 
NI'.TANA AND 11VIL CANYON CI'!:RATII«j - 2002 I!!NEJCY tBWW> 
RESERVOIR REI..EASE n:MP t IN~ MTCifJI«j 
CASE C FLG-S 

-liD 

: 
0: 
# 
~ .. 

.. .. • 
10 
1:! 

IUIIYII.I. IIIAUIITUI IIDI CHANIIIL 

ooo-L---------r---------,--------~r---------.----------.---------.----------r---------.----------r---------,.---------.----------r---------,.---------~ 
10 II .. II II ID II 14 II II 

DII1&11Cil • 100 I F.I.IT t 

3. Interpreted with Project Ice Conditions ... 

- ... 
...~' ' ' ' '= c• '~,..A.O'II' !!)~~ J I .. 

I! 
~ .. ~-

iC VIIIT.t.TII IIL.t.•a 

2: ... 

LIFT I&R NIIHT ..... 
1111 CM.t.MNIL. 

ooo~---------10T..---------,11----------1r4---------.,,-.---------1r1---------,10
----------

1
r
1
---------,

14
----------

1
T1---------,1

r1---------,M----------~---------r---------, 
DIIT&NCI K IDD I rill J 

PREPARED IT' 
1980 CROSS SECTION SURVEY 
RIVER MILE 120.2 

PREPAIIED P'DII • 

LRX-23 1Jf1t61ml·/EMI~® 
R&M CONSULTANTS, INC. 
.... 0........ ... DLUOIS r1 ... ......... ..... • .... ,.. ¥c:> •• VERTICAl!. EXAGGERATION 4:1l SUSITNA JOINT VENTURE 

I 

\ 
t 



1. Natural Ice Ct:~ndltlons ( 1903) 
100 

: .. .. .. .. .. .. 
1110 

II 
;: 

; 
" 

ILOUIH llDUiilll! 

'L G D D p l A I M 

IOaDI. ICI Al.O•I LIPT IA•K 
HUII.DCK&:D IC[ ALU•I IUIUtT 
IAQBIMI ¥'1tH t·HI .. let AT CIMtll 
IOLID t', IL.UIH I' J 

..... , .... 
..., -.----"·,.--------.- ·--·-----.----·....-------.-------.----,-----~· ....., 

10 I I 10 U: •of &I II J-0 lt •• 
llii&U~CI 1C tOO CJ:llY"I 

2. ICE CAL Slm-.lated with Poofect h;e CondltiQns R:JN#71 02CN' 

: .. .. Lll'f IAWK 

(] 
fl - -----.- ---.------....----r--·---,-. --·--,-------..----·· .. "1- -~-------,-. --··-- -·-, ~-- ___....,_ ________ ") 

IQ II! r• .tl II 10 II I~ 

OJtTA.CI • iOD ltll.ll 

•• 

IUIITNA .lllli.IT(II IUIMT l.ltlll 

---.----.-------, 
•• .. .,, 

~~~- ·······~· ~~~~ 

~ I 
~·,-----,-----.------.--------

Lt:rt .... .- ~ L 0 0 D 

10 

PREPARED BT' 

= F'~-%~~ ... --------=·--..:~~=~~ 
R&M CDNSUL:'t"ANTS, HIJC, 
., •• ., ......... otla~~'"·<:!'"- •• ....... ., ... e ...... ,., .. ._.~o._ 

.I 

11:18MT IAfiiK 

---7;-- --,r. -- --,~ ----~-.------;;-----------:;-------~~-- --~~-----,.-,----ic, 

QII1AifCf. 11 100 {f((fl 

LRX -27 
1980 C.r:OS>i SEC nCN i~Uf!:VEY 
RIVER WillE 1:l3.3 
VEIATICAL EXAGGERATION 4:1 

.J ,.I 

PR£PAREU FOR • 

Cfll~mu .. IE&JJ~f!;@ 
SUSifN.4 JOINT L'fNTURt 



~ . • .. .. : 

100 

~ IIO aLOUIM 

5 .. .. 
;: urr •••• 

1 

PIMIIl.'r VlltTATiil WIIN IIATU•l Tltll AND .lolDl8 TtUC•lTio 

IUIIT•t. lf.loiMIIIII 
Pl.DOD PLAIN ..... , ..... 

loa~--------.---------,---------~--------.---------,---------r---------.---------.--------,r--------,---------,---------,---------,---------,---------,--------
II tl " .. II .. II II .. •• " DIITAtu;,ll K 100 I PI IT I 

WIN'J'DI 1971-72 

2. ICECAL Simulated with Project Ice Conditions RUN#71 02CNA 

~THIA ~D lEVI L CJIN"!UN {PERATIN:> - :1002 I!M:IGY J:BW«J 
~SEWOIR RElEASE n:MP 1 INflJJi MATCHIN:> 
CAsE C ftDIS 

~ . • .. .. : 
a liD .LDU.M 
!! .. 
;! .. 
~ 

1111 LIP I •••1 

PLDDD ,LAlli 

... II .. •• 

SOLID 1 FT. 8LU8H ll FT 

IUtiTNA IIAUIITIIf 

'"""' ..... 
100~---------T---------,----------.---------~---------r--------~---------.r---------~--------,----------.---------,----------.---------.----------.----------r-------

~ . • 

" 

100 

,_ ...... .. : 
• 1150 
0 

5 
~ .. .. .. 

I LOUIN 

LtPf .AMI 

" " IJ " II II II II 01 .. •• .. .. 
DIITAIIICI • 100 I PllT I 

IUIITII.t. III.I.IIUTIUI 

• L a a o .. "' . ' " 
IUGMI D.t.ll .. 

loa~---------.---------.---------.r---------.---------.----------.---------.----------r---------,----------.---------.----------r----~----.----------.---------,--------.. II II .. 
PREPARED BY' 

LRX-29 
R&M CONSULTANTS, INC. 
I .. IIII'IIIIRI DIUl-QUIWll •L ............. • ... ., ... .,. •• 

IJ II tT II 
DIJU,IIC( I 100 t 'I IT 1 

1980 CROSS SECTION SURVEY 
RIVER r.tllE 126.1 
VERTICAL EXAGGERATION 4:1 

II .. JT .. 
PREPARED FOR' 

Dll!Jl!PJ~ ·IEIIJA\~{1:@ 
SUSITNA JOINT 1/ENTURE 



"'"' ..... 

t~r••••· .a.D jltrta IC:I 
DVf.li 6110UNDIIII'•TtR 
lfiPAgl. 

Ua.IMMOrJHU ttl. IILilflll Llf''": .AffM 
OP.U1 L.lAII TNROti'liiN NUMIIDtUD itl 

' . ~ Ill •• •• --~.~.--------~·----~"---

.. .. 
:.' 

... 

;•oo 
i -.. 
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1. Natural Ice Conditions ( 1983) 
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1. Natural Ice Conditions ( 1983) 
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