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I. SUMMARY

(To be written)

II. INTRODUCTION

A. PURPOSE

The Susitna River system is dominated by river ice for more than half of
each year. The processes of ice formation in the late fall, ice development
and evolution thoughout the winter, and decay of ice in the early spring have
large effects on the river's morphology and fish and wildlife habitats, as
well as pattorns of human use. The purpose of this report is to summarize all
that has been learned to date regarding natural river ice processes in the
Susitna River, the predicted alteration of those ice processes by the proposed
Susitna Hydrolelectric Project, and the effects of altered ice processes on
aquatic and terrestrial habitats, fish, wildlife, and vegetation, and man's
use of the Susitna basin.

This assessment 1is an integral component of an overall environmental
investigation of the effects of the Susitna Hydrolelectric Project on fish,
wildlife, and the human environment. This report is part of a series, called
the Instream Flow Relationships Report Series (IFRS), which summarize aquatic
environmental studies.

This report incorporates the work of many groups over the past five
years, all of whom contributed directly or indirectly to this effort.

Especially notable are the efforts of the following organizations:

33RD2-007v



R&M Consultants, Inc, who performed river ice observations and analyses

every winter;

Harza-Ebasco Susitna Joint Venture (H-E), who carried out computer
simulation modeling and analyses of natural and with- project river ice

processes;

The Alaska Department of Fish and Game (ADF&G), who performed winter

field work in terrestrial and aquatic studies;

The Arctic Environmental Information and Data Center (AEIDC), Univ. of
Alaska, who carried out instream temperature simulations by computer model and

performed fish and aquatic habitat analyses;

LGL Alaska Associates, Inc., who performed studies of wildlife and

terrestrial habitat in the Susitna Basin;

The Agriculture and Forestry Experiment Station (AFES), Univ. of Alaska,

who carried out riparian vegetation studies along the river system.

The report is organized into two volumes. The first volume includes
text and tables; the second volume contains all figures and appendixes.
Figures are not collated into the text because many of them will be in 11 by
17-inch format in the final report. For the draft version of the report, all
figures and maps have been reduced to 8 1/2 by ll-inch size.

B. SCOPE
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This report analyses river ice processes under both natural and
with-project conditions, and describes the expected effects of project-altered
ice conditions on the biological environment, for the entire Susitna River
system including the proposed impoundment areas. Specifically addressed are

the following subjects:

L. Natural river ice processes in the Susitna River as observed for the past
five years, including freezeup, mid-winter ice development, and breakup

processes;

2. Predicted alterations of river ice processes by the proposed Susitna
Hydroelectric Project, produced by computer simulation modeling of
with-project instream temperatures and ice processes (SNTEMP and ICECAL).
These include predicted ice conditions in the proposed Watana and Devil
Canyon reservoirs, and river ice regimes wunder various operational
scenarios including Watana filling, Watana alone on line, and both Watana
and Devil Canyon on line. Each of these scenarios is tested against
varying climatic conditions, for which the climatic years 1971-72 (cold),

1976-77 (very warm), 1981-82 (average), and 1982- 83 (warm) are used;

3. Predicted effects of altered river ice processes on terrestrial and

aquatic habitats, fish, wildlife, and vegetation, and public use.

Many of the conclusions reached in Chapter VI of this report are
necessarily speculative, as few studies have been carried out regarding the
effects of natural ice processes on fish, wildlife, or vegetation. Also,

little information exists on the effects of river ice processes altered by
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other northern hydroelectric facilities on fish and wildlife habitats. The
statements of fact or conclusions contained in this report have been derived

from several sources. These are:

1. Field observations and interpretations by investigators contractually
involved with determining the environmental effects of the Susitna

Hydroelectric Project;

2. Information on the Susitna River basin and its resources and environs

contained in both accredited journals and in gray literature;

3. Information on the physical and biological effects of river ice processes
learned from studies performed in other river systems,principally

reported in accredited journals.

Wherever possible, statements in the report purporting to be factual are
documented as . source. Conclusions or expressions of professional opinion
are similarly documented unless they are the opinions of the authors.

Additional relevant winter studies in the Susitna Basin are now in
progress by ADF&G, but these results were not available in time for inclusion
in this report.

Conclusions regarding the effects of altered ice regimes on fish and
wildlife and their habitats rest entirely upon the with- project river ice
scenarios predicted by computer simulation models. These simulation models,
while state-of-the-art, have limited predictive capabilities. For example,
the ICECAL model is one-dimensional in scope, limiting its capabilities to

predict ice processes in peripheral parts of the river where important fish
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habitat often occurs. Als., the model is incapable of modeling spring ice
breakup processes; conclusions about spring meltout are based on professional
judgement using ICECAL- predictea ice regimes.

This report, therefore, servis to give project planners the best view
of with-project river ice conditions and their effects on the biological
environment that is possible with presen. predictive technology. Tne authors
believe that the scenarios discussed herein are the most likely to result from

the project.

C. PBACKGROUND
The Susitna River drains an area of 19,600 -:quare miles, the sixth

largest river basin in Alaska. The Susitna flows 320 m.les from its origin at
Susitna Glacier to the Cook Inlet estuary. Its basin is b.rdered by the Alaska
Range on the north, the Chulitna and Talkeetna mountain. on the west and
south, and the northern Talkeetna plateau and Gulkana uplaids to the east.
This area is largely within the coastal trough of southcentral Alaska, a belt
of 1lowlands extending the 1length of the Pacific mountair system and
interrupted in Alaska by the Talkeetna, Clearwater, and Wrangell mjuntains.

Major Susitna tributaries include the Talkeetna, Chulitna, and Yentna
rivers (figure 1). The Yentna River enters the Susitna at river mil: (RM) 28
(28 miles upstream from the mouth ¢t Cook Inlet)., The Chulitna River -ises in
the glaciers on the south slope of Mount McKinley and flows south, e:tering
the Susitna River at RM 99 near Talkeetna. The Talkeetna River originat's in
the Talkeetna Mountains, flows west, and joins the Susitna at RM 97 iear
Talkeetna.

Tributaries in the northern portions of the Susitna basin originate i

the glaciers of the eastern Alaska Range. The east and west forks of the
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Susitna and Maclaren rivers join the mainstem Susitna River above RM 260.
Below the glaciers the braided channel traverses a high plateau and continues
south to the Oshetna River confluence near RM 233, There it takes a sharp
turn west and flows through a steeply cut canyon which includes the Watana (RM
184.4) and Devil Canyon (RM 151.6) damsites. In this predominantly
single-channel reach the gradient is quite steep, averaging approximately 10
feet per mile (Acres American 1983). Below Gold Creek (RM 137) the river
alternates between single and multiple channels until the confluence with the
Chulitna and Talkeetna rivers (RM 97), below which the Susitna brecadens into
widely braided channels for 97 miles to Cook Inlet.

The proposed project consists of two dams to be constructed over a period
of about 15 years, The Watana dam would be completed in 1994 at a site 3
miles upstream from Tsusena Creek (RM 184.4). This development would include
an underground powerhouse and an 885-foot high carthfill dam, which would
impound a reservoir 48 miles long with a surface area of 38,000 acres and a
usable storage capacity of 3.7 million acre feet (maf). The dam would house
multiple level intakes and cone valves. Installed generating capacity wculd
be 1020 megawatts (Mw), with an estimated average annual energy output of 3460
gigawatt hours (gwh) (Acres American, Inc. 1983).

The concrete arch Devil Canyon dam would be completed by 2002 at a site
32 miles downstream of the Watana damsite. It would be 645 feet high and
would impound a 26 mile-long reservoir witk 7,800 surface acres and a storage
capacity of .36 maf. Installed generating capacity would be about 600 Mw,
with an average annual energy output of 3450 gwh (Acres American, Inc. 1983).

Construction and subsequent operation of the Susitna dams are expected to
alter the norma. flow and thermal regimes of the river. Mainstem flows

downstream of the project would be higher in the winter than they are
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naturally. Mainstem water temperatures downstream from the project would be
cooler in the summer and warmer in the winter than under natural conditions.
A change in the river ice regime downstream from the project is expected due

to these altered flows and temperatures.
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III. SUSITNA RIVER MORPHOLOGY AND CLIMATE

The Susitna River drainage basin, sixth largest in Alaska, is located in
the Cook Inlet subregion of southcentral Alaska. The drainage basin covers
19,600 square miles. It 1is bordered on the west and north by the Alaskan
Range, on the east by the Talkeetna Mountains and the Copper River lowlands,
and on the south by Cook Inlet. The river is 320 miles long from the mouth at
Cook Inlet to the headwaters at Susitna Glacier. Major tributaries include
the Chulitna, Talkeetna, and Yentna _vers, all located downstrzam of the
proposed project. Extensive glaciers in the headwaters contribute substantial
suspended sediment loads during summer months. Streamflow is characterized by
high flows between May and September and low flows from December to April.

The headwaters of the Susitna River and the major upper basin tributaries
are characterized by broad, braided, gravel floodplains emanating from
glaciers on the south flank of the Alaskan Range. Below the West Fork
tributary confluence, the river develops a split-channel configuration with
numerous gravel bars, flowing south between narrow bluffs for about 55 miles.
Below the confluence with the Oshetna River, the Susitna River flows west for
96 miles through steep-walled canyons before reaching the mouth of Devil
Canyon. This reach contains the Watana and Devil Canyon damsites at River
Miles (RM) 184.4 and 151.6, respectively, as measured from Cook Inlet. River
gradients are quite high, averaging nearly 14 feet/mile in the 54 miles above
Watana damsite, 10.4 feet/mile from Watana downstream to Devil Creek, and 31
feet/mile in the 12-mile stretch between Devil Creek and Devil Canyon. Below
Devil Canyon, the gradient decreases from about 14 feet/mile to 8 feet/mile
above Talkeetna. The river in this reach is generally characterized by a

split-channel configuration, with numerous side-channels and sloughs. About 4
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miles above tne confluence with the Chulitna River, the Susitna River begins
to braid, and remains braided the remainder of its length to Cook Inlet,
Numerous 1islands and side channels appear. The gradient continues to
decrease, ranging from 5.5 feet/mile for the 34-mile reach below Talkeetna to
1.6 feet/mile for the last 42 miles,

In order to facilitate morphological descriptions, this report refers to
three distinct and easily identifiable river reaches labelled the upper,
middle and lower reaches. These river reaches have been referred to in other
reports concerning a variety of specific studies. This report deals with ice,
the formation of which is primarily controlled by air temperature but to a
great extent is affected directly by solar radiation as well. For the
following discussions regarding river ice, the "upper river" will refer to the
initial reach which is subjected to colder air temperatures due to the higher
elevation and latitude of the headwaters, but also receives a substantial
amount of solar radiation during the freezeup period because of the
north-south orientation and lack of major topographic features (figure 2).
The "middle reach" is the section of river that flows generally east to west,
from the vicinity of the Oshetna tributary confluence, through the Watana and
Devil Canyon impoundment areas, then southwest past Gold Creek and ending at
the Chulitna River confluence. This reach flows through a mountainous area
where steep canyon walls shade the turbulent water surface for much of the
year (figure 3). Downstream of the Chulitna River confluence the river
morphology changes suddenly from essentially a narrow confined channel with a
steep gradient to a broad channel containing a braided flow pattern. This
configuration is retained through this final "lower reach" to Cook Inlet

(figure 4).
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ldentification of specific sites on the river 1is best done with
place-names. However, in some areas the lesser features have no names or the
cartographers have failed to attach one, so a substitute system of river mile
(RM) numbers was developed with a common reference point {Cook Inlet, RM 0) sn
that all chose concerned with the river study could mutually orient
themselves. Photomosaic river maps sicwing the Susitna from Cook Inlet to the
proposed Devil Canyon dam site are included in Appendixes A and B. No maps
are available of the river upstream of Devil Canyon except for the standard
U.S. Geological Survey (USGS) topographic sheets at 1:63,360 scale. The
entire USGS map set showing the Susitna River from Cook Inlet to the Susitna
Glacier has been compiled and reproduced with river mile numbers in the
Susitna River Mile Index (R&M, 198la).

The Susitna River originates in the continental climatic zone, flowing
south into the transitional climatic zone. Due to the maritime influence and
the lower elevations, temperatures are more moderate in the lower basin than
in the upper basin. Freezing temperatures occur in the upper basin by
mid-September, with frazil ice generated in the reach from Denali through Vee
Canyon by early October,

Several meteorological stations have been installed along the river since
1980. Records from these stations, located at Susitna Glacier, Denali, Kosina
Creek (between Vee Canyon and Watana), Watana, Levil Canyon and Sherman,
together with records from the National Weather Service (NWS) at Talkeetna,
illustrate the sharp difference in freezing degree-days along the length of
the river (figure 5). In general, the meteorology within the Susitna River
basin is highly variable between weather station sites. This is due, in part,
to the movement of storm systems, the topographic variance, and the change in

latitude, but the major reason for the temperature variance between Denali and
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Talkeetra 1is the 2,400-foot elevation difference. 0f the seven weather
stations currently in operation, only three will be considered in this report
as preoviding representative data for describing ice processes in the upper,
middle, and lower reaches. These stations are located at Susitna Lodge on the
Denali Highway, at Watana Camp, and at Talkeetna.

The following sections discuss the specific morphological and
climatological characteristics unique to each section and how they relate to

river ice formation.

A. UPPER RIVER

The waters flowing through this reach originate primarily from four major
glaciers and to a lesser extent as runoff via numerous tributaries. Meltwater
and runoff drain from the West Fork, Susitna and East Fork Glaciers, flow
through broad gravel floodplains and werge into a single channel, to flow
through a narrow pass between the Clearwater Mountains on the east and an
unnamed range to the west. The Denali Highway bridges the river at this point
(RM 291). The U.S. Geological Survey records daily river stages at the
bridge. This gage provides information for computations of daily flow, which
averages 2,759 cubic feet/second (cfs) from a drainage area of 950 square
miles. During freezeup, or between October and December of any given year,
the flow drops rapidly from about 2,000 cfs to under 400 cfs. The lowest flow
occurs in March, and is usually estimated at less than 300 cfs. Just to the
south and east of the highway bridge, at Susitna Lodge, R&M Consultants
operates a weather recorder. This station monitors air temperature, wind
speed and direction, solar radiation. humidity and precipitation. Along the
Susitna River, freezing air temperatures are generally first recorded at the

Denali weather station.
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Downstream of the Denali area, the river develops a split-channel config-
uration with many gravel bars but few vegetated islands. The route meanders
through a breoad plain, with the channel generally confined by low bluffs. The
Maclaren River ent=rs from the northeast about 31 miles downstream of the
Denali Highway Bridge. Average annual discharge of the Maclaren River is 979
cfs. During freezeup the flow drops from about 700 cfs in October to 200 cfs
by the end of December, This river drains the Maclaren Glacier and a large
portion of the Clearwater Mountains. Fourteen miles further downstream the
non-glacial Tyone River enters the Susitna from the southeast, draining the
lakes Louise, Susitna and Tyone, as well as hundreds of square miles of muskeg
and black-spruce bogs. The last major tributary entering this reach is the
Oshetna River (RM 233). This river flows north into the Susitna, draining the
north flank of the Talkeetna Mountains. Several tributaries to the Oshetna
are glacial, the largest being the Black River which emerges from a sizeable
unnamed glacier.

The climate in this upper river reach is characterized by being colder,
drier and sunnier than in the lower reaches. Figure 6 shows a comparison plot
of air temperatures recorded at Talkeetna, Watana, and Denali during the 1984
freezeup. Storm systems wusually pass to the west of this river reach,
funneled northward through the lower Susitna Valley and over Chulitna Pass.
The Talkeetna Mountains rise to over 8,000 feet and cause much of the water in
the warm maritime air masses to precipitate out, so that the region to the

north and east of this range is in a rain shadow.

B. MIDDLE RIVER
This reach description focuses on the general east-west course of the

Susitna River beginning at approximately RM 233.
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The unique characteristics of this reach are the steep gradient of the
channel and the steep-walled canvon through which the river flows. The
elevation drops from about 2,150 feet down to 350 feet in roughly 140 miles,
for an average gradient of 13.4 feet/mile. This contrasts considerably with
the upper river gradient of 5.9 feet/mile and the lower river gradient of 3.6
feet/mile,

Downstream of the Oshetna River confluence the Susitna enters Vee Canyon,
the site of a U.S.G.S. streamgage. This gage measures flow draining an area
of 4,140 square miles. The average annual flow is 6,404 cfs. From October to
December, the flow drops from roughly 5000 cfs to under 1400 cfs. The middle
reach 1s primarily either a single channel or a split channel with
intermittent vegetated islands and gravel bars. The water is very turbulent
through the entire reach.

The river valley or canyon is generally quite deep, averaging about 1000
feet at the proposed Watana damsite, and the mountainous terrain along the
south bank shields the river from direct sunlight for much of the year. This
causes an air temperature gradient between the cold canyon bottom and the
warmer plateau adjacent to the river. This gradient is especially evident
during the winter, when sun angles are lowest and dense cold air settles in
the canyon. In December, 1984, temperature deviations of over 10 C were
measured between the Watana weather station and a thermograph located near the
water surface. The average monthly deviation, however, measured between 2-3 C
(figure 7).

The weather recorder at Watana Camp is similar to the recorder at Denali.
Winter precipitation is not generally measured at the weather stations except
for what snow may accumulate on the ground. However, at Watana a Wyoming gage

has been operating since October 1981, giving daily precipitation readings
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when a heated tipping bucket was operating. Since October 1983 monthly totals
have been measured from an accumulating snowgage charged with an antifreeze
mixture. These data allow a comparison between winter precipitation at
Talkeetna and Watana. Figure 8 summarizes precipitation data over the winters
of 1982-1983 and 1983-1984. The effects of storm patterns is illustrated by
the large volumes of snowfall at Talkeetna compared tc Watana.

The combination of turbulent water, cold air temperatures and little
solar radiation creates conditions where massive volumes of ice can form.
This reach of river is therefore a major source of ice during freezeup
compared to the upper and lower reaches. The upper reach has cold air
temperatures but lacks the turbulence necessary to generate large volumes of
ice. In October the sun shines directly on the water surface for much of the
day, raising the effective water temperature, if not the air temperature,
sufficiently to prevent further ice from forming. In the shaded middle reach,
freezing air temperatures are sustained, allowing ice to form over a longer
period of time. In contrast, the lower river has neither the cold air
temperatures in October nor the turbulence to generate much ice.

The reach between Devil Canyon and the Chulitna River confluence has
received considerable attention during the project environmental studies.
Project impacts would be most evident in this reach because no major
tributaries enter the Susitna River to offset the effects of flow regulation.
Smaller tributaries include Portage Creek, Indian River, Gold Creek and Fourth
of July Creek. The U.S.G.S. maintains a streamflow recorder and conducts
monthly measurements of discharge at the Gold Creek Bridge, where the Alaska
Railroad crosses the Susitna River (RM 136.6). This gage measures the flow
from a drainage area of 6,160 square miles. The average annual discharge is

9,724 cfs. Freezeup flows range from about 10,000 cfs in October to under
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Name

Hooligan Side Channel

Eagles Nest Side Channel

Kroto Slough Head

Rolly Creek Mouth

Bear Bait Side Channel

Last Chance Side Channel

Rustic Wilderness Side Ch

Caswell Creek - Mouth

Island Side Channel

Mainstem West Bank

Circular Side Channel

Goose 2 Side Channel

Sauna Side Channel

Sucker Side Channel

Beaver Dam Slough

Sunset Side Channel

Sunrise Side Channel

Birch Creek Slough

Trapper Creek Side Channel

Whiskers Slough

Side Channel at Head of
Gash Creek

Slough 6A

Slough 8

Side Channel MSII

Side Channel MSII

Curry Slough

Moose Slough

Slough 8A-West

Slough 8A-East

Slough 9

Side Channel Upstream
of Slough 9

Side Channel Upstream
of 4th of July Creek

Slough 9A

Side Channel Upstream
of Slough 10

Side Channel Downstream
of Slough 11

Slough 11
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TABLE 1
SLOUGH AND SIDE CHANNEL STUDY AREAS

Location
(River Mile)

35.2H
36.2H
36.3H
39.0M
43.0H
45,4H
59.5H
63.0M
63.2M
74.4M
75.6H
75.8H
79.8H
84.5M
86.3M
86.9
87.0
88.4M
91.6
101.5H

112.0

112.3M
114.1H
115.5

115.9H
120.0H
123.5H
126.1H
127.1H
129,3H

130.6

131.8
133.7H

134.3

135.3
136.5H

IN LOWER AND MIDDLE SUSITNA RIVER

Observed
Freezeup Year of Threshold
Ice Effects Observation Elevation
(Feet)
None 1984 Unknown
Some flooded snow 84 Unknown
None 84 Unknown
None 84 Unknown
None 84 Unknown
None 84 Unknown
Overtopped 83,84 Unknown
None 84 Unknown
Flooded snow 84 Unknown
Some flooded snow 84 Unknown
None 84 Unknown
Overtopped 83,84 Unknown
None 84 Unknown
N 'ne 84 Unknown
None 84 Unknown
None 84 Unknown
None 84 Unknown
Ncne 83,84 Unknown
None 83,84 Unknown
Overtopped 80-84 367
Overtopped 82,83,84 Unknown
Backwater 80-84 U
None 83 476
Overtopped 82,83,84 482
None 82,83,84 487
None 84 Unknown
None 84 Unknown
Overtopped 81,82,83,84 573
Overtopped 81,82,83,84 582
Some flooded snow 81,82,83,84 604
None 82,83,84 Unknown
None 82,83,84 Unknown
None 83,84 651
None 82,83,84 657
None 82,83,84 Unknown
None 82,83,84 687
ry



TABLE 1((.,..Tl~nd
SLOUGH AND STDE CHANNEL STUDY AREAS
IN LOWER AND MIDDLE SUSITNA RIVER

Observed
Freezeup Year of Threshold
Name Location Ice Effects Observation Elevation
(River Mile) (Feet)
Slough 17 139.3H None 82,83 Unknown
Slough 20 140, 5H None 82,83 730
Slough 21-Entrance A6 141.8H None 82,83 747
Slough 21 142, 2H None 82,83 755
Slough 22 144 .8H None 82,83 788

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.
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3,000 cfs by the end of December. Downstream of the Gold Creek Bridge, the
river gradually resumes a more southerly flow direction, retaining the steep
gradient and mostly split channel configuration. R&M Consultants operates a
weather station at Sherman. which together with the Watana Station provides
representative data for the middle river reach.

Downstream of Devil Canyon there are a series of sloughs and side channel
habitats that are particularly sensitive to changes in the mainstem flow
regime. The project-name given to these sloughs for identification, and the
river mile location of the upstream entrances are included in table 1. The
majority of these habitats have both an upstream entrance and a downstream
exit. During high water events in the mainstem, flood flows overtop the
entrance and spill into these overflow channels, The upstream entrances are
often protected to some extent by a low gravel berm. These berms have been
observed to form when ice floes are pushed laterally from the mainstem by
forces usually generated in ice jams, The floes contact the .channel bottom
and shove gravel, cobbles or soil before them, ultimately forming these berms.

A critical mainstem stage must be achieved before overtopping of the
berms occurs. These critical elevations are also listed in table 1. At low
mainstem flows the berms are not overtopped and the sloughs often convey clear

water from small tributaries and upwelling groundwater.

C. LOWER RIVER
This final reach begins at the confluence of the Susitna and Chulitna
Rivers at RM 98.5. During the spring, summer and fall the Chulitna River
contributes most of the sediment to the lower river. The large material is
deposited as the river gradient decreases. The deposition of sediment

eventually causes the unconfined river channel to shift. This on-going
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process results in numerous interlaced channels. Upstream of ots confluence
with the Susitna, the Chulitna River currently has two major channels. The
larger one flows along the northeast (left) bank, while the other flows along
the extreme right bank. During freezeup the right bank channel wusually
de-waters at flows under 4,000 cfs, and the left tank channel contains all the
Chulitna flow. The exact confluence of this channel and the Susitna varies
from year to year. At the Chulitna Canyon, the USGS maintains a gage
measuring streamflow from a drainage area of about 2,570 square miles. The
average annual discharge is 8,798 cfs. This is about 90% of the average
annual flow measured at Gold Creek, although the drainage area is less than
half (approximately 40%) the size. To some extent this is due to the higher
percentage of the basin that is glaciated, but otherwise indicates the high
volume of precipitation this region receives compared to the Watana and Denali
area. The Chulitna River flow decreases rapidly during freezeup from about
10,000 cfs in early October to about 2,000 cfs by the end of December,

The lower river has been subdivided into five reaches, each with distinct
characteristics: Segment 1, RM 95.5 at the Chulitna confluence to RM 78 near
the confluence with Montana Creek; Segment 2, RM 78 to RM 51, which is
approximately the upstream end of the Delta Islands; Segment 3, RM 51 to RM
42,5 through the Delta Islands; Segment 4, RM 42.5 to the Yentna River
confluence at RM 27; and Segment 5, the remaining reach from RM 27 to Cook
Inlet,

The following discussion presents brief descriptions of each river
segment including pertinent data based on photo-interpretation and field

observations.
1, SEGMENT 1l: RIVER MILE 98.5 TO RIVER MILE 78
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The Talkeetna River flows into the Susitna from the northeast, upstream
and adjacent to the town of Talkeetna. This river is also gaged by the USGS
at a site about 3 miles upstream of the Susitna confluence. The streamflow is
measured from a drainage area of about 2,006 square miles, The average
discharge is 4,055 cfs. The typical range of flow during freezeup is from
about 6,000 cfs in early October to about 1,000 cfs by the end of December.
The relative flow contributions from the Susitna, Chulitna and Talkeetna
Rivers have been summarized in table 2.

Downstream from the three-river confluence area, the Susitna continues
through a broad, low floodplain with multiple, interlaced channels., This
network generally consists of the main channel and a series of secondary
channels. The main channel meanders irregularly across the wide floodplain,
occasionally contacting the steep bluffs of the surrounding terrace.
Secondary channels are usually flooded during the spring and summer high wz-er
period only, since their thalweg elevation is higher than the main channel.
They are generally located near or against vegetated islands or directly along
either bank, and usually on the opposite side of the floodplain from the main
channel. The main channel flow continues all year while most of the secondary
channels normally de-water at some time during the winter, not necessarily
prior to freezeup.

The floodplain consists mostly of gravel bars and some partially
vegetated islands. Several complex side channel systems exist but these are
generally flooded only at flows exceeding 13,000 cfs at Sunshine, Some side
channels have a separate source of water, either from 2 tributary or
groundwater seeps, and are considered side sloughs at lower discharges. These
side channels are separated from the mainstem by large heavily vegetated

islands, and may occur along either the left or right bank. Birch, Sunshine,
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R20/16b

October
Novembe r
December
January
February
March
April
May

June
July
August

September

Annua |

TABLE 2

RELATIVE CONTRIBUTION OF FLOWS

AT CHULITNA-SUSITNA-TALKEETNA CONFLUENCE
{ PRE-PROJECT)

Flow Contribution by (cfs)

Chuiitna(1)
4859
1994
W57
1276
1095

976
1158
8511

22540
26330
22190
11740

87u8

Talkeetna(1) Susitna(1)
2531 95639
1187 2467

838 1773
671 1454
565 1236
Loz 114
557 1368
4176 13317
11910 27928
10390 23853
9749 21479
5853 13171
L4086 9567

(1) Discharge data from U.S5.G.S.

Source:

Bredthauer and Drage,

records up

1982.

to September,

Total
Flow D/S(cfs)

Percent Flow by

Talkeetna Chulitna Talkeetna
13035 31% 20%
56u8 35% 21%
4068 36% 21%
3401 37% 20%
2896 8% 19%
2582 38% 19%
3083 38% 18%
26004 33% 16%
62378 316% 19%
60573 uug 17%
53418 u2% 18%
30764 38% 19%
22401 39% 18%

1981.

Susitna
uig

LL%
43%
u3%
u3ig
W3%
Wug
51%
uo%
39%
bu%
43%

43%



Rabideux and Whitefish sloughs are the most extensive and significant side
channel systems along this reach.

Six tributaries enter this reach, including the Chulitna and Talkeetna
rivers. Lesser contributions are added by Trapper, Birch, Sunshine, and
Rabideux creeks.

The Susitna River downstream of Talkeetna is confined to only one channel
at few places, most notably at the Parks Highway Bridge area called Sunshine,
and immediately below the Yentna River confluence at Susitna Station, The
USGS monitors streamflow at both sites. At Sunshine the gage measures the
cummulative flow from the Chulitna, Susitna and lalkeetna rivers, a drainage
area of about 11,100 square miles. The mean annual discharge at this site is
about 24,000 cfs (unofficial estimate) with the flow usually diminishing from

about 25,000 cfs in early October to about 5500 cfs by the end of December.

2. SEGMENT 2: RIVER MILE 78 TO RIVER MILE 51

This reach is characterized by extensive side channel complexes along the
entire reach. These consist of a network of interconnecting channels which
are normally flooded only at high flows or during the elevated stages induced
by an ice cover. Many of the outermost channels in the complexes are fed by
one or more tributaries which keep water flowing in a small portion of the
side channel regardless of the mainstem flow. Six significant tributaries
enter this reach, although only Montana Creek enters the Susitna mainstem
directly. Goose Creek, Sheep Creek, Kashwitna River, 197 Mile Creek and
Caswell Creek enter side channels which are isolated from the mainstem except
at high water stages.

The gradient through this segment starts out at 6 feet/mile and decreases

near the Delta Islands for an average of 5.6 feet/mile. This segment has the
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steepest slope on the lower river and subsequently has the highest velocities.
Due to mechanical thickening (shoving), this reach also has the thickest ice
cover. The mainstem (excluding the side channel complexes) appears similar to
the main chanuel in Segment 1, with a broad expanse of gravel and sand bars
exposed at low flows when the mainstem is generally confined to one or two
channels. The maximum width of the flood plain is 6,000 feet and the minimum
is 1,000 feet. The majority of the gravel bars are devoid of vegetation.
High summer flows generally inundate the gravel bars, with debris carried
along by the flow often piling up on the islands as log jams. At high flows,
the water breaches the entrances to side channels and spills into these
systems. The side channels seem to function primarily as overflow channels,

diverting water away from the mainstem during floods.

3. SEGMENT 3: RIVER MILE 51 TO RIVER MILE 42.5 (Delta Islands)

This reach runs through an intricate system of islands. The mainstem at
some high flows becomes diffused and is difficult to differentiate from side
channels. Only at the low flows prior to freeze-up can the thalweg be
defined. Even then it is split into two channels flowing along both the
extreme left and right banks. The majority of the side channels are dewatered
at these low flows. The maximum channel width is 4,500 feet at RM 51, with
the narrowest portion of 700 feet at RM 42.5. RM 42.5 also marks the joining
or convergence of the two main channels emerging from the Delta Islands and
the end of this segment. Field investigations documented ground water seeps
entering several of the side channels, providing these with a separate source
of water isolated from the mainstem. The groundwater seeps are probably
related to the mainstem stage since the contribution of flow by groundwater in

the side channel seems to diminish with lower water levels in the mainstem.
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Two tributaries enter this reach along the east bank. Little Willow
Creek and Willow Creek initially flow into a side channel, which then en:ters
the east mainstem at RM 52 about 1,000 feet downstream of the Willow Creek
confluence.

The river gradient reduces substantially from 5.6 feei/mile in Segment 2
to 2.9 feet/mile in Segment 3. This may provide an explanation for the
complex morphology of this reach., The lower gradient results in reduced water
velocities which <could result 1in 1less degradation and perhaps some
aggradation, causing the channels to meander and intertwine.

The east channel conveyed the majority of the flow in 1984. However,
this could shift to the west channel if the controlling gravel deposits at the
upstream end of the Delta Islands are eroded. The multiple channels of the
Delta Islands are forced together by terraces just upstream of the Deshka

River at RM 42.

4., SEGMENT 4: RIVER MILE 42.5 TO RIVER MILE 27

This reach is similar to Segment 2, with a well defined mainstem and
numerous side channels along both the left and right banks. The Deshka River,
at RM 40.6, is the only major tributary entering this segment,

Kroto Slough represents one of the major side channel complexes in this
segment. The upstream entrance is located about one-half mile below the
confluence of the Deshka River. Although chis side channel has several
branches which connect with the Susitna mainstem, one channel continues on
separately to the Yentna River. This side chanael system dewaters at flows
less than 13,000 cfs (USGS at Sunshine). However, when the mainstem is ice

covered, the stage increases enough tc flood the channel, so for a major
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portion of the year this side channel flows with Susitna and Deshka River
waters.

The gradient through this reach continues to decrease with respect to
preceding segments. The gradient average of 2.6 feet/mile is also reflected
in the lower surface water velocities. Velocities from 3 to 4 fps have been
measured when Sunshine flow is 10,000 cfs. <Channel widths range from a
maximum of 5,500 feet at RM 32,2 to the narrow section of 800 feet at RM 38.5.
The side channels through this reach are strictly overflow channels at high
water, are generally dewatered at flows below 13,000 c.s, (USGS at Sunshine),
or usually between October and April.

At RM 28 the Yentna River joins the Susitna. This is a major tributary
draining an area over 6,200 square miles. The Yentna River contributes
approximately 40 percent of the annual flow measured at Susitna Station (RM
25.9) by the USGS. However, this is not consistent at all flow ranges. The
proportion may vary greatly depending on storm system movement and the glacier
mass wasting characteristics of each system. The Yentna discharge
approximates the flow on the Susitna measured at Sunshine during low flow
periods but often does not respond simultaneously to the same hydrograph
peaks. The average annual flow in 1983 was 18,214 cf.. During freezeup the
discharge typically drops from about 20,000 cfs in October to under 4,000 cfs

by the end of December.

5. SEGMENT 5: RIVER MILE 27 TO RIVER MILE 0

Just downstream of the Yentna River confluence the USGS maintains the
last streamflow gage on the Susitna at RM 26. This gage, located at Susitna
Station, measures essentially the total flow of the entire Susitna River

watershed, an area of about 19,400 square miles. The average discharge is
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49,940 cfs, but typically during freezeup the flows drop from about 60,000 cfs
to 9,000 cfs during freezeup.

The river reach downstream of Susitra Station represents an area of
transition from a river system to an estuary. A dominating feature of this
segment 1is Alexander Slough, also calleda the Susitna west channel. This
represents a major side channel at most open water flows but dewaters just
prior to freezeup. When mainstem water enters this side channel the flow
essentially becomes isolated and does not re-enter the mainstem except at
flood stages. Then an interconnecting channel at RM 9.7 floods. At low
flows, such as just prior to freezeup, the side channels are generally
dewatered and the mainstem is confined to one channel, although encompassing
many exposed sand bars.

The slope through this reach was determined from USGS topographic
contours to be about 1.5 feet/mile. Surface velocities average about 2 to 3
fps.

Tributaries entering this reach include Alexander Creek and Fish Creek.
Alexander Creek enters Alexander Slough and continues out to Cook Inlet
without joining the mainstem. Fish Creek drains the swamplands adjacent to,
and east of, the Susitna east channel and enters a side-channsl at RM 8. As
can be expected, the gradient is so low here that flow from this tributary is
greatly restricted by backwater created by mainstem stages.

The National Weather Service has operated a weather station in Talkeetna
since 1941. The data from this site are fairly representative of the lower
river area and provide good baseline climatic trends for the entire basin.
Air temperatures are known to vary considerably between Talkeetna and Cook
Inlet, with extremely low winter air temperatures observed between the Delta

Islands and Susitna Statioa. In 1984 R&M Consultants placed a thermograph at
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RM 48 in the Delta Islands in order to quantify the air temperature deviation
from Talkeetna. These data are plotted in figure 7, Statistical information

presented in this section have been summarized and are listed in table 3.
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LT

R21/1a

Location

Upper River
Denali (RM 291)

Maclaren River
RM 233

Middle River
vee Canyon (RM £23)
Goid Creek (KM 136)
kM 98

Lower River
Chulitna River
Iulkeetné Liv@r
Sunshine (;; 84)
Willow Creek
Deshka River

Yentna River

Susitna Station (RM 26)

Cook Inlev (RM D)

Tcial

* Other weather stations operated

Basin
Area
Kuwo! Gaged
Length Loy.™i)
21 9%0
- 280
ﬁ_ﬁ -
10 4,140
97 6,160
132 o
- 2,570
- 2,006
1 11,100
- 116
- 992
- 6,180
12 19,400
98 -
38

are Glacier 1980-84, and Kosina 1980-84,

TABLE 3

susiTNA RIVER TFuailab | ¢ WeaYrar

Gradient

(fe/mi)

9.3

5.9

25.0

15.0
13.4

4.3

3.6

8.3

in the Susitna River basin by

Annua |
Average
Discharge

—Afefs)
2,199
979

6,404
9,124

8,798
4,055
24,000
417
941
18,214
uy, 9u0

R&M Consultants

Ma jor
Tributaries

West fork
East fork
Maclaren
Tyune
Oshetna

Goose

Jay

Kosina
Watana
Deadman
Tsusena
Devil
Portaqe
Indian
Gold Creek
fourth of Juiy

Chulitna
Talkeetna
Trapper
Birch
Rabideaux
Montana
Goose
Sheep
Kashwitna
Little Willow
Willow
Deshka
Yentna
Alexander

t>o~\'ﬂ-

Available
wWeather
* Lara

(R&M)
Denali
1980-1984

( R&M)

Watana
1980-1984
Devil Canyon
1980-1984
Shermar
1982-19384

[ NWS)
Talkeetna
1941-1984

[ R&M)

Delta Island
Ihe rmog raph
1984



IV. RIVER ICE PROCESSES

A. GENERAL FREEZEUP ICE PROCESSES

Previous studies of ice formation on northern rivers have ranged from
qualitative descriptions of events to analytical studies of ice ccver
stability (Newbury, 196). Through these studies a consistent sequence of
events has emerged by which an ice cover forms on northern rivers. These
events have also been documented on the Susitna River and can be summarized as
follows. Generally in October, a continuous trend of cold air temperatures
causes the river water temperatures to drop to the freezing point, and frazil
ice forms (figure 9). Slush floes appear on the water surface and collect in
quiet water, eddies and along the shore, freezing into ice sheets. Anchor ice
accumulates on the channel bottom in turbulernt shallow reaches. The river
current carries the majority of the slush downriver where, on entering the
backwater of Cook Inlet, it jams at a constriction to form an ice bridge.
From tnis point the slush packs into an ice cover which accumulates upstream
at a rate dependent on the intensity of cold weather, river morphology and the
hydrodynamics. Growth of the ice cover continues until the upper and middle
river is frozen over and frazil ice is no longer generated. Remaining open

water is gradually closed as ice grows laterally from the banks.

1. FRAZIL ICE

The main process of ice development on turbulent northern rivers is the
formation and accumulation of frazil ice. Frazil ice forms on open water
surfaces when air temperatures are below freezing. Frazil ice is microscopic
ice crystals which forms when the river water becomes supercooled.

Supercooling occurs when water loses heat to the atmosphere, producing a
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temperature below the freezing point (i.e. less than 0 C). Supercooling of
river water normally does not go below -0.05 C (Michel, 1971). The
supercooling of water stops when the heat of fusion of ice formation produces
an increase in water temperature. In supercooled water, newly formed frazil
ice crystals are very "active" and either agglomerate to form larger grains or
adhere to underwater objects. This stage of development may last only a few
minutes, Frazil ice takes the shape of flat, circular plates. The frazil ice
becomes inactive once the river water returns to 0 C from the supercooled
state. The inactive frazil ice grains float to the surface and continue to
grow from atmospheric heat exchange.

Frazil ice crystals are continuously changing form. From the initial
miniscule crystaline discs they grow rapidly into larger grains (figure 10).
The nucleation of frazil ’s known to be associated with foreign particles such
as fine sediments (Osterkamp, 1978). The crystals form around these nuclei,
and while the water remains supercooled they grow rapidly in size or stick to
other crystals to form ice flocs. The ice flocs have densities nearly equal
to water and remain entrained even at low water velocities. If supercooling
continues the frazil flocs grow and eventually gain sufficient mass to
counteract the turbulence and float to the surface. The frazil slush floes
drifting on the surface are agglomerations of highly porous, poorly bonded ice
grains that can easily break apart and become re-entrained (figures 11 and
12). The slush is therefore constantly broken up and submerged by turbulence
enroute downstream. On the water surface and in close contact to cold air,
the slush ice grains grow with the water in the slush pores crystalizing onto
the grain surface. Ice particle growth tends towards a spherical shape,
suggesting that the flat surfaces grow more ice than at edges or ends. The

porosity of the slush decreases as the grain size increases. Measurements of
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porosity on the Susitna River indicate decreasing values in the downstream
direction, which correlates well with the increasing age or residence time of
the slush in the downstream direction. (New frazil ice is formed in the
colder and more turbulent upstream reaches, then floats downstream.) When
flow velocity decreases so that frazil slush remains on the surface, a
continuous layer of solid ice forms on the top of the slush floe. Under these
conditions the ice grains are no longer being broken apart and the water held
in the interstices simply freezes solid, binding the ice particles together in
a solid sheet,

The majority of frazil ice is generated at night when air temperatures
are usually coldest, and generation is reduced or stopped with sunlight when
heat added by solar radiation stops the cooling of the water (Michel, 1971).
The wvariable «climatic conditions throughout the Susitna River basin
significantly effect the net volume of frazil slush present in the river and,
consequently, the rate of ice cover development. The dominating
meteorological parameters governing ice formation are air temperature and

solar radiation.

2. SHORE ICE
Shore, also called border ice, ice is the first type of ice cover to form
over non-turbulent water along a river bank., On many northern rivers an area

of laminar flow exists along the banks. Michel (1971) states:

because in laminar flow there is no intermixing of the top layer with the
bottom layers, ... considerable cooling will occur in the top layer while

the average water temperature is still far above the freezing point. Ice
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is nucleated on the water surface starting in contact with the cold

material along the river bank ... forming a clear and solid ice sheet.

Michel also recognizes this as a primary ice cover process, second only
to frazil ice accumulation.

Shore ice growth on the Susitna River has not been documented to form
exactly the way Michel describes, This is probably due to the high velocity
and turbulence of this river. An absolute laminar flow area along the banks
is rare on the Susitna and the rapid cooling and subsequent clear ice
formation has only occasionally been observed. Shore ice does develop,
however, often to extensive dimensions. Flow margins, while not laminar, are
relatively slow-moving and water temperatures are close to those at
mid-channel. Because the turbulence 1is less, cooling of the surface does
occur, but even a slight amount of mixing prevents the formation of ice on
the surface,

Shore ice on the Susitna begins forming soon after frazil ice is first
formed, and continues growing towards the channel center until the rate of
growth equals the rate of erosion by water velocity (figure 13). Shore ice
development begins when frazil slush drifts into the low velocity flow margins
along the river banks. Friction against the channel bottom stops the slush,
which freezes to the bank. Slush continues accumulating along the flow
margins, extending the shore ice out into the channel until flow velocity is
high enough to keep the slush moving, preventing it from freezing in place.
At this point a shear zone develops where moving slush, carried by the flow,
slides along the edge of the fixed shore ice. This usually occurs when the
velocity at the shore ice edge exceeds 1.0 fps. The face of the shore ice

edge is very rough, consisting of ice grains frozen in place, and the friction
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on the moving slush ice is enough to slow the velocity of the floes. The
slush ice floes are then being forced downstream by the water velocity along
their outside edge while also being forced to a standstill along the inside
edge by friction against the shore ice. The slush floes then tend to break
apart, with the ice grains either being forced underneath the shore ice or
deposited along the top edge in a narrow layer. Successive layers are added
in this manner, so that the shore ice grows laterally out into the channel and
vertically down to the channel bottom by trapping drifting slush ice. This
process is known as "buttering" (Lavender, 198l). Low velocity areas subject
to this type of frazil slush accumulaticn include: the inside bank of river
meanders; shallow flow margins; eddies downstream of any flow obstruction such
as rocks, logs and rapids; backwater areas above flow constrictions; and
eddies immediately downstream of a tributary confluence (figure 14). In some
reaches the conditions are favorable for extensive shore ice growth from
adjacent banks, so that the surface of the flowing water is constricted. In
these cases floating slush ice often bridges the narrow gap and freezes in
place (see Ice Bridges).

Heavy snowfalls during cold weather often initiate shore ice growth by
rapidly covering low-velocity flow margins. If the turbulence is low enough
to not entrain the snow layer, then water infiltrated into the snow quickly
freezes into a rigid snow-ice cover. Once in place this ice cover continues
growing vertically by building up additional layers of black ice. This
process has been documented on some shallow areas of the Susitna where
velocities are near zero, including backwater zones, sloughs, beaver ponds and
lakes.

The growth of shore ice increases the wetted perimeter of the channel

while decreasing the cross-sectional area of the channel. This causes an
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increase in water level. "The rising water level often fractures the shors
ice, sometimes simply hinging the ice shelf and separating it from the bank,
This creates a narrow lead of open water between the bank and the shore ice
shelf,

The rate of shore ice growth seems to depend on the channel depth. Shore
ice grows quickly over shallow flow margins and slowly in deeper water with
high velocities. The gradual decrease in river discharge, therefore, plays an
important role in controlling the extent of shore ice growth. If discharge
remains high or constant (i.e., the same water level) the. shore ice growth is

less.

3 ICE BRIDGES

Ice bridges usually initiate an upstream ice cover progression by frazil
slush accumulation. This eventually leads to a continuous ice cover on most
northern rivers. On the Susitna River, several formation processes have been
documented, all of which may occur during the course of one freezeup period.
The most important ice bridges to form on the Susitna are those on the lower
river, which usually form in the final 10-12 miles upstream of Cook Inlet. In
this reach, an ice bridge forms primarily due to low flow velocities induced
by a high tide event, allowing the slush floes to accumulate and form a
continuous cover from bank to bank that freezes in place. Ice bridges may
also form at shore ice constrictions or at shallow riffles where slush ice
floes become grounded while having sufficient cohesion to resist breaking
apart. Of less significance are ice bridges which form late during the
freezeup when water levels rise due to anchor ice (see Anchor lce) or shore
ice growth. The rising water lifts the shore ice away from the river banks.

The shore ice fractures into large blocks which are caught by the current and
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drift downstream until they wedge firmly between a channel constriction or
become grounded along the banks. Any type of ice bridge acts as a surface
obstruction to slush floes drifting downstream. These floes either contact
the ice bridges and submerge, beccme entrained in the flow and re-emerge
further downstream, or accumulate against the upstream =2dge of the ob-
struction,

The tide fluctuations in Cook Inlet create a backwater that influences
water velocities in the final 15-mile reach of the Susitna Niver. The tides
often fluctuate over 30 feet above the Anchorage reference datum. This datum
is 16.4 feet below the local mean sea level. When a high tide of 34 feet
occurs at Anchorage the high water line is approximately 17.6 feet above mean
sea level. Water velocities are visibly reduced in the 10-mile reach of the
Susitna above Cook Inlet.

During the latter half of October, when slush ice floes are drifting
downriver and a high tide occurs in Cook Inlet, the floes tend to concentrate
in the backwater zone. This accumulation occurs rapidly since the floes are
not conveyed through the reach at the same rate as they enter. Tke
accumulations often attain extensive proportions resembling a continuous ice
cover but moving at a slow velocity of about 0.5-1.0 fps. When the tide
begins to recede the water level drecps and flow velocity increases. However,
as the surface area of the river decreases it can no longer transpcrt the
massive volumes of accumulated ice, resulting in a jam. The ice jam gains
stability as the water level continues dropping and more ice floes become
grounded., This ice jam prevents incoming ice floes from passing out to sea.
At low concentrations of ice floes, a bridge does not develop and the ice
accumulation is flushed out to sea. Ice bridges have been observed to form at

BRM 5 and RM 9 during the 4 years (1981 - 1984) of ice study. The factors
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which appear to coincide before on ice bridge forms in this reach are cold air
temperatures, large volumes of slush ice and a high tide event.

Subsequent to the formation of an ice bridge below RM 10 and the upstream
progression of an ice cover, other ice bridges may form above the advancing
ice front. The flow velocity is generally reduced in the backwater area
upstream of the leading edge. When the slope gradient is low, the flow
velocity can be reduced to less than 1 fps for a distance of at least ore mile
above the ice front. During a cold weather event and with high slush ice dis-
charges, the slush may jam at a channel constriction or river meander upstream
of the leading edgz but within the backwater zone, leaving an open water reach
downstream betwcen the new ice bridge and the old leading edge. Ice cover
progression resumes at the new ice bridge. Some slush may break free from the
underside of the upstream ice cover, emerge in the open water below the ice
bridge, and accumulate along the upstream edge of the old ice front in a thin
sheet. This is shown in Figure 14, along with an example of the pr-viously
described ice bridges. From 1981 to 1984 river ice bridges have been observed

to form at the following river miles:

5 16.5

9 25.9

10 30

12 46.1 (West Channel, Delta Islands)
14 52.1

At low river discharges (i.e., less than 5000 cfs at Gold Creek), several
reaches of the middle river between Talkeetna and Gold Creek have a channel

configuration that allows wide shore ice development. The shore 1ice
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constricts the open water surface area to a narrow lead which becomes plugged
by ice floes during a high slush ice discharge. This ice jam freezes in
place, and additional ice floes drifting downstream begin accumulating along
the upstream edge of the ice bridge. Ice bridges of this type have been

documented to form at the following river miles:

97.4 (lower river) 120.5
98.8 128.5
105.1 135.5

Ice bridge formation is of paramount importance to further development of
an ice cover. How or where the bridge forms is not critical, but an
obstruction must develop in order to stop the flow of slush out to sea. Once
an ice bridge forms the frazil slush rapidly accumulates along the upstream
edge by various processes which are dependent on the physical characteristics
of the ice and the hydrodynamics of the river. These processes are discussed

in the following sectioms.

4. ICE COVER PROGRESSION

After the formation of an ice bridge, the upstream progression of an ice
cover is controlled by air temperature at the leading edge, the volume of
incoming ice discharge, the hydrodynamics of the river flow and the physical
properties of the incoming slush ice. Published literature recognizes four
conditions for the progression of the leading edge (Calkins, 1983). The
following diagrams show the four basic processes of ice cover progression, Vp
is ice cover progression rate and V is water velocity, t 1is ice thickness, and

H is water depth.

33RD1-007m —’Qk‘-



1. Progression by simple juxtaposition of the arriving floes with no
subsequent thickening of the ice cover. Ice cover thickness equals

initial slush floe thickness.
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2 Slush floes arriving at the leading edge are compressed to a greater
thickness than the original ice floe thickness. This is termed

hydraulic thickening and can occur in various degrees when combined

with the mechanical thickening process of shoving.
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3. Arriving slush ice floes are compressed and added to the cover but
some also submerge and break apart, eventually being deposited
underneath the ice cover further downstream if lower velocities

occur.

|
|
i

4, Arriving slush floes do not accumulate at the ice front but are
subducted beneath the cover and may be deposited some distance

downstream.

The upstream progression of the ice front by juxtaposition leads to a
rapid ice cover development. On the Susitna River this 1is the predominant

process of progression downstream of RM 25. The slush ice floes that drift
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through this reach have been on the water surface long enough to have formed
a solid surface layer. This significantly strengthens the floes so that they
resist crushing or breaking apart. Virtually all the floes therefore remain
on the surface and come to a stop against the leading edge. The floes pack
together and spread across the channel from bank to bank. They accumulate so
rapidly during a high ice discharge that voids of open water may remain
(figure 15). The shearing stresses of flowing water under the ice cover are
not strong enough to compact the ice floes into a tight configuration.
Hydraulic thickening is the primary process of ice cover advance from
near RM 25 upstream to the reach near Sherman (RM 130). Even as far
downstream as RM 25, the ice floes have not remained continuously on the
surface long enough to form a solid layer. The floes therefore lack colesive
strength and deform readily when contacting the leading edge. Hydraulic
thickening occurs 1in various forms, depending primarily upon the water
velocity and the cohesive properties of the slush. Generally, with colder air
temperatures the cohesion increases. Less ice cover thickening occurs in
areas of slower water velocities. Arriving ice floes are plastered along the
leading edge to a thickness roughly one-third the water depth in areas where
flow velocity is low. Where the river is steeper, the velocity higher, and
the cohesion of the slush relatively low, thickening continues by a shoving or
compression of the cover. The compression of the cover occurs repeatedly,
creating higher upstream water levels and lower velocities until progression
can resume. This process 1is known as staging. Water levels can rise
dramatically in a short period of time to many feet above the initial level.
The remaining two processes of undercover deposition are difficult to
document, but probably occur to some extent on the Susitna River. However,

juxtaposition and hydraulic thickening seem to be the predominant processes,
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Air temperatures influence the stability of an accumulating ice cover,
thus affecting the frequency and extent of ice shoves and mechanical
thickening. Rapid upstream progressions during cold weather periods are due
to large volumes of ice being generated upstream and to the fast stabilization
of the ice cover as the slush rapidly freezes solid, resulting in fewer and
less extensive shoves. Colder air temperatures result in faster stabilization

of the ice cover. The equation for estimating solidification of the slush

cover is:
'
h (t) =k z
P
where: h(t) = ice thickness at time t in inches
k = empirical coefficient based on snow cover
z = accumulated freezing~degree days (F) since slush

floes stopped downstream drift

p = porosity of slush

For example, if the mean daily temperature is 20 F, then in one day the
freezing degree-days accumulated equal 12. If no snow lies on the ice then k
is about 0.6. With a slush porosity of 0,35, the ice cover on the mainstem
would have a solid layer about 1.2 inches thick after 1 hour, about 3.0 inches
thick after 6 hours, and 6 inches thick in 24 hours. At 0O F the rate of
stabilization would increase so that a solid layer 2.0 inches thick would form
in 1 hour and about 5.0 inches thick would form in 6 hours.

Slush ice is relatively weak when compared to black ice, due to the

number of bonding surfaces between the small ice grains of slush ice. Black
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ice, which grows at a slower rate, develops large crystals with fewer boundary
surfaces resulting in a substantially stronger material. During warmer
temperatures, a solid layer may not form in the slush floes. The compressions
then occur concurrently with the arrival of ice floes at the leading edge.
This 1s more difficult to distinguish, as several processes occur
simultaneously. The slush ice accumulates in the backwater and rapidly fills
the wetted surface area of the open water. The slush floes become grounded
along the flow margins, with a shear zone developing where moving slush slides
past grounded or fixed shore ice. Slush sliding along the shear zone deposits
layers of ice grains along the shore ice, increasing the width of the latter.
Additional slush is pushed under the shore ice and fills in any space between
the channel bottom and the underside of the shore ice. The slush continues
building rapidly onto the shore ice until it has extended out into the channel
to some distance where the velocity of the flowing slush prevents furrher
deposition. The shore ice is now in equilibrium for the prevailing flow and
temperature conditions, neither building nor eroding. If either the water
velocity or air temperature decreases, then the shore ice would begin building
out again,

The velocity of slush ice is decreased by friction when contacting the
shore ice. This decrease in velocity is transferred to other ice floes
further out in the channel. There is generally an increase in velocity from
the flow margin to the channel center. Slush therefore tends to accumulate
first at the channel perimeter and proceeds towards the channel center,
creating a V-shaped leading edge. The fastest flow velocities at center
channel are in the notch of the V. Along the sides of the V, the slush floes
are compressed and are no longer distinguishable in the resulting ice cover.

If air temperatures remain warm enough to prevent the rapid freezing of the
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surface layer, then the ‘accumulating, unconsolidated ice mass constantly
compresses due to the mass of upstream ice and flow friction acting on the ice
cover, The momentum of the moving ice is sufficient to compress the cover to
thicknesses greater than that necessary 1or upstream progression. For this
reason, ice thickness measurements often detect 10 to 15 feet of slush beneath
a solid ice layer of several feet, although the channel gradient or water
velocity are not high enough to justify that much resultant staging.
Compression or shoving occurs only in reaches of high water velocity
(generally greater than 4 fps), but this also depends on the degree of
solidification of the slush. Unsolidified slush compresses at lower
velocities. The massive bank-to-bank compressions of the entire ice cover
usually only occur where water velocities exceed 4 fps.

On the lower river and in some reaches of the middle river, the com-
pressions occur sporadically. The final ice cover shows evidence of
compression zones followed by a reach where the floes juxtapesed. At the end
of the juxtaposed section, another compression occurs (figure 16). This
pattern extends from Cook Inlet to Talkeetna. In constrast, much of the
middlie river is entirely compressed, with the ice cover shoved laterally until
it contacts the surrounding terrace. During a compression the forces within
the cover are transmitted to the banks. If the bank slope 1is low, ice is
pushed laterally up the bank well beyond the water level. If the banks are
steep, the 1ice 1is contained without the 1lateral spreading. The latter
condition is more prevalent on the middle river, with the former more typical
of the lower river.

The rapid development of open water leads in the ice cover is evidence of
instability between the stable 1ice and flowing water. The widespread

occurrence of the leads suggests that an ice cover, particularly on the middle
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river, is either eroding "or building, but is rarely stable. The rate of
erosion 1is dependent on the air temperature and the water velocity. Open
leads can form within 1-3 miles below the ice front, with exceptions noted
where leads have developed within a few hundred feet below the leading edge.
During extremely cold weather (i.e., below - 15 C) the channel leads begin to
form a secondary ice cover by a gradual accumulation of slush at the
downstream end. This secondary ice cover progresses upstream until completely
covering the open water, If the cold weather ends before a complete ice cover
reforms, open water may remain all winter. Erosion of the ice cover is
evident by a decrease in water level and a sagging of the ice cover by many
feet. This is due partially to a steady but gradual decrease in discharge.
However, the primary cause is the erosion or removal of unsolidified slush ice
under the solid layer. The entire ice cover between banks settles until the

slush contacts the channel bottom along the low flow margins.

5. ANCHIR ICE

In supercooled water, frazil ice crystals have a propensity for adhering
to any object in contact with the river flow. When frazil ice adheres to
rocks on the channel bottom, it is commonly referred to as anchor ice. Anchor
ice generally forms in shallows immediately downstream of a turbulent reach.
The turbulence is required to supercool the entire water column down to the
channel bottom so that frazil ice forms and is maintained in the active state
until it adheres to the substrate. Deeper reaches are generally free of
anchor ice because they are less turbulent and the supercooled condition does
not effect the entire water column. Anchor ice can accumulate in thick layers
in and below shallow rapids where depths do not exceed 4 feet. The greatest

accumulations therefore occur in the rapids themselves, often altering the
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flow regime by either effectively raising the bed surface and increasing the
water level, or by restricting the flow and creating a backwater area. Anchor
ice "dams" have been documented between Sherman (RM 130) and Portage Creek (RM
149). The thickness of the anchor ice dams can exceed 2 feet. They tend to
locally increase water velocity by restricting the cross sectional area,
creating turbulence which helps to maintain the supercooled condition of the
flow. When supercooling ceases, due to increased air temperature or the
formation of an ice cover, anchor ice tends to release from the bottom and
float, often taking along material from the channel bottom. Anchor ice is
usually readily visible, as it takes on a dark tint (generally appears brown
but this varies with depth) from accumulating small sediment particles. The
sediment probably was saltating along the bottom until contacting the rough
and highly porous surface of the anchor ice. The sediment is trapped between
the crystals and is eventually covered by more frazil ice layers.

On clear days, solar radiation or warm air temperatures can raise the
substrate temperature sufficiently so that anchor ice breaks away and floats
to the surface, often carrying with it accumulations of sediment. The anchor
ice floes drift downstream, eventually becoming incorporated in a downstream
ice cover.

Studies of anchor ice have shown it to be an important ecological factor
relative to lentic macrofauna and fishes (Needham and Jones, 1959). Anchor
ice forms only in areas which have no upwelling of relatively warm groundwater
through the substrate., When anchor ice releases from the channel bottom it
generally dislodges bed material, causing bottom macrofauna to become

entrained and made available as food to resident fish species.

B. SUSITNA RIVER ICE COVER DEVLLOPMENT
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This section discusses ice cover formation on the Susitna River from the

mouth at Cook Inlet to the middle river reach near Vee Canyon.

L. COOK INLET TO THE CHULITNA RIVER CONFLUENCE

The initiation of ice cover development on the Susitna River wusually
occurs when large volumes of slush ice fail to pass through a channel
constriction near the river mouth at Cook Inlet., The meander at RM 9 forces
the ice floes to contact the outside (west) bank. At a high tide the
resulting backwater further reduces the water velocity. With high ice concen-
trations and cold air temperatures, bridging is likely to occur. Cold air
temperatures are necessary to quickly freeze the ice in place. Upstream ice
cover progression by accumulating ice floes can begin as soon as the slush ice
velocity slows. The higher upstream velocity of incoming slush causes a
greater volume of slush to accumulate against the upstream edge than can be
expelled from the downstream end. Therefore, with a low channel gradient and
slow water velocity the ice cover "advances" upstream by juxtaposing (Figure
15).

A fixed ice cover imparts a frictional resistance to flowing water,
causing an increase in water level. The increase in water level, called
staging, is required to slow water velocities to such a point that ice floes
are not swept beneath the leading edge of the ice cover. The maximum staging
level observed below RM 26 is about 2-3 feet, with ice thickness averaging 3
feet. This ice thickness refers to the total of solid surface ice (frozen
slush) and the underlying loose slush. Air temperature controls the thickness
of the solid ice fraction simply by continually freezing additional slush ice.
If the underlying slush ice is removed by erosion, then growth of the solid

surface ice layer slows significantly.
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Prior to the initiation of freezeup, Alexander Slough 1is usually
dewatered when decreasing mainstem flows drop below tha critical level to
overtop the entrance. The developing ice cover stages sufticiently to flood
the channel. Water usually inundates the snow cover in the side channel and
along the flow margins. This quickly freezes solid, producing a shorefast ice
cover. The flowing open water in Alexander Slough often requires more than
four additional weeks to freeze, primarily because the stage does not increase
enough to allow the passage of slush ice. The slush ice rafts are usually 2-3
feet thick. Unless the stage increases by that value above the threshold
elevation of the channel entrance, the floes can not drift into the side
channel. The depth of water over the channel entrance at Alexander Slough has
been observed at 1 foot, so the ice rafts become grounded a short distance
from the main chaunel. No slush ice cover progression has therefore been
observed in Alexander Slough. Closure is achieved by border ice growth.

Higher water velocities near RM 26 prevent ice cover progression by
simple juxtaposition. and mechanical thickening of the cover begins. This
process of thickening occurs after the slush ice cover is in place. The
frictional shear between high velocity water and the fixed ice creates an
unstable condition, which can cause a portion of the ice cover to shift. This
sudden movement upsets the stability of adjacent ice and in seconds the entire
local cover is moving downstream and consolidating. A chain reaction of this
type has been observed to affect over 2,000 feet of ice cover. Compression of
unconsolidated slush ice during this move causes the total thickness to
increase. The ice cuver may also be shoved laterally cato the banks often
above the water line. Several ice compression phases have been timed to last
more than 8 minutes, which brought the leading edge downstream about one-half

mile and increased the stage about two feet.
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Aerial observations noted that the Yentna River often contributes about
50-60% of the total estimated ice volume below the Susitna confluence. When
the ice front reaches the confluence it separates and continues up the Susitna
River, while another leading edge goes up the Yentna River (figure 16). The
progression rate on the Yentna River 1s faster due to its morphological
characteristics and high ice discharge. The Yentna is generally narrower,
shallower and has fewer channels compared to the Susitna. The slower water
velocities also permits less ice thickening, therefore requiring less {ice
volume to develop a stable cover.

A stage increase of 3.9 feet has been measured at the entrance to Kroto
Slough (RM 40.1). This is sufficient to overtop the slough with a flow depth
of 1.5 feet at the entrance, but few ice floes can enter due to a typical
thicknesses of about 2 feet. The elevated mainstem stag also effects the
Deshka River by creating a backwater zone which extends about 2 miles
upstream. The surface water velocities on the Deshka are reduced enough to
allow Susitna ice floes to be pushed up the Deshka for about 100 feet. Slush
ice drifting down the Deshka River encounters this barrier to flow and an
upstream advance by accumulating ice is initiated. The Deshka has low water
velocities and the slush ice advances by juxtaposition, eventually freezing
into a solid ice cover.

When the ice cover progression enters the Delta Islands the leading edge
splits. Ice fronts advance separately up the east and west channels. The
east channel ice cover progresses more slowly. The advancing ice cover
generally causes stage increases high enough to inundate the snow cover over
the Willow Creek gravel fan. This saturated snow eventually freezes into an
ice cover. However, the water course from Willow Creek is not usually

altered., The stage through this area increases about 3 feet during the ice
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front advance. Slush ice from the Susitna does not encroach on the creek
confluence. In 1983, the stage increase measured on the west channel of the
Delta Islands, near RM 48, was about 2.5 feet. This channel was flooded but
no slush ice entered. The Susitna ice cover progresses through the Delta
Islands and converges near RM 51, then continues to proceed upstream.

The reach above the Delta Islands contains more secondary channels within
a broad gravel and sand floodplain. The primary or main channel is
relatively shallow at freezeup and when the water level rises a wide area is
generally flooded. The ice floes remain contained within the main channel,
since water depth is not sufficient te float them laterally out of the
thalweg. As the ice cover proceeded through this reach in 1983, a large
portion of the flood plain was inundated. The saturated snow eventually froze
solid, creating an ice cover but without the hummocked appearance of the main
channel slush ice cover.

Many of the lower river side channel complexes are flooded during ice
cover progression. Vhen the staged mainstem overtops the channel entrances,
existing ice over isolated pools in side channels is immediately broken up and
washed downstream. Mainstem slush ice often accompanies the surge through the
side channel at RM 60, The slush ice and ice debris occasionally accumulates
in small jams a short distance below the side channel entrance, but is usually
carried out to the mainstem. A mainstem stage increase of about 3 feet occurs
near the mouth of Kashwitna River (RM 60) (figure 17).

The effects of mainstem staging are not evident to a significant degree
at the mouth of Sheep Creek. Sheep Creek enters a side channel that extendr
from RM 62 to RM 67. Through this reach the mainstem is along the west bank.
Since the side channel complex is on the east bank, it is not usually affected

by backwater or overtopping during ice cover progression.
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Goose Creek enters a side channel that runs from RM 69 to RM 72, This
side channel was flooded in 1984 but not in 1983 (figure 18).

The mouth of Montana Creek 1is significantiy influenced by the staging
rrocess. The existing channel mouth steadily degrades when the mainstem water
level recedes. The absence of an extensive backwater area results in higher
triburary velocities at the mouth and subsequently more downcutting at low
mainstem flows. Montana Creek can therefore become entrenched in the alluvial
fan. Heavy anchor ice deposits usually accumulate on the substrate, and a
large ice dam has been observed to develop about 200 feet above the
confluence. When the ice front approaches RM 73, 2 miles downstream of the
tributary confluence, the mainstem stage adjzcent to Montana Creek increases
by about 1 foot and creates a backwater zone that floods the tributary channel
and ice dam. A maximum stage 1increase of 7.1 feet was measured on
November 18, 1983, and most of the confluence area was inundated. The snow
cover over much of the alluvial fan was flooded and subsequently formed ice.
An additional 2 feet of staging would have been required to completely overtop
the alluvial fan.

Ice thicknesses measured adjacent to the Montana Creek confluence (RM 77)
in late January, 1984 averaged 6.8 feet, with a minimum of 1.3 feet and a
maximum of 7.0 feet. The channel gradient is relatively steep in this area,
with the ice cover usually remaining unstable. After the initial progression
through this reach, an open lead appears from about RM 71 to RM 85. This lead
eventually freezes over again when entrained frazil ice floats and accumulates
at the lower end and along the sides. This secondary progression may not
completely close the lead. In March 1984, open water remained from RM 81 to

RM 85.
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Sunshine Slough and side channels are usually overtopped and flooded.
Slush ice has not been observed entering this system due to an insufficient
overtopping depth at the entrance. These channels subsequently require an
additional 8-12 weeks to freeze over, with many leads existing all winter.

The side channc.ls leading to the entrance of Birch Creek Slough are
flooded but the stage does not increase enough to overtcp the slough entrance.
The maximum observed increase was 3.1 feet in 1983, near the upstream entrance
to Birch Creek Slough. An additional foot would have been necessary for over-
topping.

Trapper Creek 1s not affected by Susitna mainstem f{reezeup. At
prefreezeup stages Trapper Creek does not merge with the Susitna until RM 90.
No slush ice floes drifted up into the creek mouth, and flow remains
unrestricted by ice. With the exception of some backwater, Birch Creek and
Sunshine Creek are also unaffected by the ice advance. The flow in Rabideux
Creek 1s low during freezeup (discharge estimated less than 10 cfs) and the
staging has been measured to reached 7 feet over the open water level.

Most of the side channels below Talkeetna are flooded to sone extent,
often only saturating the snow cover. Several side channels, such as Sunshine
Slough and Kroto Slough, remain flooded all winter. The maximum staging
levels seem to be temporary, and water levels along the entire lower river
recede once the leading edge has moved upstream several miles. This may be
due to ice cover erosion and the development of leads, or seepage of water
into the adjacent banks.

A reduction in mainstem stage may cause the ice cover to sag and
eventually collapse. A thinning of the ice cover by erosion has also been
measured over high velocity cells along a cross section. Ice thickness

measurements along the banks usually reveal thicknesses representative of the
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original ice cover at the time of progression. Thin covers have been located
over fast flowing water, either at mid-channel or along either bank. The thin
ice covers are indicative of areas where water velocity (friction) is high
enough to erode the underside of the ice cover. Table 4 lists the major open
leads documented by aerial photography in 1983 on the lower and middle river.
Figure 19 illustrates the general frcezeup sequence for the lower Susitna
River. Water level fluctuations due to staging at several lower river sites
have been plotted and are shown in .igure 20. See table 5 for ice
thicknesses.

The following sequence summarizes the highlights and general freezeup
characteristics of the lower river from Cook Inlet to the Chulitna River

confluence,

Ls An ice bridge forms at a channel constriction near the mouth of the

Susitna during a high tide and high slush ice discharge.
2, A rapid upstream advance of an ice cover by slush accumulation.

3s Thin, unconsolidated initial ice cover forms.

4, Minimal staging (2-4 feet) occurs up to Sunshine, with over 4 feet

occurring near Talkeetna.

54 Little telescoping or spreading out of the ice cover occurs due to

shoving. Ice cover generally is confined to the thalweg chamnel.

6. Tributaries generally continue flowing through the winter.
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Major Annually Recurring Open Leads

Table 4

Between Sunshine RM 83 and Devil Canyon RM 151
Locations and Dimikrsions on March 2, 1983

S 2

Location of Type Continuous

Upsteam End Channel of Approx. Widest or

River Mile # Type Lead (1) Length (Ft) Point (Ft) Discontinuous
85.0 Mainstem Velocity 550 80 Continuous
87.1 Slough Velocity 4,500 50 Discontinuous
87.6 Mainstem Velocity 700 100 Continuous
89.0 Mainstem Velocity 1,200 100 Continuous

Side Channel Velocity 2,500 40 Continuous

89.5 Mainstem Velocity 1,400 60 Discontinuous
91.0 Mainstem Velocity 1,700 80 Discontinuous
92.3 Mainstem Velocity 1,300 110 Discontinuous
93.7 Mainstem Velocity 3,500 110 Continuous
94.0 Mainstem Velocity 3,500 20 Discontinuous
95.2 Side Channel Velocity 2,400 100 Continuous
96.9 Side Channel Velocity 5,600 150 Discontinuous
97.0 Mainstem Velocity 1,100 30 Continuous
102.0 Mainstem Velocity 2,400 100 Discontinuous
102.9 Mainstem Velocity 600 100 Continuous
103.5 Mainstem Velocity 1,850 100 Discontinuous
104.1 Mainstem Velocity 280 70 Continuous
104.5 Mainstem Velocity 1,700 110 Continuous
104.9 Mainstem Velocity 900 150 Continuous
105.9 Mainstem Velocity 1,050 100 Continuous
106.1 Mainstem Velocity 200 60 Continuous
106.4 Mainstem Velocity 370 50 Continuous
106.6 Mainstem Velocity 350 50 Discontinuous
107.4 Mainstem Velocity 200 50 Continuous
109.1 Mainstem Velocity 550 100 Discontinuous
110.3 Mainstem Velocity 150 100 Jiscontinuous
110.5 Mainstem Velocity 290 50 Continuous
110.9 Mainstem Velocity 450 50 Discontinuous
111.5 Mainstem Velocity 1,600 100 Continuous
111.7 Mainstem Velocity 500 90 Continuous
111.9 Mainstem Velocity 900 150 Continuous
112.5 Mainstem Velocity 700 100 Discontinuous
112.9 Mainstem Velocity 500 110 Continuous
113.8 Mainstem Velocity 600 110 Continuous
117.4 Mainstem Thermal 780 60 Continuous
117.9 Side Channel Thermal 1,260 120 Discontinuous
119.6 Side Channel Thermal 550 50 Continuous
119.7 Mainstem Velocity 350 50 Continuous
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TABLE 4 (Continued)

Location of Type Continuous

Upsteam End Channel of Approx. Widest or

River Mile # Type Lead (1) Length (Ft) Point (Ft) Discontinuous
120.3 Mainstem Velocity 800 100 Continuous
121.1 Mainstem Velocity 550 100 Continuous
121.8 Side Channel Thermal 1,450 30 Discontinuous
122.4 Slough (7) Thermal 1,850 60 Discontinuous
122.5 Slough (7) Thermal 380 50 Continuous
122.9 Slough (7) Thermal 1,950 80 Discontinuous
123.1 Mainstem Velocity 1,000 80 Continuous
123.9 Side Channel Thermal 200 50 Continuous
124.4 Side Channel Velocity 270 40 Continuous
124.9 Mainstem Thermal 600 90 Continuous
125.3 Slough (8) Thermal 3,500 50 Discontinuous
125.5 Mainstem Velocity 2,140 100 Continuous
125.5 Slough (8) Thermal 800 500 Continuous
125.6 Mainstem Velocity 350 60 Continuous
125.9 Slough (8) Thermal 580 50 Continuous
126.1 Slough (8) Thermal 500 30 Continuous
126.3 Slough (8) Thermal 250 50 Continuous
126.8 Slough (8) Thermal 1,500 80 Discontinuous
127.2 Side Channel Thermal 2,450 50 Continuous
127.5 Mainstem Velocity 700 80 Continuous
128.9 Slough (9) Thermal 5,060 100 Continuous
128.5 Side Channel Thermal 1,210 30 Discontinuous
128.8 Side Channel Thermal 380 20 Continuous
129.2 Slough Thermal 4,000 30 Discontinuous
130.0 Mainstem Velocity 600 90 Continuous
130.8 Side Channel Thermal 5,000 50 Discontinuous
130.7 Mainstem Velocity 150 50 Continuous
131.1 Mainstem Velocity 490 90 Continuous
131.3 Mainstem Velocity 800 100 Continuous
131.5 Side Channel Thermal 5,000 80 Discontinuous
131.3 Side Channel Thermal 900 90 Discontinuous
132.0 Mainstem Velocity 150 20 Continuous
132.1 Mainstem Velocity 500 20 Discontinuous
132.3 Mainstem Velocity 400 80 Continuous
132.6 Mainstem Velocity 1,350 80 Continuous
133.7 Slough Thermal 6,000 60 Continuous
133.7 Mainstem Velocity 1,110 100 Continuous
134.3 Slough (10) Thermal 4,500 40 Continuous
134.0 Side Channel Thermal 1,200 50 Continuous
134,5 Side Channel Thermal 850 100 Continuous
135.2 Mainstem Velocity 1,580 90 Discontinuous
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(1)

kept open by groundwater seepage.

33RD1-007m

Velocity indicates lead kept open by high-velocity flows.

7

TABLE & (Continued)
Location of Type Continuous
Upsteam End Channel of Approx. Widest or
River Mile # Type Lead (1) Length (Ft) Point (Ft) Discontinuous
135.7 Slough (11) Thermal 5,500 80 Continuous
136.0 Mainstem Velocity 230 80 Continuous
136.3 Side Channel Thermal 2,050 40 Continuous
136.7 Mainstem Thermal 1,620 80 Continuous
137.1 Mainstem Velocity 750 60 Continuous
137.4 Side Channel Thermal 2,500 20 Discontinuous
137.8 Slough (16) Thermal 1,400 30 Discontinuous
138.2 Mainstem Velocity 2,000 150 Continuous
138.9 Mainstem Thermal 2,100 150 Continuous
139.0 Mainstem Velocity 780 20 Continuous
139.1 Mainstem Velocity 500 30 Continuous
138.4 Mainstem Velocity 600 30 Continuous
140.6 Side Channel Thermal 1,900 100 Discontinuous
Slough (20) Thermal 1,100 20 Continuous
142.0 Slough (21) Thermal 3,850 40 Discontinuous
141.5 Mainstem Velocity 850 40 Continuous
142.0 Mainstem Velocity 950 50 Continuous
142.6 Mainstem Velocity 1,600 150 Discontinuous
142.8 Mainstem Velocity 850 150 Continuous
143.6 Mainstem Velocity 550 20 Discontinuous
Mainstem Velocity 280 20 Continuous
143.8 Mainstem Velocity 780 100 Continuous
143.9 Mainstem Velocity 500 30 Continuous
144.5 Mainstem Velocity 900 100 Discontinuous
Slough (22) Thermal 250 20 Continuous
144.6 Slough (22) Thermal 300 20 Continuous
145.5 Mainstem Velocity 1,150 100 Continuous
146.9 Mainstem Velocity 700 100 Continuous
147.1 Mainstem Velocity 850 80 Discontinuous
147.7 Mainstem Velocity 150 40 Continuous
148.1 Mainstem Velocity 420 50 Discontinuous
148.5 Mainstem Velocity 680 140 Continuous
149.0 Mainstem Velocity 400 60 Continuous
149.5 Mainstem Velocity 500 80 Continuous
150.0 Mainstem Velocity 350 20 Discontinuous
150.2 Mainstem Velocity 750 100 Continuous
151,? Mainstem Velocity 2,800 100 Discontinuous

Thermal indicates lead
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TABLE 5
SUSITNA RIVER ICE THICKNESS SUMMARY 1981-1984

1981 1982 1983
Average Thickness Average Thickness Average Thickness

Location Date Solid— _ Slush Location Date Solid Slush Location Date Solid Slush
Vee Canyon 01/13/81 3.1 30 Deadman Cr. 2.9 h.4
(RM 223) 3p—(RM 187)
Deadman Cr 02/27/81 2.6 4.0 P'NaLana 03/11/82 3.0 1.5 Watana 02/04/83 2.4 0
(RM 187) oL /0u/81 3.0 0 (RM 18B82.3) iﬂ~(RM 182.3) oun/12/83 2.8 0
URX=102 03/04/81 2.8 1.3 *F Portage Cr 03/13/82 2.5 1.7 Portage Cr 02/04/83 2.5 -
(RM 186.6) ot
URX=103 03/04/81 2.5 1.5 (RM 148.8) " (RM 148.8) ous12/83 3.0 1.1
(RM 185.7) N
URX=104 03/05/81 2.0 3.8 LRX-61 ou/16/82 3.0 3.0 . Gold Cr 02/0u4/83 1.6 0
(RM 185.3) %
URX=105 03/05/81 2.5 2.1 \{RM 148.6) F (RM 136.6) ou/12/83 2.3 0
(KM 184.8) {
URX=106 03/06/81 2.4 3.4 LRX-53 oy/13/82 2.0 2.5
(RM 184.5) {
URX=107 03/06/81 2.4 2.4 (RM 140.2) i
(RM 184.2) \
URX-108 03/07/81 2.2 3.3 [
(RM 183.6)
URX-109 03/07/81 2:5 2:3 Curry 03/13/82 3.2 1.5 {purry 02/04/83 1.9 1
(RM 187,9) { il
URK—110‘ 03/08/81 2.0 2.0 (RM 120.6) " (RM 120.6) ou/12/83 2.2 1
(RM 182.6) !
Watana ou/01/81 2.1 2.1
(RM182.3)
URX=-112 03/08/81 3.0 - « Chulitna Cong 02/0u/83 2.9 2
(RM 181.6) q
URX=113 03/09/81 3.3 1.9 (RM 98.6) ou/12/83 2.8 2
(RM 180.1)
URX=114 03/09/81 2.5 2.2
(RM 179.7)
URX=115 03/10/81 2.5 2.2
(RM 178.8)
URX=116 03/11/81 1.3 5.5
(RM 176.8)
URX-117 03/11/82 2.6 1.5
(RM 176.2)
URX=-118 03/11/81 2.0 3.0
(RM 173.9)
URX=-119 03/12/81 2.0 3.0
(RM 170.0)
URX=-120 03/12/81 2.0 2.3
(RM 167.1)
URX=-121 03/13/81 3.9 -
(RM 162.5)
Portage Cr 03/15/81 2.4 1.3
(RM 148.8)
Gold Creek 01/1u4/81 2.1 1.0
(RM 136.6) 02/27/81 2.3 0.9
Sherman 03/05/81 2.1 0.6

(RM 128.5)



Curry
(RM 120.6)
Chase
(RM 103.3)

02/27/81
03/05/81

1.8
2.9



y The following major Side channel complexes are subject to overtopping
during freezeup due to mainstem staging that exceeds the thres“-old
elevation.

a. Alexander Slouzh

b. Delta Islands Side Channels

c. Rustic Wilderness Side Channel
d. Goose Creek Side Channel

e. Sunshine Side Channel

8. Flooded snow forming snow ice along channel margins, with variable
widths.

9. High initial freezeup discharges near 16,000 cfs at Sunshine are common,
with low final discharges of about 5,000 cfs (based on USGS daily
computed values).

10. Gravel bars and islands are seldom overtopped.

l11. Flow is often diverted into connecting side channels.

12, Ice cover sags due to a gradual decrease 1in discharge, bank storage, and
erosion of the ice cover.
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13. Open leads persist In side channels and high velocity zones through

March.

14, Surface area of open water decreases due tu steady ice accumulations and

decline of water surface,

15. Clear ice builds up under slush ice cover.

16. Minimal shore ice develops, due to relatively warm air temperatures

before ice cover advances,

2. CHULITNA RIVER CONFLUENCE TO GOLD CREEK

When an ice bridge forms at the Ch