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1.0 INTRODUCTION

Previous ice studies (1980-81, 1981-82, 1982-83) emphasized the middle
river (Talkeetna to Devil Canyon) since ice in this reach will probably be
most affected by hydroelectric project operations. The 1983-84 Susitna
River ice studies focused on ice processes and related environmental
impacts during freeze-up and breakup on the river downstream from the
Chulitna confluence at river mile (RM) 98.5. The tributaries entering the
Susitna below RM 98.5 and the change in channel configuration are
expected to dampen out project influence on ice in the lower river.
Mathematical model simulations of ice cover development on the middle river
reach have assumed the arrival of an ice front at RM 98.5, based on an
estimate of the time required to fill the lower river and initiate the
progression up the middle reach. In order to more accurately define a
freeze-up schedule for the lower river, the processes influencing this
reach must be known. In addition, further justification for a lower river
analysis stemmed from the need to address . the environmental impacts. The
many side channels between Talkeetna and Cook Inlet may support
unidentified fishery habitats that could potentially be impacted by winter
flow modification during proposed project operation. This report presents
the findings of the 1983-1984 ice study beginning with a brief description
of the lower river morphology and the significant tributaries entering the
system, and continuing with a discussion on meteorology and river ice
processes. It has been assumed that readers are familiar with the
previously published ice reports (R&M 1980, 1981, 1982) and therefore
many of the fundamental concepts have been only briefly described or are
omitted entirely. It is suggested that the 1982-1983 Susitna River Ice
Study (R&M, 1984) be reviewed prior to this report. Figure 1.1

illustrates the portion of the Susitna River basin under study.
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2.0 SUMMARY OF 1983-1984 LOWER RIVER ICE PROCESSES

In 1983 frazil ice on the Susitna River was first observed near Gold Creek
on September 26, following a four day period of mean daily air
temperatures near -10°C at the Denali weather station. The volume of
flowing slush fluctuated considerably during the first two weeks in October
reflecting variations in air temperatures. Most of this slush ice melted,
absorbing heat from the river water which gradually cooled to near 0°C by
mid-October. After October 15 a relatively constant flow of slush ice was
observed passing Gold Creek. Most of this continued downstream to the

river reach influenced by Cook Inlet tidal cycles.

High tides create a backwater effect extending many miles up the Susitna
River. This had significant consequences on several hydraulic parameters
on the lower 13 miles of river in October, 1983. Water levels rose, cross
sectional area increased and water velocity decreased causing the slush ice
to accumulate. Ice concentration quickly covered 100% of the surface area
and when sufficiently cold air temperatures and slow water velocity was
encountered, the unconsolidated slush ice froze in place forming an ice
bridge. The constant discharge of slush ice continued accumulating at the
upstream edge of the ice bridge and an ice cover began to progress
upstream. Where the channel gradient and water velocities were low,
advancement occurred rapidly with ice floes abutting one another and
remaining on the water surface. When the ice front encountered higher
water velocities, crushing and consolidation caused the ice cover to
thicken. The thicker ice cover displaced more water, extending the
backwater area upstream until the high velocity section was drowned and

progression continued.

The rate of ice cover progression is primarily dependent on air
temperature, flow rate and channel morphology. Air temperature controls
the volume of frazil generated as well as the ice cover stability. The
lower 98 miles required over 40 days to freeze-up in 1983, compared to

approximately 14 days in 1982. This is attributed to the number of
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freezing degree-days accumulated during freeze-up. The total number of
freezing degree-days at Talkeetna in October 1983, amounted to 56
compared to the 1982 total of 172.

A slow progression rate generally results in lower levels of staging and
thinner ice at any given cross section. The discharge and initial water
level are less when the ice cover forms later in the year relative to a year
when the progression rate is high. In 1982 a high progression rate froze
over the lower river by the end of October, when river discharges were
much higher than those of November 1983.

The Yentna River contributed approximately the same volume of slush ice
as the Susitna, significantly affecting the rate of freeze-up below the
confluence with the Susitna. The remaining tributaries, however, had less
influence, with the Chulitna and Talkeetna Rivers generating an estimated
15-20% of the combined total volume below the confluences with the

Susitna.

Many of the dewatered side channels adjacent to the Susitha mainstem on
the lower river were flooded during freeze-up in 1983, some temporarily
while the ice front advanced past the upstream entrances and others for
the duration of the winter. Slush ice was observed to enter only a few
side channels but in insufficient quantities to develop an .ice cover. A
myriad of side channels and sloughs precluded a comprehensive impact
analyses /during freeze-up and further studies will focus on specific

habitats identified during the 1984 summer field programs.

Deterioration of the ice cover on some reaches of the lower river began
immediately after the initial progression. Extensive leads eroded through
the cover, exposing open water between thick layers of ice stranded on
the banks. Cold air temperatures from December through March appeared
to dominate all other factors controlling ice stability and the destruction
processes were stalled. The leads began to close again by lateral growth of

border ice and accumulation of frazil at the downstream end. Increasing
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daily duration of exposure to solar radiation begins to have a marked
effect in April. Existing leads lengthened as the floating ice cover eroded
from underneath, either by heat gained from friction (from the flowing
water) or mechanical removal. When the snow had melted from the ice
surface, solar radiation bearing directly on the ice surface caused the
familiar candling process. This gradual melting seemed to characterize
"breakup" on the lower river. Fragmenting of the ice, which is a more
typical process on the middle river, occurred only when stages increased
sufficiently to exert a critical lifting force. The broad flood plain relative
to the area occupied by channels on the lower river prevented a rapid
increase in stage with rising discharges. When ice jams did occur, such
as when ice debris from the middle river accumulated against a solid cover
on the lower river, then water spilled over onto the flood plain and
bypassed the congested main channel. Although erosion and damage to
vegetation has been observed during breakup, these were isolated
incidents and considered insignificant compared to damage incurred during

summer floods.

Further studies on the lower river will consider development of the ice
bridge near Cook Inlet, ice volume determinations for the Yentna River,
and impacts to fisheries habitats during freeze-up. Issues concerning
with-project effects on the ice regime include location and timin‘g of ice
bridge formation, volume of ice required to freeze-up the lower river, and

expected maximum stage levels.

During winter project operations, ice generation on the Susitna River will
be delayed, since reservoir releases will cause fall stream temperatures to
be higher than natural. This relatively warm water will have to cool to
0°C before frazil ice can be generated. The length of river required to
cool the water is dependent upon air temperature, and the 0°C condition
may not occur below the project until November. Present observed
conditions appear to require high ice concentrations to form the ice bridge
in October. The Yentna River in combination with the lower Susitna must

produce enough ice to achieve the critical concentration required for
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bridging. This volume should therefore be quantified so that a

with-project freeze-up schedule can be defined.

Although an ice bridge has been observed in previous years at the
Chulitna confluence, middle river ice cover progression probably will not
begin until the lower river is frozen over. When frazil generation begins,
a specific volume will be required to cover the lower river. This volume

can be estimated based on ice thickness and wetted surface area.

A third consideration is potential. impacts to side channels under
with-project conditions. Winter flows will be higher than present flows, so
staging and ice thicknesses will increase accordingly. Quantifying natural
conditions will assist in analyzing impacts to fisheries habitats. These are
some of the issues emphasized in the proposed 1984-1985 ice study and will
be required to adequately assess project influences on the lower river ice

regime.

[op]
]



s6/mm16

3.0 LOWER RIVER MORPHOLO‘GY

The Susitna River downstream of the Chulitna confluence runs for about 98
miles to Cook Inlet. This reach will be referred to here as the lower river
to differentiate it from the upper river which runs from the headwaters in
the Alaska Range to Devil Canyon, and the middle river which continues
from Devil Canyon to the Chulitna confluence.

The lower river has been further subdivided into five reaches, each with
distinct characteristics (see Appendix B for river mile delineation).
Segment 1 runs from RM 98.5 at the Chulitna confluence to RM 78 near the
confluence of Montana Creek. Segment 2 continues from RM 78 to RM 51,
which is approximately the upstream end of the Delta Islands. Segment 3
runs through the Delta Islands to RM 42.5, with Segment 4 continuing to
the Yentna River confluence at RM 27. Segment 5 contains essentially the
remainder of the reach to Cook Inlet. The exact river mouth is difficult
to define because the extreme tidal range in Cook Inlet creates a back-
water estuary. For this report RM 9 marks the downstream edge of
Segment 5. These 5 river segments represent an attempt to separate the
lower river reach into areas which show morphologic similarities based on
aerial reconnaissance and analysis of aerial photography. With further
study, these similarities may prove to be associated with aquatic habitat
types and hydraulic characteristics. This may lead to defining open water

flow conditions and ice processes unique to each segment.

The following discussion presents brief descriptions of each river segment
including pertinent data (Table 3.1) based on photo interpretation and
field observations.

Segment 1 - River M..e 98.5 to River Mile 78

The river through this reach has multiple braided channels with more

channels appearing at higher flows (Figure 3.1). The main channel or

thalweg meanders through a wide floodplain often more than 5,000 feet

-7 -
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wide. 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 and
are 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, Rabideux and Whitefish
Sloughs are the most extensive and significant side channel systems along

this reach.

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

The average gradient is about 5 ft/mi. Surface velocities have been
measured in excess of 5 ft/sec prior to freeze-up at flows less than 10,000
cfs (USGS at Sunshine). The gradient is less steep at the upper end of
the reach with the slope and water velocities increasing near the Parks
Highway bridge. The river width is highly variable with a maximum width
at RM 92.0 of 7,000 feet and a minimum of 1,000 feet at the Parks Highway
bridge, which is also the only place on this segment where the flow is

confined to one channel for the entire flow range.
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
complexe§ 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.

-8 -
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The gradient through this reach starts out at 6 ft/mi and decreases near
the Delta Islands for an average of 5.6 ft/mi. This segment has the
steepest slope on the lower river and subsequently the highest velocities.
Due to shoving or the compression of the ice cover during freezeup, this
reach also has the thickest ice cover. The mainstem (excluding the side
channel complexes) appears similar to the main channel in Segment 1 with a
broad expanse of gravel and sand bars exposed at low flows when the
mainstem is generally confined to a single channel (Figure 3.2). 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

=1 L] LRSS R LOR G L0 )

channels, diverting water away from the mainstem during floods.
Segment 3 - River Mile 51 to River Mile 42.5 (Delta !slands)

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 the extreme
left and right banks, respectively. 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 groundwater 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 enters the
east mainstem at RM 52 about 1,000 feet downstream of the Willow Creek

confluence.

The river gradient reduces substantially from 5.6 ft/mi in Segment 2 to
2.9 ft/mi 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 in less degradation and perhaps some

aggradation causing the channels to meander and intertwine.
Segment 4 - River Mile 42.5 - River Mile 27

This reach is similar to Segment 2 with a well defined mainstem and numer-
ous 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 this side channel has several
branches which connect with the Susitna mainstem, one channel continues
on separately to the Yentna River. This side channel system dewaters at
flows less than 13,000 cfs (USGS at Sunshine); however, when the
mainstem is ice covered the stage increases enough to flood the channel,
so for the major portion of the year this side channel flows with Susitna

and Deshka River waters.

An interesting feature is that the Deshka River water does not mix
immediately with the Susitna flow. At low Susitna flows, a relatively clear
water plume exists along the right bank for several hundred yards below
the confluence; this low turbidity water enters Kroto Slough. This side
channel receives water with a lower sediment load than would be expected

if the Deshka water was more thoroughly mixed with the Susitna.

- 10 -
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The gradient through this reach continues to decrease with respect to
preceding segments. The gradient average of 2.6 ft/mi is also reflected in
the lower surface water velocities. Velocities from 3 to 4 ft/sec 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 and at flows below 13,000 cfs (USGS at Sunshine) are
generally dewatered.

Numerous relic channels to the west of the mainstem along Segment 4
suggest a flow history quite different from the present regime. These
ancient channels are now mostly vegetated but are easily discernible from
the air and on photographs. The meanaering nature of these channels
suggests that, historically, the river gradient was probably less than
today. These channels are now swamplands with few stands of large trees

and entirely bypassed by the present, straighter course of the river.
Segment 5 - River Mile 27 to River Mile 9

This reach begins at the Yentna Confluence and extends to RM 9 near
Cook Inlet and represents an area of transition from a river system to an
estuary. The extreme tidal range in Cook Inlet is over 25 feet, creating a
long backwater zone. The exact longitudinal range has vyet to be
determined but has been observed up to RM 12. 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.

A dominating feature of this segment is Alexander Slough or the Susitna

west channel. This represents a major side channel at most open water

- 11 -
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flows but dewaters just prior to freeze-up. 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 prior to freeze-up, 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 and is about 1.5 ft/mi, with average surface velocities of 2 to 3
ft/sec.

Other 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
the mainstem at RM 1. As can be expected, the gradient is so low here
that flow from this tributary is greatly restricted by backwater created by
mainstem stages.
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TABLE 3.1
Segment 1
River Mile 98.5 to 78
Avg. Gradient (ft/mi) 5.0
Flood Plain

widths (D). Max. (RM) 7000 (92.0)
Min. (RM) 1000 (83.8)

Entering Tributaries Chulitna R.
Talkeetna R.
Trapper Cr.
Birch Cr.

LEAR-Z R R R A O g P

Rabideux Cr.

Approx.Freeze-up Staging (ft.) 4.6
Avg. lce Thicknesses (ft.) 6.3

Approx. Surface Velocity (ft/s) 5

Approx. Freeze-up Date 12/8
Approx. Ice Volume (cu ft)(3) 7.0x108
Locations of Major 98.5 - 97
Open Leads After 95.5 - 93
Progression 86 - 85
(Mainstem Only) 84 - 78
Ice Bridges (location) 0

2
78 to 51
5.6

6000 (73)
1000 (75.8)

Montana Cr.
Goose Cr.
Sheep Cr.
Caswell Cr.

Kashwitna R.

197 Mile Cr.
5.1

6.8
5

11/16

10x10%

74 - 72.5
71.5 - 70.5

67 - 61.5
0

3
51 to 42.5
2.9

4500 (51)
700 (43.5)

Little Willow Cr.
Willow Cr.

2.8
4.0

11/6

2x10°

(1) Widths do not include major side channel complexes or sloughs.

(2) Locations are referenced to the river mile (RM) number.

(3) Ice volume was estimated by multiplying the average ice thickness by the

open water surface area at 13,900 cfs.

segment was digitized from aerial photography.

- 13 -
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TABLE 3.1 - (cont')

LOWER SUSITNA RIVER MAINSTEM DATA SHEET
for FREEZE-UP 1983

Segment 4 5

River Mile 42.5 to 28.5 28.5 to 9

Avg. Gradient (ft/mi) 2.6 1.5

Flood Plain

widths (V@) Max. (RM) 5500 (32.2) 7000 (0)

Min. (RM) 800 (38.5) 800 (15.8)

Entering Tributaries Deshka R. Yentna R.
Alexander Cr.
Fish Cr.

Avg. Freeze-up Staging (ft.) 3.5 2.5

Avg. lce Thicknesses (ft.) 5.5 4.0

Approx. Surface Velocity (ft/s) 3-4 2-3

Approx. Freeze-up Date 11/4 10/31

Approx. lce Volume (cu.ft.)(?) 4x108 2x108

Locations of Major 0 8-0

Open Leads After

Progression

(Mainstem Only)

Ice Bridges (location) 0 T (RM 9)

(1) Widths do not include major side channel complexes or sloughs.
(2) Locations are referenced to the river mile (RM) number.
(3) lce volume was estimated by multiplying the average ice thickness by the

open water surface area at 13,900 cfs. Open water surface area for each
segment was digitized from aerial photography.
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FIGURE 3.1
September 17, 1983. Susitna River looking upstream from RM 94. Talkeetna
River confluence is at middle right. Note the broad floodplain relative to the
river channels.

FIGURE 3.2
October 4, 1983. Susitna River looking upstream from RM 78. Secondary
channels are dewatering and a major portion of the flow is restricted to one
channel.
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4.0 LOWER RIVER TRIBUTARIES

The following are the most significant tributaries to the lower river

with respect to water volume and sediment load contributions:

Chulitna River Caswell Creek

Talkeetna River Kashwitna River

Trapper Creek 197 Mile Creek

Birch Creek Little Willow Creek

Sunshine Creek Willow Creek

Rabideux Creek Deshka River (Kroto Creek)
Montana Creek Yentna River

Goose Creek Alexander Creek (west channel)
Sheep Creek Fish Creek (east channel)

The morphology and what is presently known about the flow

characteristics of each tributary will be described:
Chulitna River

Despite the vast differences in drainage areas the water volume
contributed by the Chulitna closely approximates the total volume of
the Susitna measured at Gold Creek(USGS). The Chulitna
(Talkeetna Station) drains an area of 2,570 square miles and the

Susitna (Gold Creek) drains an area of 6,160 square miles.

Aggradation influences the flow distribution at the confluence of the
Chulitna and Susitna Rivers. The morphology of this area appears to
be constantly changing (Figure 4.1 and 4.2). For the past 3 years
the Chulitna flow was evenly distributed between two major channels
at the confluence. During the 1983 river freeze-up it became
apparent that the channel configuration had changed considerably.
The west channel dewatered during the second week in November
when the Chulitna discharge was between 3000-3500 cfs (USGS at
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Chulitna) and the Susitna approximately 3000 cfs (USGS at Gold
Creek). The east channel contained more water than in previous
years. The higher flows in the east channel may have prevented the
formation of the ice bridge at RM 98.5 in 1983. Other significant
morphological changes that may be attributed to sediment aggradation
include a shift in Susitna flow from the east bank to the west at the
three rivers confluence. In previous years the Susitna flowed close
to the east bank and merged with the Talkeetna River at RM 97. In
1983 this east channel dewatered at approximately 5,000 cfs (USGS at
Gold Creek), due in part to aggradation, but also possibly due to
degradation of the west channel, which now carries a major portion of
the Susitna and Chulitna flow.

U.S. Geological Survey discharge data on the Chulitna River are

reported in the Water Resources Data annual report.

Talkeetna River

This river joins the Susitna at the town of Talkeetna (Figure 4.2).
At Susitna flows in excess of 5,000 cfs (USGS at Gold Greek), the
Talkeetna flow joins a portion of the Susitna at RM 97. At these
flows the Susitna stage is high enough to flood several channels along
the east bank between the Chulitna River confluence at RM 98.5 and
RM 97. At Susitna flows less than 5,000 cfs these east channels are
dry and the mainstem of the Susitna runs to the opposite west bank.
The Talkeetna confluence under these conditions shifts downstream 2
miles to RM 95. This is significant during the freeze-up process. In
previous years, when the Susitna east channel threshold elevation was
lower, the slush ice from the Susitna would accumulate between RM 97
and RM 98 and form an ice bridge. This ice bridge would not,

however, initiate an upstream ice progression.

When the Susitna joins the Talkeetna River at RM 97 at high flows,
the resulting backwater inundates the alluvial fan at the mouth of the
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Talkeetna. The higher stage and increased cross-sectional area
reduces the Talkeetna water velocity and dissipates the flow energy
over a broad area. During freeze-up, when Susitna flows decrease to
less than 5,000 cfs (USGS at Gold Creek) and the east channels have
dewatered, the Talkeetna flows unrestricted over the alluvium,
maintaining the velocity that is natural to the prevailing channel
gr‘adient.A Under these conditions the flow energy is concentrated and
the unconsolidated gravels rapidly degrade, leaving an entrenched
channel. The same situation occurs at the Chulitna confluence but is

less obvious because of the extremely broad flood plain.

The U.S. Geological Survey maintains a gaging station on the
Talkeetna and reports the data in the Water Resources Data annual
report. The National Weather Service - River Forecast Center also
monitors the water level at the Alaska Railroad bridge during the

open water season.
Trapper Creek

No discharge records have been located for this stream, however the
flow contribution is estimated to be small. It joins the Susitna from
the northwest near RM 90. The actual confluence may vary
depending on mainstem Susitna water levels. At low flows the con-
fluence is at RM 90, while at high flows the confluence may shift to
RM 91.

Birch Creek

Birch Creek joins Birch Slough about 4000 feet above the Susitna
confluence (Figure 4.3). Birch Slough is a side channel of the
- Susitna at high mainstem flows. It runs from the head entrance at
RM 93.2 on a meandering course along the Susitna east bank. When
the slough entrance is dewatered (at approximately 14,000 cfs,

Sunshine gage), groundwater seeps provide enough water so that
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beaver ponds in the slough remain flooded. The combined flow from

the slough and creek enter the Susitna mainstem near RM 88.

Discharge measurements have been conducted on this stream, which
joins a slough before entering the Susitna mainstem at RM 88. The
Alaska Department of Fish and Game (ADF&G) monitored flows during
the 1982 open water season and obtained four discharge
measurements. RE&M Consultants determined flow rates in September
and October of 1983 at four specific mainstem discharges and
documented the backwater effect at the mainstem confluence. Flows
generally range from 36 to 120 cfs. The Susitna creates a significant
backwater area during high flows at the slough/river confluence, but
this has not been observed to affect the reach upstream of the

slough/creek confluence.
Sunshine Creek

This tributary joins a large side channel complex about 1.5 miles
upstream of the Susitna confluence at RM 84 (Figure 4.4). The side
channel dewaters at low flows prior to mainstem freeze-up. At this
time the creek provides the only flow through the lower portion of
the channel. ADF&G obtained four discharge measurements in 1982
0.7 miles above the mouth. Flows ranged from 32 to 104 cfs. At
high mainstem flows the side channel is flooded and creates an ex-

tensive backwater, affecting at least the first 0.7 miles of the creek.

Rabideux Creek

This creek enters the mainstem directly at RM 83.1. Early attempts
to measure the flow resulted in first defining the extensive backwater
zone influencing the mouth. In order to develop a rating curve, the
ADF&G had to conduct measurements 1.7 miles upstream from the

confluence. Flow measurements ranged from 129 to 223 cfs during the
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summer of 1982, while winter flows are estimated to be less than
5 cfs.

Montana Creek

This tributary enters the Susitna directly at RM 76.9. Mainstem
velocities prevent significant sediment deposits from accumulating
beyond a well defined bank line. At low mainstem stageé this stream
yields high velocity flows, which degrade a well developed alluvial fan
(Figure 4.5). The fan area was not observed to flood during high
Susitna flows. The only documented flooding of this fan was during
ice cover progression on the Susitna mainstem adjacent to the

confluence.

The USGS maintained a crest stage recorder on Montana Creek from
1963-1972, in 1978 and in 1981. Miscellaneous measurements were
made by R&M Consultants in 1983. The National Weather Service has

maintained a partial stage record since 1973.
Goose Creek

A complex system of distributaries uniquely characterizes the
confluence of this creek (Figure 4.6). Originating as a single
channel from the east, the flow encounters a gravel deposit near the
confluence. This unconsolidated deposit distributes the flow between
two channels. One channel is directed north and enters a side
channel designated as Goose Creek Slough. The second channel
continues westward and splits again into three separate channels, one
of which enters the Susitna mainstem directly at RM 73. The other
two diverge to the south and flow for about three-quarters of a mile
before joining a side channel. Several minor channels also exit the
gravel deposit and flow south. The side channel into which these
distributaries flow is flooded only at mainstem discharges in excess of

approximately 13,000 cfs (USGS Sunshine). At lower flows Goose
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Creek provides the majority of the water flowing through the side
channel.

The USGS maintained a crest stage recorder on this creek from
1963-1971.

Sheep Creek

This is a stream with no record of discharge measurements. It enters
a side channel complex near RM 67. This side channel joins the
mainstem near the confluence of the Kashwitna River at RM 62.5. At
low Susitna flows, the side channel dewaters so that Sheep Creek
provides the only flowing water. The mouth of Sheep Creek is
effected only by flows from the side channel and the subsequent

backwater zone is controlled by the water level in the side channel.

At high mainstem flows the head entrance of the side channel is
flooded and the resultant water Ie.vel increase controls the extent of
the backwater up Sheep Creek. The mainstem, therefore, indirectly
influences the backwater zone. Morphological changes at the side
channel entrance, such as aggradation or degradation of the threshold
elevation, controls the exact Susitna discharge effecting Sheep Creek.
In 1983, the backwater zone was observed to extend upstream to near
the confluence with Sheep Slough at Sunshine flows of about
60,000 cfs.

Kashwitna River

The Kashwitna confluence also varies with Susitna water levels
(Figure 4.7). During the summer the Susitna mainstem spills over
numerous, laterally oriented side channels and joins the tributary at
about RM 61. Prior to freeze-up these short side channels dewater
which shifts the confluence down to RM 60. Discharge records have

not been found for this stream. Staging during the ice cover
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progression creates a backwater area near RM 60 but in 1983 did not
significantly influence the flow regime. During the open water season
a boat launching facility operates on the Kashwitna adjacent to RM 61.
This ramp area requires routine dredging to ensure adequate water

depth for motorized vessels.
197 Mile Creek

The designation stems from the Alaska Railroad milepost at the bridge
crossing this stream. This slow-moving creek with little discharge
mainly drains surrounding swampland and muskegs. The water is
heavily loaded with organic material and chemical by-products from
decomposing vegetation. |t enters a side channel complex near RM 60
which joins Little Willow and Willow Creek before entering the Susitna
mainstem at RM 50 in the Delta Islands area. The entrance to this
side channel dewaters at mainstem flows less than 13,000 cfs (USGS at
Sunshine), however, groundwater seeps and the tributaries provide a
steady stream along the eastern-most channel within the complex.
This creek is not considered navigable but the side channel may be
negotiable by some boats at mainstem flows over 30,000 cfs (USGS at
Sunshine). R&M Consultants measured a discharge of 14 cfs on
September 7, 1983.

Little Willow Creek

This clearwater stream enters the side channel mentioned above close
to the downstream end between one-half and one mile above the
confluence with the mainstem at RM 50 (Figure 4.8). The stream is
navigable for only about one mile above the confluence with the side
channel, anu only during high flows. A low flow partial record was
obtained by the USGS in 1978.
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Willow Creek

Willow Creek is a relatively fast moving stream capable of transporting
enough sediment to produce an alluvial deposit at the confluence with
a Susitna side channel (Figure 4.9). The flow from this creek joins
the east channel mainstem at about RM 50. This stream has been
gaged by the U.S. Geological Survey since 1978, with additional
miscellaneous measurements at various sites. The mean monthly flow
range during water year 1982 ranged from 37 cfs to 1281 cfs.
Jetboats and airboats run regularly between the mainstem and the

Parks Highway Bridge boat ramp.
Deshka River

This river enters the Susitna mainstem directly at RM 40.6 (Figure
4.10). The water is relatively deep, clear and slow moving. No
appreciable alluvial deposits accumulate at the confluence. The
stream has continuous flow records from the U.S. Geological Survey
since 1978. In water year 1982 mean monthly flows ranged from 177
cfs to 2,561 cfs. This navigable river is a popular sport fishing area

during the open water season.
Yentna River

This major tributary enters the Susitna system at RM 28, contributing
approximately an equal volume of water to that measured on the
Susitna at Sunshine or about 40 percent of the total volume measured
at Susitna Station (Figure 4.11). The sediment load appears to be
substantial. Being glacial in origin, the particles are small enough to
remain entrained and are not deposited in substantial quantities where
the two river systems meet. Since October 1980, the USGS has
monitored the discharge about 14 miles above the confluence. In 1982
flows ranged from a high daily discharge of 105,000 cfs to a minimum
daily flow of 2,000 cfs.
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Alexander Creek

This slow clearwater stream enters the west channel of the Susitna
near the community of Alexander. The sediment load is probably low
throughout the year. The creek is navigable at high flows by jetboat
and at low flows by airboat. When the west channel entrance
dewaters at RM 19 the only flow in this large channel is from
Alexander Creek. The channel then continues to Cook Inlet without

joining the eastern main Susitna channel.
Fish Creek

This is a very slow moving stream draining muskeg and swamplands
to the east of the river near the estuary. The stream mouth is
effected only by high Susitna mainstem flows when the side channel at
RM 10 floods. An extensive backwater area has been documented to
extend several hundred feet up this creek, which further attests to
its low velocity and discharge. Summer residents on Flathorn Lake
use this tributary to access the mainstem Susitna and continuing to
Alexander Creek. Mainstem ice cover progression does not flood the

side channel, and therefore has no influence on the creek.
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5.0 SUSITNA RIVER BASIN METEOROLOGY

The variable climatic conditions throughout the Susitna River basin
significantly affect the gross volume of frazil ice generation, longevity of
the floating slush, and rate of ice cover development (Figure 5.1). The
dominating parameters governing these variables are air temperature and
solar radiation. Beginning in late September and early October frazil ice
forms during the night on the upper river near Denali. In 1983, the
temperature of the water at this time was still slightly above 0°C. When
solar radiation is eliminated and air temperatures are cold (i.e. -5°C), the
boundary layer or water surface can be supercooled and frazil crystals
form. This supercooled layer is probably too thin to define by a
temperature gradient. The only real evidence that it existed is the
presence of fine-grained slush ice floating on the surface. Frazil
generation stops soon after the sun rises, and solar radiation may actually
begin to melt the surface slush ice even when air temperatures are slightly
under 0°C. Several authors have observed similar processes (Michel 1971,
Newbury 1969).

During the four years of observation, frazil ice has been observed to form
in the upper river reach near Denali in September. This frazil floats to
the surface and flows downstream at nearly the same velocity as the water.
The reach between Denali and Vee Canyon is generally oriented
north/south and the low surrounding topography allows a long interval of
solar exposure. The net frazil ice volume generated in this area is thus
substantially less than the following reach from Vee Canyon to Devil
Canyon. In this reach, the river flows west through canyons often over
1,000 feet deep. The steep cliffs on the south bank significantly shade
the water surface from the sun. From October through March, when the
sun angle is low, little heat is gained from direct short wave radiation.
This turbulent reach probably loses more heat and subsequently generates
more frazil on any given day during freeze-up than either the area

upstream of Vee Canyon or downstream of Gold Creek.
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The upper Susitna River basin, north and east of Talkeetna, was
relatively cold during September 1983 compared to éverage historical data
(Figure 5.2). September 23rd marked the first day of daily mean air
temperatures below freezing at the Denali weather station. On September
25th and 26th, the minimum temperature dropped down to -12.7°C and
-17.1°C respectively. These temperatures were sufficiently low for
substantial frazil ice generation. On September 26th, this slush ice was
observed at Gold Creek by ADF&G field crews and local residents. This
cold period was temporary however, and by the last day of the month the
mean daily air temperature at Denali was again above 0°C and all traces of
ice on the river had disappeared (Figure 5.3). Based on mean daily air
temperatures, the total number of freezing degree-days ranged from 49 at

the Denali weather station to 6 at Talkeetna. The average historical

number of freezing degree-days (FDD) for September was only 17 at Denali
and O at Talkeetna. The warming trend at the end of September continued
during the following months so that the river freeze-up process was

considerably slower than that documented in 1982.

The mean monthly air temperatures during October at Talkeetna, Devil
Canyon and Watana were colder than normal but the number. of accumulated
freezing degree-days at all the Susitna Basin weather stations were less
than the historical average (Tables 5.1, 5.2, 5.3 and 5.4). This was
brimarily because of the widely fluctuating mean daily air temperatures and
because freezing degree-days (-°C) does not take into consideration the
thawing degree-days (*°C) in the statistical accumulation. Mean daily air
temperatures at Denali (Table 5.5) were consistently below freezing with
the exception of four days. The slush ice volume estimates from Gold
Creek show a steady flow of ice after October 14 (Figure 5.4 and 5.5).
Ice volumes remained high until October 29, followed by a sharp reduction
until November 1. A possible explanation for the low ice volumes observed
at Gold Creek on the 30th and 31st of October is the development of an ice
bridge in Devil Canyon and the temporary upstream progression from that

point. In 1982, ice bridges had been observed to develop rapidly given a
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sufficient incoming ice volume. When an ice bridge develops in the Devil

Canyon area, the ice volume reaching Gold Creek is significantly reduced.

The difference between mean monthly air temperatures and the historical
means were even greater during November, with air temperatures above
normal. The number of freezing degree-days accumulated in November at
Talkeetna was 36 degree-days below the historical average. The last three
days of the month were particularly warm with mean daily air temperatures
above 0°C. This was reflected by the low volume of slush ice passing
Gold Creek.

lce volumes at Gold Creek stayed low for the first six days in December

while air temperatures gradually declined. The maximum ice discharge for

. . _
the month of December o 12th. lIce discharges remained low

(9]
()
o
-3
-3
(0]
o
O
ot
:1-
o

for the remainder of December even though air temperatures were general-
ly below -10°C. This was a consequence of the gradual freezing over of
the upper river. Ice bridges were observed near Watana Creek and
Kosina Creek. These essentially prevented most of the slush from
continuing downstream. The elimination of this frazil generating zone
sharply reduced the volume of ice observed at Gold Creek. When the
upstream open water area is reduced, less heat exchange takes place and,
subsequently, there is a reduction in frazil generation. With less frazil
being formed, the entire freeze-up process slows as shown by the rate of

leading edge progression on Figure 6.11, in Section 6.

January air temperatures fluctuated considerably, reaching a mean of 0°C
on the 12th and 13th and a low of -29°C on the 25th. Ice volumes were
low throughout the period of record for the month. Freeze-up at Gold
Creek occurred on January 14th but the leading edge did not progress far
past this point, as the slush ice produced upstream was minimal, and most

ice seemed to be carried underneath the existing cover.

For additional information on the meteorology program for the Susitna
Project see the Processed Climatic Data Reports (R&M 1982b, 1983b). The
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weather conditions related to ice processes were discussed with more detail

in the 1983 lce Studies report and will not be repeated here.
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TABLE 5.4

WATANA
SUMMARY OF AIR TEMPERATURES AND
FREEZING DEGREE-DAYS
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TABLE 5.4
(cont')
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TABLE 5.5
DENALI
SUMMARY OF AIR TEMPERATURES AND
FDD*

FREEZING DEGREE-DAYS
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TABLE 5.5
(cont’)
NOVEMBER DECEMBER
Min. Max. Mean FDD* Min. Max. Mean FDD*
°C °C °C °C °C °C °C °C
1. -13.0 -6.0 -9.5 9.5 -4.9 -0.8 -2.9 2.9
2. -12.7 -2.4 -7.6 7.6 -7.5 -2.0 -4.8 4.8
3. -19.4 -7.5 -13.5 13.5 -11.7 -3.1 -7.4 7.4
4. -20.5 -11.7 -16.1 16.1 -10.8 -6.2 -8.5 8.5
5. -17.2 -9.5 -13.4 13.4 -9.3 -5.4 -7.4 7.4
6. -20.8 -13.4 -17.1 17.1 -7.0 -6.5 -6.8 6.8
7. -14.9 -6.6 -10.8 10.8 -7.1 -5.3 -6.2 6.2
8. -11.9 -2.1 -7.0 7.0 -12.6 -5.4 -9.0 9.0
9. -14.4 -3.8 -9.1 9.1 -14.0 -12.5 -13.3 13.3
10. -16.8 -6.8 -11.8 11.8 -17.2 -14.4 -15.8 15.8
11. -15.7 -8.1 -11.9 11.9 -16.6 -16.6 -16.6 16.6
12. -16.0 -8.2 -12.1 12.1 -16.1% 16.1
13. -20.5 -12.0 -16.3 16.3 -17.1% 17.1
14. -20.8 -15.9 -18.4 18.4 ~-23.1% 23.1
15. -24.3 -16.8 -20.6 20.6 -25.1% 25.1
16. -19.4 -9.4 -14.4 14.4 =24 4% 24 .4
17. -21.9 -17.8 -19.9 19.9 -21.3% 21.3
18. -21.2 -14.7 -18.0 18.0 -16.3% 16.3
19. -22.0 -7.8 -14.9 14.9 -14.1% 14.1
20. -16.9 -3.5 -10.2 10.2 -11.1% 11.1
21. -2.8 2.6 -0.1 0.1 -12.2% 12.2
22. -11.6 -1.1 -6.4 6.4 -18.4*% 18.4
23. -16.0 -5.0 -10.5 10.5 -19.0% 19.0
24. -21.8 -8.5 -15.2 15.2 -12.6% 12.6
25. -17.7 -12.1 -14.9 14.9 -11.6% 11.6
26. -18.3 -11.8 -15.1 15.1 -12.7% 12.7
27. -16.1 -7.6 -11.9 11.9 -16.3% 16.3
28. -10.6 4.2 -3.2 3.2 -24.1% 24.1
29. -2.1 5.0 1.5 0 -25.8*% 25.8
30. -5.3 0.9 -2.2 2.2 -28.8*% 28.8
31. -20.4% 20.4
Mean Monthly Air Temp. -11.7 -15.1
Monthly Total 352.1 469.2
Average Historical Monthly Total 376 627
Accumulated 557.8 1027.0
Average Historical Accumulated 585 1212

* Estimated values from linear correlation with Watana Weather Station.
*%* Freezing Degree-Days
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FIGURE 5.3
October 5, 1983. Slush ice usually begins flowing at the Denali Highway bridge
and upper river area in September. Because of the initial long southern

exposure this ice usually melts before entering the middle river. Flow is left to
right.

FIGURE 5.4
October 17, 1983. Low air temperatures and minimal solar radiation influence the
water surface in the upper river canyons. These factors together with high
turbulence generates large volumes of frazil slush in October. This is near the
mouth of Jay Creek, looking downstream.

SIS R @AM
eV — A-EBASTO
REM CONSULTANTS, INS, - o4 -

ENGINEERS GeOLGGIsTS PLANNERS BURVLYORS

SUSITNA JOINT VENTURE



———

s6/mm49

FIGURE 5.5
October 17, 1983. Slush ice that drifts into low velocity areas such as flow
margins and eddies freezes into border ice. Note penknife for scale. Border
ice was broken and removed. The void immediately fiiled with slush ice, as can
be seen, and a shear zone developed at the contact with flowing slush. Flow is
left to right.
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6.0

6.1

LOWER RIVER ICE REGIME
Freeze-up.

On the morning of October 26, 1983 an ice bridge formed at RM 9.
This initiated a continuous ice cover progression upstream. Large
volumes of frazil ice had not been carried into the lower Susitna prior
to October 23 as mean daily air temperatures at Talkeetna remained
relatively warm. The majority of the frazil ice generated between
Watana and Denali probably melted enroute to the lower basin (Figure
6.1). On October 17, slush ice flowed through the middle and lower
river depositing along flow margins where it quickly froze into border
ice (Figure 6.2). Side channels that were beginning to dewater also
collected slush ice when the rafts grounded in the shallows (Figure
6.3). From October 23 until October 26 slush ice floes were estimated
to cover 60% of the open water surface area on the Yentna River and
about 40% on the Susitna. This interval was marked by Talkeetna
minimum daily air temperatures less than or equal to 0°C, which was

sufficiently cold to maintain high ice concentrations down to RM 9.

Below the Yentna River confluence the Susitna water velocity de-
creases as the channel gradient drops from about 3 ft/mi to 1.5 ft/mi.’
This was evident on October 25 by constantly increasing ice floe
concentrations on the water surface (Figure 6.4). The estimated
concentration below the Yentna confluence increased from 60-70%
areal coverage at Susitna Station to 90% at RM 15 and 100% at RM 9
(Figure 6.5).

The tidal fluctuations in Cook Inlet have a significant influence on the
water velocity and stage. The principal factor that governs when the
moving ice cover stops to form an ice bridge may be a high tide
cycle. Tidal fluctuations in Cook Inlet are often over 25 feet. A
high tide can cause a backwater effect to extend at least 13 miles

upstream. This backwater effect alters normal stream flow by
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elevating the water level and reducing velocity. Quantification of the
effect of tides on velocity and ice movement may be required for

future attempts to forecast a lower river freeze-up schedule.

A critical force acting on the moving ice cover is friction against the
banks or border ice along the bank. The frictional shear between
the bank and slush ice floes decreases the ice velocity by exceeding
the shear force exerted by the flowing water. When these
counteracting forces are equal then the slush ice movement stops
(Figure 6.6). The meander at RM 9 forces the ice floes to contact
the outside bank. At a high tide the resulting backwater further
reduces the water velocity and with high ice concentrations 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 (Figure 6.7). 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. This process refers
to ice accumulating on the water surface simply by contact with
other floes. Juxtaposing continues until higher water velocities are
encountered and ice floes contacting a fixed cover are crushed or

become entrained and swept under the leading edge (Figure 6.8).

lce displaces water according to Archimedes principle. A fixed ice
cover also imparts a frictional resistance to flowing water. Together
these two processes cause an increase in water level (Figure 6.9 and
6.10). 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 in
segment 5 was about 2-3 feet with ice thickness averaging 3 feet in
1983. This ice thickness refers to the total of solid surface ice

(frozen slush) and the underlying loose slush. Air temperature
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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.

The first 19 miles of segment 5 has lower water velocities than the
reach near Susitna Station at RM 23. The velocities in the upper
reach prevented ice cover progression by simple juxtaposition and
mechanical thickening, or compression, of the cover occurred for
approximately the last five miles up to RM 27. This process of
thickening has been observed to occur 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 cover may also be shoved laterally, creating
parallel ridges along the banks as the slush contacts the channel
bottom. Several of the ice compression phases were timed to last
more than 8 minutes, which brought the leading edge downstream

about one-half mile and increased the stage about one foot.

Aerial observations noted that the Yentna River often contributed
about 50-60% of the total estimated ice volume below the confluence in
1983. On November 1, the ice front had passed the confluence and
split, one leading edge going up the Susitna River and another going
up the Yentna River. One day later the ice front on the Yentna was

7 miles upstream while the leading edge on the Susitna was 3 miles

-above the confluence (Table 6.2 and Figure 6.11). The faster

progression rate on the Yentna River was due to its morphological
characteristics. The Yenta is generally narrower, shallower and has

fewer channels compared to the Susitha in Segment 4. The slower

- 58 -



re——

s6/mm53

water velocities also permitted less ice thicknesses and therefore less

ice volume to develop a stable cover.

Prior to the freeze-up of segment 5, Alexander Slough had.dewatered
when decreasing mainstem flows dropped below the critical level to
overtop the entrance. This side channel was dry from approximately
September 17 until October 27 (Figure 6.12). On October 27 the
leading edge was located at RM 15, just 4 miles downstream from the
side channel entrance. The staging effect by the ice cover was
sufficient to flood the channel (Figure 6.13). The flowing water
removed much of the snow in the side channel but also inundated the
snow cover along the flow margins (Figure 6.14). This quickly froze
solid, producing a stranded ice cover over the banks. The flowing
open water in Alexander Slough required more than four additional
weeks to freeze, primarily because the stage had not increased
enough over the entrance to allow passage of slush ice. The slush
ice rafts were approximately 2-3 feet thick. Unless the stage in-
creased by that value above the bottom elevation of the channel
entrance the floes could not drift into the side channel. The
estimated depth of water over the channel entrance at maximum stage
was about 1 foot so the ice rafts merely grounded a short distance
from the main channel. No slush ice cover progression was,
therefore, observed in Alexander Slough but rather a gradual closure

of the open water by laterally growing border ice.

On November 1, 1983 the leading edge was at RM 31.5 having pro-
gressed more than 16 miles in five days. By November 4 the ice
front had passed the confluence of the Deshka River at RM 40.5.
The maximum stage increase measured at the entrance to Kroto Slough
(RM 40.1) was 3.9 feet (Table 6.1). This was sufficient to overtop
the slough with a flow depth of 1.5 feet at the entrance but no ice
floes could enter due to thicknesses of about 2 feet. The elevated
mainstem stage also affected the Deshka River by creating a

backwater zone which extended about 2 miles upstream. The surface
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water velocities on the Deshka were reduced enough to allow Susitna
ice floes to be pushed up the Deshka for about 100 feet. Slush ice
drifting down the Deshka river encountered this barrier to flow and
an upstream advance by accumulating ice was initiated. The Deshka
has low water velocities and the slush ice advanced by juxtaposing,
quickly freezing into an ice cover. This developing cover was not
tracked further than 2 miles.

On November 5 the ice cover progression entered segment 3 (Delta
Islands). The leading edge split, and ice fronts advanced separately
up the east and west channels. The east channel ice cover pro-
gressed more slowly, possibly due to the influence of Little Willow
Creek and Willow Creek, which may have diluted the ice
concentration. At RM 50 on the east channel the combined flows from
these tributaries enter the Susitna via a short side channel. The
advancing ice cover caused stage increases high enough to inundate
the snow cover over the Willow Creek gravel fan (Figure 6.15). This
saturated snow then froze into an ice cover; however, the water
course from Willow Creek was not altered. The measured stage
increased about 3 feet during the ice front advance. Slush ice from
the Susitna did not encroach on the creek confluence. The stage
increase measured at the entrance of a side channel near RM 48 on
the west channel was about 2.5 feet. This channel was flooded but
no slush ice entered. The Susitna ice cover progressed through the
Delta Islands and converged near RM 51, then continued to proceed

upstream into segment 2.

Segment 2 contains more secondary channels within a broad gravel
and sand floodplain than either segments 4 or 5. The primary or
main channel is relatively shallow at freeze-up 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
to float them laterally out of the thalweg. As the ice cover
proceeded through Segment 2 in 1983 a large portion of the flood
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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.

Most of the side channel complexes through segment 2 were flooded
during ice cover progression. Existing ice over isolated pools was
immediately broken up and washed down the side channel when the
stagea mainstem overtopped the channel entrances. Mainstem slush
ice was observed to accompany the surge through the side channel at
RM 60. The slush ice and ice debris occasionally accumulated in small
jams a short distance below the side channel entrances but usually
were carried back out to the mainstem.. A maximum mainstem stage
increase of 3 feet was measured near the mouth of Kashwitna River
(RM 60) on November 11 (Figure 6.16 and 6.17).

On November 9 the leading edge was at RM 66, but the new ice cover
remained unstable due to warm air temperatures that prevented the
slush from freezing. This was apparent by the quickly deteriorating
ice cover below the leading edge. An open lead had formed from RM
62 to RM 65. i

The leading edge continued to advance at an average rate of 2 miles
per day even though the channel gradient gradually increases beyond
RM 66 and more ice was required to produce a sufficiently stable
cover. The effects of mainstem staging were not evident to a signifi-
cant degree at the mouths of either Sheep Creek or Goose Creek.
Sheep Creek drains into a side channel that extends from RM 62 to
RM 67 (Figure 6.18). Through this reach the mainstem is along the
west bank and since the side channel complex is on the east bank, it
was therefore not affected by backwater or overtopping. Goose
Creek enters a side -channel that runs from RM 69 to RM 72 (Figure
6.20). This side channel was also not flooded or affected by
backwater when the mainstem water level staged (Figure 6.21). The

stage at these tributary mouths did increase slightly due to another
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phenomenon related to mainstem stage. The approximate 0.4 foot
increase in water level in the pool below the Goose Creek mouth
(Figure 6.25) was possibly due to a general increase in the local
ground water table which may be associated with staging on the
mainstem. This is similar to water level fluctuations in ground water
wells adjacent to the mainstem at Slough 9 during freeze-up (Figure
6.22). This increase at Goose Creek and Sheep Creek occurred
concurrently with the ice cover advance on the mainstem opposite

these tributaries.

The mouth of Montana Creek (Figure 6.23) was significantly
influenced by the staging process. The existing channel had steadily
degraded since the mainstem water level receded. The absence of an
extensive backwater area resulted in higher tributary velocities at the
mouth and subsequently more downcutting than during high mainstem
flows. Montana Creek had therefore become entrenched in the alluvial
fan. Heavy anchor ice deposits had accumulated on the substrate and
a large ice dam had developed about 200 yards above the confluence
by November 10. When the ice front approached RM 73, 2 miles
downstream of the confluence, the mainstem stage adjacent to Montana
Creek increased by 1 foot and created a backwater zone that flooded
the tributary channel and ice dam. A maximum stage increase of 7.1
feet was measured on November 18, and most of the confluence area
was inundated (Figure 6.24). The snow cover was flooded and
subsequently formed ice. An additional 2 feet of staging would have
been required to completely overtop the alluvial fan. The backwater
zone extended upstream beyond the Parks Highway bridge and was
evident by fractured border ice and flooded snow at Montana Creek

Lodge.

Ice thicknesses were measured adjacent to the Montana Creek con-
fluence (RM 77) in late January (Table 6.3). The total thickness
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 and the
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ice cover remained unstable. After the initial progression through
this reach, an open lead appeared from RM 71 to RM 85. This lead
eventually began to freeze over when entrained frazil ice floated and
accumulated at the lower end and along the sides. This secondary
progression stalled near RM 81 in February 1984 and open water

remained up to RM 85 for the entire winter.

The initial ice cover advance near the Parks Highway Bridge char-
acterized the progression process through this reach. The ice front
reached RM 82.5 on November 18. By late afternoon on November 19
the leading edge was stalled at RM 84.5. The water velocity of 3.5
ft/sec caused all incoming ice to be subducted under the leading
edge. Finally the mass of upstream ice and friction against flowing
water upset this configuration and the cover compressed,
simultaneously shoving the ice laterally and consolidating the slush
downstream (Figure 6.25). The compression lasted about five
minutes. Afterwards the leading edge was located at RM 84 and the
stage at the USGS gage at Sunshine had risen 1 foot. The increased
stage reduced the water velocity at the ice front to 2.3 ft/sec and ice
floes were once again accumulating against the leading edge. This
sequence was repeated at least four times at RM 84 with a total stage

increase of 6.5 feet.

On November 19 the stage was rising at entrances to Sunshine élough
(Figure 6.26). The slough and side channels were eventually over-
topped and flooded. Again, no slush ice entered this system due to
an insufficient depth at the entrance. These channels subsequently
required an additional 8-12 weeks to freeze over and many leads were

noted in this area all winter.

The unusually warm air temperatures at the end of November resulted
in an unstable ice cover. This instability occurred because the
saturated slush was not freezing quickly enough to strengthen the ice

cover. As described earlier, the shearing forces imparted by the
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flowing water often cause a complete collapse of the cover and carry
away much of the ice. This condition prevented the ice cover from
advancing beyond RM 95 for ten days. On November 26 the leading
edge was observed at RM 95.5 but on November 28 this cover had
collapsed down to RM 92.5 and remained there until December 6.
Rapid upstream advances of the ice cover generally occur only with
consistently cold air temperatures, which not only generate frazil ice

but also stabilizes the existing ice cover.

The side channels leading to the entrance of Birch Creek Slough were
flooded but the stage did not increase enough to overtop the slough
entrance. The maximum increase was 3.1 feet near the entrance to
Birch Creek Slough. An additional foot would have been necessary
for overtopping (Figures 6.27 and 6.28).

The temporary arrival of the leading edge at RM 95.5 initiated a
separate ice progression up the Talkeetna River. This progression
on the Talkeetna was so late, however, that the majority of the river
had already frozen over with anchor ice and border ice, significantly
reducing the volume of frazil being generated. By mid-December the
ice cover had reached a position about 300 yards upstream of the
railroad bridge and essentially remained there for the rest of the

winter.

By December 9 the Susitna River ice front had advanced upstream
into the middle reach above Talkeetna. The ice cover on the lower
river remained unstable and was marked by many extensive open
water areas, either in mainstem leads or in flooded side channels.
The Chulitna River, like the Talkeetna, had frozen over by lateral ice
growth at the headwaters and was by this time generating so little ice
that no upstream accumulation occurred. The confluence area of the
Chulitna did not freeze over until late March, 1984, due to anchor ice

and lateral growth of surface ice.
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Trapper Creek was not affected by Susitna mainstem freeze-up. The
water level in the mainstem controls the location of the confluence.
At prefreeze-up stages Trapper Creek did not merge with the Susitna
until RM 90. No slush ice floes drifted up this creek and flow
remained unrestricted by ice. With the exception of some backwater,
Birch Creek and Sunshine Creek were also unaffected by the ice
advance (Figure 6.29 and 6.30). The flow in Rabideux Creek was
low (discharge estimated less than 10 cfs) and the staging reached 7
feet over the open water level (Figure 6.31). This caused the mouth
to flood and the backwater. extended a considerable distance
upstream. Slush ice floes did enter the backwater area mostly
because the confluence is on the outside of the mainstem bend. The
momentum of the floes traveling down the mainstem propelled the floes
into Rabideux Creek. When the stage receded the floes were stranded
in the confluence area (Figure 6.32). These ice blocks were strewn

about randomly and did not restrict flow from the creek.

Most of the side channels below Talkeetna were flooded to some ex-
tent, often only saturating the snow cover (Figure 6.33). Several
side channels, such as Sunshine Slough and Kroto Slough, remained
flooded ail winter. The maximum staging levels seem to be temporary
and water levels along the entire lower river receded once the leading
edge had moved upstream several miles. This may be due to ice
cover erosion or seepage of water into the underlying gravels.
Staging only effects mainstem water levels, creating a hydrostatic
imbalance between surface water and groundwater. The sands and
gravels of the lower river are extremely permeable. High surface
waters gradually seep into the sand until an equilibrium water level is
reached. This is evident by increasing water levels in side channel
ponds and decreasing water levels in the mainstem for several days

after an ice cover has formed (Figure 6.34).

A reduction in mainstem stage may cause the ice cover to sag and

eventually collapse (Figure 6.35). A thinning of the ice cover by
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6.2

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 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. This is indicative of
areas where water velocity (friction) is high enough to mechanically
or thermally erode the underside of the ice cover. Figure 6.36
illustrates the general freeze-up sequence for the lower Susitna

River.
Breakup

The 1984 lower river breakup was not marked by any unusual or
dramatic events. The processes observed in the spring of 1983 were
essentially repeated. There seems to be no definite starting date for
breakup or, in fact, any well defined interval between freeze-up and
breakup.

As previously described, open water leads developed immediately in
some areas where water velocities were high enough to erode the
underside of the ice (Figure 6.37). Slush ice thicknesses of 4 to 5
feet were generally required during the initial progression to
adequafely stabilize the ice cover. The top surface of this layer
quickly froze solid, being in contact with the air. This layer
gradually thickened, as a function of freezing degree-days. Solid ice
thicknesses by the end of January averaged 2 feet. The remaining
slush ice layer under the solid fraction is subjected to mechanical or
thermal erosion imparted by the contacting flow. The slush ice is
generally loosely packed and when in contact with velocities exceeding
approximately 2 ft/sec simply washes awéy. The contact surface
between flowing water and solid ice may also melt from heat generated
by friction. This appears to be a slower process, however, than the
mechanical erosion, which has been observed to remove an ice cover

within hours after the initial formation. The following river reaches
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seem to be particularly susceptible to open lead development, where
an ice cover cannot remain stable for any period of time unless cold
air temperatures override all other influences:

Below RM 9 (tidal influence)

RM 62 to RM 66 :

RM 70.5 to RM 74

RM 78 to RM 86

RM 93 to RM 95

RM 96.5 to RM 98.5
The reach from RM 96.5 to RM 98.5 opened within 24 hours after ice
cover progression from November 27 to December 8, 1983 to a width
of about 100 feet at LRX-3 (RM 98.5). The open water surface area
gradually diminished through the winter but was not observed to
close in 1984. Reach 5 also opened shortly after the initial cover
developed in mid-November 1983. A secondary accumulation pro-
gressed upstream though the lead but never achieved a complete
closure. The remaining reaches eventually froze over by Ilate
January 1984 (Figure 6.38). An ice cover that forms over open
leads, by nature will be less thick that the initial cover. For this
reason these areas will be the first to open up again with warmer air
temperatures. This is the pattern observed on the lower river over
the past three years. By early Aprii 1984 the reaches listed above

were again ice free over a portion of the cross section.

The first indications of "break‘up" on the lower river are the in-
creased flows from the tributaries. Increased solar radiation and air
temperatures melt the snow and deteriorates the ice. Ice on the
tributaries is rapidly removed from the lower elevations, with open
water at the mouths being the general condition by mid-April 1984.
The major streams such as the Talkeetna River, Montana Creek,
Willow Creek and Deshka River erode the Susitna mainstem ice cover
for a considerable distance downstream from the confluence. The
distance varies at each tributary and is dependent on tributary flow

volume, velocity and mainstem ice conditions. All the open leads,
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whether at tributary mouths or at high velocity reaches, constantly
enlarged as the ice gradually melted in 1984.

Increased flows are not reflected by dramatic increases in stage on
the lower river as they are on the middle river (Figure 6.46).
Therefore, a more gradual breakup of the ice cover takes place on
the lower river without the fracturing and subsequent buildup of ice
fragments into jams, which is characteristic on the river above
Talkeetna (R&M 1983). A majority of the ice cover is initially
stranded on the channel banks. Even when it appears that the river
is open, as evidenced by the water in long continuous open leads,
the ice on the banks remains until water levels increase enough to
provide bouyancy and carry it downstream. This occurs first from

the upstream portion of the lower river reach.

The 1983 freeze-up initiated with flows at the Sunshine gage of about
13,000 cfs. The leading edge of the ice cover arrived at Talkeetna
with the discharge at Sunshine approximately 5,000 cfs. . The majority
of the ice cover in the downstream reaches of the lower river, formed
at higher stages, is subsequently no long floating prior to breakup.
Discharge generally begins to increase in late March from the
Sunshine base flow of about 3,000 cfs. The corresponding stage
increase consequently breaks up the ice cover over the upper reaches
of the lower river first, since this ice developed at lower freeze-up
flows. |If the ice is still structurally competent during the discharge
increase then large ice sheets will break free from the shorefast ice.
These remain intact and drift downstream until they contact solid ice
or become lodged across the channel. In the latter case a new
barrier is created, which may cause ice debris to accumulate into an
ice jam. This was observed at RM 79 in 1984. This ice jam remained
on the surface and no significant backwater occurred. The ice floes
causing the blockagé weakened after three days and dislodged. All
the accumulated ice debris rushed downstream about 1 mile before
contacting a solid ice cover. Here a new ice jam formed, which also

remained on the surface with no substantial increase in stage.
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Historically, ice jams have been documented between RM 77 and RM 96
but rarely do they cause much flooding since the broad flood plain

adjacent to the ice choked channel has a large flow capacity.

The lower river is usually ice free by May 6. At this time the middle
river usually has several very large ice jams and the upper river ice
may still be intact. When the upper river ice finally disintegrates
and moves downstream, it takes out the remaining middle river jams

and the ice moves unrestricted through the lower river.
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TABLE 6.1

RELATIVE STAGE LEVELS OF

SELECTED TRIBUTARIES ON THE

LOWER SUSITNA RIVER DURING FREEZE-UP 1983%

Leading Edge

Alexander

Location Yentna Deshka Delta Willow
Date River Mile Slough ft River ft River ft Islands ft Creek ft
10/21 - 0.0 0.0 0.0
10/27 15.0 1.0
11/1 31.5 2.5 3.0 0.0 0.0 0.0
11/4 42.0 3.9
11/7 57.0 2.5 3.1
Total Staging in feet 2.5 3.0 3.9 2.5 3.1
Leading Edge

, Location Kashwitna Sheep Goose Montana Rabideux
Date River Mile River ft Creek ft Creek ft Creek ft Creek ft
11/1 31.5 0.0 - 0.0 0.0
11/9 66.0 0.0 0.0
11/15 77.0 3.1 0.3 0.4 2.5
11/16 78.5 7.0
11/18 82.5 7.1 1.0
11/21 89.0 6.9
11/25 91.0 1.6
Total Staging in feet 3.1 0.3 0.4 7.1 6.9

Leading Edge

Date Location Birch Slough ft Chulitna Confluence ft
11/18 82.5 0.0 0.0

11/26 95.5 3.1

12/22 3.7

Total Staging in feet 3.1 3.7

* Initial values arbitrarily set at zero.
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TABLE 6.2
SUSITNA RIVER ICE COVER
LEADING EDGE LOCATIONS DURING
1983 FREEZE-UP

Cook Inlet = River Mile (RM) 0.0

Date Leading Edge Location
October 26 tnitial Ice Bridge at RM 9.0
27 RM 15.0
November 1 RM 31.5
4 RM 42.0
7 RM 57.0
9 RM 66.0
15 RM 77.0
16 RM 78.5
17 RM 79.5
18 RM 82.5
19 RM 84.5
21 RM 89.0
25 RM 91.0
26 RM 95.5
December 8 RM 98.5
13 RM 108
22 RM 116.2

New ice Bridge at RM 120.7
Second Leading Edge at RM 127
28 RM 129.5

January 5 RM 130.2
New lce Bridge at RM 135.7
Third Leading Edge at RM 136.3
27 RM 137
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TABLE 6.3

SUSITNA RIVER
1984 ICE THICKNESSES

(Feet)

. Distance From Water Water Solid Stush Total
Location Left Bank Depth Velogcity lce ice Thickness
River Mile 9.1
(near Alexander) 360 1.4 - 2.0 0 2.0

540 17.0 - 2.0 0 2.0
Date: January 23 740 34.0 - 1.6 0 1.6
Total Width = 840 ft.
Average Thickness = 1,9 ft.
River Mile 25.9
(Susitna Station) 300 13+ - 2.0 4.0 6.0
' 500 13+ - 2.5 3.5 6.0
Date: January 24 700 13+ - 2.3 3.7 6.0
Total Width = 1000 ft.
Average Thickness = 6.0 ft.
River Mile 37.2
(near Deshka River) 200 13+ - 2.2 0.9 3.1
500 13+ - 2.1 0.9 3.0
Date: January 24 600 13+ - 2.5 3.5 6.0
Total Width = 1000 ft.
Average Thickness = 4.0 ft.
River Mile 46.5
(West Channel through
Delta Islands) 200 13+ - 1.7 0 1.7%
300 11.0 - 2.5 2.5 5.0
Date: January 24 400 10.0 - 2.5 3.5 6.0
Total Width = 600 ft.
Average Thickness = 5.5 ft.
River Miie 45,1
(East Channel through
Delta isfands) 100 10 - 2.5 0 2.5
200 10 - 2.3 0 2.3

Date: January 24

Total Width = 300 ft.
Average Thickness = 2.4 ft.

# These values were not inciuded in the average

the probable representative

ice thickness.

Site evaluations were used to determine

ice thickness at the time of ice cover progression.
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TABLE 6.3
(cont')

SUSITNA RIVER
1984 ICE THICKNESSES (Cont.)

Date: January 26

Tota!l Width = 300 ft.
Average Thickness = 6.0 ft.

(Feet)
Distance From Water Water Solid Slush Total
Location Left Bank Depth Velocity lce lce Thickness
River Mile 61.2
(near Kashwitna River) 200 13+ - 2.9 5.1 7.0
400 10.0 - 2.7 5.3 8.0
Date: January 24 600 10.0 - 3.0 4.0 7.0
Total Width = 700 ft.
Average Thickness = 7.3 ft.
River Mile 68.5
(near Sheep Creek) 200 13+ - 2.8 5.2 8.0
400 13+ - 2.0 3.0 5.0
Date: January 24 600 7.0 - 1.7 5.3 7.0
Total Width = 800 f¢t.
Average Thickness = 6.7 ft.
River Mile 77.0 i
(at Montana Creek) 200 7.0 - 2.0 5.0 7.0
400 6.0 - 2.3 3.7 6.0
Date: January 24 600 13+ - 1.3 0 1.3%
Total Width = 700 ft.
Average Thickness = 6.5 ft.
River Mile 92.6
(near Birch Slough) 200 13+ - 2.3 0 2.3
Loo 10.0 2.5 ft/s 1.8 0 1.8
Date: January 24 600 L.4 - 2.3 0 2.3
Total Width = 700 ft.
Average Thickness = 2,1 ft.
River Mile 98.6
(Chulitna Confluence) OPEN LEAD
88 6.2 L4 fe/s 1.5 u,7 6.0

# These values were not included in the average

ice thickness.

Site evaluations were used to determine
the probable representative ice thickness at the time of ice cover progression.



..{7[_

s6/adas

TABLE 6.3
(cont')

SUSITNA RIVER
1984 ICE THICKNESSES (Cont.)

{Feet)
Distance From Water Water Solid Slush Total
Location Left Bank Depth Yelocity lce lce Thickness
River Mile 103.3 .
(LRX-9) 313 9.0 - 2.0 7.0 2.0
439 12.0 1.9 ft/s 1.5 5.0 6.5
Date: January 26 558 10.6 - 2.0 7.0 9.0
Total Width = 600 ft.
Average Thickness 8.2 ft.
River Mile 113.0
(LRX-18) 238 6.6 1.6 ft/s 2.0 0 2.0%
K18 7.6 - 2.5 5.1 7.6
Date: January 26 u67 6.0 - 2.3 3.5 5.8
Total Width = 500 ft.
Average Thickness = 6,9 ft.
River Mile 120.6
(LRX=2Y4) 278 12.2 - 2.8 9.4 12.2
- 373 11.7 - 2.0 6.6 8.6
Date: Januwary 26 Ly 8.0 2.3ft/s 1.5 0 1.5%
Total Width = 500 ft.
Average Thickness = 10.4 ft,
River Mile 123.4
(LRX=27) 284 11.5 - 1.8 8.9 10.7
368 12.2 - 1.8 8.7 10.5
Date: January 26 461 5.0 4 ft/s 2.4 0 2.4%
Total Width = 500 ft.
Average Thickness = 10.6 ft.
River Mile 126.2
(LRX-29) 252 L.5 - 2.3 1.7 L.0
381 6.5 - 1.8 4.7 6.5
Date: January 26 513 8.0 4.5 ft/s 1.8 0 1.8%

Total Width = 575 f¢t.
Average Thickness = 5.3 ft.

* These values were not included in the average ice thickness. Site evaluations were used to determine
the probable representative ice thickness at the time of ice cover progression.
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TABLE 6.3
(cont')
SUSITNA RIVER
1984 ICE THICKNESSES (Cont.)
(Feet)
Distance From Water Water Solid Slush Total
Location Left Bank Depth Velocity ice ice Thickness
River Miie 128.5
(near LRX-31) 369 4.8 - 1.8 0 1.8%
469 6.6 - 1.6 3.6 5.2
Date: January 27 569 7.0 4.5 ft/s 1.0 0 1.0%
Total Width = 600 ft.
Average Thickness = 5.2 ft.
River Mile 136.6
( LRX=45) ( 96 6.0 5 ft/s 1.1 0 1.1
188 9.5 - 0.9 3.1 4.0
Date: January 27 287 7.1 - 1.0 0.5 1.5

Total Width = 350 ft.
Average Thickness = 2.2 ft.

* These values were not included in the average ice thickness. Site evaluations were used to determine
the probabie representative ice thickness at the time of ice cover progression,
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October 18, 1983. The ice generated in the upper river canyon floats through
the middle river reach where much of it melts. This area is exposed to more

of
topographic shading. This is the Chulitna confiuence, with the Susitna on the

solar radiation because of the north/south river orientation and lack

right. Flow is left to right.
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FIGURE 6.2
October 17, 1983. Border ice begins to develop on the middle river. This
near the Chulitna confluence, flow is right to left.
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FIGURE 6.3
October 21, 1983. When the water level in the secondary channels recedes,
then slush ice becomes grounded on the bottom and the channel quickly fills

with ice. This photo views upstream at the entrance to a side channel near
Whitefish Slough, RM 81.
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FIGURE 6.5
October 25, 1983. When high volumes of ice are generated and lower river air
temperatures remain below 0°C, slush reaches the river mouth where water
velocities are significantly controlled by Cook Inlet tidal fluctuations. This is
looking downstream from river miie 18.

FIGURE 6.6
October 28, 1983. High tides occurred during this time in October. The slush
ice velocity slowed to the point that friction along the bank and within the ice
pack exceeded the friction imparted by the slow moving water, and the flowing
slush stopped moving. Looking upstream at river mile 9 ice bridge.
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FIGURE 6.7
October 27, 1983. When the flowing slush ice cover slows and finally stops,
incoming slush rafts accumulates along the upstream "edge" of the cover. This
view is looking downstream at RM 11.

=SSV WABT A\ BEAERA
P g VA V) 'JHJ«‘ ol i eV BB gy El s sl
R&EM CONSULTANTS, INS, - 80 - HAIRASS BBt ()

ENGINEERS GEQLOGISTS PLANNERS SURVLYOAS S‘JSITN;; JOIIVT VE,\’TUQE



S1SIS0TI030 SHIANIONI

BHINNY I

SUOQABAHNNS

AN ‘SLNYLINSNGD INSY

()

VINLIOI IO

-t e Wk s B W NS

" JUXTAPOSING

[==)

=
T

FRACTURED BORDER ICE

SHEAR ZONE

ig2°8  IFHNDIL

GRAVEL BAR

NS /" SIDE CHANNEL
7 y = (DRY)

BORDER ICE
SLUSH ICE AND BLACK ICE

MAIN CHANNEL
CROSS SECTION



————

e ———

I

s6/mm72

FIGURE 6.9
November 1, 1983. The ice cover lengthens or progresses upstream as slush
accumulates along the "leading edge". Water level rises due to displacement by
ice and resistance to flow. This is near river mile 31, flow is left to right.

FIGURE 6.10
November 1, 1983. The leading edge at RM 31. Note the increased stage
indicated by the flooded snow and dark patches adjacent to the mainstem. This
view looks downstream.
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FIGURE 6.13
November 1, 1983. Most of the lower river side channels, such as Alexander
Slough, are flooded when the main channel stages but few are deep enough to

allow passage of slush rafts, which generally require two to three feet of water
depth.

FIGURE 6.14
November 1, 1983. This shows a flooded side channel and the slush ice rafts
restricted to the mainstem. Flooded snow is visible as a dark band along the

periphery. The dark track through the flooded snow was made while walking
to the ice cover.

=NV YA A= ERAGR
—nsm CONSULTANTS, IM2, - 85 - ﬂ:ﬂﬂﬁ -‘I_:j[- "'Q
SUSITNA JOINT VENTURE

FNGINEERS GEOLOGISTS PLANNERS ~uuw.vuns



-

1 —

s6/mm76

FIGURE 6.15
November 1, 1983. Mouth of Willow Creek.
caused a backwater area at the
overtopped the alluvial fan but flow was not rerouted.

confluence.

Mainstem ice cover progression

Stage increased and water
Flow is right to left.
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f FIGURE 6.16
E October 4, 1983. Mouth of Kashwitna River before freeze-up. Flow is from left
to right. The Susitna mainstem is in the foreground.
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f FIGURE 6.17

' November 1, 1983. Mouth of Kashwitna River just prior to Susitna freeze-up.
y Lateral access channels have dewatered. Mainstem freeze-up has little effect on
1 Kashwitna flow. This tributary freezes over primarily by border ice growth.
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FIGURE 6.18
October 4, 1983. Mouth of Sheep Creek. This creek enters a side channel,
which remains flooded all winter but little slush ice enters from the mainstem.
Flow is generally left to right.

FIGURE 6.19
November 1, 1883. Mouth of Sheep Creek. Mainstem freeze-up does not
significantly effect this area. Water level on staff gage rose about 0.5 feet.
An ice cover has started to form at the mouth by accumulating slush from
Sheep Creek. View is looking downstream at confluence with the side channel.
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FIGURE 6.20
October 21, 1983. Mouth of Goose Creek.
comes in on the left. This side channel
overtop during freeze-up in 1983. Goose Creek provided most of the flow in

the channel.

A side channel from the mainstem
eventually dewaters and did not

FIGURE 6.21
November 1, 1983. Mouth of Goose Creek.

Looking downstream at the conflu-

ence with the dewatered side channel. Water level at the staff gage rose

0.45 feet during mainstem freeze-up.
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FIGURE 6.23
October 4, 1983. Mouth of Montana Creek. Flow is from left to right. This

tributary flows directly into the mainstem and is significantly affected by
staging during freeze-up.

FIGURE 6.24
December 28, 1983. Mouth of Montana Creek. The water level has risen seven
feet and flooded the alluvial fan. Backwater extended up Montana Creek

beyond the Parks Highway bridge. Some flow was rerouted through a small
channel along the left bank.
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FIGURE 6.25
November 24, 1983. Parks Highway bridge at Sunshine. The increase in water
level caused the border ice to fragment and be shoved onto the left bank. The
ice cover has eroded away to form an open lead between the second and third
piling. Flow is right to left.

FIGURE 6.26
October 21, 1983. Entrance to Sunshine side channel. This area dewaters
prior to freeze-up. The ice cover causes overtopping and the side channel’
remains flooded for the duration of the winter. Flow is right to left.
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FIGURE 6.27

September 17, 1983. Head of Birch Slough. Susitna side channel is in the
foreground, and slough is dewatered. Flow is from left to right.
FIGURE 6.28

November 26, 1983. Head entrance to Birch Slough. Side channe!l is flooded
and packed with slush ice but no water entered the slough.
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FIGURE 6.29
September 17, 1983. Mouth of Birch Creek. Susitna mainstem is in the
foreground, flow is from left to right.

FIGURE 6.30
November 21, 1983. Mouth of Birch Creek. Leading edge is adjacent to the
confluence on the mainstem. Stage has increased and flooded the creek mouth
but no slush ice entered the backwater area.
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FIGURE 6.31
October 21, 1983. Mouth of Rabideux Creek. This area is influenced all year
by backwater from high mainstem stages. Flow is from right to left. Flow from
Rabideux Creek was not rerouted during freeze-up.

FIGURE 6.32
November 23, 1983. Mouth of Rabideux Creek. Staging caused water levels to
increase over 6.5 feet. The resulting backwater was deep enough to allow
slush rafts to drift into the confluence area. The water eventually receded and
left the ice floes stranded.
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FIGURE 6.33
November 27, 1983. Near the Talkeetna River confluence. Leading edge has
started advancing again after actually receding during the previous seven days.
Note flooded snow and extent of flooded area. View is looking downstream from
river mile 96.
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FIGURE 6.35

December 28, 1983. Near LRX-9.

This ice cover is deteriorating as evidenced

by the sagging cover over the flowing water. A lead will eventually open up in

the sagged portion of the section.

Flow is left to right.
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FIGURE 6.37
December 28, 1983. Open lead downstream of Sunshine near RM 80. Stage

increased about six feet during progression and receded when this lead opened
up. View is looking downstream.

FIGURE 6.38
December 28, 1983. Secondary leading edge progressing upstream through an
open lead. The progression rate is slow and the entire length of this open lead
did not freeze over. View is looking downstream.
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7.0 MIDDLE RIVER ICE STUDY

As indicated earlier in this report, the scope of work for fiscal year 1983
ice study emphasized documentation of lower river ice processes. Quanti-
fication of middle river ice processes was also required for ongoing
computer simulations of with-project ice cover development. Water surface

elevations were surveyed at the following cross section:

Cross Section # RM #
2.2 98.2

2.3 98.4

3 98.6

9 103.3

near 10.3 106.2
18 - 113.0

24 120.5

27 123.3

29 126.1

near 31 128.7
near 35 130.9
40 134.2

45 136.5

Water levels were measured during the open water hydrograph recession
and during the freeze-up of the middle river reach (Table 1). Continuous
stage readings were recorded with a Datapod at LRX-3 (Table 2) and daily
measurements were obtained with a wire weight at LRX-45 near Gold Creek
(Table 3). The remaining locations were measured periodically with a level

and survey rod.

Daily observation were made at the Gold Creek bridge monitoring the

following parameters:

~

Minimum and maximum daily air temperatures

Water temperature (mercury hand held thermometer)
Water level (wire weight reading)

Shore ice width and thickness

Water velocity (surface maximum)

Depth of snow

lce concentration (percent of water surface covered)
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Porosity of the frazil slush was periodically measured throughout freeze-up
(Table 7.4). This parameter was required for computations of ice
discharge (Table 7.5). Frazil samples were collected at Watana, Gold
Creek, and LRX-3 at the Chulitna confluence. The procedure was as

follows:

1. A wire mesh container with dimensions of 1 cubic foot was
carried out to a water depth of about 2 feet. Usually a slush

ice raft was intercepted which quickly filled the container.

2. The water was allowed to drain from the slush. A majority of
the water drained out immediately but several minutes were

required until only drops issued from the container.

3. An Ohaus 100-pound capacity portable scale was used at the site

to weigh the container and then the container with ice.

4. The weight of frazil divided by the density of solid ice is the
percent of ice in the container, the remaining fraction is the

void space or air.

The results of these measurements were remarkably consistent however,
they do not generally agree with published values for frazil ice porosity.
Average porosity of Susitna River ice was 0.32, compared to the accepted
value range of 0.4 to 0.6. The low porosity of the samples taken on the
Susitna may be related to the age of the frazil. In fact, the ice samples
collected were composed of course (approximate diameter 3/8 to 1/4 inch),
compacted granules of ice which hardly resemble frazil (Figure 7.1). The
ice grains were compacted so that each grain contacted another and only
the interstices contained water. Further compaction did not seem possible
without deforming the grains. The accepted values for porosity of frazil
are probably based on newly formed ice crystals and not the
metamorphosed granules experienced on the Susitna. These observations

are significant when computing ice discharge. The ice volume is a
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necessary parameter for determining ice cover progression rates. Ice
discharge or the volume of ice is computed based on surface velocity,
channel width, slush thickness, surface ice concentration and porosity.
Preliminary computations resulted in extreme values of ice volumes, This
was probably due to the use of a surface velocity which was a measured
maximum and not an average cross sectional velocity. The values for ice
volume shown on Table 7.5 should be used for relative daily comparison
only, and may not represent the actual ice discharge at Gold Creek.
Further studies and data acquisition will help to refine these computations

for more representative values.

Water temperatures were monitored at Denali, Jay Creek and Watana during
September and October 1983 in order to track the cooling process down to
0°C. See Table 6.

On December 9, 1983, the leading edge of the progressing ice cover en-
tered the middle river reach at RM 98.6. The freeze-up processes were
documented once per week until the leading edge reached Gold Creek.
Water surface elevations were surveyed above and below the leading edge.

However, the exact ice front became difficult to define by mid-December.

On December 22, a second leading edge was observed at RM 124, just
upstream of Curry. The river downstream between RM 120 and RM 118
was still open and the leading edge was stalled. Heavy anchor ice
deposits were observed within the open lead. This anchor ice had
noticeably raised the water level and flooded the surrounding shore ice
and snow. The second leading edge apparently was initiated by a channel
closure at RM 120.7. Since the closure was not witnessed the processes
leading up to this event can only be interpreted from the existing ice

structure.
The side channel below Curry which runs from RM 119.2 to 120.5 conveys

a large volume of the ice flowing down the Susitna, see sheet 11,

Appendix B. The sharp river bend at RM 121 forces the water and ice
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against the west bank adjacent to cross section 24. The momentum of the
flowing ice keeps the floes against this right bank and subsequently
carries most of the slush into the side channel. The proximity of the
leading edge near the side channel mouth had raised the water surface
elevation and reduced the water velocity. The side channel therefore
quickly became ice choked and no longer capable of conveying all the slush
ice. The ice backed up in the side channel and was prevented from
diverting into the mainstem by the velocity distribution and a gravel bar
located at RM 120.3. A new leading edge was subsequently started and
moved past Curry (LRX-24) probably on December 21, 1983.

The open water below Curry on the mainstem eventually froze over by
border ice growth. Two anchor ice dams were observed in the lead, at
RM 120 and RM 119.6. This created some backwater ponding which facil-
itated faster lateral growth of border ice (Figure 7.2).

By January 5, 1984 the second leading edge was located at Sherman near
RM 130 and since very little slush ice was flowing in the open water, the
ice cover progression was relatively slow (Figure 7.3). By this time the
river above Devil Canyon had essentially frozen over and stopped generat-
ing substantial volumes of frazil. The remaining open water through Devil
Canyon and on down to the leading edge appeared to produce relatively
low volumes of slush. -The frazil generated, however, was "active"
meaning it would adhere to any object that the crystals contacted. The
anchor ice dams mentioned previously, had also developed at RM 130.5,
132.5, 134, 134.8 and 135.5. The anchor ice accumulated on the bottom
rocks to depths of 1 to 2 feet. This subsequently raises the water level
and causes a backwater zone. Water levels may rise enough to fracture
border ice. Figure 7.4 shows the results of this process at RM 135.6 in
1983. A third leading edge began but progressed only about 1 mile before
becoming an indefinite zone of accumulation. The open water area between
RM 130 and RM 135.6 eventually closed by border ice extension.
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TABLE 7.1
SUSITNA RIVER Between the
CHULITNA CONFLUENCE (RM 98.5) and
GOLD CREEK (RM 136.5)
Water Surface Elevations in Feet (MSL)

Date of Survey
Location 10/6 10/17 10/21 11/4 11/18

LRX-45 Gold Creek RM 136.5 683.59 683.35 683.06 681.84 681.24

LRX-40 RM 134.2 o 657.21 654.24

Near

LRX-35 RM 130.9 614.92

Near

LRX-31 RM 128.7 592.86

LRX-29 RM 126.1 569.44 567.55

LRX-27 : RM 123..3 : 541.11

LRX-24 RM 120.5 520.93 520.05

LRX-18 RM 113.0 460.18 457.74

Near |

LRX-10.3 RM 106.2° 2.25

LRX-9 RM 103.3 377.52 375.67

LRX-3 RM 98.6  342.55 341.51 341.30 339.65 339.40

LRX-2.3 RM 98.4 341.24 339.23

LRX-2.2 RM 98.2  340.86 339.36

Location of Leading Edge No Cover No Cover No Cover RM 42.0 RM 82.5
Discharge, cfs (USGS Gold Creek) 8800 7800 6900 392800

* Surveyed from Arbitrary Reference Datum of 10 feet.
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Location
LRX-45
Gold Creek
LRX-40

Near
LRX-35

Near
LRX-31

LRX-29
LRX-27
LRX-24
LRX-18

Near
LRX-10.3

LRX-9
LRX-3
LRX-2.3
LRX-2.2

Location of Leading Edge

Discharge, cfs (USGS Gold Creek) 3400

RM

RM

RM

RM
RM
RM
RM
RM

RM
RM
RM
RM
RM

TABLE 7.1 (cont.)

SUSITNA RIVER Between the

CHULITNA CONFLUENCE (RM 98.5) and
GOLD CREEK (RM 136.5)
Water Surface Elevations in Feet (MSL)

Date of Survey

12/13 12/22 12/28 1/5 1/27
136.5 681.59 681.96 682.73  683.49 . 684.64
134.2 653.86  654.55  655.23  657.58
130.9 617.55 617.05  618.16
128.7 593.95  596.54  595.58  594.99
126.1 573.49  573.53  572.59  571.53  571.08
123.3 545.31 544.35  544.43
120.5 520.82  522.26 523.58  523.89
113.0 461.87 461.36  461.13
*

106.2 7.65

103.3 383.57  381.32 381.41
98.6 342.80  343.07  343.00 341.34

98.4
98.2

RM 127.0

BACKWATER

* Surveyed from Arbitrary Reference Datum of 10 feet.
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TABLE 7.2
CHULITNA CONFLUENCE STAGE DATA
Recorded at LRX-3, Left Bank

Mean Daily Mean Daily
Water Surface Elevation Water Surface Elevation

Date Feet (MSL) Date Feet (MSL)
November December

1983 1983

1 - 1 339.50
2 - 2 339.40
3 - 3 339.37
4 - 4 339.50
5 - 5 339.50
6 - 6 339.50
7 - 7 339.37
8 - 8 339.17
9 - 9 341.47
10 - 10 342.67
11 - 11 342.83
12 339.57 12 342.83
13 339.50 13 342.80
14 339.57 14 343.03
15 339.40 - 15 342.53
16 339.57 16 342.37
17 339.53 17 342.43
18 339.37 18 342.53
19 339.43 19 342.67
20 339.37 20 342.63
21 339.53 21 343.00
22 340.10 22 -
23 339.87 23 -
24 340.03 24 -
25 339.37 25 -
26 339.50 26 -
27 339.57 27 -
28 339.50 28 -
29 339.53 29 -
30 339.47 30 -

31 -

A maximum stage of 344.63 feet was reached at 1530 on December 9, 1983
coincident with the leading edge of ice cover passing this cross section.
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Date
October, 1983

Qoo~NOUhWN—

TABLE 7.3
GOLD CREEK WIRE WEIGHT READINGS (FEET)

with corresponding values in USGS
Datum (feet), Mean Sea Level (feet) and Discharge (cf/sec)

AOOOUTUOOOU OO ~NOONNNNOON~N~IOO® 1 =~

108

MSL

684 .
684.
684.
684.

683.

682.
682.
683.
683.
684.
684.
684.
683.
683.

683.
683.
683.
683.
682.
682.
682.
682.
682.
682.
682.
682.
682.
682.

13600
12800
11600
10800
9600
8800

5750
6900
8400
9200
10800
12000
11200
9600
8400
7800
7500
7800
7200
6900
6600
6300"
5750
5000
5000
5000
4750
5000
9250
5500
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TABLE 7.3 {cont.)
GOLD CREEK WIRE WEIGHT READINGS (FEET)

with corresponding values in USGS
Datum (feet), Mean Sea Level (feet) and Discharge (cf/sec)

Date W / USGS
November, 1983
1 57.63 6.00
2 57.58 5.95
3 57.40 5.77
4 57.15 5.52
5 57.20 5.57
6 57.05 5.42
7 56.80 5.17
8 56.70 5.07
9 6.83 5.20
10 56.70 5.07
11 56.75 5.12
12 56.70 5.07
13 56.65 5.02
14 56.65 5.02
15 56.77 5.14
16 56.60 4,97
17 56.67 4.94
18 56.57 4.94
19 - -
20 - -
21 - -
22 56.85 5.22
23 56.94 5.31
24 56.75 5.12
25 56.79 5.19
26 56.85 5.22
27 57.50 5.87
28 56.95 5.32
29 56.94 5.31
30 56.95 5.32

109

MSL

682.
682.
682.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.

681

681
681
681
682
681
681

32

.54
681.
.44
.51
.54
.19
.64
.63
681.

5000
5000
4500
3900
4000
3700
3300
3100
3300
3100
3100
3100
3000
3000
3100
3000
2800
2800

3300
3400
3100
3300
3300
4800
3400
3400
3400
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TABLE 7.3 (cont.)

GOLD CREEK WIRE WEIGHT READINGS (FEET)

with corresponding values in USGS
Datum (feet), Mean Sea Level (feet) and Discharge (cf/sec)

Date ww USGS
December, 1983

1 56.92 5.29
2 56.96 5.33
3 56. 72 5.09
4 56.92 5.29
5 56.93 5.30
6 57.07 5.44
7 57.04 5.41
8 56.97 5.34
9 56.90 5.27
10 56.95 5.32
1 56.97 5.34
12 56.92 5.29
13 56.90 5.27
14 56.88 5.25
15 56.90 5.27
16 57.01 5.38
17 57.13 5.50
18 57.22 5.59
19 57.30 5.67
20 57.45 5.82
21 57.52 5.89
22 57.27 5.64
23 57.50 5.87
24 57.60 5.97
25 57.65 6.02
26 57.87 6.24
27 57.85 6.22
28 57.82 6.19
29 58.04 6.41
30 58.15 6.52
31 58.33 6.70

MSL

681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
681.
682.
682.
681.
682.
682.
682.
682.
682.
682.
682.
683.
683.

3500
3550
3100
3400
3400
3750
3700
3550
3400
3400
3450
3400
3400
3350

W W
o B
[N ]
oSO

B N N b N % N ok H F N H N N %

* Backwater effect from ice bridge at LRX-43 and advancing ice cover.
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TABLE 7.3 (cont')
GOLD CREEK WIRE WEIGHT READINGS (FEET)

with corresponding values in USGS
Datum (feet), Mean Sea Level (feet) and Discharge (cf/sec)

Date ww

January, 1984

1 -

2 58.52
3 58.45
4 58.51
S5 58.63
6 55.60
7 55.83
8 55.97
9 56.20
10 56.32
11 56.25
12 56.27
13 56.30
14

15

16

17

18

19 -

20

21

22

23

24

25

26

27

28

29

30

31

UsS

NN SN NN N NN DO

GS

MSL

683.
683.
683.
683.
683.
683.
683.
684.
684.
684.
684.
684.

4

Q

o W % % k¥ %1

* Backwater effect from ice bridge at LRX-43 and advancing ice cover.
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Location

Chulitna Confluence
October 17

November 15

Gold Creek
October 17

November 18

January 5

Watana

October 17

AVERAGE

POROSITY=

Sample Size 1

Sample Size 1

Sample Size

TABLE 7.4
SUSITNA RIVER

FRAZIL ICE WEIGHTS
For Determining Porosity

cubic foot

36.9 pounds

of frazil

57.3 pounds

39.5 pounds

solid ice

of frazil

57.3 pounds

cubic foot

39.0 pounds

solid ice

of frazil

57.3 pounds

39.5 pounds

solid ice

of frazil

57.3 pounds

38.8 pounds

solid ice

of frazil

57.3 pounds

T cubic foot

39.3 pounds

solid ice

of frazil

57.3 pounds

1-0.68

solid ice

- 112

=0.64

=0.69

=0.68

=0.69

= 0.67

= 0.69

= 0.68
=0.32
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TABLE 7.5
SUSITNA RIVER at GOLD CREEK
ICE DISCHARGE COMPUTATIONS

Q; = C; Vg Byt (1-E)

Ice Surface Channel Slush Ice
Concentration Velocity Width Thickness Porosity Discharge*
Date Ci (%) \_/s (ft/s) _B_1 (ft) _ts(ft Es____ Qi(fta/S)
October
1983
1 0 5.0 347.76 - 0.31 0.0
2 0 5.0 347.76 - 0.31 0.0
3 0 5.0 347.76 - 0.31 0.0
4 0 5.0 347.76 - 0.31 0.0
5 0 5.0 347.76 0.31 0.0
6 0 5.0 347.76 - 0.31 0.0
7 30 5.0 347.76 1.5 0.31 539.9
8 50 5.0 347.76 1.5 0.31 899.8
9 50 5.0 347.76 1.5 0.31 899.8
10 35 5.0 347.76 1.5 0.31 629.9
1 25 5.9 324.80 1.5 0.31 495.9
12 » 0 5.9 324.80 - 0.31 0.0
13 0 5.0 324.80 - 0.31 0.0
14 0 5.0 324.80 - 0.31 0.0
15 5 5.0 24.80 1.5 0.31 84.0
16 30- 5.0 324.80 1.5 0.31 504.3
17 35 5.0 324.80 1.5 0.31 588.3
18 25 5.0 324.80 1.5 0.31 420.2
19 5 5.0 324.80 1.5 0.31 84.0
20 10 5.0 324.80 1.5 0.31 168.1
- 21 20 4.6 324.80 1.5 0.31 309.3
22 10 4.3 324.80 1.5 0.31 144.6
23 25 3.9 324.80 1.5 0.31 361.4
24 50 3.9 324.80 1.5 0.31 655.5
25 75 4.3 324.80 1.5 0.31 983.3
26 65 4.3 324.80 1.5 0.31 939.6
27 50 5.0 324.80 1.5 0.31 840.4
28 50 5.0 324.80 1.5 0.31 840.4
29 60 5.0 324.80 1.5 0.31 983.3
30 35 5.0 324.80 1.5 0.31 588.3
31 30 4.3 324.80 1.5 0.31 433.7

* |ce discharge is considered qualitative and is intended for compartive
purposes only.
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TABLE 7.5 (cont.)
SUSITNA RIVER at GOLD CREEK
ICE DISCHARGE COMPUTATIONS

Qi = Ci Vs B'I ts (1- Es)

Ice Surface Channel  Slush ce

Concentration Velocity Width Thickness Porosity Discharge*
Date Ci (%) \_/s (ft/s) _B_1 (ft) _ts(ft E__ gi(fta/s)
November
1983
1 50 5.0 324.80 1.5 0.31 840.4
2 40 5.0 324.80 1.5 0.31 672.3
3 60 5.0 324.80 1.5 0.31 1,008.5
4 65 4.3 308.40 1.5 0.31 892.2
5 75 3.9 308.40 1.5 0.31 933.6
6 73 3.9 308.40 1.5 0.31 933.6
7 80 3.9 308.40 1.5 0.31 995.9
8 S0 3.9 308.40 1.5 0.31 622.4
9 20 3.9 308.40 1.5 0.31 249.0
10 20 3.9 308.40 1.5 0.31 249.0
11 50 3.9 308.40 1.5 0.31 622.4
12 30 3.9 308.40 1.5 0.31 373.5
13 70 3.9 308.40 1.5 0.31 871.4
14 70 3.9 308.40 1.5 0.31 871.4
15 75 3.9 308.40 1.5 0.31 933.6
16 55 3.9 308.40 1.5 0.31 684.7
17 70 3.9 308.40 1.5 0.31 871.4
18 60 3.6 285.43 1.8 0.31 765.7
19 70 3.6 285.43 1.8 0.31 893.4
20 70 3.6 285.43 1.8 0.31 893.4
21 40 3.6 285.43 1.8 0.31 510.5
22 15 3.6 285.43 1.8 0.31 191.4
23 25 3.9 285.43 1.8 0.31 345.6
24 50 3.9 285.43 1.8 0.31 691.3
25 55 3.9 285.43 1.8 0.31 760.4
26 60 3.9 285.43 1.8 0.31 829.5
27 60 3.9 285.43 1.8 0.31 829.5
28 10 3.6 285.43 1.0 0.31 70.9
29 10 3.0 285.43 1.0 0.31 59.1
30 10 3.0 285.43 1.0 0.31 59.1
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TABLE 7.5 (cont.)

SUSITNA RIVER at GOLD CREEK
ICE DISCHARGE COMPUTATIONS

Qi - Ci Vs B1 ts (- Es)

lce Surface Channel

Concentration Velocity Width Thickness

Slush

— ) el el ) ) ) ) med ded e e ) el el ed ) ) ) ) emd ed el el el ) e oeed ad Al —)
WWWWWWWWWWWWWWWWWWWWWOOOOOOooO O

Date C, (%) vV _(ft/s) B, (ft) t (ft
December

1983

1 10 3.0 285.43
2 10 3.0 285.43
3 15 3.0 285.43
4 25 3.0 285.43
5 15 3.0 285.43
6 10 2.6 285.43
7 35 3.6 285.43
8 40 3.6 285.43
9 55 3.6 285.43
10 55 3.0 285.43
11 65 3.0 285.43
12 80 3.0 285.43
13 80 3.0 255.90
14 80 3.0 255.90
15 80 3.0 255.90
16 80 3.0 255.90
17 60 3.0 255.90
18 70 3.0 255.90
19 50 3.0 255.90
20 35 3.0 255.90
21 20 3.6 255.90
22 50 3.6 255.90
23 50 3.0 255.90
24 30 3.0 255.90
25 30 3.0 255.90
26 40 2.6 255.90
27 50 2.6 255.90
28 55 2.6 255.90
29 60 2.6 255.90
30 70 2.6 255.90
31 50 2.6 255.90

A\

Porosity
_E

COOOOO0OOO0OOCOOODOOOOCOOODOOOOCOOOOODOOOOOO0OO0
WWWWWWLWWWWWWWWWWLWWWWWWWWWWWwWwWwWwLww
— ) —) ) el e e ) e e e ) e el e eed eed ) ) eed e ed e ) el e eed e ) d awed

Ice

Discharge*
Qi(fta/S)

* Ice discharge is considered qualitative and is intended for comparative

purposes only.
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TABLE 7.5 (cont.)
SUSITNA RIVER at GOLD CREEK
ICE DISCHARGE COMPUTATIONS

Q; = c:i vs B1 t (1- Es)

lce Surface Channel Slush Ice

Concentration Velocity Width Thickness Porosity Discharge*
Date Ci (%) \_/S (ft/s) §1 (ft) _ts(ft Es—— Qi(ft“/S)
January
1984
'| - - - - -
2 20 2.6 255.90 1.0 0.31 91.8
3 10 2.6 255.90 1.0 0.31 45.9
4 20 2.0 255.90 1.0 0.31 70.6
5 50 2.0 206.69 1.0 0.31 142.6
6 30 2.0 206.69 1.0 0.31 85.6
7 20 2.0 206.69 1.0 0.31 57.1
8 20 2.0 206.69 1.0 0.31 57.1
9 20 2.0 206.69 1.0 | 0.31 57.1
10 15 2.0 206.69 1.0 0.31 42.8
11 5 2.0 206.69 1.0 0.31 14.3
12 5 2.0 206.69 1.0 0.31 14.3
13 5 2.0 206.69 1.0 0.31 14.3
14 5 2.0 206.69 1.0 0.31 14.3
15 - - 0 - -
16 - - 0 - -
17 - - 0 - -
18 - - 0 - -
19 - - 0 - -
20 - - 0 - -
21 - - 0 - -
22 - - 0 - -
23 - - 0 - -
24 - - 0 - -
25 - - 0 - -
26 - - 0 - -
27 - - 0 - -
28 - - 0 - -
29 - - 0 - -
30 - - 0 - -
31 - - 0 - -

* |ce discharge is considered qualitative and is intended for comparative
purposes only.
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TABLE 7.6
SUSITNA RIVER
WATER TEMPERATURES °C

JAY CREEK (RM 209.5) WATANA (RM 183)
Max. Mean Min. Max. Mean Min. Max Mean

DENALI (RM 290.7)

Min.

Date

September

1983
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TABLE 7.7
SUSITNA RIVER at GOLD CREEK
MEAN DAILY WATER TEMPERATURES °C

Date Temperature °C Date Temperature °C Date Temperature °C
Oct. Nov. Dec.
1983 1983 1983
1 - 1 0.2 1 0.5
2 - 2 0.3 2 0.4
3 - 3 0.3 3 0.3
4 - 4 0.2 4 0.2
5 0.8 S5 0.2 8 0.3
6 0.7 6 0.1 6 0.4
7 0.5 7 0.1 7 0.2
8 0.2 8 0.1 8 0.1
9 0.2 9 0.2 9 0.1
10 0.4 10 0.1 10 0.1
11 0.7 1 0.2 11 0.1
12 0.8 12 0.1 12 0.1
13 0.5 13 0.1 13 0.1
14 0.2 14 0.1 14 0.1
15 0.6 15 0.1 15 0.1
16 0.7 16 0.1 16 0.1
17 0.8 17 0.1 7 0.1
18 0.8 18 0.1 18 0.1
19 0.4 19 0.1 19 0.2
20 0.1 20 0.1 20 0.3
21 0.4 21 0.1 21 0.1
22 0.2 22 0.3 22 0.1
23 0.4 23 0.3 23 0.1
24 0.3 24 0.1 24 0.1
25 0.3 25 0.1 25 0.1
26 0.4 26 0.4 26 0.1
27 0.2 27 0.4 27 0.0
28 0.3 28 0.4 28 0.0
29 0.2 29 0.5 29 0.0
30 0.4 30 0.5 30 0.0
31 0.3 31 0.1
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FIGURE 7.1
October 17, 1983. Ice crystals obtained from a slush ice raft. These are
clusters of four to five individual crystals. This ice originated far upstream
and has metamorphosed into these large particles with little cohesion between
grains.

FIGURE 7.2
December 28, 13983. Anchor ice dam at RM 142.5. Anchor ice accumulates on
the substrate and effectively raises the water level, which subsequently floods
the surrounding border ice and snow cover. Fiow is right to left.
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FIGURE 7.3
December 28, 1983. RM 130 looking upstream. In 1983 the continuous ice
cover progression ended at Sherman (RM 135). Other processes then dominated
the remaining open water freeze-up to Devil Canyon.

FIGURE 7.4
January 5, 1983. The elevated stage created by anchor ice caused border ice
to fracture. The fragments drifted downstream and lodged, creating a barrier

to incoming slush ice. This bridge occurred at RM 135.6. View is looking
upstream.
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APPENDIX A

MONTHLY METEOROLOGICAL SUMMARIES
FROM WEATHER STATIONS AT DENALI, WATANA,

JEVIL CANYON, SHERMAN AND TALKEETNA
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NUMBER OF UAYS WiTH ~
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ndicates only the laat of several oseurrenees,

Z Synoptis data is based on 6 bours unless otherwize irdicatad,
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JINTHILY SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEN DURING September, 1983

RES, RES. AVG. MAX. MAX, DAY’S

MAX.  HIN.  MEAN  WIND WIND WIND GUST  CUST P/VAL NEAN HMEAN SOLAR
DAY TEHP. TENP. TEMP. DIR. SPD. 5PD. DIR., SPD. DIR. RH DP  PRECIP ENERGY DAY

DEGC DEGC DEGC DEG M/5 M/5 DEGC  M/S 4 DEGC M4 WH/56M
1 12.4 3.8 .1 190 .2 b 281 3.8 5580 W4 8.7 2.8 ¥ i
2 15.3 -.9 7.2 B46 A 3 045 32 N 38 -1 60 145 2
3 163  -1.5 7.3 23 2 o 340 2.3 ENE 48 31 8. 329 3
4 3.1 -2.3 3.4 06b 4 4 194 38 HE 42 -1.0 9.0 2763 4
3 142 -3.6 3.3 29 W1 W9 195 32 W7 -1.7 0.8 448 3
b 15,0 -4.3 3.4 052 2 9 084 3.8 MW 38 -40 0. 4625 &
7 13,7 -3.7 33 215 .1 b 192 3.8 MW 48 1.9 0.8 35 7
8 12.8 3.8 8.3 238 2 4 227 3.2 S5 #1 3.1 2 2093 8
9 14,6 4.7 %7 23 3 b 222 44 N 50 4.4 .2 219
19 15.0 9 8.0 337 2 4 932 1.9 B8 54 4.5 4 2468 10
il 15.5 id 8.3 2% 2 3 255 3.2 B84 50 3.7 0.8 2398 1
12 14.8 3.3 9.1 229 3 b 243 4.4 S 54 3.6 0.8 2388 12
13 12.9 1.3 7.2 051 3 A4 1 3.2 ENE 65 48 8.0 2% 13
14 7.5 1 3.8 184 3 7 203 3.8 § 90 4.7 b 113 14
13 1y 3.7 41085 3 23 026 44 ¥ W 1.4 0.0 2938 19
- 16 15.7 -4.8 3.9 037 A b 249 4.4 MW 39 -6 0.8 3815 16
17 128  -G5.d 3.9 209 4 g 24 4.4 WS 43 -1 8.4 3698 17
18 3.3 -4.8 4.4 132 3 a5 827 32 E W 2 0.0 2530 18
1? 12.0 3.0 4.3 1 G0 LD 049 63 NE 33 1.6 0.0 1430 19
20 8.8 5.0 6.9 133 4 4 45 2.5 NE 9 a1 3.8 690 28
21 12.2 5.9 7.1 013 .2 4 104 23 N 8 7.1 0.0 158 21
22 7.8 3 3.1 s 2 72087 44 NN 74 40 4 118 22
23 34 2.8 A4 055 1.4 1.0 o048 8.9 K& 4 -10.3 0.0 235 23
24 -6 =34 -2.8 090 32 33 W - 9.5 NE 42 -3 0.0 2205 24
25 3.7 9.2 -2.8 054 2.0 2.1 040 7.6 ¥E 37 136 0.0 328
2 . 3.9 -11.6 -39 W7 .4 1.1 097 3.1 ENE 39 -11.2 8.0 3083 26
27 36 -111 3,8 059 1.0 1.0 0e7 44 ENE 46 -5.0 0.0 1948 27
28 1.8 -.9 2 B34 4 b 015 2.5 MNE 89 -1.4 2 398 28
- 29 3.4 2 1.8 063 4 g 339 1.9 ENE  #%  sxxxx 8,0 473 29
36 18.2 2.3 63 223 1.0 1.3 2% 7.8 ¥ 85 6.0 4.2 1363 30

1 HONTH 16.5 ~-11.6 4.6 090 3 R I 9.5 NE 52 -1 20,8 74033

GUST VEL., AT MAX., GUST MINUS 2 INTERVALS 8
BUST VEL. AT ™M« X, GUST MINUS 1 INTERVAL 8.
GUST VEL., AT ™MaX. GUST PLUS 1 INTERVAL 7
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 8

§ ITE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
, ONE METER PER SECOMD. SUCH READINGS HAVE NOT EEEM INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW PQINT.
“exx  SEE NOTES AT THE BACK OF THIS REPORT ®xx%
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DATA TAKEN DURING Octoeber. 1983
RES. RES. AUG, MAX. HAX. DAY’S
MAX.  NIN.  HMEAN  WIND WIND WNIND GUST  GUST P/UAL MEAN MEAN - SOLAR
DAY  TEMP. TEMP, TEMP, DIR, GPD. SPD. DIR, GPD. DIR. RH DP  PRECIP  ENERGY DAY
DEGC DEEC DEGC DEG  M/S MW/S DEG WS A DREC MM WH/ 50N
1 7.9 2.4 32 206 o LD 209 3.1 554 80 2.9 2.2 1428 1
2 10.3 -3 3.0 049 .3 1.3 7.0 NE 34 -1.5 A4 1825 2
3 7.9 3.2 2.4 083 .1 1.2 4 5.7 NE37 9.1 0.t 2508 3
3 7.1 =67 1.2 075 3 g 084 23 E 1 -88 0.0 2403 4
3 36 -1 1.3 049 .2 3N 1.9 E & -3 01 GF -
b 2 7.9 -1.4 135 3 4 138 32 8§ 4 53 2 1916 &
7 S 17 5.4 17 b 70 M 3.2 ENE 36 13,1 0.0 223 7
8 .8 -13.4 62 037 b 7 068 3.2 ENE 40 13,1 0.0 1955 8
9 -3 <34 2.4 M 7 9083 3.8 NE 8 4,4 0.0 2y 9
1 1.0 1.2 -1 032 2 3 1.9 N == xsxax 2.0 365 10
i 7.4 3 48 178 .2 .8 28 4.4 ENE 83 2.0 3.4 1443 11
i2 4.5 5 2.5 206 3 70215 3.8 558 85 B 22 9558 12
13 35 4.2 -4 017 2 4149 19 N 87 -1.8 4 945 13
14 34 -8 2.5 034 8 7 059 2.5 N B -B.3 0.0 2125 14
13 34 -7 -2 0% 1.2 1.0 069 N 3 7.0 6 1028 15
6 31 -4 -8 040 1.4 1.5 098 a1 ENE 52 -9.0 0.0 110 18
17 7.2 4.4 1.4 050 SN VI V2 4.4 NNE 58 -7 B.8 1408 17
18 63 1.3 2.6 060 9 9 083 38 ENE 31 -46 0.0 1610 18
19 2 -7 L3 023 B 903 3.2 NMNE &9 6.4 0.0 a6 19
20 1 =67 3.3 13 ¥ 7 020 2.9 MNE 79 -8 0.0 332
21 3.8 -2.9 D 144 7 Y S V! 3.8 N 73 <31 0.0 1 I
22 .4 7.2 -9 b3 1 7 224 3.7 MHE 85 4.2 W2 1370 22
a3 34 117 4.2 097 3 &b 075 44 ENE A3 65 0.8 "z 23
24 1.5 -1t 53 15 S Y 3.8 ERE 49 -11.2 0.0 993 24
25 -2 -13.2 -57 052 A M A ) 31 B 47 -5 6.0 1308 25
2 1.7 -4 49 221 S0 L4 209 7.0 G8W &7 9.8 0.0 928 26
27 2.6 -9.3 3.4 (50 1.1 1.2 048 3.1 NE 35 -88 0.4 958 27
28 2,6 2.7 -4 080 2 72 3.7 588 &2 -3 00 vl 28
29 =20 9.0 5.5 swx  pxx A XEE RNER EEX % xmkxx 0,0 35 29
30 d 0 70 35 1% .8 g1 3.2 S84 B -3.5 0.0 265 3D
3 -1 =52 -41 206 3 g0 a9 3.8 358 84 4.7 B0 235 31
HONTH 10.3 -13.4  -1.2 081 B g 041 7.0 ENE &2 -b2 1.0 35574
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 5.7
GUST VEL. AT MAX, GUST MINUG 1 INTERVAL 5.7
GUST VEL., AT MAX., GUST PLUS 1 INTERVAL 9.1
GUST VEL. AT MAX, GUST PLUS 2 INTERVALS 5.7
NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEM WIND SPEEDS ARE LESS THAN

NOT BEEN TNCLUDED IN THE DATLY
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INTHILY SUMMARY FOR SHERMAN WEATHER STATION
DATA TAHKEM DURING November, 1983

RES. RES., AVG, HAX, HAX. - DaY‘S
MAX,  MIM,  MEAN  WIND WIND WIND GUST  GUST P/UAL MEAN MEAN SOLAR
DAY TEMP, TEWP. TEMP, DIR, GRD. SPD., DIR. SPD. DIR, RH DP  PRECIP  EMNERGY DAY
DEEC DEGC DERC DEE WS WS DEE WS I MEC M WH/S0M
i -6 <55 -G 4t .8 9 149 3.8 N Bt -63 0.0 27 1
2 4.2 7.0 -1.4  Bs4 B 2059 3.8 ENE 67 -4.0 A4 2
3 35 94  -3.0 054 9 1.0 - 045 3.8 ENE 82  -6.3 §.0 1025 3
4 -1.8 -10.3 -6.2 079 .7 8 04 38 £ 84 -9.7 0.0 840 4
) 1.4 -143 7.2 072 A a0 047 1.9 & 61 -8.7 8.0 93 5
b -8.4 -17,3 -12.9. 083 4 A 076 3.2 BNE % wsamx 0.0 865 b
7 1.6 -18.3  -6.0 0847 1.2 1.2 05 4.4 B 82 91 0.0 a8 7
] 8 2.7 -3 -3 03 9 1.0 640 3.8 NME 67 -A.1 0.0 485 8§
9 43  -3.2 b 08l 1.1 1.2 08 4.4 BE 4 -10.6 0.0 745 9
10 29 =34 -1 683 1.2 1.3 089 3.8 EME 48  -%.9 0.0 395 10
11 g %1 41 85 U S N B 3.8 g 3% -%.7 8.1 595 11
i2 -1.4 -7 -453 @62 b & 838 2.5 E a0 -10.2 0.0 |3 12
13 -5.3 -15.4 -10.% 077 N R V3 2.9 ENE 92 -14,0 0.0 490 13
14 -7.3 -17.8 -Z.p 182 N b 050 2.3 NE 90 -12,7 0.0 476 14
15 d -39 -6.8 435 .9 1.b 049 3.2 EME &2 9.3 0.0 475 15
14 -2.2 ~-18.6 -b.4 (50 g 7 050 3.2 £ 88 -7.1 0.8 it 16
17 -6.9 -15.4 -11.2 (48 b b 062 2.5 ENE e wxmxx (.0 378 17
i8 -5.5 -17.6 -12,1 057 .6 J 037 2.5 ENE &9 118 0.0 485 1B
19 -15.0 -21.2 -18.1 (044 3 3089 1.3 BE ¢ wxxxx 0.0 345 19
20 ~2.4 -28.6 -11.5 Q97 J 7132 3.2 ENE 82 -7.0 b0 270 2
2t 34 2.0 7 054 B 9 049 3.1 BE & -46 0.0 33 2t
22 A =45 2.2 097 2 3 069 1.3 ENE %% #xwwsx (.0 215 22
23 -3.4  -%.9 -6.7 05 .3 3 035 1.9 ENE ® wxxsx 0,0 285 23
24 -7.4 -19.6 -~13.5 (32 A 1 3 1.3 ENE = xwmeex 0,0 233 24
25 -5.7 -17.3 ~12.1 02 .3 3 03 3.2 MME B2 ~10.1 0.0 258 23
26 -4.4 =93 -59 (3 .8 B 024 3.2 WNE 77 -9.6 0.0 260 28
27 -2.5  -8.8 5.7 i@ 7 7 2t 2.3 NE O % -4.B 0.0 245 27
2 2.6 -4.1 ~B B 1.0 1.0 f84 . 3.8 ENE 89 -39 0.0 283 29
29 4,8 3.4 I S 7 .8 ? 046 2,5 NE 73 47 5.0 290 29
20 340 -7.0 -1.8 027 .7 70 3.2 W &l -64 0.0 280 36
HONTH 4.3 -21.2 -h.3 B35 7 7 049 3.1 ENE 67 8.2 A 13033
GUST VEL, AT HAX., GUST MINUS 2 INTERVALS 2.5
GUST VEILL. AT HMaX. GUST MINUS 1 INTERUAL 3.8
GUST VEL ., aT MaXx., GUEST rLUS 1 TNTERVAL 5.1
GURT VEL. AT MaAX., GUST PLUS 2 INTERVALS 9.1

MOTED RELATIVE HUMIDITY READINGS ARE UNRELTIARLE WHEN WIND SPEEDS ARE LESS THAN
DNE METER PER SECOND, SUCH READINGS HAVE NOT RBEEN INCLUDED IN THE DAILY
OR MONTHILY MEAN FOR RELATIVE HUMIDITY AMD DEW POINT,

k% SEE MOTES AT THE BACK OF THIS REPORT  xxxx%
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[ MONTHLY SUMMARY FOR SHERMAN WEATHER STATTON
DATA TAKEN DURING December. 1983

RES. RES, AUG. MAX. MAX, DAY’S
HAX.  MIN.  HEAN  WIND WIND WIND GUST  GUST P/VAL MEAN MFAN soLAR
DAY TEMP. TEWP. TEMP. DIR, SPD, SPD. DIR. 9PD, DIR. RH P  PRECIP  ENERBY DAY
BEELC DEGC DEEC DEE M/S M/S DEG  M/S % DEGC MM WH/50M
1 2.2 -3d -9 059 .7 7 b6 2.5 ENE & -5.7 4.1 265 1
2 -2.9 -85 -57 82 2 R 1.9 NNH mx sxxsx ).0 288 2
3 -3.4 -6, -5.0 042 .1 g 059 1.3 N ®%  sxExs 5.0 26 3
4 -2.8 -2.8 -5.8 %2 .2 2 B4h 1.9 NE  #% swxxx .0 170 4
3 -2.4 =38 -31 038 3 2 862 1,9 NE  xx  xxmwx 0,0 155 9
& -1.5 -10.7 <51 N 2 NI 1Y) 1.3 EME  sx  mExss 0.0 245 5
7 -10.7 -15.46 -13.2 s 8.0 §.0 025 A xER xx 0 Bz (.0 a7
8 -11.4 -20.6 15,0 wmx 0.0 8.0 034 b OBEE BE O RNRES 8.0 235 8
2 129 -22.9 -17.9 {054 4 A4 047 3.8 ENE &8 -19.2 0.0 m 9
10 6.1 -14,5 -10.3 070 1.8 1B 04 5.0 ENE &3 -15.3 0.0 220 10
1 -4,3 %5  -7.0 087 1.6 L& 9 4,4 ENE 67 ~11.6 B, 265 11
i2 -7.2 =161 -11.7 045 .8 9 8 3.2 OMEOBD 137 8 4t 52
13 5.9 -14.3 -9.9 059 F 0 10 Bkb 4.4 ENE 7Y 116 Db 215 13
14 150 -21.2 -1B.6 037 3 3 §4s 1.9 NE % me¥ex 0.0 215 14
15 -18.4 -25.7 -21 72 .2 2 872 2.5 ENE =% xxexx 0,0 278 15
16 -12,5 -17.7 151 (54 B 8 059 38 N 73 -174 8.2 255 14
17 8.5 -12.6 -19.6 032 2 1.0 59 3.2 ENE BS -13.0 8.0 170 17
18 -2.7 -17.§ -~12.8 058 .7 7 073 2.3 EME 93 -13.9 0.0 25 18
19 4.8 -17.5 -12.2 7 3 5 D5 1.9 BNE 91 -16.6 0.0 198 19
20 3.3 -7.1 5.2 D44 3 R 11 2.5 ENE  »=  sssxx 0.0 134 2
21 -2.2 =58 -4 059 - 5 R 1.9 ENE %2 muswx 0.4 175 21
22 -4,3 -192.8 -12.1 062 ,3 a3 022 1.9 ENE  ®x  xsexx 0.0 220 22
23 -16.5 -21.3 -18.9 057 3 A 06 1.9 ENE ®=  ssxxx (.0 245 23
24 2.4 -~19.5 ~14.3 04% .8 4 174 1.9 ENE = xxex 0,0 238 2
- ] b0 -1 -4,7 05t 1.0 1.1 039 44 NE &7  -B.&6 0.0 291 2%
24 7.7 -17.6  -12.4 080 8 8053 2.5 EBNE 77 -13.4 0.0 240 2
27 -13.3 -22.2 -17.8 052 4 4082 1.9 N %1 -1546 1.0 a8 27
2 20,7 -23.9 -22.31 1M 3 - ) 1.9 ME s osxmx DD 255 28
¥ -7 -2.0 -23.9 037 3 3 042 1.3 NE sx xxxxx 0.0 265 29
30 -147 =273 -22.0 051 A IS S 1 1.3 MNE g% swsxx 0,0 265 31
3 -2 163 -13.3 054 R b 139 1.9 ENF % sxxxx B0 240 3
MONTH 2.2 -27.3 -12.1 0%9 1 b B4 5.1 ENE 71 135 8.4 7405
GUST VEL., aT MAX. GUST MINUS 2 INTERVALS 3.8
GUST VEL ., AT Me X, GUST MINUS 1 INTERVAL 4.4
GUST VEL., AT MaX., GUST PLUS 1 INTERVAL 3.8
GUST VEL, AT MAX, GUST PLUS 2 INTERVALESE 4,4

MOTE: RELATIVE HUMIDITY READIMGS ARE UNRELIABLE WHEMN WIND SPEEDS ARE LESS THAN
OnE METER PER SECOND . SUCH READINGS HAUE NOT BEEWN THCLUDED IN TRE DATLY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.



7 2 & CONSULLT e NTT S ,( AN,

SIS ETNA HMYDROELECTR LEC PROIECCT

[ NTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
Té TAKEN DURING September, 1983

RES. RES. AUG. MAX. HAX, DAY‘S
HAX,  NIN.  HEAN  WIND WIND WIND GUST  GUST P/VAL HEAN HEAN SOLAR
DAY TEMP, TEWP. TEMP. DIR, SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEEC DEGC DEGC DEG M/5 M/S DE6  W/S L DNGEC UH/SM
- i 10.2 5.4 7.9 173 " 8B 24 5.1 BE 14 213 11 1080 1
2 121 1.9 b.6 146 R I TS R 3 €. 3.8 S8 36 -10.1 0.0 4495 2
3 13.0 b 6.3 088 g 1.3 297 4,4 E &b Q0 8.0 2748 3
4 B9 -ti 3.9 79 8 1.3 019 9.7 ESE &9 2.4 6.0 2264 4
3 1.6 -3.0 4.3 119 S0 1,3 2l 44 E &8 3.0 0.0 3498 35
b 14 -2.1 4.7 087 1.0 1.5 14 S50 E 3@ -12.2 0.0 4280 5
7 1.1 -16.3 S 065 S 11 047 32 72 1.2 0l 2681 7
8 9.6 3.8 6.7 70 .1 .8 248 3.2 ESE 33 -9.2 0.0 1668 8
9 11.8 3.3 7.7 33 3 9 300 3.8 BW 36 -3.1 0.0 1895 9
10 11.7 3.7 7.7 144 .2 7157 2.5 88 &0 -7 0.0 1875 10
1 13.0 3.2 8.1 069 7 L3 W 4.4 ENE 56 -4.7 0.0 2143 11
12 11.5 3.7 7.6 38 S 1.3 319 3.7 W8 7 3.2 i 2183 12
13 1.9 2.7 6.7 1093 S 1.2 u3 57 B4 58 0.0 2010 13
14 6.4 2.6 4.5 245 5 Lo a8 5.1 88 39 -15.3 6.0 1403 14
13 8.9 -1.6 3.7 238 P I B B 114 44 4 7 4 0. 233 19
16 12,3 3.0 4,8 118 B 1.2 000 3 E 50 -7.2 0.0 3173 16
17 16,0 -2.6 3.7 138 A 1.3 27 44 E &8 -19% 60 3083 17
18 11,3 -B.4 1.3 09 .1 1.4 058 3.8 EHE &8 -2.4 0.0 2765 18
19 7.4 -.2 4.6 109 1.3 1.5 1% 3.1 ESE &b A4 0D 1443 19
20 8.7 3.6 6.2 121 2 S 14 1.9 E 13 -2t.8 0.0 703 20
21 11.3 3.7 8.3 089 .3 8 138 2.3 E 13 -26.2 0.0 1608 21
22 7.3 -9 J.2 223 4 1.1 0133 oW 17 -19.2 8.0 1283 22
a3 =1 -5 -3.0 089 1.7 2.0 41 8.9 ERE 54 -11.4 0.8 1228 23
24 ba  -93 -1.3 035 1.9 2.4 128 7.5 ENE 30 -13.6 0 0.0 2351 24
_ 25 -8 -7 -3.B 183 2.0 2.6 143 102 ESE 43 -14.2 0.0 2847 25
26 80 -89 -43 13 1.6 1.8 108 63 5§ 50 -12.4 6.0 3048 25
27 B 90 4.2 098 1.4 1.7 41 57 B 8 -10.5 0.0 2183 27
28 2.1 -2.8 -4 092 1.2 1.3 8 i1 E & -8.7 0.0 1415 28
29 3.7 . 1.9 128 A T AT 3.2 ESE 28 -20.0 0.0 6:8 2
30 7.3 2.4 4.9 108 I B 1 B V.5 g £ 17 -23.2 0. 1690 30
HONTH 13.0  -10.5 3.6 093 30 1.2 143 102 ESE @2 9.2 0. 64543
GUSBT VEL., AT MAX, GUST MINUS 2 INTERVALS 8.9
CGUST VEL, AT #MAaX., GUST MINUS 1 INTERVAL 5.7
GUST YEL., AT MaX., GUST PLUS 1 INTERVAL 3.2

GUST VEL., AT MaX, GUST PLUS 2 INTERVALS 3.2

OTE: RELATIVE HUMIDITY READINGS ARE UNRELIARLE WHEM WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

OR MONTHLY MEAM FOR RELATIVE HUMTIDITY AND DEW POINT.

*xx  SEE NOTES AT THE BACK OF THIS REPORT  wxw
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READTMES HAVE NOT BEFN INCLUOED IN

DATA TAKEN DURING October, 1982
. RES. RES, AVG, MAX. HAX. PAY’S
MAX.  HIN.  MEAN  WIND WIND WTND  GUST  GUST P/UAL HEAN MEAN SOLAR
DAY TEMP. TEWP, TEWP, DIR, SPD. 8PD. DIR, SPD, DIR. RH DP  PRECIP  ENERGY DAY
DEGC DEEC DEEC DEE WS WS TEG.  H/S L DEEC MM WH/SOM
1 5.8 2 3.0 2 3 2 144 3.8 W58 17 -22.4 0.0 788 1
2 7.7 2 4.0 118 S0 1 n2 B3 SE &0 25 0.0 1540 2
3 4,4 -0 .7 083 .2 1.8 020 7.6 ESE 57 b6 0.0 1888 3
4 b <41 1.3 1 g 1.2 M5 44 E 80 -67 0.0 1787 4
3 2.2 -l.4 3 Dbb 4 & 062 2.5 BNE 72 4% 0.0 AL
& 22 -83 -31 119 7 8 1m g S8 80 -7.8 0.0 1497 &
7 2.3 -10.9  -66 114 .6 1.9 1 37 B 7 11,5 0.4 187 7
8 -3 -13.2 -7.0 % 1.6 1.8 4.4 SE A& -121 0.9 1791 8
9 -2.4 <52 -3.8 189 1.6 1.1 79 38 E 55 -182 0.0 63 7
10 1.0 -2.8 -9 1 G0 .3 07 jbz2 E 18 2.4 0.0 350 10
1 7.7 .1 3.9 2n .6 7 254 63 § 19 245 1% 1348 11
12 3.8 -2 1.8 182 3 8 2 32 E 16 -28.2 2 803 12
13 1.5 =546 21 334 o 5 302 1.9 MNE 11 -29.5 1.0 28 13
14 -3 -18.0 53 13 L.t 1.3 13 3.2 858 45 -21.1 0.0 1470 14
15 B -7 =3t 1M Ly 15 095 4.4 ESE M -5.2 0.0 238 135
16 4 -89 -43 103 2.0 2.1 &8 7.0 ESE 71 -6,8 0.0 175 16
17 31 -4 0.0 132 1.2 1.4 112 38 SE MM -39 6.0 1078 17
18 34 14 1.2 162 1.5 1.6 074 4.4 ESE 81 -4 0.0 1215 18
19 -7 =35 21 1 12 1.3 08 44 £t 80 -7 8.8 Jen 19
2l -5 =35 2.0 9t .1 1.1 058 30 FE 74 -8 0.0 483 20
4] 43 -2 1.2 128 1.1 1.3 98 63 SE 77 2.4 4 705 2t
22 3.7 -3.5 d 114 .0 1.4 099 51 B &2 9.2 12 793 22
23 7 -8.7 <39 1 1.4 1.5 113 7.0 ESE 45 -18.4 0.0 378 23
24 -4 -1 A3 13 8 A T 3.8 EBE 47 15,0 0.0 1207 2
25 -3.3 -125% 7.9 17 £ SRS T S 3 < 4,4 ESE 72 -11.3 0 0.b 818 29
2h -1.6 9.2 5.4 108 .1 1.4 114 63 E 5% -147 0.0 71 2
27 -2 -28.4 -133 7 1.0 1.3 093 2.7 ESE 57 -A4 0.0 s 2
28 1 =40 2.1 12 7 1.2 1S 57 SE s -12.7 4 614 28
29 =20 -0 40 108 A0 L0 877 18 E 14 -3%B.8 0% 7% 29
34 -4 =52 -3.3 23 ! b 243 2.5 W8 2 26,7 0.0 76 A
S| =35 -B.2  -5.9 14 3 7187 3.2 W 7 -84 Mt 3 3
HONTH 7.7 -28.4 -2.5 112 A 1.2 e 8.3 ESE 57 -141 1R 30578
GUST MEL, AT #MoaX, GUST MINUS 2 ITNTERVALS J.8
GUST VEL D AT MaX, GUST MINUG 1 INTERVAL 5OV
GUSET VEL .. AT MaX, GUST PLUS 1 ITNTERUAL VAR
GUET VEL., AT MaX, GUST PLUS 2 INTERVALS 7.0
MOTE: RELATIVE HUMIDITY READINGS ARF UNRFLIABLE LHEN WIND SPEEDS ARE

THE

PELE
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AaTA TAKEN DURING September, 1983
RES. RES., AVG, HAX. Hax, P&Y‘S
HAX, KIN. KEAH WIND WIND WIND GUST  BUST P/VAL MEAN FHEAN SOLAR
- DAY TEMP, TEWP. .TEMP. DIR. SPD. GPFD, DIR. SPD. DIR., RM i3 PRECIP  EHERGY DAY
DEGC DEGEL DEGC DB #/5 H/8 DEG H/S % DG € H WH/SGH
1 FERRE  NREEE  RERERR RRE RREE O EREE ORERE BEEE MR ORE O RENRR REX F3331 2]
2 RRERE O REEEE O AREEE EXX FEEE O RNNE AR BEERE  ERE ¥R FREER 0.8 766 2
3 6.1 1.4 3.8 78 1.8 2.0 048 i 1% R - T 7% B Y | 275% 3
4 i0.0 4.4 7.2 043 2.2 2.9 193 6.1 ¥NE S0 -3.3 §.0 7428 4
5 REBRE  ERERE O BEERE KER RERE OBRNR OBNR ERRE O RRE  ORE O RERRE  MNESE EREE 0§
b ERREN RRNER EREAR RN FERE  BENE BN FHEEOMEE ER BEAEX B0 $35232 2N S
7 8.3 2.3 5.3 089 1.3 1.7 268 83 E 82 2.7 2.8 928 7
8 3.4 3.2 3.3 418 1.2 1.2 024 1.9 WNE 99 3.1 xEnx 240 B
9 3.8 3.4 52 48 1.2 1.5 280 63 U 74 2.4 1.0 2421 9
14 11.4 4,2 7.6 292 1.3 2,1 232 31 A LY 1.9 0.0 4151 14
- 13! it.i 1.4 0.4 084 i.2 1.6 093 4,4 E 71 .9 1.0 1814 11
i2 11.2 2.6 6.9 283 ] i.6 295 3.7 HNE &7 9 1.8 3323 12
13 -8.3 1.2 4.8 08 3.8 3.9 08y 9.5 E 67 -3.5 8.8 1981 13
14 5.2 A 2.7 03 N 2.7 91 3.7 ENE 70 -b.2 1.2 1728 14
) 15 7.6 1 3.9 s b 1.5 297 4,4 N 4 -11.9 0.0 2663 15
16 16.7 -3.2 3.8 DBe6 1.3 1.8 126 6.3 HNE 62 -2.4 9.0 4123 16
- 17 10.0 . -4.7 2.7 . 305 9 2,1 243 6,3 NHE 47 -3.1 2.0 4414 17
8 B.& -6.7 1.8 970 2.5 2,9 083 #44 E b4 -4,0 6.1 2403 18
19 7.2 1.4 4.4 081 4,8 4.9 093 10.2 E 58 -b.0 1.8 18530 19
24 8.5 2.7 5.6 @66 2.1 3.0 095 8.3 ENE 41 -14,9 1.2 1975 2t
21 3.3 4,5 h.4 @94 i.il 1.4 083 5.7 ESE 27 -20.0 8.0 1941 21
22 EREXE O RRERE O ENREE 2¥Y FHEE O RAER ¥%% EANE  BER ORE O XEANN O BEn¥ K4%%% 22
23 EREEE  REEER O XNENR AEE REXX  REER  REN EXNE KRR X% RRERE O EEXE ERE¥NE 23
24 BEEAR O REEER O NHEEE  REX FERE  BAAE %RE FARE  OBEE ORX ENNEX  NERN ¥EREEE 24
e 25 ERERE O BENEE O BAREE EER FEEE  BRRX XX FEER O OREE O ONR ERARK REER ¥EpsEx 235
26 EREAE NBERE O ARANR  E¥% FERE REER XX FE%E RRE OR¥ O ARMEN NNRR BERAA% 26
27 ERAXE  ERERE O RRENE  EN% EEAR  RNRE ANR EREE OEE ORE O KEEEE  REER ¥EE¥ER 27
2 REXEE  ERARE O ERERE ¥EE ESTT I it L FHER  EHR O OEY O RERER MR #%%%%% 2B
29 BEREEE OXUFEE O BEEEE ¥XE EERE REEER EXRY RERE EER RE O KEEXE O RXE¥ 2e¥ERE 29
- 30 RRERE FRBEE HRREE ExE REAE . AENE %% REEE REE X FHNEE SEER EEE 252 S
HWONTH 11,2 -56.7 4.8 068 1.4 2.5 083 44,0 € 61 -4.0 11,10 53997

GUST UFL., AT FMaX, GUST MINUS 2 INTERVALS 2.5

GUAST VEL., AT MaAX., GUST MINUS 1 INTERVAL 4,4

GUST VEL.., AT MaX. GUST +LUS 1 THTERVAL 1.9

GUST VEL., AT MaxX. GUST PLUS 2 INTERVALS 1.9

{InE. METER
' OR MOMTHLY
exxx GEE NOTES
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MONTHLY SUMMARY FOR WATANA WEATHER STATION
DATA TAKEN DURING October, 1983

RES. RES. AVE. HAX, HaX, DAY’S
MAX.  MIN,  HMEAN  NIND WIND WIND GUST EUST P'VAL HEAN HEAN SOLAR
DAY TEWP, TEMP. TEMP. DIR. 5PD. S8PD, DIR. SPD, DIR. RH DP  PRECIP  EMNERGY DAY
DEGC DEGC DEGC DEE H/S WS DEC WS L DEGC MK WH/SDH

1 REERE O BEXKEE  FEEEE BN XEEE O RERE O RER  EEREE  NEE BN NNREEK  HE¥X HEAEE
2 EEEER O REENE  BNEEE  EEE  BREE  NEEE  BEE O RRNE OEER O EE REEXX  NERE gmapEx 2
T ERERE O RENEE O BENNE  BAE O NREE O RNEX O KNE O NNEE KEX  ONE  ENEER  REAR HERKE ]
4 EEEEE O NERNE O NEERE NN BEEE O FERER  OREE O NEEX  ONNE  OXE O NNEER RERE RNEx¥x 4
S REEEX  OREEEE  REEEE  NNE BMER O BNEE  EEE  BEEX  NNE XK FREEE  BNEE  KHNKEE 0§
b EEEER O EEREN O BEEEE O ONERE O FEEE  NMEE O ORNE MMEE OEKE R BNNEE O MNEE  NENEEE 4
7 EREEE O NEEEE O BREEEN O REN O NREE O KNEE  NEE O RRXX  XEE RN NEENK XN FEARRR 7
8 EEEEE O BHEEE O BEERE  REE  BEER O RERE OEEX O REEN OEEN N NNEEE  BEEE xEExEx  §
Q0 RERER  NNENE  EREEE  ENE PR KERN BEE O FRNE OENR N BEEEE  XESE T
10 ERXEE O X0NEE . NNEXE  RKE O BEEE  BENE O RRE O EREE NN HE O BEERE O ORREN smmeEk 1)
11 EREEE  EEENE O EXNEE  ENE O RNEE KNSR EE¥ O REN¥  EE¥ B3 XE xX  EEXKE  sEXEEX 11
12 RBEEE  SEEEE ROEEE  RNR ERER O BRNN O EEE  EENR SRR %R NENRE  HNEX  gpesEx 12
13 ERENE  NEKEE  SNEEE O BNE O KRN RENE O NER O EENE RN NE O NEENN  KENE HEEEr 13
14 waddx  BEENR O EREEE  EEE O REEE O REEE OREE O EERE O EER  E FESEE RENX wewnsx {2
15 EEEXK O NEEEE  REEEE  BEE O BEEE O NESE O OREN  OEEEE  EEE XX NEENK  EKNE HEREE 15
16 ENENE  EREAE O BREEE O EX® REER O RXEE du¥ RRER KB ¥X NEENE  XRE¥ #REX¥E 14
17 9 -.8 g 1.0 1.1 087 63 ENE 81 -2.2 0.4 1164 17
18 g0 <51 2.3 kb 2.7 2.7 74 7.6 ENE 75 -5.4 0.0 1510 18
19 -2.7 -63 -A5 &8 2.4 2.6 059 %3 ENE 71 -8.8 0. 87 19
20 -2.7  -5.2  -4.0 049 4,7 4.8 080 9.5 ENE 77 -7.% 2 1403 20
R 1.8 -3.2 -7 087 3.8 4.0 895 2.3 ENE 67 -5.4 B0 1140 21
22 -4 ~4.6 -2.4 {68 3.1 3.2 0&b 9.9 ENE &7 7.3 4 1298 22
23 -1.% 7.1 -A5 A4 3.0 3.4 085 1.2 ENE 75 8.6 0.0 143F 23
24 -2.4 105 -65 076 1.6 2.0 105 5.7 E & -12.3 0.0 1380 24
25 -67 2.4 -B.1 050 39 4.9 1057 89 NE §1 -163 0.8 1493 25
26 -446 -241 -6.9 072 4.5 5.1 038 140 ENE 70 -11.9 8 1180 24
27 -2.7 -11.8  -7.3 82 2.9 3.1 057 6,3 HE &8 -10.6 0.8 975 27
- 28 -2.9 -B.3 -5.4 (088 3.2 3.6 084 11,4 ENE 77 -7.8 8 780 2
29 -1.3 9.6 5.5 089 2.3 2.4 079 8.3 ENE B A5 0.0 530 29
30 -2.3 =60 -4,2 295 1.0 1.5 2% 4.4 UNW 90 -b.4 .8 BS 10
3 -3.6 ~-11.9 -7.8 073 B 3.4 082 10.8 E B 8.6 0.1 A0 31
MONTH 1.8 -11.9 -4.7 &b 2.8 3.2 058 14,0 ENE 73 -85 3.0 16527
GUST VEL. AT MaX, GUST MINUS 2 INTERVALSY 8.9
GUST VEL., AT MAX. GUST MINUS 1 INTERVAL 13.3
GUST VEL.., AT MaX, GUST PLUS 1 INTERYAL 10.2
GUST VEL. AT MaX. GUST PLUS 2 INTERVALS 11.4
NOTE: RELATIVE HUMIDITY READINGS ARE UMNRELTIARLE WHEN WIND SPEEDS ARE LLESS THAN

ONE METER PER SECOND. SUCH READINGS HAVE NOT REEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,
xx%% SEE NDTES AT THE RACK OF THIS REPORT  xxxx
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NTHLY SUMMARY FOR WATANA WEATHFR STATION
JIATA TAKEN DURING Movember, 1983

RES. RES. AVG. HAX, MAX, DAY’S

MAX,  MIN.  MEAN  WIND WIND WIND GUST  GUST P’VAL MEAN HEAN SOLAR
DAY TEMP, TEWP. TEMP, DIR, SPD, SPD. DIR. 5PD. DIR, RH DP  PRECIP  ENERGY DAY

DEGC DEGC DEGC- DEE M/8 M/8 DEG  M/S 4 DEE L MM KH/504
1 2.3 ~13.4  -7.% 048 3.9 4.0 64 8.9 ENE &% -16.9 0.0 745 1
2 -1.8 - -10.2  -6.0 063 3.1 5.4 057 1.4 ENE 68 9.9 0.0 I o2
3 -1.8 -84 -52 87 a1 23 % .7 b7’ -t12 0. 453 3
4 ~3.3 -11.9 7.6 (b4 3.9 41 080 B.3 EME 61 -13.6 0.0 613 4
3 =30 -12.0 8.6 063 1.4 1.6 014 44 £ 70 -12.8 0.0 630 3
b =77 -14.8 -~11.3 173 2.7 29 (74 10,2 EME 75 -15.0 0.0 1193 6
7 -6.8 -1l.6  -%.2 14 63 &b 036 12,1 ENE 69 -14.3 0.0 937
8 -2 7.0 -3.b 083 4,7 48 (el 8.9 B 57 -1 0.0 518
b4 -i.0 -84 -47 7 6.0 6.0 078 12,1 ENE 42 154 0.0 gd 9
10 -1 -84 -53 0173 49 5.0 084 12,1 EME M4 -16.4 0.0 680 10
1 2.3 %9 =62 72 33 35 17 8.9 ENE 4% -i61 0.0 590 1t
2 -5,8 -12.3 9.8 73 1.4 L& 062 63 E 6 -15.8 0.9 a8 12
13 =7.1 -15.6  -11,4 080 30 31 17 7.6 £ 71 -15.4 0.0 1008 13
i4 -3.2 -15.1 -12.2 B4 3.2 3.3 188 83 E 72 -159 0.0 740 14
13 =66 -16.2 -i1,4 085 .0 3.1 8 5 E & -15.7 0.0 45 15
i6 -8.6 ~-15.0 -11.8 073 26 2.7 80 10,2 ENE 83 -13. 4 397 16
17 -7.8 -15.% 119 3.1 %2 0bb  10.8 ENE B4 14,7 0.0 93 17
18 -18.2 -18.1 -14.2 @3 1.7 1.9 84 44 E 8 -16.9 0.0 615 18
19 -10.1 -18.8 -14,1 D46 1.0 1.3 3¢9 3.8 ERE 87 -16.6 0.0 323 19
20 -b.7 -18.83 12,6 @72 61 6.2 073 12,7 EME 83 -13.8 0.0 230 2
4] g 62 -2.7 B4 70 7.0 094 146 E 078 -5 0.0 24) 21
22 -8 -1 -5 W9 2.2 2.3 089 83 E 88 -b.4 0.0 355 22
23 -6.4 -10.6 -85 09 2.0 2.0 095 31 E 88 -10.0 0.0 280 23
24 7.5 -145 -1 078 3.4 3.6 U6 74 £ 81 -13.7 0.1 330 24
B & -1 145 -12.8 063 4.6 47 17 9.5 EME B3 -15.0 0.1 480 25
26 7.3 <117 9.6 (68 4.7 4.8 1 8.3 ENE 74 -13.0 0.0 35 26
27 =1 % 7.8 Bk 34 35 IS 7.6 ENE B2 9.8 0.0 223 27
r o 28 8 -68 -0 873 67 68 083 140 ENE 7B -6 0.0 280 28
29 1.8  -1.s 1 172 6.0 6.2 993 133 ERE 37 -7.2 0.0 293 29
38 I S O A | 3153 13 121 B 55 9.1 0. 315 30

MONTH 1.8 -1B.3 -8.2 071 3.9 4.0 094 146 ENE Tt -12.7 ] 164792

GUST VEL., al mMaX, GUST MINUS 2 INTERVALS 13,3
GUST VEL., AT MaX, GUST MINUS 1 INTERVAL 13.3

GUST VEL, AT MaxX., GUST PLUS 1 INTERVAL 14.0
GUST VEL.. AT MAX, GUST PLUS 2 INTERVALS 13,3

VITED RELATIVE HUMIDITY READINGS ARE UNRELIARLE WHEN WIND SPEEDS ARE LESS THAN
UME FMETER PER SECOMD, SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
UR MONTHLY MEAM FOR RELATIVE HUMIDITY AND DEW POINT.

ex®x  BEE NOTEYG AT THE RBACK OF THIS REPORT  xxxx
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CMONTHLY SUMMARY FOR WATANA WEATHER STATION
DATA TAKEN DURING December ., 1983

, RES. RES, AUG, MAX, MAX, . PAY’S

MAX.  MIR,  HEAR  WIND WIND HIND GUST  GUST P/VAL #EAN MEAN SOEAR
DAY TENP, TEWP, TEMP. DIR. SPD. 5PD. DIR. SPD. DIR, RH DF  PRECIP  ENERGY DAY

DEGC DEGC DEGLC DEG MW/SE WS DEE M/S I NGC M WH/Sa
1 3 -42  -2.0 17 4.0 4.2 (84 8.3 ENE 68 -t8 6.0 a1 1
2 =24 -3 -4.4 03B J 13 st 44 E %1 -60 0.8 275 2
3 =51 -10.6 -B.4 085 1.0 1.3 18 ig E M 2.8 00 32 2
4 ~7.0 8.6 -7.8 4 32 33 7.5 ENE 2¢  -9.0 0.0 13 4
3 -39 -72.9 5.9 048 1.0 1.7 055 44 E 9% -8 0.0 14F 3
b -4.2 -4 -5.3 088 21 22 78 83 E 91 -A7 0.0 265 b
7 -t 8.7 -hA% 078 %3 5.3 078 2.5 ENE 87 -B.8 0.0 335 7
8 -8.6 -14.5 -11.6 076 .0 5.4 092 10,8 ENE B3 138 0.0 3| 8
¥ -13.6 -20.2 -16.9 932 65 &3 077 1.4 E 85 21 0.8 7
10 -15.7 -1%.2 -165 049 7,7 7.7 069 121 ENE A -21.8 0.0 25
1 -3 -152 -12.8 07 63 64 077 108 ENE 73 166 0.0 a5 1
2 -it.4 -15.2 12,8 083 5.4 5.4 080 108 E 73 -161 0.0 i 12
13 -12.6 -13.7 -13.7 068 2.8 58 065 108 ENE 79 -163 0.8 138 13
14 -15.3 -22.7 -19.0 0% 1.3 1.6 082 2 B 8 210 120 14
15 -17.2 -24.3 -20.8 (&b 4.4 44 067 10,2 ENE 79 -R2.4 DD |/ 15
6 -18.4 -21.9 -20.2 158 2.9 33 W 7.0 ME 77 -23.2 0.0 220 16
17 -15.0 -19.7 -17.4 100 2.4 2.5 1049 643 ESE B3 -19.2 0.0 18 17
18 =92 -167 -13.0 (eR 30 3.1 08 1.8 E B8 -5 0.0 275 18
19 - -840 -14.0 -11.0 078 5.5 5.5 081 10.8 ENE 74 13,9 0.0 198 19
20 -6.3 -18.2  -8.3 08t 2.8 2.9 78 63 ENE 76 -11.5 0.0 i 21
21 T R 2 -9.3 &2 3.6 3.7 003 7.6 ENE 88 9.3 1.0 190 21

2  -12.6 -16.9 -14.8 080 1.8 1.8 090 38 E 8 -15.9 8.4 340 2

21 -13.3 -17.2 -15.4 173 1.9 2.0 87 4.4 ENE 38 -16,7 0.0 375 23
24 -1.7 -172.7  -9.7 199 25 2.6 115 83 E 84 -147 1.0 75 24
23 -3.6 -13,% -B.3 098 L1 32 ! 37 B 72 -13,7 4.0 358 23
26 -6.2 -13.4 -9.8 173 2.7 2.8 Y 6.3 ENE &% -5, 0.0 283 2
27 -7.9 -18.1  -13.0 083 2.3 2.4 98 st B 73 -1 0 278 27
28 -17.1 -22.7 -19.9 0% 2.3 2.6 07 63 ENE 77 22,2 0.0 ]
22 20,0 -22.7 -21.4 04 2.2 2.2 m 44 E 79 239 0.0 380 29
I -21.4 2.7 241 09t 1.8 1.9 7 44 £ 07 364 00 345 U
3N - -22.2 -16.6 095 2.2 2.3 048 7.0 ESE &2 191 0.8 145 3t

HONTH .3 -26.7 -12.8 077 3.3 3.5 09 121 EME 80 156 0.0 8295

it

GUST VEL ., AT MaX., GUST MINUSG
GUST VEL. AT MaAX. GUST Misuls
GUET VEL, AT ™MaX. GUST pPLUS
GUST VEL.. AT MAX, GUST PLUS

THTERMVALS 10,
INTERMAL 10 .4
TINTERYAL. 10,
INTERVALE 10,

o~

IS T
oy
LML S

MOTE: RELATIVE HUMIDITY READIMNGE ARE UMRELTARLE WHEN WIND SPEEDS ARE LESS THANM
' OME METER PER SECOND., SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DATILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,
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POINTHLY SUNMMARY FOR DEHALLY WEATHER STATION
LaTA TAKEN DURING September., 1983
RES., RES., A6, HaX. HaX, DaY’s
HAX.,  MIM, MEAR  WIND YHIND WIND GUST  GUST P/UAL NEAN HEAN SOLAR
{ - pat  TeWP, TEMP, TEMP. DIR. SPD. SPD. DIR. SPD. DIR. RMH  DP  PRECIP  ERERGY DAY
DEGC DEEC DEEC DEGC M/8 WS DEE  M/S L DEEC MM ¥H/50H
i FENEE  REERE  ENAEE  ERE BEER O NEEE  REE  NNNE  NER X LRMEM b EEnEEx
2 7.4 -1 3.7 338 2.3 27 35 8,3 NN 50 -5.8 2 4531 2
3 7.4 -6 4.4 173 1.5 2.2 1&2 74 § 5 -3.9 6.0 vz 3
4 5.3 .4 2.9 s §.0 0.0 axu 0.0 *%x %% #xxs¢ 0.0 M0 4
3 5.4  -1.3 2.0 o medr wEsR ¥ME B w47 -10.1 0 0.0 329
5 b.6 -9 2.9 s%x FHEE O ARRE %% $EE% k%% 53 -7.5 0.0 4861 &
7 3.8 -9 3.6 ¥xx FERE O RRER REX ¥R ¥R 5 -7.1 8.9 65 7
8 7.4 1.1 4,4 E%% FERER  RAEE A%R RERE  #EE 49 7.1 .4 2410 8
9 9.3 2.8 b0 #% EREE OEERE ORER O BNNE %@k 5 -5.4 .2 2706 9
11 10.8 A S e dEEE dENE ¥ER dEEE o #x% 52 -85 0.0 3225 b
i1 1.3 -2.5 3.9 EER ERNR MkEE O EEE BEXX @ 5B -6.3 0.0 2768 11
1 9.4 2.4 5,3  #3% FRAR  REEE %% #EE% A% 46 -8.8 i.0 1784 12
L 13 8.0 A 4,1 mGE . ERRR O MRRE O RKR Ba%E EN% 4% -8.7 0.0 2216 13
14 7.4 b 4,0 sk BENE O OMEER O OHER %R5% ¥t 56 -7.7 1.2 1532 14
15 &8  -2.3 1.8 ®wx wemr mEax mE4 ¥eEr omeE 55 -10.7 0.0 3503 15
16 B =2.0 3.0 ®EE 0 RENE RREE OBEA . #3nE osen 43 -13.1 0.8 4470 14
17 .4 4.5 2,0 EEE NREE O RREN O ER% mEE® ¥ 05§50 7.8 0.0 A047 17
18 7.9  -3.2 1.4 %33 8.8 - 0.0 xxx 0.0 #=#x %% weexx 0.0 3130 18
— 19 5.8 A J.5 Rk EERR EENR ERR RO B 52 -10.0 ,2 1859 19
2t 2.3 .7 S0 #E% RAER O AXEE E¥E O ERKE ¥¥x T2 -2.5 5.2 1266 20
21 7.3 3.2 5.3 EER . BEER O RE¥R RER REER OEEE 59 -b.0 B 1098 21
22 3.2 -4.4 A BEE O REER ERER ZR% AR¥E %%y 47 2.0 1.4 1246 22
23 -4,8  -B,2 -0 mEx  EEN% MEER O %EX O BEER M® 37 -15.7 0.8 234 23
24 7.6 -10.0 -BUB wmEm o sERR O MEER O EEX EENE M A7 -14.8 0.0 1971 24
23 5.0 -12.7 8,9 #Ex RERR BEAX XN¥ #kt ¥e 32 -18.4 0.0 3z63 23
26 3.5 =171 -11.3 0 #smx xEEE o gmmk SR Rk oéex 500 -20.2 0.9 3327 24
27 =1,7  -15.7 0 -9,7  mER 0 REEE O MoRK O EER O REER OMME 57 -17.4 0.0 2773 27
- 28 Jo 4B <30T REE BREE XEE¥ R%% RNER %¥% 0 A0 -9.8 6.0 1315 78
29 7 -4,8 -2.1  #ex FREx XREE O OREE NXMN %R AD -2.8 0.0 1315 29
- 38 7.3 3.3 5.3 R%% O RAE% EER% 3 FE¥% %% 3 -3.9 1. {249 1§
EOHTH 18,3 -17.1 i1 241 B! 9 35S 83 5 55 -9.7 1.2 77832
GUSBT URL, AT Mak., GUST MINUS 2 INTERVALS 999,40
SUST VEL . AT mMax, GUST MInMUS 1 INTERUVAL 999,10
GUSBT vEL, AT sMaX, GUST PLUS 1 INTERVAL 6.3
GUST VEL., AT MAX, GUST PLUS 2 INTERVALS 7.0
MOTE: RELATIVE HUMIDITY READIMGS ORE UNRELIABLE WHEN WIND SPEEDS a&RE LE
OFE METER PER SECOHD . SUCH READINGS HAVE NOT BEEN INCLUDED IN THE
: OF MONTHLY MEAN FOR RELATIVE HURMIDITY aMD DEW POIMNT,
% HEE NOTES AT THE BalK OF THIS REPORT »xx®

55 THaAM
DETLY
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BUSDLTNG MY DROEEL_EDTR LI PROTEST

MONTHLY SUMMARY FOR DENALT WEATHER STATION
- DATA TAKEN DURING November ., 1983

RES. RES. AVG, HAX. HAX. DAY'S

Hax. HIN, HEAN YIND WIND WIND GUST  CUST P/VAL HEAN MEAN SO0LAR
DAY TEMP. TEMP, TEMP. DIR., SPD, SPD. DIR. 5PD, DIR. ®H il PRECIF  ENERGY DAY

DEEC DEGL DECC DEG WS W/5 DR W/S i1 DL MR WH/ 508
i 6.4 -13.0 -9.5 342 1.2 2.1 1722 7.6 N % EXEANE 8.0 775 1
2 -2.4 -12.7 -7.6 182 2.7 3.7 176 140 S ¥E RERAX 8.0 &3 2
3 7.5 -17.4 -13.5 342 9 1.2 139 3.2 N O OEXENR 0.1 1368 3
4 -11.7 -20.5 -161 352 9 1.2 17 38 N £ RERRR 0.0 7650 4
] -2.3 . -17.2 -13.4 327 .4 1.1 1487 4,4 HNM %% muEux n.1 845 3
b -13.4 -20.8 -17.1 I35 3 80309 5,7 NME  ®x mExes 8.0 1020 &
7 5.6 -14.9 -10.8 193 3.7 5.9 13 11.4 § I 8.1 67
;] -2.1 -11.9  -7.0 204 1.4 23 209 7.6 GSH k¥ Exxxx 1.8 k4 B
9 -31.8 -14.4 2.1 193 i.5 2.9 197 14,0 SSH  Ex axuxy 0.8 985 9
10 -56,8 -16.8 ~11.8 027 2 1,7 153 8.3 N ¥ ERARE n.0 70 10
i1 -g8.1 -15.7 -11.9 173 1.2 28 173 10.8 W ¥ ENEEX D.9 975 11
iz -8, -i6.0 -f{2.1 i&2 2 1.1 182 8,3 S5H  #x ERxxs 7.8 540 12
13 -12.4 -20.5 -16.3 822 A b 827 1.9 § £ AR 0.8 1055 13
14 -15.9 -20.8 -18.4 829 .8 8 00 1.9 NNE s suwes 0.9 %0 14
15 -16.8 -P4.3 -20.6 340 .2 b 278 2.5 N k% xEexx 0.8 475 19
16 2.4 -19.4 -14.4 134 o3 1.3 153 8.9 MNE 29 -22.7 0.0 725 14
17 -17.8 -21.7 -1%.9 347 .3 9 op 3.2 N 25 -35.3 0.8 485 17
18 -14.7 -21.2 -18.0 Q09 .8 8 004 2.3 N % -30.7 0.0 753 18
19 -7.8 -22.0 -14.9 295 W1 2149 2.5 584 47 -24.8 g.ﬂ 328 19
- 28 -3.5 -16.9 -11.2 1A% 3.4 5.8 143 7.1 § 4 -23.7 0.0 355 2
21 2.6 -2.8 -i 158 6% 7.3 192 222 SE b1 -2.8 B0 355 21
2 -1 -11.8 -b.4 183 2.9 3.3 1% 6.8 § 47 -17.5 0.9 419 22
23 =Ll 160 10,5 014 2.2 2.4 397 7.0 NNE 36 -22.9 8.9 b2y 23
24 -85 -4.8 -15.2 108 B 1.7 02 63 NNE 3B -27.7 8.8 795 24
] -12.1 -17.7 -14.9 17 2.3 3.4 175 1.2 S 76  -16.9 1.0 305 25
26 -11.8 -18.3 -i5.1 339 3 1.1 188 3.8 MNE 3 =20.3 1.4 425 24
27 -7.6 -161 -11.% 289 3 1.4 188 53 N 42 -21.,2 h.4 33 a7
28 4,2 -1b.% -3.2 132 63 59 134 21.6 SE 9 -10,6 0.9 375 28
29 5.0 -2.1 1.3 77 2.2 2.8 142 14.6 G54 5 -B.7 .49 Iz Py
kil 9 -5.3 -2.2 193 1.7 2.4 182 11.4° § 54 -10.4 g.0 Atn 30

HONTH 5.0 -243 -11,7 172 1.8 2.4 132 a2 N a1 -28.2 n. 18845

GURT VEL., AT MAX. GUST MIMUS 2 INTERVALS 21.0
GUST VEL. AT MAX., GUST MINUS 1 INTERVAL 15,9
GUST VEL., AT MAX, GUST PLUS 1 INTERVAL 1%.2
GUST WEL., AT MaX, GUET PLUE 2 INTERVALS 15,9

MOTE: RELATIVE HUMIDITY READINGS ARE UNRELTARLE WHEN WIND SPEFDS ARE |FES THAN

ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN TNCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,
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AR LESES THaAN

12 i~ IR L SR
SSLISS T iy I DR OIELLE TR L FPPrROJENEY
MONTHLY SUMMARY FOR DENALI WEATHER STATION
DaTa TAKEN DURING December. 1983
RES. RES. AVG, HAX, HAX, DAY’S
HAX. HIN, HEAN WIND MIND WIND GUST GUST P/VAL HEAN NEAN S0LAR
DAY TEWP. TEMP. TEWP, DIR.. SPD. GPD. DIR. 5PD, DIR, RH DF PRECIP  ENERGY DAY
DEGLC DERC DEE L DEE H/8 #/5 DEG /8 Z DEG C ] WH/ 581
1 -8 -4.9 2.9 179 .9 1.3 189 2.0 § 54 -12.7 0.3 LN
2 -2.1 ~7.5 -4,8 170 1.3 1.6 163 5.7 8SE 47  -14.4 f.0 348 2
3 =31 1.7 2.4 219 .3 1.0 189 3.8 554 37 -2b.7 0.0 295 3
4 -5.2 -10.8 -85 177 3.7 4.0 183 0.8 § 23 -2k.2 8.0 2Rt 4
3 -5.4 -2.3 -7.4 177 1.1 1.9 174 5,3 § 37 -22.8 9.8 288 5
) -6.9 -7.0 -6,8 . 258 4 7 303 1.9 WNE s dxxEs 6.0 120 5
7 -5.3 7.1 ~-62 153 .7 1.3 14 9.5 584 3t -21.2 0.0 77
8 -3,4 -2, -9.0 165 2.0 3.0 172 89 8§ | ~23.3 8.0 35 8
9 -12.5 -14.80 -13.3 133 9 9 343 1.9 HNY 7 -41.2 h.8 248 9
L] -14.4 -17,2 -15.8 009 7 7 1 8.9 N 21 s 0.0 640 110
1 -t5.6 -16.6 16,6 147 2.8 2.1 0532 5,3 NNE 44 zwxxx 0.8 728 11
12 FEEFR  BEREE O BEENE R¥% EREE  BEEER BNE FREE ONEE ¥ RENEE BENE #HR%¥E 12
13 FRERE  OEERER O BEEEE O EX¥ EXER  EXEE  NNE EREE OKHE ¥R EEEXE O NENE wxkxs 13
14 EXEEE EREER HOEEX  ENM FREE  RENE ¥NE RERE  ORUE R BEERE ¥NEE FEERR% 14
15 EHNNN  EEERE  XNEEXK RAX FREX EXNE %% RERE EUE OB EEEXK XEHF HXI¥¥E 15
14 REEEE  EENEE O REEEE  B¥K RERE O NEEE  RER SRR ORRE RE ENNEN  EEEE *eg%kE 14
17 FERER O BRENE  REXEE BEX BAEE  REXE HE¥ EEEE  FEE EF REEXR BEEE e 17
18 FRHEE  KRERE RNENE XWN ¥ARE EEER ORNR RHE OREE O ORE BEENE ENN¥ #%%%de 18
19 REREE O ENRER  REERE MM FEEE OEENE  OREM ERE  ORER OE% REENE  NEEE HEXEE 19
20 REERE O SEERE O EEEEE HN¥ FEER OERNE ¥%¥ FREEOREE OB BENEX dEu¥ s¥uiEx 20
21 FEERF  RREEE  REREER ¥EX EREE  OREEN OENM RERE  WEE R BEEER XXX smE¥sE P
22 FEERE  RAREE . ENRER BN FERE O REEE EE¥ FEER OREE BE REERE MRER EEE ST ]
23 EEEEE O RXXRE  NNNEE  RNR FREX  EXEX  REM LENE OENE XN NENXN NEER HaEE 22
24 RRERE  ERERE BMENX RNM FEBE . ENRE NE¥ FERR  OEEE PR FEEEE  BEER RAREE D4
23 FEEXE O EEERE O EEEX¥  ¥KE REER  AEXE  REK ERRE  KEE O ORX BME¥¥ XN IENEEE 2
2b FEERE  OEEEER  BENEY  NEX FEXE O RENE RER RERE OBNE MR BENEE ENNR FEREEE 24
27 FLERE O REEEE O REXEX XXM RERE  REER AR XERE KR OEE XNAKE  NEXE HXENE 27
28 RERRE  FREEE O REREE MR BEEE  RARE EEN RERE OEBE K% EEFEE  RREX ¥Hxsxs 28
29 EARRE O REEEE O XEERE KX EEXE OEERE NEX ERER O RRE O OE¥ O NNEEX XXX IREXE 29
kfil FERER O RREEE ONEENE XMM FEER O ARER REF EREE OREE OBE ERNEE OEX¥H wxxxx I
U ENEAE  BEEEE SKEEX xu¥ XFHE  A%EE ¥EE FEEE OEEE X XXNNE ¥ X% 3
HONTH -8 -17.2 -9.0 174 1.3 1.9 183 10.8 § 3% -22.8 0.0 85
GUST VEL ., AT MAX. GUST MINUS 2 INTERVALS P05 -
GUST VEL, AT MAX, GUST MINUE 1 INTERVAL 9.3
SUST VEL., AT MaX, GUST PLUS 1 INTERVAL AR
GUST VEL.. AT MAX., GUST PLUS 2 INTERVALS o5
RELATIVE HUMIDITY READINGS aARE UNRELIABLE WHEN WIND SPEEDS
ONE METER PER SECOND., SUCH READINGS HAVE NOT EBEEN THNCLUDBED IN THE

OR

MONTHLY MEAN

FOR RELATIVE

HUMIDLITY AND DEW POINT,

Daliy



APPENDIX B

BLUELINE PRINTS OF AERIAL PHOTO-MOSAICS
OF SUSITNA RIVER FROM COOK INLET TO TALKEETNA
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NOTES:
1 SCLID LINES DEPICT CROSS SECTION. A - STAFF GAGE SITE @T - THERMOGRAPH LOCATION
2. TEMPORARY BENCHMARKS ARE LOCATED A - STAGE RECORDER + - RIVER MILES
B AT EACH END OF EVERY CROSS SECTION. B
B NUMBERS REFER TO THE LRX DESIGNATION.
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DATE: 2-7-84
HARIA-EBASCO

SHEET. 5 OF 28

VL

LOWER SUSITNA RIVER
DATE OF PHOTOGRAPHY SEPT.16,1983

1"= 2000’

ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE OF PHOTOGRAPHY SEPT.!6,1983
SCALE : 1"=2000" SHEET. & OF 28
DATE. 2-7-84

_EISNV__ | HARZA-EBASCD

REM CONSULTANTS. INC.

SUSITNA JOINT VENTURE
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ALASKA POWER AUTHORITY,
SUSITNA HYDROELECTRIC PROJECT

'LOWER SUSITNA RIVER

DATE OF PHOTOGRAPHY SEPT.!6,1983
SCALE : i"=2000’ SHEET. 7 OF 28
DATE. 2-7-84

TSISN/ | HARZA-EBASCO

AEM CONSULTANTS, iINC.

SUSITNA JOINT VENTURE
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER
DATE OF PHOTOGRAPHY SEPT.IS,1983

SCALE  1"=2000'

SHEET: 8 (QF 28
DATE. 2-7-84

eV

HARIA-EBASCO

MEM CONSULTANTS, INC.

SUSITNA JOINT VENTURE
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE CF PHOTOGRAPHY SEPT.I6,1983
SCALE : I"=2000" SHEET. 9 OF 28
DATE. 2-7-84

_EISN/__ | H4ARIA-EBASCO

REM CONSULTANTS, iNC.

SUSITNA JOINT VENTURE
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER
TE OF PHOTOGRAPHY SEPT.!§,1983
SCALE !

1 1"= 2000’ SHEET: 10 OF 28
DATE. 2-7-84

DATE C

N

HARIA-EBASG!

SUSITNA JOINT VENTURE




ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE OF PHOTOGRAPHY SEPT.16,1983
SCALE : 1"=2000' SHEET: i OF 28
DATE. 2-7-84

SIS | HARZA-EBASCO

REM CONBULTANTS, INC.

SUSITNA JOINT VENTURE




ALASKA POWER AUTHORITY

SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE OF PHOTOGRAPHY SEPT.i6,1983

12 OF 28
DATE! 2-7-84
HARZIA-EBASGO

SHEET

1"=2000"

SCALE .

SUSITNA JOINT VENTUAE
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REM CONSULTANTS, WC.
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE OF PHOTOGRAPHY SEPT.I6,1983

13 oF 28

DATE 2—7—84
HARZA-EBASCO

SUSITNA JOINT VENTURE

SHEET :

=2000'

SCALE :

Ne.

BEM CONSULTANTS.
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE OF PHOTOGRAPHY SEPT.16,1983

14 QOF 28
2-7-84
HARZA-EBASCO

SHEET .
DATE !

}"=2000'

SCALE ©

SUSITNA JOINT VENTURE

S

[

=

REM CONSULTANTE, INC.




ALASKA POWER AUTHORITY

SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE GF PHOTOGRAPHY SEPT.16,1983

15 COF 28

SHEET

1"=2000'

SCALE ©

DATE., 2-7-84
HARZA-EBASCO

SUSITNA JOINT VENTURE

SV

=
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ALASKA POWER AUTHORITY

SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE OF PHOTOGRAPHY SEPT.16,1983

16 OF 28

DATE: 2-7-84
HARZA-EBASCO

SUSITNA JOINT VENTURE

SHEET:

1"=2000"

SCALE :

me.

BEM CONSULTANTS,
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER
DATE OF PHOTOGRAPHY SEPT 16,1983

SCALE : i"= 2000' SHEET: |7 OF 28
DATE. 2-7-84
_ SIS | HARIA-EBASED

REM CONSULTANTS, INC.

SUSITNA JOINT YENTURE




ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE OF PHOTOGRAPHY SEPT.!5,1983
SCALE : i"= 2000 SHEET 18 OF 28
DATE. 2-7-84

_EIEV HARIA-E3A3C0

REM COMSULTANTS, INC.

SUSITNA JOINT VENTURE
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER |

DATE OF PHOTOGRAPHY SEPT.16,1983
SCALE : 1"=2000" SHEET: IS OF 28
DATE. 2=7=84

_EISW - HARZA-E3A3C0

AEM CONSULTANTS. INC.

SUSITNA JOINT VENTURE




ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER
DATE OF PHOTOGRAPHY SEPT.I6,1983

SCALE : i"=2000"

SHEET . 20 OF 28
DATE. 2~7T-84

SV

HARZA-EBASED

REM CONSULTANTS, INC.

SUSITNA JOINT VENTURE




YENTNA RIVER

ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER
DATE OF PHOTOGRAPHY SEPT.16,1983
SCALE ; i"=2000' SHEET: 21 OF 28
DATE:. 2-7-84

TEISTNV | HARZA-E2ASC0

Aem conadiranTa, NC.

SUSITNA JOINT VENTURE
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE OF PHOTOGRAPHY SEPT.I16,1983
SCALE . 1"=2000' SHEET ! 22 OF 28
DATE. 2-7-84

"SI | HARIA-EBASCO

REM CONSULTANTS. INC.

SUSITNA JOINT VENTURE
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE OF PHOTOGRAPHY SEPT.I6,1983
SCALE ! 1"= 2000 SHEET: 23 OF 28
DATE. 2-7-84

T EXSN/L_ | HARLA-EBASCO

AEM CONSULTANTS. INC.

SUSITNA JOINT VENTURE
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ALASKA POWER AUTHORITY

SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER
DATE OF PHOTOGRAPHY SEPT.Is,1983

SCALE ; i"=2000'

SHEET. 24 OF 28
DATE: 2-7-84

e

AEM COMNSULTANTS INC

HARIA-E3ASGD

SUSITNA JOINT VENTURE
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER
CATE OF PHOTOGRAPHY SEPT.!G,iSS3
SCALE . 1"=2000' SHEET. 25 0F 28
DATE. 2-7-84

TSISN | HABZA-EBASED

BEM CONSULTANTS. INC.

SUSITNA JOINT VENTURE
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER

DATE OF PHOTOGRAPHY

2-7-84

SHg§$? 26 OF 28
HARZA-EBASCD

T.i9
DATE !

SEPT.

1"=2000"

SCALE .

SUSITNA JOINT VENTURE
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MEM CONSULTANTS. inC.
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER
DATE OF PHOTOGRAPHY SEPT.16,1983
SCALE : t"=2000" SHEET: 27 OF 28
DATE. 2-7-84

=S MARZA-E3A3C0

MEM CONSULTANTS. INC.

SUSITNA JOINT VENTURE




ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT

LOWER SUSITNA RIVER
DATE OF PHOTOGRAPHY SEPT.I6,i983

SCALE [ "= 2000 SHEET ! 28 oF 28
DATES, Z2-7-84

) AV IRHFL_TMAQMT

EIETWV HARZA-EBASE

REM CONSULTANTS, INC.
SUSITNA JOINT VENTURE









