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1.0 INTRODUCTION

The 1984 lower Susitna River freezeup (below Talkeetna) was documented
by visual observations, ground measurements and aerial photography.
These methods are similar to those used during the previous 4 years of
the on-going ice processes study. Emphasis during 1984 was placed on
identifying dominant ice processes influencing lower vriver ice cover
formation. Hydraulic data were collected at several locations for use in
modelling analyses. Several potential fish habitats were identified prior to
the freezeup and were monitored as the ice front progressed through the

lower river reach.

General conclusions regarding lower river freezeup based on data contained
in this report should be avoided due to the unusual nature of ice cover
progression attributed to mild weather during the 1984 freezeup. This
report describes the chronology of ice cover developm~ant in Section 3, and
presents miscellaneous data pertinent to ice modelling in Section 4 and in
Appendices A and B. Most of the specific processes controlling freezeup,
as well as those of ice cover progression, were previously reported in a
series of ice study reports (ReM 1980, 1981, 1982 and 1883). Users of the
data contained herein who are not familiar with Susitna River ice processes
are referred to these published reports. This report refers to river mile
(RM) numbers for identification of specific sites on the river mainstem,
with the river mouth at Cook Inlet corresponding to RM 0. River Mile
numbers have been annotated on the blueline photomosaic maps in

Appendix C.



2.0 SUMMARY

The 1984 Susitna River freezeup was characterized by:

Low . ~" ~arges and stage levels
Multiy o es
Rapid . . ice front progression

Middle river i.e bridge at River Mile 105

Long reaches of open water between ice bridges, after ice cover

U o W N -

progression

6. Thick anchor ice deposits

Unusually mild weather during September and early October delayed
formation of significant frazil ice volumes until the fourth week in October.
The lack of late summer rainfall resulted in low freezeup stages compared
to previous years. The ice bridge near Cook Inlet formed on October 27,
1984. The river stage was so low that within 48 hours of the initial
bridge, a series of ice bridges formed in quick succession between river
mile (RM) 5 and RM 52. These closures resulted primarily from grounding
of large slush ice floes in shallow water. After the last ice bridge formed
at RM 52, a continuous ice cover progressed on the lower river up to RM
88. On about November 2, formation of a middle river ice bridge at RM
105 blocked ice from continuing down to the lower river. The rate of
middle river ice cover progression was subsequently rapid compared to
previous years due to low water levels, large volumes of slush ice entering
the reach from upstream, and early initiation of ice cover development.
The middle river ice bridge cut off the upper Susitna slush ice
contribution to the lower river ice front, and lower river progression
significantly slowed. During November, the Chulitna and Talkeetna
tributaries supplied some ice to the lower river ice front. Ice front
progression eventually stopped completely after ice bridges developed on
these tributaries in mid-November. The remaining open water between the
lower river leading edge and the RM 105 ice bridge was of insufficient

length for generation of substantial frazil ice volumes.
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The middle river ice front progressed continuously, reaching Sherman (RM
130) in early December. Unusually cold air temperatures in November
brought the number of accumulated freezing degree-days to the average
total and also caused large volumes of frazil ice on the middle and upper
Susitna, as well as on the Chulitha and Talkeetna Rivers. Although most
of this ice contributed directly to the upstream advance of the two ice
fronts, a secondary consequence was rapid and massive accumulations of
anchor ice. The anchor ice was readily visible, since it accumulated
sediment and acquired a light brown tint. Upstream of Curry (RM 120)
the anchor ice formed thick layers on the channel bed in shallow areas.
By early December, many of these formations were near the water surface,
effectively changing local hydraulics of the channel by damming flow. The
resulting backwater caused local stage increases which fractured shore ice
along flow margins as buoyant lifting forces separated ice from the channel
banks. Fragments of shore ice were often seen floating dow:stream during
December. On about December 15 several shore ice fragments lodged on
an anchor ice dam near RM 135.5. This ice jam prevented slush from
continuing downstream and thus developed into a new ice front. The
progression from this point was relatively short-lived, extending only up
to RM 137 before the slush ice volume generated upstream was so minimal
that sufficient thickening for continued upstream progression was no

longer possible.

The remaining open water gradually diminished as shore ice extended to-
wards the channel center. As of late December the following reaches

remained open, some containing intermediate ice bridges:

RM 24 - 26 RM 92 - 105
RM 43 - 46 (West channel) RM 131 - 135
RM 49 - 52 (East channel) RM 137 - 147



3.0 CHRONOLOGY OF 1984 SUSITNA RIVER FREEZEUP

On October 16, 1984, slush ice was first observed flowing down the
mainstem at Gold Creek. Variable concentrations of ice were observed
until the afternoon of October 22, when air temperatures warmed to 3°C
and all ice disappeared. A full 6 feet of accumulated border ice
disintegrated at Gold Creek during the following two days. Slush ice
concentrations began to increase on October 25. On October 26, at river
mile (RM) 9, near the mouth of the Susitna River, a dense concentration

of

ice floes had accumulated during the high tide of 32.4 feet {(Anchorage
reference station) at about 7:30 a.m.(see Section 4.5). At RM § the tidal
fluctuation was measured to range over 6 feet during this particular cycle.
Tidal measurements were made using an overlapping series of staff gages
installed on October 19, prior to the extreme monthly tide cycle. Slush
ice floes on the Susitna River generally consisted of large pans of tightly
packed but poorly bonded clusters of sintered ice crystals. Near the
river mouth the ice pans had partially solidified, forming a rigid sheet 1-2
inches thick on the surface. Under this sheet, up to 3 feet of slush ice
had not frozen solid. This condition of a solid surface layer was observed
only on the reach near RM 9. Pan size was variable with average
diameters ranging from 2 feet to over 6 feet. The surface water veiocity
during the high tide was less than 1 foot/sec. and at low tide about 2.5
feet/sec at center channel. Ice floes that drifted into the flow margin

along the east bank became grounded when the tide receded.

The following day, October 27, the ice concentration below RM 9 again
increased during high tide. With substantially higher volumes of ice floes
coming into this area from upstream due to cold air temperatures, an ice
bridge developed near RM 5. Although the actual development was not
observed, evidence of the formation process suggested the following
scenario. The high tide on October 27 was near 33.0 feet at Anchorage.
At that level it would have significantly decreased the water velocity in
the reach of river near RM 9. Drifting ice entering this reach of

near-zero velocity would quickly accumulate. A continuous unconsolidated

By



ice cover was probably present from Cook Inlet up to about RM 12 at the
high tide. As the tide receded, ice floes started flowing out to sea.
However, before ice at RM 5 began moving, the water level had dropped
sufficiently so that most floes grounded at the channel margin, resulting in
a stable bottleneck which prevented movement of ice floes near center
channel. Backwater diminished as the tide continued to recede. The
increased water velocity stressed unconsolidated ice at RM 9, which
eventually moved. However, because of the stable ice bridge at RM 5 the
downstream ice cover only compressed, increased in thickness and created
a backwater area. This backwater area stabilized the remaining ice above
RM 9 so that no further movement took place. Since no direct
observations were made of this, there is no way of knowing the upstream
extent of the initial ice cover, but assuming a continuous inflow of slush,

the cover would have rapidly lengthened.

On October 29, an overflight revealed a complex and rapid ice cover
development on the lower reach. From RM 5 a somewhat continuous cover
extended to RM 19, adjacent to the entrance of Alexander Slough. The
predominant process of advance was juxtaposition. Large areas of open
water were present throughout the cover, indicating that little pressure
was acting on the ice and no compression had occurred. By 10:30 a.m. on
October 29, the leading edge was located at RM 19. No further
advancement occurred due to insufficient ice from upstream. The leading
edge consisted of thin layers of fine slush that accumulated diagonally
across the channel from the area of high water velocity on the outside of
the river bend to low velocity on the inside of the bend. Open water with
no slush was noted from RM 19 to RM 25.9 at Susitna Station (USGS gage
site) where a second ice bridge had formed. A continuous ice cover
occurred upstream from RM 25.9 to RM 43 of the east channel through the
Delta lIslands. An ice cover had also progressed up the Yentna River
about 12 miles. The west channel through the Delta Islands, from RM 42.5
to RM 46, was entirely open. On the west channel a third ice bridge had
formed at RM 46. This obstruction had prevented slush ice from drifting

downstream to advance the ice cover above RM 42.5. From the ice bridge



at RM 46, an ice cover had progressed up the west channel to RM 51. At
this peoint the main channel bifurcates creating the west and east channels.
The ice cover progression had stopped here and there was open water up
to RM 52. The east channel was open from RM 43 to RM 52. At RM 52 a
fourth ice bridge had formed. Very little slush ice emerged from under
the downstream edge of the bridge, indicating that most of the ice floes
were retained by the advancing ice cover near the leading edge. This ice
cover had progressed up to RM 55. Visual estimates of slush concen-
trations at Gold Creek, 4 days before the initial ice bridge formed, were

never less than 50% of the total open water surface area.

On November 3, the leading edge of ice accumulation had progressed to
RM 71.5 at an average rate of 4.1 miles/day from the ice bridge at RM 52.
At the three rivers' confluence, the Chulitna and Talkeetna Rivers
appeared to be contributing most of the slush ice to the lower Susitna. At
RM 105, slush ice had bridged the shallow channel. This bridge remained
stable long enough to initiate an upstream progression of ice on the middle
reach. The consequence of this new progression was a decreased supply
of slush ice to the lower river ice front, ultimately delaying ice cover
formation below RM 105. The leading edge progression rate slowed to
under 2 miles/day on the lower river, being entirely dependent on slush

from the Chulitna and Talkeetna Rivers and frazil generated below the ice
bridge at RM 103.

A warm weather period began on November 5 and lasted until the 10th.
lce concentrations sharply decreased during this period to less than 10% at
Gold Creek on November 8. This subsequently decreased the rate of
leading edge progression to 0.5 miles/day on the middle river and 0.2
miles/day on the lower river. The open water reaches below RM 105,
through the east channel of the Delta Islands and between RM 26 and
RM 20, remained open during this period.

On November 10, cold air temperatures once again increased the ice

concentrations. On November 13 the surface coverage was estimated at



80% by the Gold Creek observer. The middle river ice front advanced 6
miles (up to RM 121) and the lower river front moved upstream about 2
miles (up to RM 86). The middle river ice front progressed more rapidly
due to a larger volume of slush ice generated in available open water
reaches between Gold Creek and Watana. Open water leads on the lower
river were slowly freezing over by a combination of upstream cover
progression and border ice growth. The slush ice contributing to these
processes originated from within open water reaches and from underneath
the downstream edge of existing covers upstream. At that time, an
estimated 75% of the slush forming the lower river ice cover above the
Yentna River confluence originated from the Chulitna and Talkeetna

Rivers.

The Chulitna and Talkeetna Rivers formed ice bridges several miles
upstream of the Susitna confluence on November 14. These ice bridges
prevented slush from entering the Susitna and ice cover progression (on
the Susitna) stopped at RM 88. An insufficient supply of slush prevented

further upstream progression at the rates previously observed.

in Slough 8A, ponds with black ice about 4-6 inches thick overfiowed and
the surrounding snow cover flooded on November 16, when the leading
edge was located at RM 127. This indicated that groundwater levels rose.
The entrance berm at RM 127 had not yet been overtopped. However, the
berm at RM 126.1 had been flooded. Ice floes about 1 foot thick had
partially breached the entrance berm and had become stranded, indicating
that a depth slightly less than this had occurred over the berm. Using a
minimum overtopping depth of 8 inches and an estimated flow width of 50
feet, then about 30 cfs could have entered the slough with a velocity of 2
fps. The ponds in Slough 8A increased in size prior to overtopping of the
upper berm at RM 127, indicating a local increase in the height of the
water table, due to the staged mainstem. The upper entrance to Slough
8A began overtopping on November 18 when the leading edge was at RM
128. This event was not nearly as dramatic as the overtopping observed

in 1982. From the air it was difficult to tell that overtopping had



occurred. The snow cover was about 1 foot thick at the time, and

mainstem water only seeped through the snow pack.

On November 21, the leading edge on the middle river reached RM 129,
near the entrance to Slough 9. No overtopping of the entrance berm

occurred.

By this time the river upstream of Devil Canyon had become ice covered,
severely limiting the volume of frazil capable of being generated. The
leading edge advance rate subsequently slowed to about 0.2 miles/day.
The origin of the slush responsible for maintaining this rate of advance
was primarily the open water reach from Devil Canyon to Sherman. This
reach also developed massive anchor ice deposits. Anchor ice dams oc-
curred at several areas throughout this reach, often forming to such
thicknesses that backwater areas developed. The increased water surface
elevation strained the border ice along flow margins, in many places
causing it to fracture and float downstream to become incorporated in the
ice cover. Anchor ice accumulated on the bottom in massive proportions.
Thick layers often broke free from the bottom and floated downstream to

also become part of the downstream ice cover.

On December 15, staging induced by anchor ice growth at RM 135 caused a
fracturing of upstream border ice. A large solid fragment drifted
downstream but instead of floating down to the leading edge at RM 131 it
became lodged at an anchor ice dam near RM 135, creating a3 new ice
bridge. This ice bridge accumulated slush ice at the upstream edge. The
new ice front prevented slush from continuing downstream to advance the
previous leading edge. By December 20, the river under the Gold Creek
bridge had frozen over and the leading edge was approaching RM 137.
The open water below the ice dam at RM 135 remained as it appeared a

week earlier.

On the final observation flight, December 20, 1984, the leading edge on
the Susitna River beiow the three rivers' confluence had reached RM 92,
at



a rate of 0.12 miles/day. The Talkeetna River was frozen over above the
railroad bridge. The Chulitna River was open at the confluence but
frozen over about three miles upstream. Extensive open leads existed in
the Susitna mainstem ice cover below Talkeetna. Open water still persisted
on the east channel of the Delta Islands, although the flow velocity had
diminished in many places and border ice was beginning to close the open

channel in several areas. The leading edge progression is summarized in
Table 3.1.

The 1984 ice cover development had several interesting and different
features which contrasted to those of previous years. In 1984, a large
volume of anchor ice was observed from near Talkeetna to upstream beyond
the Watana area. The onset of extremely cold weather early during
freezeup, from November 10 through November 13, cooled the middle river
below Gold Creek sufficiently to generate frazil ice, which due to the
turbulent nature of this reach adhered to the bottom, forming anchor ice.
When anchor ice covered the channel bed, saltating sediment particles and
suspended sediment became entrained in the ice, giving it a brown
coloration. Anchor ice often continues gaining mass by accumulating
frazil. Eventually a critical thickness is attained giving the ice mass
sufficient buoyancy to float, often taking with it entrained sediment and
possibly bed material of wvarious sizes. Rafts of anchor ice were
frequently observed floating downstream. These rafts become incorporated
in the ice cover further downstream. The rafts varied considerably in
size. Some were quite large, with diameters of about 4-5 feet, but the
most common anchor ice rafts observed were generally 1-2 feet across.
Anchor ice generally develops every vyear to some extent upstream of
Curry (RM 120), and during cold weather, in many areas between
Talkeetna and Gold Creek. The cold air temperatures of November 1984
and low water levels caused early formation of this ice, which subsequently
led to very thick and widespread deposits, with volumes exceeding those

observed in previous years.



The frequency of ice bridgzs formation in 1984 is most likely a direct effect
of the low river flows during freezeup (Figure 3.1). The resulting
shallow water in many places provided natural lodgement points which at

higher water would be negotiable by the ice floes.

Observations during the 1984 freezeup confirmed the critical importance of
large slush ice volumes to initiate and continue ice cover development.
When open water contacts air colder than about -10°C, frazil ice forms. A
steep, turbulent river reach can generate much more ice than a reach of
lesser gradient due to a higher rate of cooling. Little new frazil will form
once the open water surface area is about 70% covered by floating slush,
since this interferes with heat exchange to the atmosphere. The length of
open water required to generate a 70% slush coverage is dependent on the
degree of turbulence and the prevailing air temperature. When the ice
bridge formed at RM 105, very little frazil ice was generated in the open
water reach downstream to the leading edge at RM 73. Much of the ice
supplying the lower river leading edge after November 3 originated from
the Chulitna and Talkeetna Rivers. This was eliminated on November 14
when ice bridges formed oin the tributaries. Consequently, the lower river
ice front received only minimal ice volumes which did not advance the
leading edge. By the last field trip the remaining open water downstream
of RM 105 (a length of approximately 13 miles in mid-December), was
gradually freezing over by shore ice growing laterally out from the river
banks.

-10-



Date
10/27/84
10/30/84

11/03/84

11/05/84

11/07/84

11/09/84

11/11/84

11/13/84

11/14/84

11/16/84

11/19/84

11/21/84

11/27/84

Table 3.1

1984 Susitna River Freezeup
Leading Edge (LE) Progression Summary

Location

lce Bridge

LE RM19

lce Bridge

LE RM43
LE RM51

lce Bridge

LE RM35

LE RM71.5
lce Bridge

LE RM73
LE RM109

LE RM74
LE RM111

LE RM74.5

LE RM112

LE RM80
LE RM114

LE RM86
LE RM121

LE RM88
LE RM123

LE RM88
LE RM127

LE RMS0
LE RM128

LE RM31
LE RM129

LE RM92

LE RM130.5
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Rate of Advance

Discontinuous

Discontinuous
Discontinuous
Discontinuous
Discontinuous
Discontinuous
Discontinuous

4.1 miles/day

.75 miles/day
.0 miles/day

- D N O

.5 miles/day
.0 miles/day

.25 miles/day
.5 miles/day

.75 miles/day
.0 miles/day

- B OO

.0 miles/day
.5 miles/day

W W

.0 miles/day
.0 miles/day

Ny o

miles/day
.0 miles/day

.67 miles/day
.33 miles/day

.5 miles/day
.33 miles/day

.17 miles/day
.25 miles/day

OO o O OO N O

lce Cover

ice Cover
ice Cover
Ice Cover
ice Cover
lce Cover
ice Cover
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4.0 METEOROLOGY AND DATA COLLECTION

4.1 Meteorology

Daily measurements of ice and meteorological parameters were made at the
Gold Creek Bridge by Nancy Larson. Twice per day, usually at sun-up
and sun-down, she obtained data on the current air temperature at the
water surface, minimum and maximum daily air temperatures, water temper-
ature, water velocity, stage, shore ice width and thickness, and estimated
slush ice concentraticn on the water surface. These data are listed in
Appendix A. Daily flows are tabulated in Tables 4.1 to 4.3.

Weather data from the Talkeetna Flight Service Station (National Weather
Service), Watana (R&M Consultants) and Denali (R&M) for September
through December 1984 are included in Appendix A. Air temperature data
from these stations were summarized and are listed in Tables 4.4 to 4.22,
along with accumulated freezing-degree days. Plots of mean daily air
temperatures in Figure 4.1 show relative temperature variations between
stations, as well as temperature trends for the four months. As shown on
the graphs air temperatures generally decreased steadily through
October. ir November air temperatures began fluctuating considerably,
with this trend continuing through December. November 1984 was colder
than normal, while September, October and December all had above-normal
temperatures. By the end of December, total accumulated freezing-degree
days were far short of the historical average. Additional air temperature
data from a site located in the Delta Islands (RM 47.8) are shown in
Tables 4.4 to 4.6. 1In order to quantify the variation in air temperature
between the Watana weather station, located on the high plateau adjacent
to the river, and the air temperature near the water surface, a
thermograph recorded air temperatures at the streamgaging site since
September, 1984. The data from this recorder are listed in Tables 4.15 to

4.18, along with the mean daily deviation from the Watana station.

-13-



4.2 l.ower River Cross Sections

In September, 1984, a total of 13 sections were surveyed on the lower
river below Talkeetna. Six new cross-sections were located between

Talkeetna and the Parks Highway Bridge at the following river miles:

84.6 90.0
86.3 91.7
87.8 93.3

Three cross-sections, originally surveye’ in 1982, were re-surveyed in
order to have recent data for sediment modelling. These sections were

located at river miles:

95.9 (LRX - 0.7) 98.0 (LRX - 2.0)
97.1 (LRX - 1.0)

The primary purpose of these 9 sections is for the on-going river
aggradation study, which will analyze potential aggradation between the
Chulitna confluence and the Parks Highway Bridge. Details pertaining to
the cross-section survey and field data collected were reported by RE&M
Consullants (1984).

Four additional cross-sections were surveyed below the Parks Highway

Bridge at river miles:

40.0 59.7 9.0
47.8 76.8

These sections will be used for estimating ice volumes and ice front pro-
gression rates under with-project conditions. These four sections are not
tied in to project datum. The elevations are based on an altimeter survey

which established approximate elevations on all the east bank bench marks.
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In addition to the 13 sections surveyed by R&M Consultants, two (2}
cross-sections from the U.S.G.S. streamgage sites at Sunshine and Susitna
Station were plotted and are included with the tabulated cross-section data
in Appendix B. Cross-section locations have been delineated on the

blueline photomosaic maps in Appendix C.

Measurements of stage, water velocity, and ice thicknesses were made
along the four sections below the Parks Highway Bridge. Stage
measurements were made along the 9 sections above the bridge. These

data are included in Figures 4.5 to 4.19. lce thicknesses are listed below.

Lower Susitna River ice Thicknesses

Solid lce Slush lce
Thickness Thickness
River Mile Date (feet) (feet)

40 02/06/85 3.0 0.0
48 02/06/85 2.0 2.5
02/06/85 2.0 0.5
60 02/06/85 2.5 1.0
77 02/06/85 2.0 7.0

4.3 Porosity Measurements of Slush lIce

Numerous measurements were made during the freezeup period in 1984 to
quantify porosity of slush ice formed from frazil crystals. The value of
this parameter is necessary for accurately determining the volume of ice
generated within a specific open water reach. The length of open water
upstream of the measurement site, as well as the air temperature, to a

great extent determine the porosity.

During October 1984, a series of measurements were taken at several

locations on the Susitna River between Denali and Cook Inlet. The

-15-



objective was to document a change in porosity of slush ice relative te
travel time since frazil formation. Recorded air temperatures in October at
Denali and Watana were sufficiently low for substantial frazil generation,
but at other river locations further downstream air temperatures remained
generally too warm for much additional ice to form. Theoretically, this
condition would lead to high poresities near Denali where the frazil is
relatively new, and decreasing porosity values further downstream as the
frazil crystals metamorphose from very small fiat disc shapes 1o coarser,
rounded particles consisting of several crystals sintered together. The
slush was sampled with a wire basket, allowed to drain and then weighed
on a balance beam scale. The resultant weight of slush was then compared
to the weight of solid ice to obtain a value for the percentage of ice in the
sample. The slush porosity is the difference between the percentage of
ice in the sample and 100. The tabulated data are shown in Table 4.23
and plotted in Figure 4.20. As expected, the plot shows a decrease in
porosity over time, and a slight increase with the slush contribution from

the tributaries.

Theoretical values for porosity of frazil are generally considerably higher
than those meésured on the Susitna. Published ice porosity wvalues
generally range from 40-70 percent. The range of values measured on the
Susitna is slightly lower, between 29 and 55 percent. This could be
explained by the long residence time of slush in the river, which early
during freezeup corresponds to the travel time required to negotiate the

upper and middle river reaches, a distance of over 200 miles.

As freezeup continues, more and more of the river begins generating frazil
as air temperatures drop below freezing all along the river down to Cook
Inlet. The reach above Talkeetna probably generates the most frazil due
to the high degree of turbulence resulting in more mixing with cold air.
Originating far upstream, the low porosity old slush has developed into a
mass of relatively c~:r:ze-grained and rounded particles mixed with new
high porosity frazil, which are generally very small discs. The resultant

ice mass has the interstices between the old coarse grains occupied by
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newer frazil. This arrangement produces very dense slush rafts with low
porosities. For this reason, porosity values measured on the Susitna tend

to decrease as freezeup progresses.

Materials such as wunconsolidated sediments (gravels and sands) show
similar tendencies towards lower porosities with increasing grain size and
also for poorly-sorted (cocarse particles mixed with fines) sediment
compared to well-sorted (uniferm size) sediments. Porosity is dependent
on particle shape, packing, and size distribution (Davis and DeWiest,
1966). Highly angular particles tend to be held apart by irregular, sharp
corners, producing high values of porosity for a given grain size.
Subangular particles will contact along flat faces and have maximum
compaction, while rocunded particles will be less compact. Tabular particles
(i.e., frazil discs) tend to form box-like openings, particularly in fine
grained particles, resulting in high porosities. Porosities of materials

other than ice are tabulated in Table 4.24 and plotted in Figure 4.27.

4.4  Observations at Fish Habitat Study Areas

During the summer of 1984, Alaska Department of Fish and Game identified
a series of sites between the Yentna River confluence and Talkeetna for
the Resident Juvenile Habitat Study. Table 4.25 lists the study sites and
river mile locations, as well as any documented effects on the sites during

ice cover development.

As indicated by the table, the majority of the listed study sites were not
affected by mainstem river ice processes. Only side channels at Rustic
Wilderness and Goose Creek were overtopped. Several sites were flooded
by backwater as the mainstem became choked with ice, and as the staging
mainstem caused water to inundate the snowpack, eventually freezing solid.
The result is similar in appearance to the mainstem ice cover, but snow ice
rests on the channel bottom and has a generally smoother surface than the

hummocked texture typical of the mainstem.



Several areas other than those listed in Table 4.25 were affected somewhat
by ice-induced staging. Sunshine Slough at RM 86.7 was overtopped in
mid-November, 1984, but not to the degree observed in previous vears. A
backwater area was also seen at the confluence of Sunshine Creek/Slough
and the Susitna mainstem at RM 84.0. This backwater extended up the
side channel approximately 200 yards. The side channel downstream of
Goose Creek was overtopped by a substantial volume of water on November
3, 1984. The overtopping continued for about 10 days. Anchor ice was
seen forming on the side channel bed and an ice front progressed slowly
up the side channel from about RM 69.5. Mainstem stage eventually
subsided at the side channel entrance and the overtopping flow was
minimal by November 14, The interconnecting channel between the
mainstem and east bank side channel at RM 51 was overtopped and the
water inundated the side channel, regaining the mainstem at RM 50 and at
Willow Creek. Several of the intermediate channels through the Delta
Islands contained open water. Since no slush ice entered these channels,
they remained essentially open until cold air temperatures caused closure
by shore ice growth. Kroto Slough at RM 40.1 was slightly overtopped,
but not nearly to the degree of previous years. Alexander Slough was not

overtopped during the 1984 freezeup.

In general, the 1984 lower river freezeup was marked by a minimal degree
of flooding, with few sloughs o side channels overtopped. This resulted
primarily from the low initial freezeup stages and water velocities,

attributed to the relatively low discharges during ice cover progression.

4.5 lce Bridge Formation Near Cook Inlet

Downstream of RM 15 the Susitna River is influenced by tidal fluctuations
in Cook Inlet. These tides often range over 30 feet above the datum for
the Anchorage tide reference station. The local Anchorage tide datum,
from which the high and low tide levels are calculated, is 16.4 feet below

local mean sea level. The local datum should not be confused with the

National Geodetic Vertical Datum of mean sea level which is referenced for,
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among other things, map elevations. For instance, the highest tides of
about 34 feet (referenced to mean low water) corresponds to 17.6 feet

above mean sea level.

During a high tide cycle, water velocities are reduced considerably on the
lower 10-15 miles of the Susitna River. The high tide in Cook inlet
restricts the normal flow of the river, raising the water level and reducing
the velocity. lce floes entering the backwater tend to accumulate rapidly
since they are not conveyed through this reach at the same rate as they
enter. The accumulations often attain extensive proportions, resembling a
continuous ice cover but still moving at a slow rate. When the tide begins
to recede the water level drops and flow velocity increases. However, as
the backwater effect is removed, the surface area of the river decreases.
The river can no longer transport the accumulated volume of ice floating
on the surface, and a jam results. The ice jam gains stability as the
water level drops and more ice floes become grounded. This ice jam
bridges the water surface, preventing other ice floes from passing out to
sea. It has not been ascertained what critical volume of ice is required
for an ice bridge to form in this manner. At low ice concentrations a
bridge will not develop and accumulated ice will be flushed out to sea. lce
briages have been observed to form at RM 5 and RM 9 during the 3 vears
(1982-1984) of ice study on the lower river. This has usually occurred
during the latter half of October, corresponding to a period of extreme
tide fluctuations (greater than 30 feet). Usually by this time air
temperatures have dropped sufficiently throughout the watershed so that
upper and middle Susitna reaches and major tributaries are generating
substantial volumes of ice. When a high tidai cycle and low air
temperatures coincide, the result is the formation of ice bridges at the

observed locations.

Staff gage measurements were obtained at RM 9 prior to formation of the
ice bridge at RM 3 in 1984. The RM 9 site was selected since the ice
bridge formed near this area in previous years. The objective was to

monitor the rise and fall of river water and correlate the observations with
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the Anchorage tide cycle. On October 19, three gages were set with the
lower staff reading 2.0 feet at 1630 hours, about 2} hours after the daily
high-high tide of 26.1 feet. The following low tide would occur at 2011
hours at a height of 8.8 feet. The surface flow ve!ccityﬂ at 1630 hours was
about 2 feet/second in mid-channel. On October 26 the preceding high
tide level was demarcated on the upper staff gage at about 8.0 feet. The
Anchorage high tide at 0716 hours was 32.4 feet. For a tidal variation of
about 15 feet in Cook Inlet, the river water level at RM 9 fluctuated about
6 feet. The relationship is not linear, however, and to accurately
correlate the affects of tides on water level at RM 9, a continuous recorder
should be installed. However, the chances of recovering such a recorder
after the start of slush ice movement during freezeup is minimal. Table
4.26 is a reproduction from the 1984 Tide Tables of the National Oceanic
and Atmospheric Administration showing the times and heights of high and

low waters for the Anchorage area.



Table 4.1

Gold Creek Water lLevels
and Computed Discharges
October, 1984

Date Wire Weight (ft) Flow (cfs)
"i - -
2 - -
3 - -
4 6.84 7320
5 6.80 7200
6 6.72 6960
7 6.66 6780
8 6.66 6780
9 6.64 6720
10 6.70 6900
11 6.62 6660
12 6.52 6360
13 6.49 6270
14 6.22 5550
15 5.99 5000
16 5.99 5000
17 5.77 4430
18 5.71 4280
19 5.43 3800
20 5.41 3700
21 5.63 3900
22 5.74 4300
23 5.91 4500
24 5.96 4800
25 5.65 4000
26 5.15 3080
27 4.75 2650
28 4.51 2410
29 4.29 2230
30 4.21 2170
31 4.22 2190
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23
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26
27
28
29
30

Table 4.2

Gold Creek Water Levels
and Computed Discharges

November, 1984

Wire Weight (ft) Flow (cfs)*
.84 1870
.88 1900
.25 2200
.43 2340
.68 2580
.18 3120
.1 3030
.09 3010
.15 3080
.07 2980
.88 2780
e 2610
.92 2820
.78 2880
.89 2790
.06 2970
.01 2910
.09 3010
.05 2960
.65 3820
.22 3170
.29 3270
.29 3270
.21 3150
.35 3350
.12 3040
.99 2890
.19 3100
.19 3130
.27 3240

U UOUUTUMUUOEDRLOLUUNGOU S DWW

Water Surface
Elevation (Surveyed)

4.66 (2550cfs)

4.92 (280 )

4.88 (2750cfs)

5.08 (3000cfs)

* Stage levels are affected by anchor ice and shore ice from November 3

through December 15.
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Table 4.3

Gold Creek Water Levels
and Computed Discharges

December 1984

Day Wire Weight (ft) Flow (cfs) *
1 5.32 3310
2 5.35 3350
3 5.39 3410
4 5.38 3390
5 5.39 3410
6 5.27 3240
7 5.33 3320
8 - -
9 5.33 3320
10 5.36 3360
11 5.39 3410
12 5.46 3520
13 5.90 4300
14 - -
15 8.49
16 ice Covered
17
18
19
20
21

22

23

24

25

26

27

28

29

30

31

* Stage levels are affected by anchor ice and shore ice from November 6
through December 15.



Table 4.4

Delta Islands Air Temperature and
Freezing Degree-Days Summary
October 1984

Date Minimum (°C) Maximum (°C) Average (°C)
1 - - -
2 - - -
3 6.0 13.2 9.6
4 -3.8 11.5 3.9
5 -2.5 8.5 3.0
6 1.1 9.2 5.2
7 1.0 5.0 3.0
8 1.0 2.1 1.6
9 -2.5 4.5 1.0
10 -3.1 3.9 0.4
11 -5.0 0.8 -2.1
12 -3.5 4.9 0.7
13 -4.4 6.5 1.1
14 -7.1 4.0 -1.6
15 -9.0 3.5 -2.8
16 -9.3 5.5 -1.9
17 -8.9 4.5 -2.2
18 -12.0 1.5 -5.3
19 -8.5 3.7 -2.4
20 -11.1 -1.0 -6.1
21 -3.6 -1.9 -2.8
22 -1.9 -0.8 -1.4
23 -3.8 0.4 -1.7
24 -7.9 -1.0 -4.5
25 -10.0 1.0 -4.5
26 -15.2 -1.7 -8.5
27 -17.3 -3.5 -10.4
28 -19.0 -3.7 -11.4
29 -23.0 -71.7 -15.4
30 -12.0 -6.0 -9.0
31 -13.0 -4.0 -8.5
Mean Monthly Air Temperature -2.5°C
Total Month.y Freezing Degree-Days 102.5
Total Accumulated Freezing Degree-Days 102.5
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Table 4.5

Delta Islands Air Temperature and
Freezing Degree-Days Summary
November 1984

Date Minimum (°C) Maximum (°C) Average (°C)
1 -20.0 -6.5 -13.3
2 -22.0 -8.0 -15.0
3 -21.5 -8.5 -15.0
4 -20.5 -8.5 -14.5
5 -12.0 -3.5 -7.8
6 -16.5 -2.8 -6.7
7 -15.0 -5.1 -10.1
8 -20.5 -8.7 -14.6
9 -23.0 -11.5 -17.3
10 -26.0 -13.5 -19.8
11 -28.0 -17.0 -22.5
12 -30.0 -18.0 -24.0
13 -30.0 -19.0 -24.5
14 -28.0 -10.5 -19.8
15 -12.5 -7.5 -10.0
16 -19.0 -10.0 -14.5
17 -20.5 -10.5 -15.5
18 -19.0 -8.5 -13.8
19 -22.0 -10.0 -16.0
20 -10.0 0.0 -5.0
21 -10.0 -1.5 -5.8
22 -10.0 -4.5 -7.3
23 -9.5 -9.0 -9.3
24 -12.0 -9.5 -10.8
25 -19.0 -11.0 -15.0
26 -24.0 -12.3 -18.3
27 -27.0 -13.5 -20.3
28 -15.0 -10.0 -12.5
29 -16.0 -9.0 -12.5
30 -10.5 -7.5 -9.0
Mean Monthly Air Temperature -14.0°C
Total Monthly Freezing Degree-Days 420.5
Total Accumulated Freezing Degree-Days 523.0
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Table 4.6

Delta Islands Air Temperature and
Freezing Degree-Days Summary
December 1984

Date Minimum (°C) Maximum (°C) Average {°C)
1 -10.0 -6.0 -8.0
2 -17.0 -3.5 -10.3
3 -5.0 -4.5 -4.8
4 -8.0 -4.2 -6.1
S -8.0 -2.5 -5.3
6 -11.0 -7.1 -9.1
7 -10.0 -7.8 -8.9
8 -14.5 -7.3 -11.0
9 -26.0 -17.5 -21.8
10 -27.0 -16.0 -21.5
11 -24.0 -16.0 -20.0
12 -28.0 -22.0 -25.0
13 -28.0 -21.0 -24.5
14 -30.0 -25.0 -27.5
15 -25.0 -13.5 -19.3
16 -13.5 -10.5 -12.0
17 -11.5 -7.5 -9.5
18 -7.5 -4.5 -6.0
19 -20.0 -6.0 -13.0
20 -23.0 -19.0 -21.0
21 -20.0 -12.5 -16.3
22 -12.5 -9.0 -10.3
23 -12.0 -8.0 -12.0
24 -18.0 -12.0 -15.0
25 -17.0 -10.5 -13.8
26 -17.0 -10.0 -13.5
27 -23.0 -17.0 -20.0
28 -26.0 -20.0 -23.0
29 -20.0 -12.5 -16.3
30 -12.3 -7.5 -10.0
31 -7.0 -5.5 -6.3
Mean Monthly Air Temperature -14.2°C
Total Monthly Freezing Degree-Days 441 .1
Total Accumulated Freezing Degree-Days 904.1
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Table 4.7

Talkeetna Weather Station Air Temperature
and Freezing Degree-Days Summary

September 1284

Day Minimum {(°C) Maximum (°C) Average (°C)
1 0.6 17.8 9.4
2 0.0 18.9 9.4
3 1.1 18.3 10.0
4 1.1 18.3 10.6
5 0.6 18.3 9.4
6 3.9 17.2 10.6
7 5.6 16.1 11.1
38 6.7 20.0 13.3
9 2.2 18.9 10.6
10 0.6 20.6 10.6
11 1.1 18.3 10.0
12 2.2 14.4 8.3
13 6.7 11.1 8.9
14 4.4 16.1 10.6
15 4.4 16.7 10.6
16 1.1 16.7 8.9
17 5.6 12.8 9.4
18 5.6 12.2 8.9
19 2.2 11.1 6.7
20 © 0.6 13.8 7.2
21 -4.4 14.4 5.0
22 -2.8 11.1 7.2
23 1.1 12.8 6.1
24 5.0 11.1 8.9
25 6.1 14.4 8.9
26 2.2 15.6 8.3
27 2.2 16.7 8.9
28 0.0 13.9 8.3
29 6.7 14.4 10.6
30 7.2 14.4 11.1
Mean Monthly Air Temperature 9.2°C
Total Monthly Freezing Degree-Days 0.0
Total Accumulated Freezing Degree-Days 0.0
Average Historical Accumulated Freezing Degree-Days 0.0



Table 4.8

Talkeetna Weather Station Air Temperature
and Freezing Degree-Days Summary

October 1984

Day Minimum (°C) Maximum (°C) Average (°C)
1 2.2 15.0 8.9
2 3.9 13.3 8.9
3 -1.1 12.2 5.6
4 -3.9 1.1 3.9
5 -2.2 1.1 4.4
6 2.2 12.2 7.2
7 0.6 8.9 5.0
8 0.6 5.0 2.8
9 =11 7.2 3.3
10 -4.4 7.2 1.7
11 -6.1 4.4 0.6
12 -2.2 6.1 2.2
13 -3.3 7.8 2.2
14 -7.2 5.0 -1.1
15 -7.2 2.9 -2.2
16 -6.7 10.6 2.2
17 -6.7 8.9 1.1
18 -9.4 5.0 -2.2
19 -8.3 5.0 -1.7
20 -2.8 2.2 0.0
21 0.6 2.2 1.7
22 1.1 8.3 5.0
23 -0.6 2.2 1.1
24 -5.6 1.1 -2.2
25 -4.4 3.9 0.0
26 -8.9 3.9 -2.2
27 -11.1 1.1 -5.0
28 -13.3 2.8 -5.0
29 -12.2 -2.2 -7.2
30 -8.9 -2.8 -5.6
31 -6.1 0.6 -2.8
Mean Monthly Air Temperature 1.0°C
Total Monthly Freeszing Degree-Days 37.2
Total Accumulated Freezing Degree-Days 37.2
Average Historical Accumulated Freezing Degree-Days 72.0



Table 4.9

Talkeetna Weather Station Air Temperature
and Freezing Degree-Days Summary

November 1984

Day Minimum (°C) Maximum (°C) Average (°C)
1 -12.2 1.1 -3.6
2 -13.9 1.1 -6.1
3 -15.6 -1.7 -8.3
4 -15.0 -2.8 -8.9
o -5.6 1.1 -2.2
6 -6.1 1.7 -2.2
7 -8.9 -1.7 -5.0
8 -15.0 -2.8 -8.9
9 -17.2 -8.9 -12.8
10 -19.4 -7.8 -13.3
11 -21.1 -10.6 -15.6
12 -19.4 -7.2 -13.3
13 -20.5 -7.2 -13.9
14 -15.0 -6.7 -10.6
15 -6.7 -1.7 -3.9
16 -13.3 -2.2 -7.8
17 -14.4 -3.9 -8.9
18 -6.1 -2.2 -3.9
19 -13.9 -2.8 -8.3
20 -3.9 2.8 -0.6
21 -1.1 1.1 0.0
22 -13.8 -1.7 -7.2
23 -10.0 -8.3 -8.9
24 -8.9 -6.7 -7.8
25 -15.0 -8.9 -11.7
26 -22.2 -10.6 -16.1
27 -21.1 -7.8 -14.4
28 -8.3 -3.6 -6.7
29 -8.3 -4.4 -6.1
30 -6.1 -3.9 -5.0
Mean Monthly Air Temperature -8.1°C
Total Monthly Freezing Degree-Days 244.0
Total Accumulated Freezing Degree-Days 281.2
Average Historical Accumulated Freezing Degree-Days 263.0



Table 4.10

Talkeetna Weather Station Air Temperature
and Freezing Degree-Days Summary

December 1884

Day Minimum (°C) Maximum (°C) Average (°C)
1 -3.9 -0.6 -2.2
2 -3.3 0.6 -1.1
3 0.0 2.8 1.7
4 -0.6 3.9 1.7
) -2.2 2.2 0.0
6 -7.2 -2.2 -4.4
7 -5.6 -3.3 -4.4
8 -8.9 -3.9 -6.1
9 -23.3 -7.2 -15.0
10 -23.9 -10.0 -16.7
11 -21.7 -10.0 -15.6
12 -25.0 -16.1 -20.6
13 -26.7 -11.7 -19.4
14 -26.7 -9.4 -18.3
15 -20.0 -5.4 -14.4
16 -9.4 -6.7 -7.8
17 -6.7 -4.4 -5.6
18 -4 .4 -1.1 -2.8
19 -11.1 -1.1 -6.1
20 -22.8 -10.0 -16.0
21 -22.2 -8.9 -15.6
22 -11.7 -4 .4 -7.8
23 -15.0 -3.9 -9.4
24 -21.7 -15.0 -18.3
25 -16.7 -7.8 -12.2
26 -22.2 -8.9 -15.6
27 -23.3 -12.2 -17.8
28 -23.3 -12.8 -18.3
29 -13.3 -8.9 -11.1
30 -8.9 -2.8 -5.0
31 -2.2 1.7 0.0
Mean Monthly Air Temperature -9.8°C
Total Monthly Freezing Degree-Days 307.7
Total Accumulated Freezing Degree-Days 086.9
Average Historical Accumuiated Freezing Degree-Days 670.0



Table 4.11

Watana Weather Station Air Temperature
and Freezing Degree-Days Summary

September 19384

Day Minimum (°C) Maximum (°C) Average (°C)
1 0.1 14.3 7.2
2 0.0 13.5 6.8
3 -1.6 12.8 5.6
4 4.4 13.1 8.8
3 4.6 14.0 9.3
6 4.5 11.9 8.2
7 3.1 11.8 7.5
8 -0.3 13.2 6.5
9 -0.1 15.5 7.7
10 0.3 15.4 7.9
11 -1.2 14.4 6.6
12 0.8 12.5 6.7
13 2.9 9.5 6.2
14 3.3 13.1 8.2
15 3.3 13.2 9.3
16 -0.1 13.8 6.9
17 0.4 11.0 5.7
18 1.9 7.7 4.8
19 0.0 6.9 3.3
20 -0.5 8.5 4.0
21 -3.0 14.4 S.7
22 -2.7 11.9 4.6
23 -0.3 10.2 5.0
24 1.8 9.2 5.5
25 2.6 10.1 6.4
26 0.3 10.4 5.4
27 -1.7 11.4 4.9
28 -0.2 10.3 5.1
29 3.2 9.4 6.3
30 4.7 10.8 7.8

N
o
O

Mean Monthly Air Temperature

Total Monthly Freezing Degree-Days

Total Accumulated Freezing Degree-Days

Average Historical Accumulated Freezing Degree-Days

LWoOoOo,m
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Table 4.12

Watana Weather Station Air Temperature
and Freezing Degree-Days Summary

October 1984

Day Minimum (°C) Maximum (°C) Average (°C)
1 2.9 10.7 6.8
2 0.5 8.9 4.7
3 -2.5 8.3 2.9
4 -5.8 7.8 1.0
5 -1.1 6.1 2.5
6 0.1 6.8 3.5
7 -2.2 7.2 2.5
8 0.1 6.7 3.4
9 -2.4 3.4 0.5
10 -5.0 5.5 0.3
11 -4.5 5.2 0.4
12 -1.9 2.4 0.3
13 -3.2 4.2 0.5
14 -5.5 0.2 -2.7
15 -8.4 0.5 -4.0
16 -5.0 2.0 -1.5
17 -11.1 3.3 -3.9
18 -7.6 4.2 -1.7
19 -6.6 1.5 -2.6
20 -7.5 -2.2 -4.9
21 -2.2 3.2 0.5
22 0.3 4.5 2.4
23 -5.3 1.2 -2.1
24 -10.8 0.0 -5.4
25 -12.7 -0.7 -6.7
26 -14.0 -2.0 -8.0
27 -14.1 -1.1 -7.6
28 -14.3 -4.5 -9.4
29 -16.2 -8.3 -12.3
30 -15.8 -3.4 -12.6
31 -11.7 -4.6 -8.2
Mean Monthly Air Temperature -2.0°C
Total Monthly Freezing Degree-Days 93.6
Total Accumulated Freezing Degree-Days 93.6
Average Historical Accumulated Freezing Degree-Days 140.0
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Table 4.13

Watana Weather Station Air Temperature
and Freezing Degree-Days Summary

November 1984

Day Minimum (°C) Maximum (°C) Average (°C)
1 -14.9 -1.5 -8.2
2 -14.3 -5.9 -10.1
3 -14.2 -2.6 -8.4
4 -14.6 -8.1 -11.4
5 -9.2 -3.5 -6.4
6 -4.8 -2.0 -3.4
{ -{.7 -3.3 ~23.9
8 -7.9 -3.4 -5.7
9 -17.0 -6.6 -11.8
10 -21.3 -12.8 -17.1
11 -23.4 -16.8 -20.1
12 -25.0 -15.9 -20.5
13 -22.0 -13.5 -18.2
14 -20.7 -13.5 -17.1
15 -13.3 -71.4 -10.4
16 -14.3 -7.5 -10.9
17 -16.3 -10.3 -13.3
18 -14.9 -8.5 -11.7
19 -16.2 -10.5 -13.4
20 -12.0 0.4 -5.8
21 -4.9 1.3 -1.8
22 -10.7 -4.6 -7 .7
23 -11.0 -7.6 -9.3
24 -12.7 -9.6 -11.2
25 -17.1 -12.6 -14.6
26 -22.1 -17.8 -20.0
27 -23.2 -12.1 -17.7
28 -14.7 -11.7 -13.2
29 -13.3 -10.4 -11.9
30 -13.3 -8.3 -10.8
Mean Monthly Air Temperature -11.2°C
Total Monthly Freezing Degree-Days 347.5
Total Accumulated Freezing Degree-Days 441 .1
Average Historical Accumulated Freesing Degree-Days 420.6
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Table 4.14

Watana Weather Station Air Temperature
and Freezing Degree-Days Summary

December 1984

Day Minimum (°C) Maximum (°C) Average (°C)
i -6.5 -5.8 -7.2
2 -8.7 -4 .1 -6.4
3 -4.9 -2.9 -3.9
4 -2.9 0.0 -1.5
S -6.7 -1.0 -3.9
6 -10.1 -6.7 -8.4
/ -9.5 -6.7 -8.1
8 -9.3 -6.7 -8.0
9 -19.3 -9.4 -14.4
10 -20.6 -15.5 -18.1%
11 -17.9%
12 -22.4%
13 -21.6 -16.5 -19.1
4 -24.5 -18.7 -21.6
15 -16.8%
16 -10.9%
17 -11.3 -7.9 -9.6
18 -8.4 -4.0 -6.2
19 -12.¢ -3.1 -8.0
20 -18.4%
21 -17.9%
22 -10.9%
23 -12.3%
24 -20.3*
25 -14.8%*
26 -17.9%
27 -19.9%
28 -20.3%
29 -13.9%
30 -8. 4%
31 -3.9%
Mean Monthly Air Temperature -12.6°C
Total Monthly Freezing Degree-Days 391.3
Total Accumulated Freezing Degree-Days 822.4
Average Historical Accumulated Freezing Degree-Days 874 .4

* Estimates based on linear regression with Talkeetna (NWS)



Table 4.15

Watana Streamgage Site
Air Temperature and
Freezing Degree-Days Summary
September 1984

Deviation From
Watana Weather

Date Minimum (°C) Maximum (°C) Average (°C) Station (°C)
1 -1.0 12.4 5.7 ~1.5
2 -0.9 3.2 1.2 -5.6
3 -1.0 10.1 4.6 -1.0
4 3.8 12.0 7.9 -0.9
) 5.0 11.7 8.4 -0.9
6 5.0 10.5 7.8 -0.4
7 5.0 10.5 7.8 0.3
8 0.5 13.0 6.8 0.3
9 -1.5 13.0 5.8 -1.9
10 -1.0 12.0 5.5 -2.4
11 -2.1 13.2 5.6 -1.0
12 1.2 11.5 6.4 -0.3
13 3.8 7.2 5.5 -1.7
14 2.9 10.2 6.6 -1.6
15 6.1 13.2 9.7 0.4
16 0.4 14.0 7.2 0.3
17 -0.2 8.7 4.3 -1.4
18 2.0 6.6 4.8 0
19 2.8 2.5 4.2 0.9
20 0 9.0 4.5 0.5
21 -4.1 9.0 2.5 -3.2
22 -4.0 10.1 3.1 -1.5
23 -2.3 8.0 2.9 -2.1
24 -1.3 7.2 3.0 -2.5
25 3.0 3.8 5.9 -0.5
26 1.0 17.1 9.1 3.7
27 -2.0 11.0 4.5 -0.4
28 -1.0 8.0 3.5 -1.6
29 4.0 7.5 5.8 -0.5
30 3.2 10.5 6.9 -0.9
Average -0.9°C
Mean Monthly Air Temperature 5.6°C
Total Monthly Freezing Degree-Days 0
Total Accumulated Freezing Degree-Days 0
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Table 4.16

Watana Streamgage Site
Air Temperature and
Freezing Degree-Days Sumirary
October 1984

Deviation From
Watana Weather

Date Minimum (°C) Maximum (°C) Average (°C) Station (°C)
1 3.0 11.4 7.2 0.4
2 1.2 7.9 4.6 -0.1
3 -1.2 7.9 3.4 0.5
4 -6.2 8.0 0.9 -0.1
5 -2.0 5.0 1.5 -1.0
6 0.9 5.1 3.0 -0.5
7 -1.7 4.8 1.6 -0.9
3 1.0 5.0 3.0 -0.4
9 -0.3 3.0 1.4 0.9
10 -6.1 5.7 -0.2 -0.5
11 -4.3 3.5 -0.4 -0.8
12 -1.0 3.1 1.1 0.8
13 -3.0 4.8 0.9 0.4
14 -4.9 0.5 -2.2 0.5
15 -7.1 -2.0 -4.6 -0.6
16 -5.1 3.0 -1.1 0.4
17 -8.8 1.2 -3.8 0.1
18 -7.5 1.1 -3.2 -1.5
19 -3.5 -0.5 -2.0 0.6
20 -6.3 -2.1 -4.2 0.7
21 -2.9 3.5 0.3 -0.2
22 0.0 3.1 1.6 -0.8
23 -1.8 2.5 0.4 1.7
24 -9.5 -3.0 -6.3 -0.9
25 -13.3 -8.0 -10.8 -4.1
26 -13.0 -6.0 -9.5 -1.5
27 -14.0 -6.0 -10.0 -2.4
28 -14.9 -9.5 -12.2 -2.8
29 -15.5 -7.8 -11.7 0.6
30 -15.2 -10.5 -12.9 -0.3
31 -16.3 -9.1 -12.7 -4.5
Average -0.5°C
Mean Monthly Air Temperature -2.5°C
Total Monthiy Freezing Degree-Days 107.8
Total Accumulated Freezing Degree-Days 107.8
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Table 4.17

Watana Streamgage Site
Air Temperature and
Freezing Degree-Days Summary
November 1984

Deviation From
Watana Weather

Date Minimum (°C) Maximum (°C) Average (°C) Station (°C)
1 -13.5 -9.0 -11.3 -3.1
2 -15.2 -11.0 -13.1 -3.0
3 -15.0 -10.0 -12.5 -4
4 -17.5 -13.0 -15.3 -3.9
S -13.5 -5.7 -9.6 -3.2
6 -6.0 -4.8 -5.4 -2.0
7 -6.5 -4.5 -5.5 0
8 -9.0 -7.0 -8.0 -2.3
9 -16.0 -9.5 -12.8 -1.0
10 -22.0 -17.0 -19.5 -2.4
11 -26.0 -22.0 -24.5 -3.9
12 -27.0 -22.0 -24.0 -4.4
13 -24.0 ~-18.0 -21.0 -2.9
14 -20.0 -15.0 -17.5 -0.4
15 -15.0 -9.5 -12.3 -1.9
16 -17.0 -10.0 -13.5 -2.6
17 -20.0 -14.0 -17.0 -3.7
18 -15.0 -9.5 -14.0 -2.3
19 -19.0 -15.0 -17.0 -3.6
20 -14.0 -3.5 -8.8 -3.0
21 -6.0 -1.3 -3.8 -2.0
22 -12.0 -6.0 -9.0 -1.3
23 -13.0 -11.5 -12.3 -3.0
24 -12.5 -11.5 -12.0 -0.8
25 -14.0 -12.0 -13.0 1.9
26 -22.0 -14.0 -18.0 2.0
21 -27.0 -15.0 -21.0 -3.3
28 -16.0 -14.5 -15.3 -2.1
29 -15.0 -12.0 -13.5 -1.6
30 -13.5 -12.0 -12.7 -1.9
Average -2.2°C
Mean Monthly Air Temperature -13.8°C
Total Monthly Freezing Degree-Days 413.2
Total Accumulated Freezing Degree-Days 521.0
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Table 4.18

Watana Streamgage Site
Air Temperature and
Freezing Degree-Days Summary
December 1984

Deviation From
Watana Weather

Date Minimum (°C) Maximum (°C) Average (°C) Station (°C)
1 -11.5 -7.0 -9.3 -2
2 -7.0 -4.5 -5.8 0.6
3 -4.5 -2.5 -3.5 0.4
4 -9.0 -4.0 -6.5 -5.0
) -11.7 -9.0 -10.4 -6.5
6 -11.5 -10.5 -11.0 -2.6
7 -9.5 -8.5 -9.0 -0.9
3 -25.0 -11.0 -18.0 -10.0
9 -24.0 -17.0 -20.5 -6.1
10 -24.0 -17.0 -20.5 -2.4
11 -27.0 -22.0 -24.5 -6.6
12 -25.0 -21.0 -23.0 -0.6
13 -28.0 -25.0 -26.5 -7.4
14 -28.0 -16.0 -22.0 -0.4
5 -15.5 -13.5 -14.5 2.3
16 -15.0 -10.5 -12.8 -1.9
17 -10.5 -7.0 -8.8 0.8
18 -21.0 -7.0 -14.0 -7.8
19 -23.0 -20.0 -21.5 -13.5
20 -23.0 -17.0 -20.0 -1.6
21 -17.0 -11.5 -14.3 3.6
22 -11.5 -3.0 -10.3 0.6
23 -25.0 -10.0 -17.5 ~5.2
24 -25.0 -9.0 -17.0 3.3
25 -25.0 -8.5 -16.8 -2.3
26 -27.0 -23.0 -25.0 -7.1
27 -23.0 -22.0 -22.5 -2.6
28 -20.0 -15.0 -17.5 -2.8
29 -15.0 -7.0 -11.0 2.9
30 -7.5 -3.0 -5.3 3.1
31 -4.5 -3.8 -3.90 0.9
Average -2 .5°C
Mean Monthly Air Temperature -14.9°C
Total Monthly Freezing Degree-Days 463.1
Total Accumulated Freezing Degree-Days 984 .1
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Table 4.19

Denali Weather Station Air Temperature
and Freezing Degree-Days Summary

mSeptember 1984

Day Minimum (°C) Maximum (°C) Average (°C)
1 -3.1 12.0 4.5
2 -0.1 11.9 5.9
3 -2.3 10.8 4.3
4 1.7 11.8 6.8
5 1.3 12.8 7.1
6 3.3 10.8 7.7
7 3.5 11.5 7.5
8 0.5 13.7 7.1
9 -1.2 14.7 6.8
10 -1.6 13.0 5.7
11 -0.5 13.1 6.3
12 -1.6 10.8 4.6
13 2.3 8.4 5.4
14 -0.4 13.5 6.6
15 1.5 10.6 6.1
16 -0.5 12.2 5.9
17 3.5 10.5 7.0
18 1.6 8.8 5.2
19 0.4 5.7 3.
20 -1.1 6.0 2.5
21 -5.0 9.5 2.3
22 -3.1 11.1 4.0
23 -1.4 11.2 4.9
24 1.9 9.7 5.3
25 0.9 8.7 4.8
26 1.5 8.7 5.1
27 -2.7 10.4 3.9
28 -2.9 9.3 3.2
29 2.1 11.5 6.8
30 3.0 9.7 6.4
Mean Monthly Air Temperature 5.4°C
Total Monthly Freezing Degree-Days 0.0
Total Accumulated Freezing Degree-Days 0.0
Average Histcrical Accumulated Freezing Degree-Days 23.0
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Table 4.20

Denali Weather Station Air Temperature
and Freezing Degree-Days Summary

October 1984

Day Minimum (°C) Maximum (°C) Average (°C)
1 2.6 9.9 6.3
2 1.2 7.7 4.5
3 -3.5 7.0 1.8
4 ~-6.7 6.7 0.0
5 -3.8 6.1 1.2
6 -1.5 8.4 3.5
7 -2.2 5.5 1.7
8 -1.0 7.5 3.3
g ~4.0 2.9 -0.6
10 -7.9 3.1 -2.4
11 -8.4 2.3 -3.1
12 -1 1.7 0.3
13 -3.1 2.1 -1.5
14 -6.7 -2.7 -4.7
15 -10.1 -1.6 -5.9
16 -9.9 0.3 -4.8
17 -15.5 -1.2 -8.4
18 -14.9 1.9 -6.5
19 -11.1 -1.9 -6.5
20 -11.3 -4.3 -7.8
21 -1.4%
22 0.8%
23 -4, 4%
24 -8.2%
25 -9, 7%
26 -11.2%
27 -10. 7%
28 -12.8%
29 -16. 1%
30 -.6.5%
31 -11.4%
Mean Monthly Air Temperature -4.2°C
Total Monthly Freezing Degree-Days 144 .7
Total Accumulated Freezing Degree-Days 144 6
Average Historical Accumulated Freezing Degree-Days 208.0

* Estimate based on linear regression with Watana Weather Station
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Table 4.21

Denali Weather Station Air Temperature
and Freezing Degree-Days Summary

Nevember 1984

Day Minimum (°C) Maximum (°C) Average (°C)
1 -8.2%
2 -15.1 -10.1 -12.6
3 -18.5 -7.6 -13.1
4 -14.3 -9.2 -11.8
5 -13.0 -3.1 -8.1
6 -7.8 -1.5 -4.7
{ -8.3 -3.6 -6.0
8 -8.7 -7.5 -8.1
9 -13.8 -8.5 -11.2
10 -21.4 -11.8 -16.6
1 -28.4 -16.8 -22.6
12 -28.7 -18.4 -24 .1
13 -32.3 -17.1 -24.7
i -29.4 -16.1 -22.8
15 -17.4 -9.8 -13.6
16 -18.6 -9.3 -14.0
17 -19.4 -14.6 -17.0
18 -21.1 -10.1 -15.6
15 -23.8 -14.4 -19.1
20 -15.9 3.3 -6.3
21 -5.8 3.1 -1.4
22 -13.3 -5.3 -9.3
23 -9.3%
24 -15.4 -8.9 -12.2
25 -21.0 -14.0 -17.5
26 -24 .4 -19.4 -21.9
27 -28.7 -18.7 -23.7
28 -25.2 -20.2 -22.7
29 -21.1 -15.4 -18.3
30 -15.4 -12.0 -13.7
Mean Monthly Air Temperature -14.3°C
Total Monthly Freezing Degree-Days 430.2
Total Accumulated Freezing Degree-Days 574.8
Average Historical Accumulated Freezing Degree-Days 579.0

* Estimate based on linear regression with Watana Weather Station
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Table 4.22

Denali Weather Station Air Temperature
and Freezing Degree-Days Summary

December 1984

Day Minimum (°C) Maximum (°C) Average (°C)
1 -12.9 -6.9 -9.9
2 -14.6 -7.8 -11.2
3 -10.9 -3.7 -7.3
4 -4.8 5.1 0.2
5 -7.3 0.9 -3.2
6 -12.2 -5.5 -8.9
7 -13.5 -5.6 -9.6
8 -8.5 -6.6 -7.6
9 -22.3 -7.9 -15.1
10 -30.5 -18.6 -24.6
11 -26.1 -20.1 -23.1
12 -30.7 -15.1 -22.9
13 -29.6 -16.6 -23.1
14 -31.0 -16.7 -23.9
15 -30.4 -17.8 -24 .1
16 -20.7 -14.2 -17.5
17 -17.6 -8.3 -13.0
18 -8.9 -5.5 -7.2
19 -22.0 -3.7 -12.9
20 -28.3 -22.4 -25.4
21 -27.4 -18.6 -23.0
22 -21.9 -12.5 -17.2
23 -12.2 -5.0 -8.6
24 -20.5 -9.6 -15.1
25 -22.7 -13.5 -18.1
26 ~-19.5 -11.0 -15.1
27 -33.0 -17.9 -25.5
28 -35.7 -21.9 -28.8
29 -25.9 -13.3 -15.6
30 -12.8 -2.2 -7.5
31 -5.6 2.6 -1.5
Mean Monthly Air Temperature -15.2°C
Total Monthly Freezing Degree-Days 470.9
Total Accumulated Freezing Degree-Days 1,045.7
Average Historical Accumulated Freezing Degree-Days 1,175.0



Location

Denali
Watana
Goid Creek
Rv 9
Yentna
Talkeetna

Chulitna

RM 60
RM 78
Curry
Near Slough 8

Sherman

Table 4.23

Susitna River Freezeup 1984 -

Slush lce Porosity Values

10/19/84
55
35
29
37
53
45
51

Date

10/26/84

53
50
44
42

11/03/84

39

34
38

11/14/84



Table 4.24

Published Porosity Values
For Various Materials

@

Material Porosity (%) Grain Size (mm)
Soils 50 - 60

Clay 45 - 55 .004
Silt 40 - 50 .062
Medium to coarse mixed sand 35 - 40 0.5 -1.0
Uniform sand 30 - 40 0.5
Fine to medium mixed sand 20 - 35 0.25 - 0.5
Gravel (well-sorted material) 30 - 40 4.0 -~ 64.0
Gravel and sand (poorly-sorted material) 20 - 35 -
Sandstone 10 - 20 ~
Shale 01 - 10 -
New snow 67 - 99 0.0f - 5.0
Old snow 35 - 78 0.3 - 3.0
Firn 08 - 56 0.5 -5
Glacier ice 0- 8 1 - 100

* Source: Davis and DeWiest, 1966.



Table 4.25

Juvenile Anadromous Habitat Study Sites

Name

Hooligan Side Channel
Eagles Nest Side Channel
Kroto Slough Head

Rolly Creek Mouth

Bear Bait Side Channel

Last Chance Side Channel
Rustic Wilderness Side Channel
Caswell Creek - Mouth
Isiand Side Channel
Mainstem West Bank

Goose 2 Side Channel
C?r‘cuiar Side Channel
Sauna Side Channel

Sucker Side Channel

Beaver Dam Slough

Sunset Side Channel
Sunrise Side Channel

Birch Creek Slough
Trapper Creek Side Chanael

Location
(River Mile)

35.
36.
36.
32.
43.
45.
59.
63.
63.
4.
74.
75.
79.
84.
86.
86.
87.
88.
91.
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Observed
ice Effects

None
Some flooded snow
None
None
None
None
Overtopped
None
Flooded snow
Some flooded snow
Overtopped
None
None
None
None
None
None
None

None



Table 4,26
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¥

Times and Hetghts of High and Low wWaters

™~

WO e

ERE Vo RE Y

0CTOBER WOVEMBER DECEMBER
Time Heignt Time Heiyght Time Heivght Time Height Time Heignt Time Heirgnt
Uay Day Jay Day Jay Day
nom i1 - nom ft m hom ft n nom ft m non fr m hom fe "
1 0es? .o 0.3 L6 0422 1.9 0.8 1 0el6 5.3 1.6 16 0847 2.8 ©€.9 1 0008 22.1 6.7 16 0622 2.5 @
M o1105 26.8 8,2 Tu 101 25.2 7.7 Th 1302 ¢5.4 7.7 Foi206 26.1 3.0 Sa 0835 5.7 1.7 Se 1Zdis 28.5 8
1704 3.9 2.7 lolo 9.5 ¢.9 1934 9.8 3.0 1818 8.7 2.7 1255 2%5.7 7.8 1yi9 3.9 1
2286 26.3 8.0 2143 25.6 7.8 2354 24.7 7.5 1981 7.2 2.2
2 0581 3.3 1.0 17 0510 3.0 0.9 2 0107 22.4 6.8 17 0654 3.1 0.9 2 0128 22.3 6.4 17 0053 25.6 7.
Tu 1229 2%.5% 7.8 W 11ld 24,3 7.4 £ 0730 5.8 1.3 Sa 1322 27.3 8.3 Su 0743 6.1 1.9 M o0731 3.% L.
1837 1u.9 3.3 1713 10.8 3.3 1420 26.0 7.9 1947 6.4 2.0 1356 26.3 8.0 1341 29.2 8.
2251 24.1 7.3 2048 7.3 2.2 2053 4.3 1.5 2033 1.7 0.
3 0013 28,0 7.3 i8 0608 3.8 1.2 3 0227 23.4 7.1 18 0117 25.7 7.8 30283 23.6 7.2 18 0224 26.4 8.
w 0703 4.9 1.5 Th 1247 24,6 7.5 5a 0843 5.2 1Ll.6 Su 0806 2.7 0.8 M 048 5.8 1.8 Tu 084y 4.1 1.
1401 25.5 7.8 1830 11.0 3.4 1513 27.2 8.3 1427 28.9 8.8 1481 27.1 8.3 1443 30.0 9.
2015 10.0 3.0 2144 4.6 1.4 2101 3.3 1.0 2146 2.6 0.8 2146 «0.5 -0,
4 0142 23.5 7.2 19 00Lls 24.0 7.3 4 0327 25.2 1.7 19 0238 27.5 8.4 4 0353 25.3 7.7 19 0339 27.8 3.
Th 0840 4.8 1.5 Fo723 3.7 1.1 Su 0944 4,1 1.2 M 0912 2.2 0.7 Tu 0943 5.5 1.7 W oJuwa® 4,5 1,
1916 26.8 3.2 1406 26.1 8.0 1557 28.2 8.6 1520 30.6 9.3 1533 27.9 8.5 1538 30,7 39,
2125 7.5 2.3 2011 8.8 2.7 2229 2.4 0.7 2208 0.4 0.1 2230 0.9 0.3 2250 -2.2 -0,
5 0256 24.5 7.% 20 0144 25.6 7.8 5 0415 76.8 8,2 20 0346 29.3 8.9 5 0437 26.6 8.1 20 0439 23.0 8.
F 0952 3.4 1.0 Sa 0840 2.5 0.8 M 1031 3.3 1.0 Tu 1016 1.9 0.6 W olu3da 5.4 1.6 Tn 1055 4.7 1.
1602 28.0 8.5 1509 28.2 8.6 1626 29.0 8.3 1607 3i.8 9.7 1613 28.6 8.7 1626 31.1 9.
22138 4.9 1.5 2125 5.4 1.6 2309 0.9 0.3 2306 -2.0 -0.6 23316 -0.2 -0.1 2343 -3.4 -1,
6 0352 26.2 8.0 21 0259 28.1 8.6 6 0455 28.0 8.5 21 0444 30.6 9.3 6 0514 ¢7.6 8.4 21 0533 29.7 9.
Sa 1039 2.0 Q. Su 0949 1.0 0.3 fe 1113 3.0 0.9 W 1114 1.9 0.6 Th 1120 5.6 1.7 Foliag 4.7 1.
1639 28.8 8.3 1557 33.2 9.2 1655 29.7 9.1 1650 32.6 9.9 1650 29.2 8.9 1710 31,3 9.
2303 2.0 (Q.¢ 2228 ¢.2 0.7 2343 0.0 0.0 2387 -3.6 1.1 2356 -0.9 -3.3
7 0434 27.7 8.4 Z2 0400 30.4 9.3 7 0529 28.8 8.8 22 0538 31.2 9.5 7 0551 268.2 8.8 22 9032 3.7 -l.
Su 111s 1.3 0.4 M 1050 -0.2 -0.1 W 1151 3.3 1.0 Th 1205 2.3 0.7 F 1200 5.9 1.8 Sa 0618 29.9 9.
1710 29.3 8.9 1640 31.8 9.7 1723 30.3 9.2 1729 33.1 10,1 1724 29.7 6.1 1236 4.7 L.
2341 1.8 0.5 2324 -0.6 -0.2 1751 31.4 9.
8 0514 28.9 8.8 23 0453 32.0 3.8 8 0023 -0,5 -0.2 23 0045 -4,2 -1.3 g 003% -1.3 -0.4 23 0116 -3.3 -1.
Mo1152 1.1 8.2 Tu 1140 -0,7 -0.2 -§ Th 0604 29.2 8.9 F 0624 31.3 9.5 Sa 0626 28.6 8,7 Su 0701 29.8 9.
1735 29.8 9.1 1719 33.0 10.1 1228 3.9 1.2 1251 2.9 0.9 1236 6.2 1.9 1320 4.9 .
1754 30.7 9.4 1807 33.2 10.1 1757 30.0 9.1 1334 31.1 9
9 00l6 1.2 0.4 24 0014 -2.6 -0.8 9 0056 -0.8 -0.2 24 0129 -4.0 -1.2 9 0113 -1.5% -0.5 24 01585 -2.5 -0,
Tu 0548 29.6 9.0 W 0543 32.7 10.0 F 0637 29.4 9.0 Sa 0708 31.C 9.3 Su 0704 23,7 8.7 M 0740 29.5 9,
1226 1.3 0.4 1228 -0.6 -0.2 1301 4.7 1.4 1333 3.8 1.2 1312 6.4 2.0 1389 5.2 1,
1759 30.3 9.2 1756 33.7 10.3 1823 30.8 ¢§.4 1846 32.7 10.0 1832 30.0 5.1 1316 30.4 9.
10 0043 0.7 0.2 25 0101 -3.9 -1.2 10 0132 -1.0 -0.3 25 0210 ~3.2 -1.0 16 0151 -1.5 -0.5 2% 0231 -1.4 -0.
W 0620 30.0 9.1 Th 0630 32.8 10.0 Sa 0714 29.2 8.9 Su 0751 30.% 9.3 M 0741 28.5 8.7 Tu 0815 29.2 8
1258 2.0 0.6 1311 0.2 0.1 1333 5.5 1.7 1413 4.8 1,5 1349 6.5 2.9 13439 .7l
1825 30.8 9.4 1833 34.1 10.4 1851 30,5 9.3 1928 31.6 9.6 1907 29.5% 9.0 1957 29.2 &,
11 0121 0.2 0.1 26 0145 -4,3 -1,3 11 0207 -0.9 -0.3 26 0249 -1.9% -0.6 11 0231 -1.3 -0.4 26 0303 ~0.4 -Q.
Th 0654 30.0 9.1 F 0716 32.4 9.9 Su 0751 28.7 8.7 M 0834 29.7 9.1 Tu 082! 28.1 8.9% W 0852 23,7 8.
1378 2.9 0.9 1352 1.4 0.4 1402 6.3 1.9 1452 6.1 1.9 1431 6.7 2.0 i513 6.1 1.
1855 31.0 9.4 1910 34.0 10.4 1920 29.8 9.1 2012 29.8 9.1 1946 28.8 8.8 2039 27.6 8.
12 0153 -0.1 0.0 27 0227 -3.8 -1.2 12 0244 -0.5 -0.2 27 0326 -0.3 0.1 12 0309 -0.9 -0.3 27 0335 0.7 OC.
F 0730 29.6 9.0 Sa 0803 31.6 9.»o M 0830 27.9 8.5 Tu 0919 28.6 8.7 W 04900 27.8 8.5 Th 0929 8.1 8,
1357 3.9 1.2 1431 3.1 0.9 1437 7.2 2.2 1332 7.4 2.3 1513 6.8 2.1 15506 6.5 2.
1927 30.8 9.4 1950 33.0 10.1 1953 28.7 8.7 2055 27.5 8.4 2029 27.9 8.5 2121 25.9 7.
13 0228 -0.2 -0.1 28 0308 -2.6 -0.8 13 0323 0.2 0.1 28 0401 1.3 0.4 13 0351 -0.3 -0.1 28 0412 1.% 0.
Sa 0803 28.9 8.8 Su 0850 30.4 9.3 Tu 0911 26.9 8.2 W 1005 27.5 8.4 Th Q942 27.6 8.4 F 1008 27.5 8.
1425 5.1 1.6 1511 5,1 1.8 1516 8.1 2.5 1614 8.6 2.5 1601 6.8 2.1 1633 6.7 2.
1949 30.0 9.1 2031 31.0 9.4 2034 27.3 8.3 2148 25.1 7./ 2127 26.9 8.2 2209 24.3 7.
14 0303 0.1 0.0 29 0348 .0.7 -0.2 14 0404 1.1 0.2 29 0443 3.0 0.9 14 0435 0.4 0.1 29 0451 3.4 1,
5u 0839 27.3 8.5 M 0540 28.8 8.3 W 0958 26.2 8.0 Th 1057 26.4 8.0 F 1031 27.6 8.8 Sa 1054 26.8 8.
1455 6.4 2.0 551 .3 2.2 1606 8.9 2.7 1710 9.3 2.9 1657 6.5 2.0 1722 6.7 2.
2017 28.5 «©.8 2116 28.2 8.6 2129 25.&8 7.9 2251 23.1 7.0 2225 26.1 8.0 2305 22,9 7.
1% 0340 0.8 0.2 30 0428 1.5 0.5 15 0451 2.0 0.6 30 0531 4.5 1.4 15 0523 1.4 0.4 30 0539 5.2 1.
M 0921 26.5 8.1 Tu 1038 27.1 8.3 Th 1057 25.8 7.8% F 1152 25.8 7.9 Sa 1128 27.9 8.5 Su 1149 26.2 8.
1530 7.9 2.4 1638 9.5 2.9 1705 9.3 2.8 1€ 9,1 2.8 1803 5.6 1.7 1827 6.2 1.
2052 27.4 8.4 2212 25.2 7.7 2236 24,83 7.6 2333 25.6 7.8
31 0515 3.6 1.1 3t 00 22.1 6.
W 1143 25.8 7.9 0643 7.0 2.
1758 190.9 3.2 1250 2%.9 7.
2339 23.u 7.2 o 5.0 1.

* Source: NOAA, Tide Tables (1984)

frme mertgran 150 w., 0000 1s midnight. 1200 15 noon,
meignts are reterreg to mean lower iow waler which 1S the chart datum of soundings.

O W B ~ & 4N N e PO AN D e O

(Sl g

O B e

fes)

Oy o2

(Yol eo s 3} O QMO R RN Seal (Vo N awite 3 oW FENN o Lt [

[EIRV N



RN it ) S

AIR TEMPERATURE °C

- 304

AR YTEMPERATURE °C

- B0

204

10

204

FIGURE 4.1

UPPER SUSITNA RIVER BAGIN AIR TEMPERATURE Véﬁlﬁ?ﬁ@%

SEPTEMBER 1984

~——m TALKEETHA
evew WATARA
o DEMARY

o

DAY

NOVEMBER 1984

e TALEEETHA
vane GAYRME
e QEMALL

DAY

AR TEMPERATURE %

AIR TEMPERATURE °C

10~

OCTOBER i984

— TALEELTEA
""" WAYANMA
DErAaLy
Q-
10
~‘°m
33 T T T
1] 8C 30
DAY
o DECEMBER 1584
—— TALEEETNA
e WL TARA
&= - DEmELL
4G -
- B0~
-sow
- ) T M
8 20 »

Day




EIGURE 4.2

Stage and Discharge Data
Cross Sectian. at River Mile 40.0

(Deshka)
|2 Z o3
Stage Flow Velocity Temperature
Date Ft cfs Ft/sec °C
08/05/84 69.00 25,600 - -
09/17/84 63.45 20,10 2.9 -
09/21/84 69.82 28,100 - -
10/03/84 68.25 18 ,.00C¢: 3.2 6.6
10/23/84 66.58 - - -
10/30/84 69.59 Staged ice Covered
1. Elevations based on altimeter established datum on rebar = 75 feet.
2. USGS preliminary estimates firom Sunshine gage site.
3. Surface velocity.
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FIGURE 4.8

Stage and Discharge Data
Crass Section River Mile 47.9
(Delta bslands West)

ﬁ'tage} ?{mz Veiocity3 Temperature
Date Ft cfs Ft/sec °C
09/06/84 TOR.9 25,600 - -
09/17/84 10635 20, 100 5.2 -
09/24/84. T66.44 2,700 - -
10/03/84 10608 18,000 5.2 6.2
10/23/84 98.50 - 0.4
10/30/84 10205 Staged Top of Ice -
g7.0
11/03/84 - - - -
11/11, 84 899.531 - - -
1. Elevations based on altimeter estalilished datum on rebar = 106 feet.
2. UEGS preliminary estimates from Sunshine gage site.
3. Surface velocity.
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StageT F’!ow2 Ve!ocity3
Date Ft cfs Ft/sec

03/06/84 105.15 25,600 -
09/17/84 103.48 20,100 4.5
09/22/84 104.10 25,200 -
10/03/84 103.60 18,000 4.8
10/23/84 102.93 - -
11/03/84 102.66 - -
11/11/84 103.10 Staging -
11/13/84 104.89 lce Covered -
1. Elevations based on altimeter datum established on

tree = 115 feet.

Rebar on right bank elevation = 108.15 feet.
USGS preliminary estimates from Sunshine gage site.
Surface velocity estimates.

2N

Figure 4.4

Stage and Discharge Data
Cross Section River Mile 47.9

(Delta Islands East)

Temperature

spike on

Inadequate data for stage/discharge curve

-50-
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i
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FIGURE 4.8

Stage and Discharge Data
Cross Section River Mile 59.7
(Kashwitna West)

S'i:agéz‘é F!owz \/eiacity3
Date Ft cfs Ft/sec

09/06/84 147 .37 25,600 6.0
09/16/84 146.45 20,700 -
038/25/84 146.41 19,200 -
10/03/84 146.13 18,000 5.0
10/23/84 145.46 - -
11/03/84 146.87 lce Covered
11/11/84 145.88 - -
1. Based on altimeter datum established on L.B.

alcap elevations

Temperature
°C

here

were surveyed off a rebar with computed elevation 153 reet.

USGS preliminary estimates from Sunshine gage site.

2.
3. Surface velocity estimates.
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FIGURE 4.6

Stage and Diécha}’ge Data
Cross Section River Mile 59.7
{(Kashwitna East)

S‘i:age'a me2 Ve!ocityB Temperature
Date Ft cfs Ft/sec °C

08/06/84 146.6 25,600 7.96 -
08/16/84 145.75 20,700 - -
09/25/84 145.58 19,200 - -
10/03/84 145.42 18,000 5.68
10/23/84 145.17 - - 0.7
11/03/84 147.30 Staged - -

145.52

Based on altimeter datum established on alcap = 152 feet.
USGS preliminary estimates from Sunshine gage site.
Surface velocity estimates.
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FIGURE 4.7
Stage and Discharge Data
Cross Section River Mile 76.8
(Mowitana Creek)
S‘Stage‘E Flowz 'Veieci‘ty3 Temperature
Date Ft cfs Ft/sec °C
09/05/84 234.7C 25,600 8.3 -
09/16/84 233.37 20,700 - -
09/20/ 34 235.77 31,200 - -
10/03/84 233.42 18,000 8.2 -
10/23/84 232.69 - - 2.0
11/03/84 229.98 - - -
11/11/84 238.31 Staged - 0
237.19 ice Covered
11/19/84 236.66 - - -
1. Based on datum established by altimeter on the left bank alcap = 242
feet.
2. USGS preliminary estimates from Sunshine gage site.
3. Surface velocity.
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FIGURE 4.8

Stage and Discharge Data
Cross Section River Mile 84.6

S'tage‘i Flow2 Velocity Temperature
Date Ft cfs Ft/sec °

06/14/84 266.60 69,900 - -
07/28/84 267.40 80,300 - -
08/15/84 264.88 46,000 - -
08/27/84 267.80 81,600 - -
09/05/84 263.20 25,700 - -
09/16/84 261.70 20,700 - -
09/20/84 263.90 31,200 - -
10/03/84 261.58 18,000 - -
1. Water surface elevation referenced to project datum.
2. USGS preliminary estimates from Sunshine gage site.
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EIGURE 4:9

Stage and Discharge Data
Cross Section River Mile 86.3

Staget Fiowz Velocity Temperature
Date . Ft cfs Ft/sec °C
06/14/84 275.70 69, 500 - -
07/28/84 276 .87 80, 300 - -
08/15/84 274.61 46,000 - -
08/27/84 216.08 8%,600 - -
09/05/84 27Z.87 25,700 - -
09/16/84 272.23 20,700 - -
09/18/84 271.90 20,700 - -
10/03/84 Z71.69 1&, 000 - -
11/19/84 273.66 - - -
1. Water surface elevation referenced to project datum.
2. USGS: preliminary estimates from Sunshine gage site.
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FIGURE 4.10

Stage and Discharge Data
Cross Section River Mile 87.8

S*tage-i E’-’!ow2 Velocity Temperature
Date Ft cfs Ft/sec °C

06/14/84 282.40 69,900 - -
07/28/84 283.50 80,300 - -
08/15/84 280.60 46,000 - -
08/27/84 282.82 81,600 - -
09/05/84 279.20 25,700 - -
09/16/84 277.50 20,700 - -
10/03/84 276.33 18,000 - -
1. Water surface elevation referenced to project datum.
2. USGS preliminary estimates from Sunshine gage site.
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FIGURE 4.11

Stage and Di#charge Data
Cross Section River Mile 90.0

fs*tage71 Flcow2 Velocity Temperature
Date Ft cfs Ft/sec °cC
06/14/84 294.93 69,900 - -
08/27/84 296.60 81,600 - -
09/05/84 294.60 25,700 - -
09/15/84 293.70 77,200 - -
09/16/84 293.70 2,100 - -
10/03/84 293.27 18,000 - -
11/19/84 292.80 - - -
1. Water surface elevation referenced to project datum.
2. USGS preliminary estimates from Sunshine gage site.
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FIGURE 4.12

Stage and Discharge Data

Cross Section River Mile 91.7
S'cage'g FIOWZ Velocity Temperature
Date Ft cfs Ft/sec °C
06/14/84 303.10 69, 900 - -
07/28/84 304.12 80,300 - -
08/15/84 302.76 46,000 - -
08/05/84 302.22 25,700 - -
09/13/84 301.40 22,600 - -
038/16/84 301.34 20,700 - -
10/03/84 300.97 18,000 - -
11/19/84 301.41 - - -
1. Water surface elevation referenced to project datum.
2. USGS preliminary estimates from Sunshine gage site.
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FIGURE 4.13

Stage and Discharge Data
Cross Section River Mile 93.3

Stagef Fi‘.awz Velocity Temperature
Date Ft cfs Ft/sec °C
06/14/84 313.00 62,900 - -
07/28/84 313.9¢6 80..300 - -
08/15/84 311.67 46,000 - -
09/05/84 310.56 25,700 - -
09/11/84 310.20. 23,600 - -
09/16/84 309.99 20,700 - -
10/03/84 309.47 18,000 - -
11/19/84 308.12 - - -
1. Water surface elevation referenced to project datum.
2. USGS preliminary estimates from Sunshine gage site.
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FICGURE 4.14

Stage and Discharge Data
Cross Section River Mile 95.9

LRX - 0.7
S*tage.I me2 Velocity Temperature
Date Ft cfs Ft/sec °cC

09/16/84 323.69 20,700 - -
09/26/84 323.18 18, 500 - -
10/03/84 322.81 18,000 - -
1. Water surface elevation referenced to project datum.
2. USGS preliminary estimates from Sunshine gage site.

Inadequate data for stage/discharge curve

60



LRX - 1.0
Stage? F’iow2 Velocity
Date Ft cfs Ft/sec
09/11/84 333.22 9,300 -
19/16/84 332.89 8,200 -
09/26/84 332.50 7,650 -
10/03/84 332.30 7,700 -
1. Water surface elevation referenced to project datum.
2. USGS preliminary estimates from Gold Creek gage site.

Inadequate data for stage/discharge curve

FIGURE 4.15

Stage and Discharge Data
Cross Section River Mile 97.1

Temperature
°C



FIGURE 4.16

Stage and Discharge Data

Cross Section River Mile 98.0

LRX - 2.0
Stagel F’iow2 Velocity Temperature
Date Ft cfs Ft/sec °cC

09/11/84 339.00 9,300 - -
09/16/84 338.40 8,200 - -
09/27/84 337.00 7,400 - -
10/03/84 337.26 7,700 ~ -
1. Water surface elevation referenced to project datum.
2. USGS preliminary estimates from Gold Creek gage site.

Inadequate data for stage/discharge curve

G2





























































































INEE

L)
A

Sy

AT M
13T MUM

~urtace oat

t
L
g

P e s O

G e

cuTd o T

A
BRRERY
BRI
REVRIRY
000
00

[RTR3

7. 000

2790

2H39
2849

2867,
28827,
2891
2903

2253

2790,
LA00
080

2790
2891

0

DG

“rale

oAl

g
BRIRIRY
ARG
0040

27E4

RIRY

Loa
204,
L0608
004

HRLRY

000
0o

000

000

00N

LA

a0
L0090
P536,
1534,

URIRY
aon
900
R R

g
AT

l [ oy

i

&2
200

PR
A

HY
&y,
& 8 '
&9
Y1 R
L300
200

':7 ".)
77

74

Ly

73
73

o
s

6%

&9
LY

9

6o

&9
M9

S
|+
4
417
a (For 8

{for &,
MR < BX

Qan

800
B300
4010

00

nan
&0 0

500

000
b7,
1.0080
Le00
L6010
L300

100

noao

200
L300
5.800

CIRE
L300
REVRIRY
L9200
L9080
000
RRURERY
REIRIRL

L2008
L300

"
[

i1
11

MG

5

T

foT
BOT
BOT
BOT

BOT

o7

Lo R

RIY
R
Y
R Iy
R

BOT
ROT
BOT
BOY
BrOT

PO
TOE
TOE
ALTA

oL Rx

Format
format:























































Hate

BREUTLON dats:

ono
aan
HLann

Lunn
0
hon
goe
na0
fan
Qg0
=200
N
aan
(TRIRE
G
iR
gau
nao
RERY
IR
NIRRT
aag
IR

y D
HRERY
URIRY
i
IRIRY
LU
TS
(i
o0
PRRIRTRY
AR LR N
HRIRN
R IR RN I R
1At naq
PN
194 iy

o

SRR
30800
AR AR U
IRt
F.0500
G0
A1
RSN B
F7 A0
2,300

LG
s, &I
A0
5.000
A, 0010
2oRnn
AN NN
2000
N AR
RERIE
Lann

{14
10
4. 4 “ “

SV V00

IR

[P
[

g
BTy

Do

{'-

.

mtd

[N
[N

{
1

LT

IR

Ll












Ml

My K

Ma g Leim
Ma X 1mue

PR
het

Ny

sl e

3] e

aonug

S A







SEAR (- A+

NN A e NN

N WYX AR N YRR AR ERNRNRRRANXTXY CROISE-GFOT TN PLOT  S%3006 065036 303636 36 5% 50 55 56 30 26 35 30 25 96 % 5 % 30 4 34 36 3 ¥

SUSTTNA HYDROGRAPHIC SURWVEYS
1984 cross section LLRY 90.4

Date of Survev: SEPTEMEER 1% . 1984

o el Y

e e s crn cos mow mens sas twse

DESCRIPTIENY

ot e e v e Son ews Shwh vt Gt wrin et ana puvn RSt Srek v vone Vors svs Sew beim aste

section data:
0.000 296,900 ALCAP 1LY RM 90.4 2.8

23,000 296 . 600 TOP
31.000 274,200 TNE
39,000 295,300 BRK
655,000 293.7010 i EOW
79.000 291.500 RIV BOT
94.000 284,500 RTY ®BOT
126.000 284,500 RIV BOT
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