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1.0 INTRODUCTICN

The 1984 freezeup of the lower Susitna River was documented by visual

s

observations, ground measurements and aerial photography. These meth-
ods 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 river ice cover formation.

£

ata were collected at several locations for use in modelling

L

H
analyses. Several potential fishery habitats were identified prior to the

-

rdraulie

N

freezeup and were monitored as the ice front progressed through the lower

river reach.

General conclusions regarding lower river freezeup can not be made from

the data contained in this report, due to the unusual nature of ice cover

progression attributed to the prevailing mild weather durinrg the 1984

freezeup. This report describes the chronology of the ice cover develop-

ment in Section 3, and presents miscellaneous data pertinent toc the ice
modelling study in Section 4 and in Appendix A and B. Most of the
specific processes controlling freezeup, as well as those of ice cover
progreassion, have been previously reported in & series of ice study
reports (R&M 1980, 1981, 1982 and 1983). Users of the data contained
herein who are not familiar with 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 photomosajc maps in Appendix C.
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2.0 SUMMARY
The 1984 Susitna River freezeup was characterized by:

1. Low initial discharges and stage levels

2. Multiple ice bridges

3. Rapid lower river ice front progression

4. Middle river ice bridge at River Mile 105

5. Long reaches of open water between ice bridges, after ice cover
progression

6. Thick anchor ice deposits

Unusually mild weather during September and early October delayed the
formation of significant volumes of frazil ice until the fourth week in
October. The lack of late summer rainfall resulted in low freezeup stages
compared to previous years. When the ice bridge near Cook Inlet finally
formed on October 27, 1584, the river stage was so low that a series of ice
bridges formed in quick suc;:ession, within 48 hours of the initial bridge,
between river mile (RM) 5 and RM 52. These bridges formed primarily
due to grounding of large slush ice flows 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 stopped ice from continuing down to the iower river,
rhe 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 the early initiation of ice cover
development. The middle river ice bridge cut off the upper Susitha slush
ice contribution to the lower river ice front, and progression on the ijower
river significantly siowed, During November, the Chulitna and Talleetna
tributaries supplied some ice to the lower river ice front. lce front
progression eventually stopped completely after ice bridges developed on
the tributaries in mid-November. The remaining open water between *he

1S

lower river leading edge and the RVM 105 ice bridge was of insufficient
length for generation of substantial frazil jce volumes.,
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The middle river ice front progressed continuously, reaching RM 130 in
early December. Unusually cold air temperatures in November, which
brought the number of accumulited freezing degree days to the average
total, also caused large volumes of frazil ice to be generated on the middle
and upper Susitna, as well as on the Chulitha and Talkeetna Rivers.
Although most of this ice contributed directiy 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 the
Gold Creek Bridge, the anchor ice forined thick layers on the channel bed
in shallow areas. By early December, many of these formations were near
the water surface, effectively changing the local hydraulics of the channel
by damming the flow. The resulting backwater caused local stage
increases which fractured the shora ice along the flow margins as bouyant
lifting forces separated the ice from the channel bed. Fragments of shore
ice were often seen floating downstream during December. On about
December 15 several shore ice fragmentg lodged on an anchor ice dam near
RM 135.5. This ice jam prevented slush jce frem 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 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-
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3.0 CHRONOLOGY OF 1984 SUSITNA RIVER FRFEZEUP

Slush ice was first observed flowing down the mainstem at Gold Creek on
October 16, 1984, although it had probably started flowing during the

previous night. Variable concentrations of ice were observed until the

afternoon of October 22, when the 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 Qctober 25. On October 26, at river mijle (RM) 9, near the

mouth of the Susitna River, a dense concentration of ice floes had accu-

mulated during the high tide of 32.4 feet (Anchorige reference station) at
g about 7:30 a.m.(see Section 4.5). At RM 9 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. Siush

q ice floes on the Susitna River generally consisted of large pans of tightly

1! ~ packed but poorly bonded clu'sters of sintered ice crystals. Near the

river mouth the top 1-2 inches of the jce pans had solidified, forming a

)‘! rigid sheet on the surface. Under this sheet the slush ice had not frozen

1 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 water velocity during the high tide was |
j less than 1 foot/sec. and at low tide about 2.5 feet/se. at center channej. A
: The ice floes which drifted into the flow margin along the east bank were

! barely moving, and became grounded when the tide receded.

4 N

The following day, October 27, the ice concentration in the area below RM
! 9 again increased during high tide. With substantially higher volumes of
" ice floes coming into this area from upstream due to the coid air tem-
j peratures, an ice bridge developed near RM 5. Although the actual devel-
| opment was not observe;!, evidence of the formation process suggested the
‘i following scenario. The high tide on October 27 was near 33.0 feet at |
l Anchorage. At that level it would have significantly decreased the water '

! velocity in the reach of river near RM 9. The drifting ice entering this |

-4-
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reach of near-zero velocity would quickly accumulate. At the high tide a
continuous unconsolidated ice cover was probally present from Cook Inlet
up to about RM 12. As the tide receded the ize floes started flowing out
to sea. However, before the ice at RM 5 could begin moving the water
level had dropped sufficiently so that most of the floes at the channel
margin became grounded, resulting in a stable bottleneck which prevented
movement of the ice floes near center channel. As the tide continued to
recede, the backwater area diminished and water velocity increased. At
RM 9 the resulting increased water velocity stressed the unconsolidated ice
cover, which eventually moved. However, because of the ice bridge at
RM 5 the downstream ice cover only compressed, increasing in thickness
and creating 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 zover, but assuming a continuous inflow

of slush, the cover would have rapidly lengthened.

On October 29, a complex picture unfolded of 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 juxtapositioning. 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, The leading edge was no longer
advancing, however, due to insufficient ice from upstream, and this ice
front was essentially stalled at RM 19. The leading edge consisted of 3
thin layer of fine slush that was building in diagonal layers 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). A
second ice bridge had formed here. A continuous ice cover had developed
upstream from RM 25.9 to RM 43 of the east channel through the Delta
Islands. The 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
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48 was én’cirely open. At RM 46 on the west channel a third ice bridge
had formed. This obstruction had prevented slush ice from drifting down-
stream to advance the ice cover above RM 42.5. From the ice bridge at
RM 46, the ice cover had progressed up the west channel to RM 51. At
this point the main channel bifurcates creating the west and east channels.
Here the ice cover progression had stopped and there was open water up
to RM 52. The east channel was open from RM 43 to RM 52. At RM 52 2
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 ica cover near the leading edge. This ice
cover had progressed up to RM 55. Visual estimates of slush concen-
trations at Gold Creek, during the preceding 4 days since the ice bridge

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

Or November 3 the leading edge of the jce cover, which now originated
from the ice bridge at RM 52, had -progressed to RM 71.5 at an average
rate of 4.1 miles/day. At the three rivers confluence, the Chulitna River

and Talxeetna Rivers appeared to be contributing most of the slusk ice to

the lower Susitna River. The Susitna above this confluence area contained
very little slush. At RM 105, slush ice had bridged the river at a shallow
reach. This bridge had remained stable long enough to initiate an up-
stream progression of an ice cover on the middle reach of the Susitna.
The consequence of this new progression was a decreased supply of slush
ice to the lower river jce front, ultimately delaying ice cover formation
below Talkeetna. The leading edge progression rate slowed to under 2
miles/day o the lower river, being entirely dependent on slush from the

Chulitna and Talkeetna Rivers and frazil generated below the ice bridge at
RM 105.

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 Cr»eek 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 below RM 105, through the
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east channel of the Delta Islands and between RM 26 and RM 20, remained
open during this period, but were slowly freezing over by a combination of
upstream cover progression and border ice growth. The slush ice con-
tributing to these processes originated both from within the open water
reaches and from underneath the downstream edge of existing covers
upstream. At this time, an estimated »75% of the slush forming the iower
river ice cover above the Yentna River confluence originated from the

Chulitna and Talkeetna Rivers.

On November 10, cold air temperatures once again increased the ice
concentrations, and 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 te¢ RM 86). The middle river ice front progressed more rapidly
due to a larger volume of siush ice generated in the available open water

reach from Gold Creek to Watana.

On November 14, the Chulitha and Talkeetna Rivers had formed ice
bridges several miles upstream of the Susitha confluence. These ice
bridges prevented slush from entering the Susitna, and the 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 began
overflowing and flooding the surrounding snow cover on November 16,
when the leading edge was located at RM 127. This indicated that
groundwater levels were rising. The entrance berm at RM 127 had not yvet
been overtopped. However, the berm at RM 126.1 had been flooded. |ce
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 50 cfs could have
entered the slough with a velocity of 2 fps. The ponds in Slough 8A
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increased in size prior to overtopping of the upper berm at RM 127,
indicating a2 local increase in the height of the water table, probably due
to the staging process in the mainstem. The upper entrance to Slough 8A
began overtopping on November 19 when the leading edge was at RM 128.
This event was not nearly as dramatic as the previous overtopping 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 the mainstem water

seeped through the snow pack.

On November 21, the leading edge of the middle river ice front 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 rate
of leading edge advance subsequently slowed to about 0.2 miles/day. The
origin of the slush ice 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 occurred 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 the 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, backwater from an ice dam at RM 135 caused a fracturing
of upstream border ijce. A large solid fragment drifted downstream but
instead of floating down to the leading edge at RM 131 it became lodged on
the anchor ice dam at RM 135, creating a new ice bridge. This ice bridge

accumulated slush ice at the upstream edge. The new ice front prevented

siush from continuing downstream and advancing the previous leading
edge. By December 20, the river under the Gold Creek bridge had frozen
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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.

By the final observation flight on December 20, 1984, the leading edge on
the Susitna River below 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 frozen over from about three
miles above the Susitna confiuence. Extensive open leads existed in the
Susitna River 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
, which due to the

turbulent nature of this reach adhered to the bottom, forming anchor ice.

below Gold Creek sufficiently to generate frazil ice

When the frazil layer was covering the channel bed, the saltating sediment
particles and suspended sediment became entrained in this ice, giving it a
brown coloration. When the anchor ice continued gaining mass by
accumulating more frazil, then a critical thickness was attained giving the
ice mass sufficient bouyancy to float, taking with it any entrained
sediment, and possibly also bed material of varicus sizes which adheres to
the ice mass. Rafts of anchor ice were freqguently observed floating down-
stream. These rafts would eventually become incorporated in the jce 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 year to some extent upstream of the Gold Creek Bridge,

and usually in several areas between Talkeetha and Gold Creek. The cold

A
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éir temperatures of November 1984 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 bridge formation in 1984 is most likely a direct effect
of the low river flows during freezeup. 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
slush ice voluimes to ice cover development. When open water contacts air
colder than about -10°C, then frazil ice is generated in large volumes. A
steep, turbulent river reach can generate much more ice than a reach of
lesser gradient. Once the open water surface is about 70% covered by
floating slush, then little new frazil will form, probably because the latent
heat expelled during ice formation cannot be absorbed by water full of ice.
The length of open water reguired 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 originated from the
Chulitna and Talkeetna Rivers. This contribution was eliminated on
November 14 when ice bridges formed on the tributaries. Consequently
the lower river ice front received only minimal volumes of ice 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-

.

e —————t e o




ol weo

M15/31 18

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 Freszeup
Leading Edge (LE) Progression Summary

Location
Ice Bridge RMS

LE RM19
Ice Bridge RM26
LE RM43
LE RM51
Ice Bridge RMS52
LE RMS55

LE RMT71.5
fce Bridge RM105

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 RM91
LE RM129

lLE RM92
LE RM130.5

-11-

Rate of Advance
Discontinuous lce

Discontinuous lce
Discontinuous lce
Discontinuous lce
Discontinuous lce
Discontinuous lce
Discontinuous lce

4.1 miles/day

0.75 miles/day
.0 mites/day

2
0.5 miles/day
1.0 miles/day

0.25 miles/day .
0.5 miles/day
2
1

.75 miles/day
.0 miles/day

.0 miles/day
.5 miles/day

.0 miles/day
.0 miles/day

miles/day
2.0 miles/day
.33 miles/day

.5 miles/day
.33 miles/day

.17 miles/day

3
3
2
2
0
2
0.67 miles/day
0
0
0
0
0.25 miles/day

Cover

Cover
Cover
Cover
Cover
Cover
Cover
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4.0 METEOROLOGY AND DATA COLLECTION

4.1 Meteorology

Daily measurements of ice and meteorological parameters were made by
Nancy Larson at the Gold Creek Bridge. 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
temperature, water velocity, stage, shore ice width and thickness, and
estimated slush ice concentration on the water surface. These data are
listed in Appendix A. Daily flows are tabulated in Tables 4.7 to 4.3.

Weather data from the Talkeetna Flight Service Station (National Weather
Service), Watana (R&M Consultants) and Denali (R&M) for the months
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 the accumulated freezing-degree days. The
plots of mean daily air temperatures in Figures 4.1 to 4.4 show the
relative temperature variation between the stations, as well as the
temperature trend for the four months. As shown on the graphs, the air
temperatures generally decreased steadily through October. In November
the 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, the total accumulated freezing-degree days were
well below 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.
In order to quantify the variation in air temperature between the Watana
weather station, located on the nigh plateau adjacent to the river, and the
air temperature near the water surface, a thermograph recorded ajr
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.
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4.2 Lower 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 foliowing river miles:

84.6 90.0
86.3 91.7
87.8 93.3

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

located at river miles:

895.9 (LRX - 0.7) 88.0 (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 the field data collected were published by
R&M Consultants (1984).

Four additional cross-sections were surveyed below the Parks Highway
Bridge at river miles:

40.0 59.7
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 the project datum. The elevations are based on an altimeter

survey which established approximate elevations on ali 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 wvelocity, and ice thicknesses were made
along the four sections below the Parks Highway Bridge. Stage and ice
thickness measurements were made on the 9 sections above the bridge.

These data are included in Figures 4.5 to 4.19.
4.3 Porosity Measurements of Siush Ice

Numerous measurements were made during the freezeup period in 1984 to
quantify the 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 :pecific .open water reach. The length of open water
upstream of tke 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 Iniet. The objec-
tive was to document a change in porosity of slush ice relative to travel
time since frazil formation. Recorded air temperatures at Denali and
Watana were sufficiently low in October 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 lexd to high porosities near Denali where the frazil is
relatively new, and decreasing porosity values further downstream as the
frazil crystals metamorphosed from very small flat disc shapes to 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

-14-
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sample. The porosity of the slush 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 measured 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
explainec! by the long residence time of the slush in the river, which early
during freezeup corresponds to the trawvel time required to negotiate the

upper and middle river reach.

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
Irlet. Frazil ice is generaté’é along‘ the entire river to some extent.
However, the turbulent reaches above Talkeetna still probably generate the
most frazil due to more mixing with cold air. The low porosity old slush,
which has developed into a mass of relatively coarse—grair;ed and rounded
particles, is mixed with the new high porosity frazil, which are generally
very small discs. The resultant ice mass has the interstices between the
old coarse grains occupied by the newer frazil. This arrangement
produces very dense slush rafts with low porosities. For this reason, the

porosity values measured on the Susitna tend to decrease as the freezeup
progresses.

Materials such as unconsolidated sedimerits (gravels and sands) show the

similar tendencies towards lower porosities with increasing grain size and

also for poorly-sorted (coarse particles mixed with fines) sediment
compared to well-sorted (uniform size) sediments. Porosity is dependent
on particle shape, packing, and size c;ist‘r'ibution (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.

-15-
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Subangular particles will contact along flat faces and have maximum
compaction, while rounded 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 4.21.

4.4 Observations at Fishery Habitat Study Areas

During the summer of 1984, the Alaska Department of Fish and Game iden-
tified 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 the side channels at
Rustic Wilderness and Goose 2 were overtopped. Several of the sites were
flooded by backwater as the mainsten:l became choked with ice, and as the
rising water level seeped through the snow, eventually freezing. The
result is similar in appearance to the mainstem ice cover, but the snow ice
is resting on the channel bottom and the surface is generally smoother,
lacking 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/Siough
and the Susitna mainstem at RM 84.0. This backwater extended up the
side channel approximately 200 vards. The side channel downstream of the
Goose Creek tributary 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 entrance to this side channel, and the overtopping flow
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was minimal by November 14. The interconnecting channel between the
mainstem and east bank side channel at RM 51 was overtopped and the
water proceeded through the side channel, regaining the mainstem at RM
S50 and at Willow Creek. Several of the intermediate channels through the
Delta Islands contained open water. Since no slush ice entered these
channels, they essentially remained open until cold air temperatures caused
shore ice growth to close them in some places. Kroto Slough at RM 40.1
was slightly overtopped, but not nearly to the degree of previous vyears.

Alexander Slough was not overtopped during the 1984 freezeup.

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

attributed to the relatively low discharges during ice cover progression.
4.5 Ice Bridge Formation Near Cook Inlet

Downstream of RM 15 the ‘Susitna River is influenced by the 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, among other thingz, map elevations. For instance, the highest tides
of about 34 feet do not refer to 34 feet above mean sea level but rather

are referenced to mean low water or (approximately) 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. Ice 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
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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,
and it can no longer transport the accumulated volume of ice floating on
the surface, with a jam resulting. The ice jam gains stability as the water
level cdrops and more ice floes become grounded. This ice jam bridges the
water surface, preventing other ice floes still coming downstream from
passing out to sea. It has not yet been ascertained what critical volume
of ice is required for an ice bridge to form in this manner. At low
concentrations of ice floes, a bridge will not develop, and the ice
accumulation will be simply flushed out to sea. Ice bridges, have been
observed to form at RM 5 and RM 9 during the 3 years (1981-1984) of ice
study on the lower river. This has usually occurred during the latter
half of October, ccrresponding to a period of extreme tide fluctuations.
Usually by this time air temperatures have dropped sufficiently throughout
the watershed so that the upper and middle Susitna reaches and the major
tributaries are generating substantial volumes of ice. When the high tidal
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 5 in 1984. The RM 9 site was selected since the ice
bridge formed nrear this area in previous years. The objective was to
monitor the rise and fall of the river water surface and correlate the
observations with 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
velocity 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 fiigh 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

-18-~
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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 Cceanic and Atmospheric

Administration showing the times and heights of high and low waters for

the Anchorage area.

~-19-
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Table 4.1

Gold Creek Water Levels
and Computed Discharges
*October, 1984

Date Wire Weight (ft) Fiow (cfs)

-

.84 7320
.80 7200

1
2
3
4 6
5 6
6 6.72 6960
7 6.66 6780
8 6.66 6780
g 6.64 6720
10 6.70 6900
11 6.62 6660
12 6.52 6360
gf 13 6.49 6270
: 14 6.22 5550
15 5.99 5000
| 16 . 5.99 5000
ij 17 5.77 4430
18 5.71 4280
‘ i9 5.43 3800
II 20 5.41 3700
| 21 5.63 3900
22 5.74 4300
lf 23 5.91 4500
f 24 5.96 4800
25 3.65 4000
~‘ 26 5.15 3080
lj 27 4.75 2650
28 4.51 2410
29 4.29 2230
ﬁ 30 4.21 2170
| ! 4.22 2190

)
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i Table 4.2
Goid Creek Water Levels
and Computed Discharges
g November, 1984
1 Water Surface
g Date Wire Weight (ft) Flow (cfs)* Elevation (Surveyed)
- 1 3.84 1870
; 2 3.88 1900
3 4.25 2200
4 4.43 2340
g 5 4.68 2580 4.66 (2550cfs)
¥ & 5.18 3120
7 5.1 3030
8 5.09 3010
g 9 5.15 3080
10 5.07 2980 _
. 13 4.88 2780 4.92 (2800cfs)
i 12 4.71 2610
13 4.92 2820
14 4.78 2880 4.88 (2750cfs)
15 4.89 2790
16 5.06 2970
17 5.01 2910
: 18 5.09 3010
l 19 5.05 2960 5.08 (3000cfs)
20 5.65 3820
' 21 5.22 3170
g 22 5.29 3270
' 23 5.29 3270
24 5.21 ‘ 3150
3 25 5.35 3350
ﬂ 26 5.12 3040
27 4.99 2890
| 28 5.19 3100
| 29 5.19 3130
' 30 5.27 3240

* Stage levels are affected by anchor ice and shore ice from November 3
throug~ December 15.
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Gold Creek Water Levels
and Computed Dishcharges

December 1984

Table 4.3

Flow (cfs) *

Day Wire Weight (ft)
1 5.32 3310
i 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 - -
l} 15 8.49 _
16 lce Covered
17
18
I
= 20
‘ 21
l% 22
LF 23
24
25
26
27
. 28
!j; 29
30
31
P
L * Stage levels are affected by anchor ice and shore ice from November 6

through December 15.

iy et o
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55& Table 4.4

’ Delta Isilands Air Temperature and
& Freezing Degree-Days Summary
% October 1984

Date Minimum (°C) Maximum (°C) Average (°C)
1 - - -
2 - - -—
1 3 6.0 13.2 9.6
& 4 -3.8 11.5 3.9
S -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 -3.0 0.8 -2.1
‘ 12 -3.5 4.9 0.7
g% 13 -4.4 6.5 1.1
L 14 -7.1 4.0 -1.6
15 -9.0 3.5 -2.8
2 16 -9.3 5.5 -1.9
!j 17 -8.9 4.5 -2.2
18 -12.0 1.5 -5.3
r 19 -8.5 3.7 -2.4
!§ 20 “19.1 -1.0 -6.1
H 21 -3.6 -1.9 -2.8
22 -1.9 -0.8 -1.4
!i 23 -3.8 0.4 -1.7
b 24 -7.9 -1.0 -4.5
25 -10.0 1.0 4.5
; 26 -15.2 -1.7 -8.5
b 27 -17.3 -3.5 -10.4
28 -19.0 -3.7 -11.4
) 29 -23.0 7.7 -15.4
i 30 -12.0 -6.0 -9.0
d 31 -13.0 -4.0 -8.5
¢
./ Mean Monthly Air Temperature -2.5°C
Total Monthly Freezing Degree-Days 102.5
' Total Accumulated Freezing Degree-Days 102.5
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Table 4.5

s
4
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Delta Islands Air Temperature and
Freezing Degree-Days Summary
November 1984

» Date | Minimum (°C) Maximum (°C) Average (°C)
E A
i‘ 1 -20.0 -6.5 -13.3
y) -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 -10.5 -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
i* 13 -30.0 -19.0 -24.5
LN 14 -29.0 -10.5 -19.8
15 -12.5 -7.5 -10.0
{ 16 -19.0 -10.0 -14.5
l 17 -20.5 -10.5 -15.5
” 18 -19.0 -8.5 -13.8
. 19 -22.0 -10.0 -16.0
lj 20 -10.0 0.0 -5.0
21 -10.0 -1.5 -5.8
| 22 ~-10.0 -4.5 -7.3
!a 23 -9.5 -9.0 -9.3
3 24 -12.0 -9.5 -10.8
25 -19.0 -11.0 -15.0
1 26 -24.0 -12.5 -18.3
!j 27 27,0 13,5 -20.3
28 -15.0 -10.0 -12.5
. 29 -16.0 -9.0 -12.5
!j 30 -10.5 -7.5 -9.0
i Mean Monthly Ajr Temperature -14.0°C
!j 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
51: December 1884

i‘ 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
a 4 -8.0 -4.2 -6.1
5 -8.0 2.5 -5.3
5 -11.0 7.1 9.1
7 -10.0 -7.8 -8.9
8 -14.5 7.5 -11.0
- 9 -26.0 -17.5 -21.8
y!; 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
R 14 -30.0 -25.0 -27.5
15 -25.0 -13.5 -19.3
¥ 16 -13.5 -10.5 -12.0
i; 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 -12.5 -7.5 -10.0
. 31 -7.0 -5.5 -6.3
; Mean Monthly Air Temperature -14.2°C
K Total Monthly Freezing Degree-Days 441 1
Total Accumulated Freezing Degree-Days 964.
H
d
;
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1 Table 4.7

Talkeetna Weather Station Air Temperature
.f and Freezing Degree-Days Summary

September 1984

[ Day Minimum (°C) Maximum (°C) Average (°C) -
l 9 0.0 18.9 9.4
3 1.1 18.3 10.0
1 11 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
, 9 2.2 18.9 10.6
10 0.6 20.6 10.6
1 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
I 15 4.4 16.7 10.6
16 1.1 16.7 8.9
17 5.6 12.8 9.4
: 18 3.6 12.2 8.9
l 19 2.2 1.1 6.7
20 0.6 13.9 1.2
21 -4.4 14.4 5.0
l 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
1’ 29 6.7 14.4 10.6
' 30 7.2 14.4 11.1
* Mean Monthly Air Temperature 9.2°C
A Total Monthly Freezing Degree-Days 0.0
Total Accumulated Freezing Degree-Days 0.0
? Average Historical Accumulated Freezing Degree-Days 0.0
-26-
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Table 4.8

Talkeetna Weather Station Air Temperature

and Freezing Degree-Days Summary

October 1984

Minimum (°C)

!
»
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Mean Monthly Aijr Temperature
Total Monthly Freezing Degree-Days
mulated Freezing Degree-Days

Total Accu

Average Historical Accumulated Freezing Degree-Days
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'gj Table 4.9

Taikeetna 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
I 4 -15.0 -2.8 -8.9
l; 5 -5.6 1.1 -2.2
| 6 -6.17 1.7 -2.2
- 7 -8.9 -1.7 -3.0
’l 8 -15.0 -2.8 -8.9
9 -17.2 -8.9 -12.8
b 10 -19.4 -7.8 -13.3
l“ 1 -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
lj 21 -1.1 1.1 0.0
§ 22 -13.9 -1.1 -7.2
23 -10.0 -8.3 -8.9
24 -8.9 -6.7 -7.8
l; 25 -15.0 -8.9 -11.7
’ 26 -22.2 -10.6 -16.1
27 -21.1 -7.8 -14.4
lj 28 -8.3 -5.6 ~6.7
H 29 -8.3 -4.4 -6.1
| 30 -6.1 -3.9 -5.0
!; Mean Monthly Air Temperature -8.1°C
Total Menthly Freezing Degree-Days 244.0
Total Accumulated Freezing Degree-Days 281.2
{, Average Historical Accumulated Freezing Degree-Days 263.0
| | -28-
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L Table 4.10
'} Talkeetna Weather Station Air Temperature
1 and Freezing Degree-Days Summary
r Decemuer 1984
| 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
lf 4 -0.6 3.9 1.7
| 5 -2.2 2.2 0.0
6 -7.2 -2.2 -4.4
' 3 -8.9 -3.9 -6.1
9 -23.3 -7.2 -15.0
| 10 -23.9 -10.0 -16.7
l 11 -21.7 -10.0 -15.6
12 ~25.0 -16.1 -20.6
13 -26.7 -11.67 -19.4
l‘ 14 -26.7 -9.4 -18.3
i 15 -20.0 -9.4 -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
N 20 -22.8 -10.0 -16.0
l: 21 -22.2 -8.9 -15.6
22 -11.7 -4.4 -7.8
23 -15.0 -3.9 -9.4
l 24 -21.7 -15.0 -18.3
8 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
l 31 -2.2 1.7 0.0
Mean Monthly Air Temperature -9.8°C
l Total Monthly Freezing Degree-Days 307.7
; Total Accumulated Freezing Degree-Days | 588.9
Average Historical Accumulated Freezing Degree-Days 670.0
-20-
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Table 4. 11

Watana Weather Station Air Temperatura
and Freezing Degree-Days Summary

September 1984

Day Minimum (°C) Maximum (°C) Average (°t;
1 0.1 14.3 7.2
2 0.0 13.5 6.8
3 -1.6 12.8 >.6
y 4.4 13.1 8.8
5 4.6 14.0 9.3
5 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 7.1
10 0.3 15.4 7.9
13 2.9 9.5 6.2
14 3.3 13.1 8.2
J 15 5.3 13.2 9.3
16 -0.1 13.9 6.9
. 17 0.4 11.0 5.7
| 18 1.9 7.7 4.8
19 0.0 6.5 3.3
20 -0.5 8.5 4.0
21 -3.0 14.4 5.7
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
l Mean Monthly Air Temperature 6.4°C
Total Monthly Freezing Degree-Days 0
7 Total Accumulated Freezing Degree-Days 0
[ Average Historical Accumulated Freezing Degree-Days 13
; -30-
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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)
9 10.7 6.8
; 8.5 8.9 4.7
3 -2.5 8.3 2.9
4 -5.8 7.8 1.0
5 -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. -9.4 -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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1
3 Table 4.13
Watana Weather Station Air Temperature
? and Freezing Degree-Days Summary
i
h November 1984
3 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
g 5 -9.2 -3.5 -6.4
l 6 -4.8 -2.0 ~3.4
7 -7.7 -3.3 -5.5
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
i 12 -25.0 -15.9 -20.5
13 -22.0 -13.5 -18.2
14 -20.7 -13.5 -17.1
A 15 -13.3 -7.4 -10.4
i 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
i 25 -17.1 -12.6 -14.9
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
i . Mean Monthly Air Temperature -11.2°C
Total Monthly Freezing Degree-Days 347.5
Total Accumulated Freezing Degree-Days 441.1
Average Historical Accumulated Freezing 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)
1 -8.5 -5.8
2 -8.7 -4.1
3 -4.9 -2.9
4 -2.9 0.0
5 -6.7 -1.0
6 -10.1 -6.7
7 -9.5 -6.7
8 -9.3 -6.7
9 -19.3 -9.4
10 -20.6 -15.5
11
12
13 -21.6 -16.5
14 -24.5 -18.7
15
16
17 -11.3 -7.9
18 -8.4 -4.0
19 -12.9 -3.1
20
2]
22
23
24
25
26
27
28
29
30
31

Mean Monthly Air Temperature

Total Monthly Freezing Degree-Days

Total Accumulated Freezing Degree-Days

Average Historical Accumulated Freezing Degree-Days

* Estimates based on linear regression with Talkeetna (NWS)
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Table 4.15
Watana Streamgage Site
Air Temperature and
Freezing Degree-Days Summary
September 1984
Date Minimum (°C) Maximum (°C) Average (°C)
1 -1.0 12.4 5.7
2 -G.9 3.2 1.2
3 -1.0 10.1 4.6
4 3.8 12.0 7.9
5 5.0 1.7 8.4
6 5.0 10.5 7.8
7 5.0 10.5 7.8
8 0.5 13.0 6.8
9 -1.5 13.0 5.8
10 -1.0 12.0 5.5
11 -2.1 13.2 5.6
12 1.2 11.5 6.4
13 3.8 7.2 5.5
14 2.9 10.2 6.6
15 6.1 13.2 9.7
16 0.4 14.0 7.2
17 -0.2 8.7 4.3
18 3.0 6.6 4.8
19 2.8 5.5 4.2
20 0 9.0 4.5
21 -4.1 8.0 2.5
22 -4.0 10.1 3.1
23 -2.3 8.0 2.9
24 -1.3 7.2 3.0
25 3.0 8.8 5.9
26 1.0 17.1 9.1
27 -2.0 11.0 4.5
28 -1.0 8.0 3.5
29 4.0 7.5 5.8
30 3.2 10.5 6.9
Mean Monthly Air Temperatire 5.6°C
Total Montly Freezing Degree-Days 0
Total Accumulated Freezing Degree-Days 0

Deviation From
Watana Weather
Station (°C)
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Table 4.16
Watana Streamgage Site
Air Temperature and
Freezing Degree-Days Summary
October 1984
'!f Deviation From
' Yatana 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
5- 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
3 6 0.9 5.1 3.0 -0.5
fgg 7 -1.7 4.8 1.6 -0.9
’ 8 1.0 5.0 3.0 -0.4
= 9 -0.3 3.0 1.4 0.9
g; 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 6.8
4 13 -3.0 4.8 0.9 0.4
L} 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
W&, 17 -8.8 1.2 -3.8 0.1
) i -7.5 1.1 -3.2 -1.5
, 19 -3.5 -0.5 -2.0 0.6
gi 20 6.3 -2.1 -4.2 0.7
a5 21 -2.9 3.5 0.3 -0.2
| 22 0.0 3.1 1.6 -0.8
g‘ 23 -1.8 2.5 0.4 1.7
3 24 -9.5 -3.0 -6.3 -0.9
25 -13.5 -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
g~ 30 -15.2 -10.5 -12.9 -0.3
3 31 -16.3 -9.1 -12.7 -4.5
g; Average -0 5°C
Mean Monthly Air Temperature -2.5°C
Total Montly Freezing Degree-Days 107.8
g 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 -4.1
4 -17.5 -13.0 -15.3 -3.9
5 -13.5 -5.14 -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 -1.5 -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
27 -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 Montly Freezing Degree-Days 413.2
Total Accumulated Freezing Degree-Days 521 0
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Table 4.18
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a Table 4.19
Denali Weather Station Air Temperature
and Freezing Degree-Days Summary

September 1984

O
)
~<

Minimum (°C) Maximum (°C) Average (°C)

1 -3.1 12.0 4.5
2 -0.1 i1.9 5.9
3 -2.3 10.8 4.3
4 1.7 11.9 6.8

a 5 1.3 12.8 7.1
6 3.3 10.8 7.1
7 3.5 11.5 7.5

A& 8 0.5 13.7 7.1
i 9 -1.2 14.7 6.8
0 10 1.6 13.0 5.7
) 11 -0.5 13.1 6.3
i 12 -1.6 10.8 4.6
B 13 2.3 8.4 5.4
14 -0.4 13.5 6.6
i 15 1.5 10.6 6.1
- 16 -0.5 12.2 5.9
17 3.5 10.5 7.0
3 18 1.6 8.8 9.2
g 19 0.4 5.7 3.1
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 0.9 9.7 5.3
25 0.9 8.7 4.8

i 26 1.5 8.7 5.1
27 -2.7 10.4 3.9

28 -2.9 9.3 3.9

30 3.0 .
y 9.7 6.4

gj Mean Monthly Air Temperature 5.4°C

A Total Monthly Freezing Degree-Days 0.0
Total Accumulated Freezing Degree-Days 0.0
Average Historical 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

9 -4.0 2.9 -0.6
10 -7.9 3.1 -2.4
11 -8.4 2.3 -3.1
12 -1.1 1.7 0.3
13 -5.1 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 -16.5%
31 -11.4%
Mean Monthly Air Temperature ~4.2°C
Total Monthly Freezing Degree-Days 144.6
Total Accu‘mulafced Freezing Degree-Days 144.6
Average Historica! Accumulated Freezing Degree-Days 208.0

* Estimate based on linear regression with Watana \Veather Station
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3 Table 4.21
Denali Weather Station Air Temperature
3 and Freezing Degree-Days Summary
November 1984
3 Day Minimum (°C) Maximum (°C) Average (°C)
1 -8.2%
g 9 -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
H; 6 -7.8 -1.5 -4.7
7 _83 —36 -60
o 8 -8.7 -7.5 -8.1
% 9 -13.9 -8.5 -11.2
10 -21.4 -11.8 -16.6
. 11 -28.4 -16.8 -22.6
§§ 12 -28.7 -19.4 -24.1
v 13 -32.3 -17.1 -24.7
14 -29.4 -16.1 -22.8
15 -17.4 -9.8 -13.6
i 16 -18.6 -9.3 -14.0
17 -19.4 -14.6 -17.0
- 18 -21.1 -10.1 -15.6
is 19 -23.8 -14.4 -19.1
= 20 -15.9 3.3 -6.3
21 -5.8 3.1 -1.4
Ef 22 -13.3 -5.3 -9.3
4 23 -9.3%
24 -15.4 -8.9 -12.2
w 25 -21.0 -14.0 <17.5
aj 26 -24.4 -19.4 -21.9
27 -28.7 -18.7 -23.7
- 28 -25.2 -20.2 -22.7
Z; 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
y Average Historical Accumulated Freezing Degree-Days 579.0

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

De}aa!i Weather Station Air Temverature
and Freezing Degree-Days Summary

December 1584

ooy

Mg o5 A Lo aresenrd

il v LN

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 -7.5.4
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 -19.6
30 -12.8 -2.2 -7.5
31 -5.6 2.6 -1.5
Mean Monthly Air Temperatura -15.2°C
Total Monthly Freezing Degree-{jays 470.Q9
Total Accumulated Freezing Degree-Days 1,045.7
Average Historical Accumulated Freezing Degree-Days 1,175.0
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LLocation

Denali
Watana
Gold Creek
RM S
Yentna
Talkeetna

Chulitna

RM 60
RM 78

Curry

Near Slough 8

Sherman

Susitna River Freezeup 1984
Slush Ice Pcrosity Values

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

Tabie 4.23

Date

10/2¢/84

53
50
44
42

-42-
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Table 4.24
Published Porosity Values
For Various Materials

Material

Soils

Clay

Silt

Medium to coarse mixed sand

Uniform sand

Fine to medium mixed sand

Gravel (well-sorted material)

Gravel and sand (pooriy-sorted material)
Sandstone

Shale

New snow
Old snow
Firn
Glacier ice

* Source: Davis and DeWiest, 1966.

-43-

50 - 60
45 - 55
40 - 50
35 - 40
30 - 40
30 - 35
30 - 40
20 - 35
10 - 20
01 - 10
67 - 99
35 - 178
08 - 56
0- 8

Grain Size (mm)

.004
.062
0.5 -1.0
0.5
25 -0.5
0-64.0

0.
4.,

—

—

0.01 -
0.5 - 3.
0.5 -5
1-100

W
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Tabie 4.25
; Juvenile Anadromous Habitat Study Sites
Location Observed
Name (River Mile) Ice Effects
Hooligan Side Channel 35.2 None
N Eagles Nest Side Channel 36.2 Some flcoded snow
gf Kroto Slough Head 36.3 None
- Rolly Creek Mouth 39.0 None
s Bear Bait Side Channel 43.0 None
Last Chance Side Channel 45.4 None
-4 Rustic Wilderness Side Channel 59.5 Overtopped
i Caswell Creek - NMouth 63.0 None
ﬁ Isiand Side Channel 63.2 Flooded snow
i Mainstem West Bank 74.4 Some flooded snow
) Goose 2 Side Channel 74.8 Overtopped
Ej Circular Side Channel 75.3 None
Sauna Side Channel 719.8 None
3 Sucker Side Channel 84.5 None
= Beaver Dam Slough 86.2 None
ﬁ’ Sunset Side Channel 86.9 None
k! Sunrise Side Channel 87.0 None
Birch Creek Slough 88.4 None
Trapper Creek Side Clannel 91.6 None




, Table 4.26
’ ANCHORAGE, ALASKA, 1984 135
Times and Heights of High and Low Waters *
E OCTOBER NOVEMBER DECEMBER
A : ) . . A
Time  Heirght Time  Height Time  Height Time  Height Time  Height Time  Height
Day Day Day Day Day Day
g hom £t . nm ft m hn ft n R om ft m hn ft m hm ft n
| ) 22 1.9 0.6 1 0616 5.3 1.6 16 0547 2.8 0.9 1 0008 22.1 6.7 16 0623 2.5 0.8
- 10487 1.0 0.3 46 08tl sa3 7.7 Tn 1302 25.4 7.7 F 1206 2601 8.0  Sa 0634 5.7 1.7 Su 1235 28.5 8.7
1705 8.9 2.7 [5lv 9.5 2.9 1939 9.8 3.0 1818 8.7 2.7 1255 25.7 7.8 1919 3.9 1.2
2246 26.3 8.0 2143 25.6 7.8 2354 24.7 7.5 1951 7.2 2.2
l 31, 7 0510 3.0 0.9 2 0107 22.4 6.8 17 0654 3.1 0.9 2 0128 22.3 6.8 17 0053 25.6 7.8
3 I 1229 zgg %g e ll1s 2203 70 F 0730 5.8 1.8 Sa 1322 27.3 8.3  Su 0743 6.1 1.9 M 0731 3.5 1.1
> 1837 10,9 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 8.9
2251 24.1 1.3 2048 7.3 2.2 2053 4.8 1.5 2033 1.7 0.5
: 4.0 7.3 18 0608 3.8 l.2 3 0227 23.4 7.1 18 0117 25.7 7.8 3 0253 23.6 7.2 18 0224 26.4 8.0
& v 0903 479 1.3 Tn 1247 24.6 7.5  sa 0843 5.2 1.6  Su 080§ 2.7 0.8 M 0848 5.8 1.8 Tu 0840 4.1 1.2
| 1401 25.5 7.8 1830 11.0 3.4 15i3 27.2 8.3 1427 28.9 8.8 1451 27.1 8.3 1463 30.0 9.1
' 2015 10.0 3.0 ' 2144 4.6 1.4 2101 3.3 1.0 2146 2.6 0.8 2146 -0.5 -0.2
142 23.5 7.2 19 0016 24.0 7.3 4 0327 25.2 7.7 19 0238 27.5 8.4 4 0353 25.3 7.7 19 0339 27.8 8.5
In 085 C4l8 1.5 F o723 3.1 1.1 Su09ad 4.1 1.2 w081z 2.2 0.7  Tu 09ad 5.5 1.7 K 094 4.5 1.4
e 1510 26.8 8.2 1408 26.1 8.0 1557 28.2 8.6 1520 30.6 9.3 1533 27.9 8.5 1536 30.7 9.4
3 2125 7.5 2.3 2011 8.8 2.7 2229 2.4 0.7 2208 0.4 0.1 z231 0.9 .3 2250 -2.2 -0.7
i 5 0256 24.5 7.5 20 0144 25.6 7.8 5 0A15 26.8 8.2 20 0346 29.3 8.9 5 057 26.6 8.1 20 0435 29.0 8.8
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 1034 5.4 1.6 Th 1055 4.7 1.4
1602 28.0 8.5 1509 28.2 8. 1626 29.0 8.8 1607 31.8 9.7 1613 28.6 8.7 1626 31.1 9.5
‘ 2218 4.9 1.3 2125 5.4 1.6 2309 0.9 0.3 2306 -2.0 -0.6 2316 -0.2 -0.1 2343 -3.4 -1.0
- 6 0352 26.2 8.0 21 0259 28.1 8.6 5 0455 28.0 8.5 21 0444 30.6 9.3 6 0514 27.6 8.4 21 0533 29.7 9.1
sa 1039 2.0 0.6 Su 0949 1.0 0.3  Tu 1113 3.0 0.9 W 1114 1.9 0.6  Th 1120 5.6 1.7 F 1148 4.7 1.4
1639 28.8 8.8 1557 30.2 9.2 1655 29.7 9.1 1650 32.6 9.9 1650 29.2 8.9 1711 31.3 9.5
2303 3.0 0.9 2228 2.2 0.7 2343 0.0 0.0 2357 -3.5 -1.1 2356 0.9 -0.3
- 7 0434 27.7 8.4 | 22 0400 30.4 9.3 7 0528 28.8 8.6 22 0536 31.2 9.5 7 0551 28.2 8.6 22 0032 -3.7 -1.1
' su 1115 1.3 0.4 | M 1050 -0.2 -0.1 w1151 3,3 1.0 Th 1208 2.3 0.7 F 1200 5.9 1.8 S$a 0618 29.9 9.1
1710 29.3 8.9 1640 31.8 9.7 1723 30.3 9.2 1729 33.1 10.1 1724 29.7 9.1 1236 4.7 1.4
2341 1.8 0.5 2324 -0.6 -0.2 1751 31.4 9.6
] 8 0514 28.9 8.8 | 23 0453 32.0 9.8 8 0023 -0.5 -0.2 23 0045 -4.2 -1.3 8 0035 -1.3 -0.4 23 0116 -3.3 -1.0
i M 1152 1.1 0.3 | Tu 1140 -0.7 -0.2 «| Th 0604 29,2 8.9  F .624,31.3 9.5  Sa 0626 28.6 .7 Su 070} 29.8 9.1
‘ 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 1.5
~ 1754 30.7 9.4 1807 33.2 10.1 1757 30.0 9.1 1834 31.1 9.5
v 9 0016 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 0155 -2.5 -0,8
Tu 0548 29.6 9.C | W 0543 32.7 10.0 F 0637 29.4 9.0 Sa 070& 31.6 9.4  Su 0704 28.7 8.7 M 0740 29.6 9.0
/ 1226 1.4 0.4 1228 -0.6 -0.2 1301 4.7 1.4 1333 3.8 1.2 1312 6.4 2.0 1359 5.2 1.6
1759 36.3 ¢.2 1756 33.7 10.3 1823 30.8 9.4 1846 32.7 10.0 1832 30,0 S.1 1916 30.4 9.3
10 D049 U.7 0.2 1 25 0101 -3.9 -1.2 | 10 0132 -1,0 -0.3 25 0210 -3.2 -1.0 10 0151 -1.5 =0.5 25 0231 -1.4 -0.4
W 0620 30.0 9.1 | Th 0630 32.8 10.0 | Sa 0714 29.2 8.9 Su 0751 30,5 9.3 M 0741 28.5 8.7 Tu 0815 29.2 8.0
; 1258 2.6 0.6 1311 0.2 0.1 1333 5.5 1.7 1413 4.8 1.5 1342 6.5 2.0 1339 5.7 1.7
; 1825 30.8 9.4 1833 34.1 10.0 1851 30.5 9,3 1928 31.6 9.6 1907 29.5 *9.0 1957 29.2 8.9
110121 0.2 0.1 |26 0145 -4.3 <1.3 | 11 0207 -0.9 -0.3 26 0249 -1.9 ~0.6 11 6231 -1.3 -0.4 26 0303 -U.4 -0.1
Th 0634 39:0 2.l | FOls 32,4 9.9 4 su0751 28.7 8.7 M 0834 29,7 9.1 Ty 0821 28.1 8.6 K 0852 28.7 8.7
13w 2.5 0. 1352 1.4 0.3 1402 6.3 1.9 1452 6.1 1.9 1431 6.7 2.0 1513 6.1 1.9
E 5 31.0 9. 1910 34.0 10.4 1920 29.8 9.1 2012 29.8 9.1 1946 28.8 8.8 2039 27.6 8.4
3 12 0155 -0.1 0.0 | 27 027, -3.8 -1.2 | 12 0244 -0.5 -0.2 27 0326 -0.3 -0.1 12 030§ -0.9 -0.3 27 7
5 z -8 -1. -0.5 -0, -0.3 -0. -0.9 -0, 0335 0.7 0.2
L F 9329 2.8 3.0 | sa vau3 31.6 9.6 M 0830 27,9 8.5 Tu 0919 28.6 8.7 W 0900 27.8 8.5 Tn 0929 ?8.1 8,6
ik sote b2 a1 0. 1437 7.2 2.2 1332 7.4 2.3 1513 6.8 2,1 1550 6.5 2,0
-8 4. g .0 16.1 1953 28.7 4&.7 2055 27.5 9,4 2029 27.9 8.5 2i21 25.9 7.9
' 13 0228 -0.2 -0.1 | 28 0308 -2.6 -0.8 | 13 0323 0.2 0.1 )
2.6 -0, .2 0.1 280401 1.3 0.4 13 035! -0.3 -0.1 28 0412 1.9 0.6
gf se 803 25? 113.2 su ?g.;uo 30.4 9.3 | Tu 0911 26.9 8.2 W 1005 27.5 8.4  Th 0942 27.6 8.4  F 1008 27.5 §.4
1949 30,0 9.1 o5 s 8 1516 8.1 2.5 1614 8.6 2.6 1601 6.8 2.1 1633 6.7 2.0
0 9, 1310 94 2034 27.3 8.3 2148 25.1 7.7 2127 26.9 8.2 2209 24.3 7.4
14 0303 0,1 0.0 29 0348 -0.7 -0.2 14 404
T Sy 0838 27.3 8.5 <7 -0, N i.1 0.3 29 0443 3,0 0.9 14 0435 0.4 0.1 29 0451 3.4 1.0
: v j839 22.8 8.5 . H ?gg? zg.g g.g ¥ 0358 26,2 8,0 Th 1057 26.4 8.0 F 1031 27.6 8.4 Sa 1054 26.8 8.2
} 1a33. 8.4 2.0 1581 7.3 2.2 1606 8.9 2.7 1710 9.3 2.9 1657 6.5 2,0 1722 6.7 2.0
.2 8. 2129 25,8 7.9 2251 23.1 1.0 2225 26.1 8.0 2305 22.9 7.0
15 0340 0.8 0.2 : .
W 0921 26.5 8., ?3 ?3%3 2;-? g.g %s 0451 2.0 0.6 30 0531 4.5 1.4 15 0523 1.4 0,4 30 0539 5.2 1.6
m 1531 ‘778 34 1e38 4l 8.3 h 1057 25.8 1.9 F 1152 25.8 7.9 Sa 1128 21.9 8.5 su 1189 26.2 8.0
j 4o, R : 3z . oz ! 6 1. 1827 6. .
a 2052 27.4 8.4 2212 25,2 7.7 2236 24.8 7.6 2333 25.6 7.8 ’ 2 s
31 0515 3,6 1, ' |
1758 10.9 3.3 M 0643 7.0 2.1
2300 7.8 1250 25.9 7,8
' 1946 5.0 1.5

i ¢339

* Source: NOAA, Tide Tables (1984)

Time merydian 150% W. 0000 15 mignight,

. 1 ul?
Her1ghts are réferred to mean lower low wat AV LE

B= which is the chart datum of soundings.

o

'
.
i
i
k- 1
p

[—.



o/

FHNLINIA LNIOT YNLISNS

OISV ElEl =V ZEWVH

1404 03¥vd3dd

1} sanbtg

BHOANAHNS SiBIDGICHOAH BiSIOOTORO SHERNIONE

*ONI 'SLNVLTINSNDD INSH

NSER

-

A8 G34v43ud

Ot

AVd
02

o]/

sscinsoare

ITYN3d
VNVIVM
VNLIIN WL ——

d38W3.Ld3S

86|

NOILVI¥YA JHNLVHIdWIL HIV
NISVE H3AIH YNLISAS d3ddn

—0 2~

Iloul

JHN1IVYIdNIL MIY

Do

—0|

P

e

ot

g gt




—Lﬁ—

UPPER SUSITNA RIVER BASIN

20— AIR TEMPERATURE VARIATION
OCTOBER 1984
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AIR TEMPERATURE VARIATION
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g , Figure 4.5

Stage and Discharge Data

(Deshka)

Stage' Flow®
Date Ft cfs

69.00 25,600

3. Surface velocity.

TR A iy b SRS | W TS VLS TR KA R T T Ay RS o SRS P

c\
g
L4

T R TR S TS TR A L T e AT T s

g
-
2R
\
N\

STAGE (ft)
-
i
\\

V‘eiocity3
Ft/sec °Cc

Cross Sectian at River Mile 40.0

Temperature

B 09/05/84 - -
g 09/17/84 68.45 20, 100 2.9 -
' 09/27/84 69.82 28,700 - -
- 10/03/84 68.25 18,000 3.2 6.6
;ﬁ a 10/23/84 . 66.58 - ) ._
10/30/84 7 69.55 Staged ice Covered

‘i' 1. Elevations based on altimeter established datum on rebar = 75 feet.

2. 20 USES preliminary estimates from. Swnshine gage site.

, 4
1 //
2 67 7
-
) ST ,
' | | 1 l] i Vb
5000 10,000 100,000
DISCHARGE ( cfs)

PREPARED BY:
_ SIS

R&M CONSULTANTS, IrC.

CNGINEERR amOLOGIRTE HYDROLOGIRTR BURVEVONne 50 ‘
. e ) ~ ~

!
%
}

PREPARED FOR:

RARZA=EBASCO

SUSITNA JOINT VENTURE

Ap .
J *
& -

, D e i SN R S e P i e
o . - T Rt

N

C R — ..vm,,..uwwg



! ' Mi5/3t 58
3 ‘
|
i Figure 4.6
Stage and Discharge Data
i Cross Section River Mile 47.9
(Delta lslands West)

' Stt‘.age1 HQW'Z Velocity3 Temperature

09/06/84. T0%.9 235, 60Q - -
l 09/1%/84 100-.35 20, TOU 5.2 -
" 09/24/84 100.44 20, 100 - -
| 10/03/84 100..08 18,000 5.2 6.2
[’ 10/23/84 98.50 ~ - 0.4
-‘ 10/30/84% 2.9 102.05 Staged Top of lce -

97.0

, 11/03/84 - - - -
! 11/11/84 99.51 - - _

1. tlevations based on altimeter estafiished datum on rebar = 106 feet.
i 2. USGS preliminary estimates from Sunshine gage site.
~ 3. Sutrface velocity.
; 106 — *
* 105 — //

104 — / //
E 103 — ,
" i02 — )
. —~ 101 = ,
J Z 100-
/
) ul R4 ]
i,; S oe- L
5 /" g ]
y
E 98
g T T T £
, 5,000 10,00¢ ! L T 6,000 N
y, DISCHARGE ( cfs) i
: PREPARED BY: PREPARED FOR: ‘
L RSV P e
' R&M CDNSULTANTS, mJc. [}{]AﬁZ& ilm\l%j@

E‘ ENGINEEAS ONOLOGISTE HYOMOLGGIeYE muRVEvORR -5T~ SUSITNA JOINT VENTURE ,,
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Figure 4.7
Stage and Discharge Data
Cross Section River Mile 47.9
(Delta Islands East)
, Stage1 Flow2 Veloci’cy3 Temperature
Date Ft cfs Ft/sec °C

09/06/84 105.15 25,600 - &

09/17/84 103.48 20,100 4.5 -

09/22/84 104.10 25,200 - -
,, 10/03/84 103.6 18,000 4.8 6.0
g 10/23/84 102.93 - - 0.6
o 11/03/84 102.66 - - -

11/11/84 - | 103.10 Staging - -
g 11/13/84 “”104.89 Ice Covered - -
B 1. Elevations based on altimeter datum established on spike on left bank

tree = 115 feet.
Rebar on right bank elevation = 108.15 feet.

2. USGS preliminary estimates from Sunshine gage site.

3. Surface velocity estimates.
? Inadequate data for stage/discharge curve
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Figure .4
Stage and Discharge Data
Cross Section River Mile 59.7
(Kashwitna West) i
n _
S’cage\1 Flow™ Velo«:ity3 Temperature
Date Ft cfs - Ft/sec °C
09/06/84 147.37 25,600 6.0 -
09/16/84 146.45 20,700 - -
09/25/84 146.41 19,200 - -
10/03/84 146.13 18,000 5.0 - ,
10/23/84 145.46 - - 0.7 :
11/03/84 146.87 Ice Covered - |
11/11/84 145.88 - - - |
[ Based on altimeter datum established on L.B. alcap elevations here 3
were surveyed off a rebar with computed elevation 153 feet, ?
2. USGS preliminary estimates from Sunsiine gage site. :
3. Surface velocity estimates. .
154 — ¢
153 ]
152 ~ ‘ . / ‘ ;
151 7
50 - / |
/ .
iy 149- V4 X
- //
s I«‘-}B—- /
w /
2 147 — p
= 3
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146— /
/
/ »)
/
’/
/ } Fy
/
5,000 10,000 H | ] P T :OO’QQO
DISCHARGE { cfs )
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g Figure 4.9
, Stage and Discharge Data

i Cross Section River Mile 59.7
(Kashwitna East)
1 2 T .
i Stage Flow Velocity Temperature
Date Ft cfs Ft/sec °C :
09/06/84 146.6 25,600 7.96 -
i 09/16/84 145.75 20,700 - - g
09/25/84 145.58 19,200 - -
10/03/84 145.42 18,000 5.68 -
I 10/23/84 145.17 - - 0. 3
11/03/84 < 147.30 Staged - -
145.52 ’;-_'f

1. Based on altimeter datum established on alcap = 152 feet.

2. USGS preliminary estimates from Sunshine gage site.

3. Surface velocity estimates.

154 -
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151 - /
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149 e
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- //
b
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//
149 sooo0 | ¢ T | ) T z T T T
4 10,000 100,000
DISCHARGE ( cfs)
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Figure 4.10
Stage and Discharge Data
Cross Section River Mile 76.8
(Mornitana Creek)
Stagenl Fiow2 Vealoci’cy3 Temperature
Date Ft cfs Ft/sec °C
99/05/84 234.70 25,600 8.3 -
09/16/84 233.37 20,700 - -
09/20/84 235.77 31,200 - -
10/03/84 233.42 18,000 8.2 -
10/23/84 : 232.69 - - 2.0
11/03/84 4 2 229.98 - - -
11/11/84 238.31 Staged - 0
f 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 4.11

Stage and Discharge Data
Cross Section River Mile 84.6

Stage] Flow2 Velocity Temperature
Date Ft cfs Ft/sec °C
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 1&,000 - -
1. Water surface elevation referenced to project datum.
2. USGS preliminary estimates from Sunshine gage site.
2704
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-
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[
v
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26l T T T7
5,00 | l l T T T T7
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Figure 4.12
Stage and Discharge Data
: Cross Section River Mile 86.3
S‘tage:"" Filow2 Velocity Temperature
Date Ft cfs Ft/sec °Cc
06/14/84 275.70 69, 900 - -
07/28/84 276.87 80, 300 - -
08/15/84 274.61 46,000 - -
08/27/84 276.08 871,600 - -
09/05/84 272.87 25,700 - -
09/16/84 272.23 2G,700 - -
09/18/84. 271.90 20,700 - -
10/03/84 271.69 18, 000 - -
11/19/84 2~ 273.66 - - -
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 87.8
o S‘lzage1 ,Flowz Velocity  Temperature
g 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 - -
g 09/16/84 . 271.50 20,700 . -
i, 10/03/84 276.33 18,000 - -
i 1. Water surface elevation referenced to project datum.
: § 2. USGS preliminary estimates from Sunshine gage site.
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Figure 4.14

Stage and Discharge Data
Cross Section River Mile 30.0

1

2

Sitage Flow Velocity  Temperature
Date Ft cfs Ft/sec °C
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 22,200 - -
09/16/84 283.70 20,700 - -
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 siteo.
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Figure 4.15

Stage and Discharge Data
Cross Section River Mile 91.7

S’cag.c;l Flow2 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 - -
03/05/84 302.22 25,700 - -
09/13/84 301.40 22,600 - -
09/16/84 301.34 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 4.16
Stage and Discharge Data
Cross Section: River Mile 93.3
S‘taget F"ifowz Velocity @ Temperature
Date Ft cfs Ft/sec °C
06/14/84 313.00 69,900 -
07/28/84 313.96 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 -
10/03/84 309.41 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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Figure 4.17
Stage and Discharge Data
Cross Section River Mile 95.9
LRX - 0.7
1 2 .
Stage Flow Velocity
Date Ft cfs Ft/sec
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
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Figure 4.18
Stage and Discharge Data
Cross Section River Mile 97.1
LRX - 1.0
1 2 .
Stage Flow Velocity
Date Ft cfs Ft/sec
09/11/84 333.22 9,300 -
05/16/84 332.89 8,200 -
09/26/84 332.50 7,650 -
10/03/84 332.30 7,700 -
1. Water surface elevation referenéed to project datum.
2. USGS preliminary estimates from Gold Creek gage site.

Inadequate data for stage/discharge curve
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Figurs 4.19
Stage and Discharge Data
Cross Section River Mile 98.0
LRX - 2.0
1 2 .
Stage Flow Velocity
Date Ft cfs Ft/sec
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
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APPENDIX A

Monthly Meteorological Summaries From
Weather Stations at Denali, Watana, and Talkeetna
River lce Observations and Weather Data
From Gold Creek
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MONTHLY SUMMARY FOR DENALT WEATHER STATION
DATA TAKEN DURING September. 1734
RES.  RES.  AVG.  MAX.  MAX, DAY’S
MAX,  MIN,  HEAN  WIND WIND MIND  GUST  GUST P/VAL MEAN MEAK SPLAE
DAY TEWP, TEMP, TEMP. DIR. GPD. SPD. DIR, GPD, DIR, RH  DP  PRECIP  ERNERGY DAY
DEGC DERC ESC DEE M M5 DEE M/ I DGEC M8 WH/S0K
1 2.0 =31 4.5 ¥t EOEE B BB ok ¥x% 42 S9.0 0.0 wexeme |
2 1.9 -1 3.9 ERR BEEK BERK EMK Bk W% 45 SRS 0,0 ssEkEx D
3 16,8 =23 4,3 et KR KKRX O REX O XEEE R 45 9.0 D0 xEENkx 3
4 11,9 1.7 BB ¥ER dmER WEE S%E XMER XX SR A3 0.0 sEEeax 4
3 12.8 1.3 7ol ARE EREE ORNRX RNE XENR KER 47 -1 0.0 #xEEmr 5
b LT P O P O - T L R T R S N
7 1.5 3.5 7.0 SR MEEY KERE OMER O SREK O WME 54 <44 A ke 7
8 13.7 2 10 ER NREE OO EEE RN B 59 3.0 0,0 sexExk B
9 14,7 -1.2 BB EKE XEEE OEARX ORX XMEE ¥RE S5 4,7 0.0 kkexex 9
10 1aa -1.6 BT ERK XEEE BEEE MK EREE Xk A9 ST 0 .0 smesxw 1)
11 13.1 -3 63 REE REER EEEX MEX KRN KK 44 7.4 2 REEEEE 11
12 1.8 -1.4 6wk we kB xke s 0 S50 -2,7 1.0 sekaex 12
13 8.4 2.3 DA KRR OROE KRR RKE REME B 47 <97 0.0 ¥eees 13
14 13.5 ~ .4 bib ¥R MEEE MK e mest W 45 -5 .0 sewEex 14
13 1.5 1.3 5.1 W ot e sk M ¥ 45 -0.9 2.0 wkkem 1S
16 12.2 -5 T.9 EME SR EERC B ERE XX 42 =15 0.0 sxuxxx 14
17 0.5 35 7.0 17 S S P V1 7.0 5§ b4 -6 7.2 mxee {7
18 8.8 Lk 3.2 138 B g 112 L8 5 87 -23 45 ssmemx 18
19 3.7 4 31 we meee o M w0 A8 -5 140 ek 19
2l 61 -14 BOOREK R RO XEE EH B S6 0 -R.h 7.0 KNwkeX 20
el 5 5.0 8.3 NEE REEY BENK EXE XXXY AXE 54 0.7 0.0 swxxsr 2
22 11 -3 LU e me see omm s B 81 -A2 00 sessxe 99
23 .2 1.4 4.9 M meer mER KKK NMEXK MR 49 O 0,0  swexsr 23
24 9.7 FRE M e R B OB B A5 2.8 0.0 emuswx 24
25 3.7 B LI T T TR T TR VR O 2 wEEERE 25
2 B.7 LI B s me o % g % 40 ~10.9 0.0 eexxek D4
27 1.4 =27 B0 EE M R XEX RO KRY b6 <50 0.0 xxxxxs D7
28 73 2.9 LI W R B WM IR BW A3 -B.5 A FEExk 2R
AR F- R B M weer wEy Kk mk MR 51 -8 5.0 ke )
9.7 3.0 Bod o HER wmke Nmk MK Exex axx 0 5Q =3 0 e 3P
HNTE 147 -5.1 4 16k 1.0 1.2 174 7005 DA -6 A4 wxkks
GUST VELL AT MAX. GUST MTNUS 2 INTERVALS 5.7
GUST VELL AT MAX. GUST MINUS 1 INTERVAL 6 %
GUBT UFL ., AT Max, GUST PLUS 1 INTERVAL 7.0
GUST VEL. AT HaX, CusT FLUS 2 INTERVALS 6,3

NOTE
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iiHGNTHLY SUMMARY FOR DENALT MEﬂTHER STATION
| DATA TAKEN DURING Octeber, 1984 g
RES. RES, AVG. MAX.  HMaX. DAY'S
KAX.,  HIN. MEAN  WIND  WIND WIND GUST  GUST P/VAL MEAM HEANM SOLAR
DAY TEXP, TEMP. TEWP. DIR., SPD.  GPD. DIR., SPD., DIR, RH DP  PRECIP ENERGY DAY
DEGL DG L DEGC DEE  M/8 WS DEG HW/S £ D6 L A WH/S0N
i 9.9 2.6 6,3 XRE RERX  ORKEE O REEK O ORKXE  ERE KX ENEEX O RERK ¥XNEOME }
2 7.7 1.2 AD  ERE ERER O EREK KMN O BNXE O MNE XM RREEN O REER NENEXX 7
3 7.0  -3.5 LB REE EERE REEE  KNE O REEE  ORKE  EX O XRERK  NEE  RNENRK 3
4 6.7 -b.7 B.0 %% EERE O NENE RN FREX KR KX RNAXE  RNER RERARE 4
g 5,0 -3.B 1.2 182 g.32 2.9 177 9.5 8 G5 -D.3 EERE ¥ 0§
b B4 -1.5 3.5 178 23 3.3 13 12,7 5 &0 -4.0 ®xxx  Exxxsx
7 3.3 -2.2 1.7 347 2.0 2.4 340 7.0 MNWOO7% 0 -2.4 0 mmmx o sxxaxy 7
8 7.9 -1 3.3 134 2.0 3.6 139 146 SE 78 -7 #E%E sxexsx R
9 2.9 =44 -0 153 1.0 1.7 355 3.7 K B8 -1, wxEk Exksxx D
id s -7, -2.4 350 1.3 1,7 34 3.2 N Bl 5.9 #EE% kxxxex 1)
11 23  -B.4  -31 177 g 1.7 172 1.2 § 8 4,4 XX EEREEx 11
12 1.7 1.1 A §62 g0 2.7 3\ 7.6 N 76 <37 wxax xeanEx 12
13 2.0 51 -1L§ 0E 2.2 3.0 350 7.0 NNE 67  ~5,B  xx%x  ¥xxsmx 13
14 2.7 -67 -47 353 a.b w349 B3 N 66 -10,2 smxs  ExwExx 14
13 1.6 -10.1  -5.9 359 1.7 2,0 3% 7.0 N 73 =90 Ex¥x wExuxk {5
16 3 -89 -~4B  Qab 221 397 3.7 08 87 9.3 wEEx ¥xExx 16
i7 -1.2 -15.5 -8,4 348 1.9 1.7 343 2,7 HNE 66 ~13.2  xexx  sexxe {7
i8 1.9 -14.9  -h5 028 A7 17 143 6.3 NN A1 -13.0  xwsx mexxxx 18
17 =12 111 -85 Bif 1.t 2.2 143 2.9 MME 61 =115  ®¥ex  wxxxex 19
2 43 11,3 -7.8 3% 1.6 1.7 01p a1 N 76 ~12,2 #wmx sxgaxx 2
21 EERES O RERE¥  BREEY  ONEE O RESN  NKEN NN EREE O OXER KRR KEEXE REEE ENE%Ex 2
22 EEEEE O REKRE RMNEX RE% BEEE NEX R BEEE KEK XF XEEER AR XERRxx 27
B3 EeaEE BMERE O REERY  ENR ONRNY O NEBE MY RERX O KEE %% REEEY PR ¥xvrxx 23
24 KRR BNAXE  KXEEX  SNR ENEE REBE Agy EREE KR KR FRNRR REEX EXXERX D4
&5 EEREX O RRAEE AEENY ER¥ LRSI 2 2 S I T2 RREE OXEX O OBR ENXRN O ENER X¥E¥¥¥ 25
26 HEERE O BEREE  LKEER SNE O BEEKE  XHKK FEH FEEX OBRR A% BREEN RuNK EXERAE 26
27 FRNES REAEE  ENBEY XX XEXE  ANEX ¥NR EREX  XAE KX T ORRUNE EXN¥ *ExXE¥E 27
2B MO RRRRE  SRERK O EEE REKN XHNE AR ORREK O EER W RBEKR XEXM KNEX¥H 28
A7 HREEX ENREE NKKEN RNY XNNX NENY $xk LERLINE E 2 RN LR 2 3 B S 2 N 2 2% L L
M MK ERERE EEX ¥EE syEe REEE O RER MK XEK M0 RRRRE RRNX SRR 3]
L R T RXX o REEK O RRE XN ORRANE Nk pEeERr 3
HONTH 9.9 -155 -3 o7 J 2.4 139 146 N 0T =71 EREEX NRARER

CUST VEL.., AT MAX. CUusT MTMLS 2 INTERUALS 14,0

QUQT URL 4T Max, GUST MIMUS 1 INTERUAL 11,4

GUSBT YEL, AT MaxY, GLUST PLUS 4 INTERVAL 14,0

GUST VEL, AT MaX, GUST PLUS 2 INTERVALS 12,1

1 HOTE: RELATIUE HUMIDITY REaDTNGSE ¢ NRFLTARLE SPEEDS aRE LESS T !
o v AL ARG ARE UNRELTABLE WHEN WIND SFEER 5 ARE LESS THA
ONE FMETER PER gErs M Uty TR TaN
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MONTHLY SUMMARY FOR DENALI WEATHER STATION
'DATA TAKEN DURING November ., 1984 _

.-~

RES. RES. AVG. MAX, MAX, DAY'S

HAX.  MIN.  MEAN  WIND WIND WIND GUST  GUST P’VAL MEAN MEAN SOLAR
DAY TEMP, TEMP, TEMP, DIR. SPD, SPD. DIR. SPL, DIR, RMH P FRECIF  ENERGY DAY

DEEC DEEC DEGC DEG M/S M/S DEE  #/8  DEGC MM WH/ 0N
i 833331 KEREX  KRXXE XXX £ 3333 #xux £ £33 EAEE  REE *¥ RERRE b3 22 HEXEXL !
g 2 -0 <151 <126 127 2 7 1% 25 ENE A5 <148 wesx  meswex 2
f"}j 3 7.6 -18.5 -i3.1 b 4 1.4 359 3.8 NNW 465 -18.2  sxm HAXRE 3
4 9.2 -14.3 -11.8 139 B 1.4 1= 63 SE 6B -15,2  wxxx 23322 S
] 3.1 -13.0  -8.1 190 2.1 2.6 187 9.0 8 76 -10.6  wEEX  sExEE 3
‘| b -1.5 =78 -4,7 N IR I B 4 9.1 8SE Bl -7.6  xemx  wEsmexx 4
" 7 <36 -B3 -0 0 4 L1 183 3.2 NW 86 7.3 xexr mxekk 7
1 8 -7 8.7 -B.1 343 S 1.8 o0t 83 N 8BS  -10.2  wxxx ruugx¥ g
5 g -8.3 -13.7 -11.2 147 3 9 178 33 5 83 12,3  sxxx HEHRE 9
- 10 -11.8 -21.4 -16.6 009 1.3 1.4 024 44 NNE 78 -17.5  ssxx  mEmaex  {{
i -16.8 -28.4 -22.6 009 '3 B M3 32 BT 209 wee s 1
j 12 -19.4 <287 -24,1 345 1.9 2.1 348 3.7 NNN 71 =286 wuws o 12
' 13 -17.1 <323 -24.7 (02 S 1.0 000 44 N 89 31,7 FEE wxexr 13
14 -161 -29.4 -22.8 89 1.1 2.3 181 8.3 N 70 -25.8  mEEx  smEkws 14
13 9.8 174 <136 174 g 17 189 7.6 S5H 75 -14.9  mxxx HXXET {5
1 16 9.3 -18.6  -14.0 017 g 13 14 7N Bl <160 xeEE wxeEsx 16
17 -4 -19.4 <170 008 7 9 028 3.8 N 79 19,9  xxus Hx¥Es 17
18 -10.1 -21.1 -15.% 062 4 1.2 175 7.0 NNE 81 -15.9  sxxx 12323 T
19 -14.4 238 -19.1 15 B 1.7 164 127 N 78 -21.3 sssx HXEE 19
< 20 33 -15.9 -3 19 3.4 7.3 14t 2.7 8 7 -1l.&  #uex ssexxs )
. 21 3.1 fS.B 1.4 134 64 635 129 23,5 & &b ~3.8 M mxExs 9
J 22 =33 -13.3 -9.3 357 2.2 2.2 013 Ad W B4 10,7 e xwkex 2D
a3 XRREE  NEXKE 13237 I ¥ 1 XEEX £33.2 3 £33 t 233 -3 2 4 * EAEXX  X¥XR HXkRY 23
T B - T 1 T 137 ek ke 3
7 G WD R0 75 14 2 7 qe s goy 80 -18.3 s mwxme 25
! -1 M4 29 M 3 b gy on mE Th <255 Wk mee 9
S A N A B I T I 24,9 Rex mxemr 27
BoEe w2 @7 w5 7 8 ogm 2% wE B2 -23.7 sk 175 28
& 154 201 183 024 13 14 g2 38 ME B6  -19.0  wew 215 29
30 -12.0 -15.4 -13.7 032 8 1.5 184 9.7 NNE 89 -15.8  xwxx 140 30

HONTH 3.3 -32.3 -14.7 103 S0 L7 14 267 N 78 -17.4  mEm 530

GUST VEL. AT MAX. cusT MINUS 2 INTERVALS 19,0
GUST VEL, AT MAX, GUST MINUS 1 INTERVAL 24,0
| GUST MEL. AT MAX. GUST PLUG T INTERVAL 19,7
| BUST VEL. AT Max, GUST PLUS 2 INTERVALS 25 4

 NOTE; gﬁgﬁyg¥ﬁ OMLIDLITY READINGS ARE UNRELTAKLE WHEN WIND BPEEDS ARE LESS THAN -
‘ or Mot PER SECOND. SUCH READINGS HAUL NOT BEEN INCLUDED IN THE DAILY
THLY MEAN FOR RELATIVE MUMIDITY anp DEW POINT, o
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‘@ MONTHLY SUMMARY FOR DENALI WEATHER STATION
% DATA TAKEN DURING December, 1984

;
g
;

RES. RES. AVG, MAX. MAX, DAY‘S
MAX.  HIN.  HEAN  WIND WIND WIND GUST GUST P/VAL MEAN HEAM SOLAR
r DAY TEWP. TENP. TEMP, DIR. SPD, SPD, DIR, SPD, DIR. RH DP  PRECIP ENERGY DAY
g DEGC DEGC DECC DEC M/S WS  DEG  M/S 2 DEGC MM WH/SOM
t 1 <69 -12% -9.% 182 5.0 5.0 189 B9 S 86 -10.B xwsk 245 1
fﬂ 2 7.8 146 11,2 180 1.2 2.4 193 8.9 5 85 -~13.0 ke 135 2
: I 37 -9 73 23 23 2.8 19% 8.9 SGH 88 -B.0  xwk 130 3
4 51 -48 2 176 48 5.6 226 254 0§ 78 <33 meex 65 4
5 g =73 <32 b 43 5 152 15,9 SSE Bk 3.7 xkmk 1"y 5 %E
6 55 -12.2 -89 3 25 24 M7 7.0 N85 -11,5  wwx 04 i
| 7 <56 135 9.6 090 321 193 8.9 NNE BY  -10.2  wx 135 7
: B -&6 -85 7.6 MI 21 34 348 8.9 MNE 87 -9,3  mexx 85 8
,E ¢ =79 -3 A51 024 53 55 010 12,7 NNE 62 -17.5  skwe 105 9
= 1 -18.6 -20.5 -24.6 17 B 19 175 8% N 76 <263 wxmx 115 10
201 -2 -3 M3 1.2 1.5 M2 38 W76 -26.8 e i85 11
Jf 12 -15.1 -30.7 =229 032 1.7 2.2 047 &3 NE Ab -B6.4 xwen 145 12
13 -166 2946 -231 005 1.6 L7 032 A3 N 73 -Pb5  wem m 12
14 -167 3.0 -39 M3 2.3 30 029 7.6 NNE 61 -29.0 ek 8 14
i 15 -17.8 =304 -24,1 295 S L6 152 7.0 NNE 75 -PA,2 aExk 95 15
ﬁ: 16 -14.2 -20.7 -17.5 075 2 13 175 B3 5 81 -19,2  xwkk 135 16
17 -8.3 -17.6 -13.0 1% 4 12 1681 44 5 87 -15.1 s 10§ 17
1B 5.0 -89 7.2 em oweex ome ERE mEEE B 0 -7.0  wakk 5 18
g 19 =37 -2 129 N7 49 51 06 11.4 ME 53 -19.9 k. 15 19
20 -2.4 -28.3 -25.4 002 7014358 a4 N B <307 e 55 20
V 21 186 -27.0 =230 175 2 12 3 57 S8 73 -P51 xews 4 21
E 22 125 <219 -17.2 185 1.2 1,7 169 B.9 SSM D -5 sk 85 22
23 <50 122 -B.6 189 2.0 5.2 008 4.0 5 88 -10.9 e 185 23
% L. 205 -5 06 33 36 01 B3 ME 72 -18.4 s 100 24
Q 2 135 -7 -84 153 1.4 23 187 108 5 Bl -19.3 s o 25 "
2 -0 4195 -153 023 34 36 M5 8.9 MNE 76 -19.0 seer BS 24 1
i & 179 -3 -5 019 A 10 008 38 N 7 -0 xwm 23 27 e
. 28 219 <37 -8B 151 44 22 17 B9 & 73 <306 wmex 235 28
} 2 -133 <3509 <196 178 2.2 53 136 B3 8 7 34 sees 45 2 B
22 128 75 1 47 70 19 7.8 S5 M 10,4 raw 80 30 g
r £ 26 <56 -15 155 60 68 {51 197 SE 78 42 sk 148 3
| HONTH 5.1 -35.7 -15.2 129 6 30 226 24 ME 77 -17.6 % 3800 &
GUST VEL.. AT MAX. GUST MINUS 2 INTERVALS @3 L
GUST VEL, AT MAX, GUST MINUS 1 INTERVAL 22 .0 .
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 5.8 ' 2
GUST VEL. AT ®AX. GUST PLUS 2 INTERVALS 23 L
NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIAELE WHEN WIND SPEEDS ARE LESS [
R e o B e ARE UNRELLABILE WHE I arids ARE LESS THAN |
HSLMghingPgﬁpﬁhgqgn.“5ugﬁ READINGS HAVE NOT BEEN INCLUDED TN THE'DAIHQK !
. -0 MEAN FOR RELATIVE HUMIDITY AND DEW POINT,
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DAY‘S

RES, RES. AVG, HAX,  MEX,
¥AY,  NIN.  MEAN  WIMD WIND RIND GUST  GUST P'VAL MEAN NEAN SOLAR
DAY TENP, TEMP, TEMP, DIR, SPD, &PD, DIR, SPD. DIR, RH DP  PRECIP  EMERGY DAY
© JERC DEGC DEGC DEG WS M3 DEE WS 2 DEGC MM WH/Sa
i 14.3 A 7.2 (&2 1.5 2.1 109 b3 NNE 48 -45 0.0 xxewm |
-2 13a 0.8 5.8 05 g0 1.8 3 8.3 WNE 51 -3.6 0.0  wxwkxx 2
3 2.8 -1.6 3.6 083 2.1 2.4 139 b3 HE 47 -4.9 0.0 xexexe 3
4 13.1 4,4 B.8 092 2.1 2.2 4 7.9 B 3 -1.4 0.0 sxsxxx 4
b 14.9 A6 9.3 104 1.6 4% 11 7.6 ESE 35 S0 0.0 xxxxex 5
b 11,9 4,5 8.2 0% 1.3 1.7 9 5.7 ESE 72 2.4 3.4 nEREEx b
7 11.8 3.1 7.5 072 1.6 2.1 136 6,3 E 49 1.% B xeeex 7
8 3.2 -3 6.5 63 2.6 3109 B £ 60 -1.3 0.0 exxwex B
9 15.3 -1 ° 77 050 S L 077 31 N 53 2.7 b xEEskr 9
10 15.4 3 7.9 089 i1 1,7 358 7.6 EHE %2 -2.9 1.0 mxexxx (]
11 14,4 1.2 h.t 078 Ly 2.1 103 6,3 EHE 33 3.8 0.0 xxxmes 1]
12 12,5 B 6.7 117 d0 17 1R 7.4 E &5 -2 L2 EEERER {2
13 9.5 2.9 5,2 094 2.1 23 7% 3.7 N 74 1.5 1.0 exxxee 13
14 1341 3.3 82 N 3.8 4.0 091 11,4 ENE 48 -2.4 0.0 meaxkk 14
13 13,2 a3 %3 078 3.6 41 7 89 t %9 1.3 0.0 wememk 13
16 13.9 -1 6.9 303 8 1.7 22 S w7 T 0.0 wwkwex 16
17 11.0 A 5,7 35 t. 2.0 27 76 N7 1.8 1.0 sxxaex 17
8 7.7 1.9 4.8 {93 G0 1.4 279 7.6 E 89 2.5 6.2 resexx 18
1% 6.5 0.0 3.3 087 1.2 1.8 118 .1 ESE 84 g 7.2 dexeke 19
20 8.3 -.5 40 P 2.4 2.5 015 70 0N 71 -1.3 B2 xxexxx 20
21 14,4 3.0 W7 057 A DY S ) ! 44 H b4 3.8 0.0 xexeex 2
22 1.9 -2.7 4.6 070 2.5 2.8 083 B3I B 62 =29 0.0 amwExx 22
23 16,2 -.3 3.0 DA% 24 27 178 8.3 ENE 51 -4.4 0,0 mewwxx 23
24 9.2 1.8 da 06G 2.9 3.2 07 g3 HE - 46 -4.7 D0 s¥xExx 24
23 19,1 2.6 b4 Qb4 2,3 2.5 06 w7 ENE 63 -6 4.0 mxaawy 25
2b .4 3 a4 020 g0 1.4 294 ol N -8 00 seExEx 28
27 I -1,7 4.9 077 1.7 2.2 1z 7.0 B 47 2.7 0.0 wxemexe 27
;’3 10.3 :.P. 107 6 37 089 8.9 ENE 56 -2, 0.0 sswswx 2R
7 9.4 3.2 3.3 68 41 43 075 121 EME 75 2.4 0 0.0 ek 29
3"0 ’ 10.8 4,7 7.8 082 b 5.7 088 121 E 63 A 0.0 wexsx 30
RONTH 15,5 -3.0 0.4 D&Y LB 25 075 121 ENE 62 -1.2 33,6 xéwkex
GUST VEL. AT MaX, GUST MINUS 2 INTERVALS 8.3
F,HST' VEL . AT MAX. GUST MINUS 1 INTERVAL 10.8
- HUST 'JH..‘ AT MAX. GUST PLUS 1 TNTERVAL 11,4
GUST VEL. AT MAX., GUST PLUS 2 INTERVALS 8.3

RELATIVE HUMIDITY READINGS BRE UMREL
DHE METER PER SECOND. '

OR MONTHLY MiEaN &

o]

LI

AARLE WHEN WIND

SPEEDS

ARE LESS THAN

H”‘i“ﬂ'“:“ READINGS HAVE NMOT BEEM TNCLUDED IN THE DAILY
NELATTVE

HUMIDITY AND DEW FOINT,
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MONTHLY SUMMARY FOR WATANA WEATHER STATION
DATA TAKEN DURING October, 1984 Q

{
‘ ]

RES. RES. AVC. NAX. MAX, DAY'S
HAY.  NIN. MEAN  WIND WIND WIND CUST  GUST P/VAL MEAN MEAN SOLAR
DAY TEHP. TEMP. TEMP. DIR. GPD, SPD, DIR. SPD. DIR, RH DP  PRECIP  ENERGY DAY
DECC DEGC DEGC DEC M/S M/S  DEG /S v DEGC MM WM/SON
{107 2.9 &8 076 &5 A7 092 10,2 EME A2 -2 kMR mEEeR 1
- 2 8.9 ) 4,7 658 2.0 2,5 082 6.3 NE 72 =5 ERXE  EEeamx 2
1 83 25 2.9 02 1.7 21 084 b3 E 74 -D9 ek e 3
4 78 58 1.0 3 2.9 3.0 090 B3 E b6 5.3 wwex  wwwesr 4
s &1 1.1 2.5 059 44 45 07 115 ENE &3 3.5 s 23 5
b 6.8 4 35 0% 3.7 39 069 BT ENE 68 -1.7 mwkx 1235 4
7 7.2 22 25 07 23 24 0N 9.2 ENE B3 -0 xum 1035 7
B 4.7 A4 34 072 21 33 072 8.3 EME 90 1.9 wex RES B
9 34 2.4 9 D63 7 11 097 3.7 N 92 -6 %Ex 995 ¢
1 55 -5.0 3 073 23 25 M85 74 E 83 -2.8 e 1995 10
1 52 A5 A 081 2.2 2.4 074 8.3 ENE 85 -2.2 xnw 1540 11
12 24 -1.9 3021 14 15 21 68 N 89 1,3 wexs 1325 12
3 42 3.2 S 438 1.5 1.9 049 64 N 72 45 %xkx 1948 13
14 2 55 27 051 1.9 2.0 047 6.0 ME 4h  -T.9 wmx 1380 14
15 5 -84 40 29 5 1.2 28 51 W77 -hb s 1165 15
16 20 <50 1.5 070 2.4 28 049 7B NE T4 -h,7 kEex 1860 14 @
17 33 -1 -39 b4 24 27 085 8.3 NE Sb ~12.4 ¥ 1550 17 &
18 A2 7.6 1.7 @7 3.6 3.8 077 8.7 EME A6 -11.8B  wwex 1365 18
19 1.5 -b6 2.6 05 B 16 082 60 E 59 9.8 x# 925 19 o
200 2.2 7.5 -A9 675 A3 44 082 9.7 ENE VB 7.9 wem 905 20 B
2 32 22 5 075 57 5.8 082 12,0 ENE 69 4.6  xuer 1210 21 -
2 A5 3 24 0% 4B S0 076 124 ENE 75 -1.5  wees 420 20
M43 =53 -2 A5 25 2.4 O 7.4 W96 Db wekk 515 2% [l
24 0.0 -10.8 <54 072 1.2 1.6 012 55 ME B0 9.6  wekk 1535 24 ‘3
B -7 -127 -67 0% 1.8 2.2 872 60 E 56 -13.2 %sw 1175 25
26 2.0 -140 -8 069 1.8 1.9 086 5.5 ENE A0 -15.5 wexx 1125 26 ¥,
7 -1 A e 07 13 15 M8 A0 ENE 67 -15.3 e 1075 27 g
28 -A5 -3 =94 074 32 33 074 O2 ENE A5 -15.7  wekx 1075 28 -
29 -8.3 -14,2 123 077 34 3.6 083 97 E 53 2.0 xem 1035 29 .
3 94 158 12,6 877 A6 A7 092 181 ENE 52 -19.7  wkex 550 30 !
A 46 -11,7 8.2 04 S0 5.0 070 1.0 ENE &2  -15.1  xsex 895 31 g
HONTH 107 -16.2 -2.0 470 2.4 3.0 076 12,4 EME 70 -7 wesr 330k
GUST VEL, AT MAY.. GUST MINUS 2 TNTERVALS  ©,7 |
SUST VEL., AT MAX. GUST MINUS 1 TINTERVAL 10,1
GUST VEL., AT MAX, GUST PLUS 1 INTERVAL  10.6 . -
GUST VEL., AT MAX. GUST PLUS 2 INTERVALS © .7 2

NOTE: RELATIVE HUMIDITY READTNGS ARE UNREL: T OWMEN W 2 — “
- n men - mek DEARTNGS ARE. UNRELTARLE WHEN WIND SPEEDS ARF LESS THAN .

ggu rﬁTFRkPEg SECOND . SUCH READINGS HAVE NOT EEEN INCLUDED IN THE ﬁAIIYN 5
IRMONTHLY MEAN FOR RELATIVE HUMIDITY AND DEN POTNT. “o

o
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MONTHLY SUMMARY FOR WATANA WEATHER STATION
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R ey,

DATA TAKEN DURING November , 1984
RES, RES. AVG. MAX. MAY, DAY’S

MAX,  MIN. NEAN  WIND WIND NIMD GUST  GUST P/VAL MEAN MEAN SOLAR
DAY TEMP, TENP. TEMP, DIR. SPD. S¥D. DIR., SPD. DIR. RH DP  PRECIP  ENERGY DAY

DEGC DEGC DEGC DEC M/S W5 DEC /S 2 DECC MM WH/SOM
1 -1.5 -149 8,2 085 28 2.9 B0 74 E &5 -14.6 sem 1000 1
2 59 142 -0 091 20 22 099 55 £ 55 -18.5 sxxx 925 2
326 -142 -84 077 1.4 L6 108 A1 ENE 54 -17.0 ek 73 2
4 -84 144 114 19 1.2 1.5 03 A1 ONE 70 -15.5  kwex 835 4
5 <35 9.2 -b4 060 A1 A1 0k B3 ENE 71 -10.0 ke 215 5
<20 -48 <34 059 1.3 1.7 072 6.4 EME 7B -5.5  xsx 220 b
7 33 =77 -55 0 2.8 097 32 W 9B - mm 115 7
B <34 7.9 <57 094 1.2 1.4 08B 46 E 94 -5  wexe 220 8
9 64 170 11,8 M2 1.5 1B 085 4.6 EME 83 13,3 wex 55 9
; 10 -12.8 20,3 -17.1 044 1.6 2.0 107 A6 N B3 -19.3 wxsx 560 10
i 11 -168 -234 201 080 1.5 1.6 089 3.7 E 80 -33.7 xx 550 11
12 -159 -25.0 -20.5 082 20 22 M5 55 E T -P4.B  sexx 570 12
13 -13.5 -22.8 -18.2 078 3.7 3B 072 97 E  bb P34 mum 565 13
14 -13.5 -20.7 171 06 5.7 5.8 064 11,0 ENE 67 -2 suss 305 14
5 74 133 <104 071 42 AT 071 9.2 ENE TR 14,0 sk 335 15
16 7.5 -143 -10.9 084 2.3 2.4 076 &4 E B9 -11.5 wekx W5 16
17 -10.3. <163 -13.3 W9 40 A0 076 8.7 EME 87 -14.2 sem 295 17
18 -85 -14.9 -7 2 31 32 078 7.8 EME BR  -12.4  wekx 90 18
19 -5 162 134 071 31 32 062 110 ENE 85 -15.4  xems 560 19
20 A -120 -58 B 700 7.2 102 14,3 E 83 -9.5 s 10 20
2l L3 -9 <18 03 5 2.8 081 100 W 93 <23 sxkx 175 21
2 -As <107 77 04 1.2 1.3 0 37 N B9 -9.3 sk 30 2
' 2 ST -1l <93 M7 9 1 055 A N 94 104 sk 160 23
24 =96 <127 12 M9 7 8 00 37 N 93 ~12.9  swes 65 24
35 -126 -17.1 -14.9 g4 78 103 2.3 ME 9 155 sk 105 25
, b 178 221 20,0 087 4.4 1.4 091 A1 E B4 <219  wemx 180 24
i 7 a1 =232 177 08 25 25 079 1.0 E B -18.1 ke 6 27
2B 17 -7 132 09 A5 A6 00 8.3 ENE B2 -15.6  xkxk 120 28
2 104 33 -5 074 33 35 07 74 BNE B -135 ke 13 29
83 <133 -10.8 082 20 21 065 6.9 E B3 1.8 xexs 140 30

HONTH 104 -25.0 -11.2 070 23 24 102 143 ENE 79 -14.4 sem 10705

GUST VEL. A1 MAX. GUST MINUS 2 INTERVALS 12.0
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 13,4
WUST VEL. AT MAX., GUST PLUS 1 INTERVAL 12,4
GUST VEL. AT MAX. GUST PLUS 2 TNTERVALE 11
NOTE: RELATIVE HUMIDITY READINGS

ELATIVE HUM S ARE UNRELIABLE WHEN WIND SPEEDS ARE LEGS T
ONE METER PER SECOND, SUGH READINC | LEhS ARE LESS THAN

| 44
ot

N o Y 85 HAVE NOT BEEN INCLUDED IN THE DATL.Y
% R MONTHLY MiEAN FOR RELATIVE HUMIDITY AND DEW POINT,
)




L |

2 & ™

-

SIS TN

MONTHLY SUMMARY FOR WATANA WEATHER STATION

DATA TAKEN DURING December, 1984

CONSLILL T adNT S,
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RES. RES., AUG., HAX. HAX. DAY'S
MAX,  MIN, MEAN  BIMD WIHD WIND GUST  GUST P/VAL MEAN MEAN SOLAR
DAY TENP. TEMP. TENP, DIR. SPD, SPD. DIR., SPD. DIR, R IP  PRECIP  ENERGY DAY
DEGC DEEC DEGC DEE M/5 WS DEG  MW/S £ DEEC MM WH/SBH
1 -5.8 -85 ~-7.2 1050 3.6 3.7 050 b4 NE 79 10,2  axxs 1% 1
2 -4.1 -B.7 -b4 857 1.4 A5 059 7.8 NE 75 ~10.3  suxx 135 2
3 2,9 =49 -39 061 4.2 43 A 7.4 EKE 75 7.8 wewx 1y - 3
4 80 <29 -5 068 48 4.9 089 11,0 ENE 75 -D.2  *xux 185 4
3 -1,0 =67 5.9 063 3,7 3.B 088 9.2 ERE B3  -4.8  wxxx 125 9
& -6,7 -10.1 -B.4 (&9 1.0 1.1 072 2.8 E 87 -10.6 sxxx 128 &
7 -6.7 %5 -31 I 1.5 1.7 076 .4 EHE BB  -9.6 Exxx o 7
8 -7 =93 -B.§ 278 2.3 3.6 2bb 10,1 B 92 -9.3 ax%x B ®
9 -2.4 -i?.3 -14,4 3132 7 1.3 262 7.4 N BY -16,2  sumx by 9
19 -85 -20.6 -8 Q72 4.5 4,6 097 11,0 ENE 75 -20.9  sxex 117 11
11 %EBRy RERER  WXEKRE  BER BEEN O EREX O ER ERNE O OENE  EE RRENE O REN®  EEX®R 1
12 XEMER NEMEE HRNEE BNE ERER RRRE O EEE ANEE  ENX R RNENE O XENE  NENEER 12
13 -5 -21.6 ~1%.1 080 1.7 1.8 190 4.6 E 73 -22.7 e 48 13
14 -1R.7 -24.5 -21.6 (082 2.4 2,5 095 7.8 ENE AT -25.9  wwus 222 14
19 wed O BROEHE HE R R K ROEX RRE R RRENN BERX xEemr {5
16 XxWEk  KMEEE MHEEE O WRE FEER O NARE KK BNRE OBNE BE O RNNEX  RNNE ANENRK 1
17 7.9 -1l3 9.6 115 i 97094 3.2 ESE 93 -10.3  wy# 13 17
18 -4,0 -B.4 -2 097 .8 9 126 2.8 E 93 =71 e ol 18
17 -3t -129 -8.0 078 2.1 3.2 079 8.7 E 70 -13.8 wuxx 305 19
20 ERERE  RNAKX  BREEE k¥E FEER RREE AR EREE OARE XX REENE XAXR fraxxx 20
21 REKEX  BEER BB KEK XENE  RRNE BHE KXEX KEE KR KRR ERNE KREREE D)
22 FERRR  OHERE O REXRE  BER RKNK RRBX MK KEKE O BNE MK XENEX  NRNE  KEEENR 22
23 RRREX O NBRRE KRENE O MKK  NEEE BN MEE O KEEE KRN K KEERE  RKEK  KEKEER 23
SA EAREE  NMERE  HOHEE  REE ENER RERN NN XERR XEE XK ANENN O KEKE  NNARK 24
23 RRNER MOOEK NNKEE KRR RRER  MENE BNK NNNE RER RE KRNHN  RENE 22251 S
Ch  RREEK  XRNEE  RNRER KRN BEEE RNND KKK EKEE  NNN F KEERR  REEM EETE Y ST
87 WEERE RERRE RNRES SKN KRNN O KNKE  ERE O XKRK ENE KE NEWNE ERRE  XERARE 27
2B REERE  BRREK O ZRKEK RKE  NNAK  NENE  NEK O HNEE NN ¥ ORKRNX OBNNX XXERSX 2B
27 NEEEE RREEE  BUBEE  RKR  RNNE O BENK  XNE FERE KN X EXERR O REKXE O BRaxk 29
30 EREXK RNRNE KEKNE N NNEK KN NNK RNk Rk R KNRER XEER EXRRNE 30
31 HOHEE KB RRNE RNE NENE RRKE O KEE RNNE REN FEORBREE  OERER EREERER 3
HORTH 0.0 -24.5 -9, 043 2,3 3.0 089 11,0 ENE B0 -12.4  sExx 1910
GUST VEL., aT HAX. GUST MINUG @ INTERVALS 10.1
GUST VEL. 4T MAX., GUST HMINUS 1 INTERVAL 10,6
CUST VEL., AT MAX. GUST PLUS 1 INTERUAL 8.7
GUST VEL., 6T MAX, GUsT PLUS 2 INTERVALS &, 9

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIARLE WHEN WIND SPEEDS

(IME. METER PER

;3?3

G

ITY READING ‘ , ARE LESS THAN |
_ R SECOND, SUCH READINGS HAVE NOT KEEN INCLUDED IN THE DAILY .
OR HONTHLY MEAN FOR RELATIVE HUMIDITY AND DEM POTNT .
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3 " 198k
i PRELIMINARY LOCAL CLIMATOLOGICAL DATA SEPTEMRZR
]
- pe— LONGITUDE, GROUND ELEVATION iHj STANDARD TiME
- / ALASKAN
62 ° 1B« 150° 06 « 45 o
SUNSHINE -
;i : TEMPERATURE *F PRECIPITATION (lﬂ-’ “0’!, - r WIND - ‘;,
‘ 113 4 A d TAITEST MILE >
; ; pe. |PEGREE DAYS PELLETH Torat «0 WEATHER
34 o PAR. | (Base 65°) YoraL iICE  JAVENAGE . PER- | W £s
x| moe | owine | oaver- |roee (ates at, on | sezeo | p!: . tiny | cewt Bz GCCURRENCES R
v | mum UK ace frron] o |ooon] e IcE GROUND | (mph.) SIREC. Pos- | LE3Z
- - ¥
':‘i":' wo | ine loort) PELLETS | (mph) ] Tion snve| EEE 03 8
3 M
g \ 2 s 4 s [N to 11 12 13 1e. 1 s 17 1 s 18
: SIS 2ol X g0 l
1)
bl 3] 49- /1, e i | 13
e X /5 1.4 Rk

by

|
REAEYECINES
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A ™
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»
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%
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0l A3 4T vl ]t O o |4.51/c]oa SKINAN
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i s 5al3Y¥43/lo33|0 | © | © | © 3.‘1 7 1 7X3 /0
i 23SV 4s *6[/ 7S] T ] © | O35 7Jl3y3 S3[/0
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=117{b2 o —— g
TRMPERATURE DATA PRECIPITATION DATA WEATHER ) SYMBOLS USED IN COLUMN 14 |
ﬁ” AVERAGE WONTHLY l/x L S TOTAL FOR THE MONTH /s 3 N, A OF DAYS = i *¥oa
L GEFAATURE "RWNQMAL.—.___.____‘;' <. \e DEPARTURR FROM NORMAL ~ o QL’ N, CLEAR (Scale 0=3) 3% FOG REDUCING VISIBILITY

4= ICK PELLETS

. TO } MILE OR LESS
mﬂﬁli‘f_...g?.?__on __.._._LO.__. GREATEST N Ja nm.-'—x:l___ an Ij__g'onnn.v CLOUDY (Scale 4-7) -——-——-1- 3 5 THINDER
Lowzsv.._g_.‘__ ON -—-____a_L_ SHOWKFALL, ICE PELLYETS CLOUDY (Scele §~10) ; 3

HUMBER OF DAYS WITH - TotaL rorRTHE Mok 8D 1w, with oot iNch or mone erecie, S 5 unan

MAX, 327 O BELOW GREATEST N 20 RS e D 0N T wiTH 0,10 IHEN OR KCRE PRECIH

( MAX. $0° ON ABOVE =) OREATEST DEFTH ON anouuu__@__ ON _. T~ WITH 0,30 iNCH OR MONE PRECIR,

€ S OLATE GR RiMK i
NLOWIWG DUST OR sLow p

7 % SAND REDUCING VENY 70”6 *

) . I MiLz OR LEss

PRESSURE DAT Q 2 WITN 4,00 1HCH OR MSRY nzcw.____Q._ 8 ¥ 3IMOKE OR KAZE

HioHEsST :u-o_zvuuo‘ N ON

N = 7 3 BLOWING SNOW I
west sea-vever L0 i 6 i
LowesT s N X = TORNADO ;

ooty

s

HIN, 32 OoR NELOW

MIN, 0* OR BELOW

]
el

HEATING DIGREE DAYS (Daas 69%)

o
L
TOTAL THIS MONTH /\§
MAXIMUM PRECIPITATION
DEPARTURE FROM NORMAL .. Q . = e

At (Niputen) 5 16 15 20 30 a5 60 o 160 120 ;
sEasor Cd. = Mo te0!
ASOKAL TOTAL /0932 BRECI®ITATION 1

. F inches
- . DEPARTURE FAOW NOGAMAL -_':_b_\i. £ :
%,

) ENGED: DATE
5 COOLING DEGNEE DAYS (Dase 48

—

B
!
[

, TIME k s
TOTAL YHIS MONTH . % i ] ‘"m wind lplﬂd i¢ based on 24 hot&.;*'m esa othervise indieat(
‘:::":‘u:: :::'ou HORMAL 3 Trl‘gﬂlt one minute wind spsed end its direetion.

wanon + Lmow data 18 © ned at O500A vhere sated.
DEPAATY :rnouuonnn.____"‘__z_ isates only the last of lo'.rl_l. DOUTTORGES.

Synoptic data is based on 6 hours unless othervise indisated.

SUPERSEDES WS FORM F=8 (374 WHICH SHOULD BE USED UNTIL KXISTING STOCK IS NEPLETZO,

«
N
,

raw e
"i FOAM Fug

® U.S. G.P,0. 190146H008 108 REG.#G
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(1L ) NATIONAL WEATHER SERVICE

WSCMO, TALKEETHA, ALASKA
% PRELIKINARY LOCAL CLIMATOLOGICAL DATA " OCTCRER 1 9&
LATITUDE LONGITUDE [GROUND ELEVATION (H) STANDARD TIME e
62 18 - 150 06! - 343 -v.| _ALASKAN =
TEMPEAATURE *F PRECIFITATION {In.) “t. wWIND SUNSHINE E ' o
- pe. |[PEGIEE DAYS "!::L:‘“; . ;“"'" o FoTAL * ,§ weATHER y y - éé
PaAN Hase &5 TOYA. Oine 1ce AVERLGE: PER- | s

0] vl Bl oo 1 g sy e B I e O B L O B ,,a" SN T
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GLOSSARY OF ABBREVIATED TERMS

R A ke ) 4 e 5 s St s

ALCAP - 2" Aluminum Cap set on a 5/8" rebar with cross-section
identification marking.

i ANGL PT - Angle point in horizontal alignment marked by an alcap.
J BRK -Break in slope

E VEG - Edge of vegetation

GS - Ground shct on even slope

POL - Point on line of horizontal alignment

| LB - Left Bank
j. RB - Right Bank
L L EOW,
- R EOW - Left or right edge of water surface
%
o RIV BOT -Elevation in submerged channel
1 | |
F TOE - Base of a slope
/ .
k "OP - Top of a slope
f

NOTE: Al tabulated ¢rosg section data begin at the Jeft bank when

Viewead looking downstream, with the exception of CRX RM 9.0
which begin on the right bank
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EEOITHENT 1984 rpons section LRY 25.9
DAHTE AUGURT 15. 1%

i : vy Y RX% X%XN%  DESURIPTION  xxxxx
I GECTION: j o 5.0 | EOW
140 20.5 BRIV ROGT
ﬁ 190 1.5 RIV BOT
' 215 55 BRIV BOT
241 6.5 RIV. ROT
P65 -n.8 RIV ROT
E 290 n,2 RIV EOT
315 .72 RIV HOT

RIV ERQOT
RIV RGT
RIV BOT
BRIV ROT
RIV BOT
RIV ROT
RIV EOT
RIV ®BOT ~ : o i SR
RIV BOT g i N xRS
RIV QT , ' : !

RIV EBOT
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Nute: This data was compiled frem U.S.G.S. streamgaging measurement
| field notes. BAll "y" values sre soundings, "x" values are

. estimated distances. This cross section uses a datum estimated
from a U.S.G.S. topographic map.
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SUSITNA HYDROGRAPHIC SURVEYS
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SUSITNA HYDROGRAPHIC SURVEYS

1984 cross section LRX 91.8
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SUSITNA HYDROGRAPHIC SURVEYS
1984 cross section LRX 97.1
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SUSITNA HYDROGRAPHIC SURVEYS
1984 cross section LRX 98.0

llllllllrllfllll!l lrlllllfl 1l‘|l|llllllllllllllllllllll llll?llll

liillllll llllllllf ll!l]l[rl lllllllllllllillllllllllllll tllllllllllllll‘lvl|

!

TTTT

I!lilllllilll

- o
.6
. E
P - ]
-0 E
50 _
- ]
o -
3 \§ /é =
- 0 3 4 ! ]
SN B WA=y e Vi N ek : -
: VNS BTl A § E
- | E
- - ) -
) ] | J
e { \_fﬂ // .
- v U :
- o ]
() — :
: i :
?’5’%?50“ © A\ o o® 4300 ® o° 0 0 N ¥ o ¢ .g
e TR Y FTAL. P FEEL O PV VATV LA PP AT T T L T T T T HETTRHC AR
k 19 » 111 |n|1n|7'b1n|"" ' PREPARED FOR:

SIS DISTANCE FT HARIA-EBASED

R&VI CONSULTANTS, INC.
BENGINEEAS CECGLOGISTS PsLaNN uRs sSunveEvonas SUSITNA JO’NT VENTURE




P

M15/31 78

APPENDIX C

Blueline Photomosaic Maps of the Lower Susitna River
Showing Locations of Cross Sections and
Fisherjes Habitat Study Areas
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