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1.0 INTRODUCTION

The study of ice on the Susitna River has been ongoing since the winter
of 1980-1981. The documentation has been restricted to oblique aerial
photography and intermittent observations by field crews. Initially, the
intent was to target locations of specific ice processes such as frazil ice
generation, shore ice constrictions, ice bridges, and ice jams. Much
qualitative information was gathered and documented in the lce Observa-
tions Reports (R&M 1981b, 1982d). Renewed emphasis by environmental
concerns on potential modifications to the river ice regime by hydroelectric
power development resulted in a more refined ice program for 1982-1983
directed towards specific problems which may be unique to the Susitna
River. Staging, ice cover development in sloughs, ice jams and their
relationship to sloughs, and sediment transport are among the topics
discussed in this report. It is beyond the scope of the current study to
mathematically analyze the specific mechanics of river ice processes, in-
stead, the objective is to describe the phenomena based on field observa-
tions and measurements.

1.1 Background

Beginning in the winter of 1980-1981, R&M Consultants was involved
in surveying over 100 river cross sections between Talkeetna and the
proposed damsite at Watana (R&M 1981a, 1982¢). Ice thickness data
were collected in conjunction with these surveys and used to compile
a profile of the Susitna River ice cover downstream of Watana.
Additional historical information on ice thicknesses is available from
the U.S. Geological Survey (USGS). This agency maintains several
~treamgaging sites on the Susitna River and most are visited during
the winter to obtain under-ice discharges. Upper Susitna data re-
cords begin in 1950 for Gold Creek and 1962 for the Cantwell site.
Bilello of the U.S. Army Cold Regions Research and Engineering
Laboratory (CRREL) conducted a comprehensive study entitled, “A
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Winter Environmental Data Survey of the Drainage Basin of the Upper
Susitna River, Alaska” (1980). This report summarizes monthly ice
thickness measurements from 1961 to 1967 at Talkeetna and from 1967
to 1970 near Trapper's Creek.

Information concerning other aspects of the ice regime on the Susitna
is scarce. The best potential source for a variety of qualitative
historical information concerning ice jams and floods are area re-
sidents, especially those employed by the Alaska Railroad. Many
interviews were conducted and the resulting information was docu-
mented in the 1981 ice report (R&M 1981b). This first ice report
consisted mostly of narrative chronological descriptions based on
aerial observations at various sites. The report also contains most of
the historical information available from the U.S. Geological Survey,
the National Weather Service - River Forecast Center, and the U.S.
Army, Corp of Engineers.

The ice study of 1981-1982 followed the same general guidelines.
Aerial reconnaissance was conducted weekly through January and the
freeze-up sequence Was described in the final report (R&M 1982d).
lce thickness measurements were obtained at many of the locations
surveyed in 1981 in order to assess yearly variability. Breakup was
periodically observaed from April 12 to May 15, and documentation was
limited to information gathered on aerial overflights.

Scope of Work for 1982-1983

The Susitna River ice studies evolved considerably during the past
year. Emphasis was placed on documenting site specific, ice cover
induced probiems identified during previous observations. These
included ice jamming and flooding at the Susitna confluence with the
east channel of the Chulitna River, staging effects through spawning
areas, and ice jamming near the proposed upstream cofferdam at
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Watana. Reaches where ice jams recur annually were investigated for
morphologic changes and identification of critical factors governing ice
jam formation. Collection of additional quantitative data was also
required for proposed modelling efforts. These data included ve-
locities, maximum stages at various sites, ice thicknesses, ice dis-
charges, . ~*es of ice cover advance, water temperatures, and loca-
tions of signit.:jnt open leads. The number of observations was
increased in proportion to the frequency of specific ice events and
during breakup, field crews documented daily changes in the ice
cover. The specific data collected during the 1982-1983 season in-

cluded:

1. Locations of ice bridges

2. Rate of upstream progression of the ice cover
3. lce discharge estimates

4. Ice cover at tributaries

5. lce cover at aquatic habitat areas

6. Water temperature

7. Locations and size of open leads

8. Aerial photography, oblique and vertical
9. Meteorological data at specific sites

10. lce cover processes in Devil Canyon

11. Maximum water levels

12. ice thicknesses

13. Velocities and discharges

14. Profiles and cross sections

15. Time-lapse photography

16. Locations and effects of ice jams

17. Water table fluctuations

Meteorological data from five weather stations near the river channel
are summarized in Section 3. In addition, figures are provided that
illustrate the variability in air temperatures, freezing degree-days
and precipitation from the upper Susitna at Denali to Valkeetna.
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Section 4 considers the processes associated with ice cover develop-
ment and how they relate to the 1982 Susitna River freeze-up.
Breakup is described in Section 5, beginning with the initial pro-
cesses of ice deterioration followed by the cause and effects of ice
jams.

The subtle processes of sediment transport during freeze-up are
described in Section 6, along with the more dramatic nature of ice
scouring and erosion during breakup.

Section 7 discusses the environmental effects induced by ice cover
development. Topics. in this section include:

Channel morphology changes

Aquatic habitat modifications

Relationship between sloughs and ice jams
Damage to vegetation

lce regime in side channels and sloughs

DN Hh W -

Flooding of islands

Photographs illustrating specific ice processes and events, have been
included in order to assist those who are unfamiliar with river ice in
gaining an understanding of the characteristics and effects of the
Susitna River ice regime.

Many of the discussions in this report rely on a familiarity with
certain place names and river mile locations. Table 1.1 lists those
which are environmentally significant and often referred to in the
test. Figure 1.1 shows the Susitna Hydroelectric Project location
relative to southcentral Alaska. River mile locations have been an-
notated on detailed river maps included in Appendix B. Left bank
and right bank in this report refer to the respective shorelines when
viewed looking downstream.




TABLE 1.1

RIVER MILE LOCATIONS OF SIGNIFICANT FEATURES
ON THE SUSITNA RIVER

Place River Mile *
Devil Canyon 150.0
Portage Creek 149.0
Slough 22 144.5
Slough 21 142.0
Indian River 138.5
Gold Creek 136.5
Slough 11 136.4
Sherman 131.0
Slough 9 129.0
Slough 8 127.0
Slough 7 123.0
Curry 121.0
Lane Creek 114.0
Chase 108.0
Whiskers Creek 101.0
Chulitna/Susitna Confluence 98.5
Talkeetna 97.0
Birch Creek Slough 93.0
Sunshine/Parks Highway Bridge 84.0
Rabideux Creek 83.0
Montana Creek 77.0
Goose Creek Slough 72.0
Kashwitna Creek 61.0
Willow Creek 49.0
Deshka River 40.5
Yentna River 28.0
Susitna Station 25.5
Alexander Slough 19.0
Alexander 10.0
* Photo mosaic maps indicating river miles are included in Appendix B.

Locations indicate the most upstream and or entrance.

s6/1l -5 -
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2.0 SUMMARY

Frazil ice generally first appears on the Susitna River between Denali and
Vee Canyon. This reach of river is commonly subjected to freezing air
temperatures by mid-September. By the end of October 1983, the entire
river had cooled to 0°C and frazil slush had accumulated into an ice cover
that started near Cook Inlet and extended upstream to Talkeetna. The
development of an ice cover on the lower river below Talkeetna required
only about 14 days. This rapid ice cover progression was due primarily to
the gentle gradient, low flow velocities and broad river channel common to
this section. Very little staging was necessary during the ice cover
advance, generally 1-2 feet upstream to approximately river mile (RM) 67
and then steadily more as the channel gradient became steeper. At

Talkeetna the staging amounted to over 4 feet near the entrance to a side
channel.

On November 5, 1983 an ice jam occurred at the confluence of the Chulitna
River east channel and the Susitna mainstem. This initiated the ice cover
progression on the Susitna upstream to Gold Creek. Staging along this
reach was generally more extreme with water levels commonly increasing
more than 4 feet. The leading edge reached Gold Creek by January 14,
1983 after having slowed to a progression rate of only 0.05 miles/day.
This was due to a reduction in the ice discharge caused by the
development of an ice cover in the upper river which effectively sealed off
the air/water interface preventing frazil generation. The reach from Gold
Creek to Devil Canyon took considerably longer to freeze and the
processes involved were also different from those in the reaches further

downstream. This area experienced extensive shore ice development and
ice dams. <

A time lapse camera was mounted on the south rim of Devil Canyon in
order to document the formation of massive ice shelves that develop near
the proposed damsite. The ice cover in this turbulent, high velocity
reach, often the first to form on the entire Susitna River, was very
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unstable and was constantly either disintegrating or accumulating. The
8 mm movie camera provided footage that revealed valuable information
concerning how an ice cover forms over rapids.

The upper river from Devil Canyon to Denali was not monitored closely
during freeze-up or breakup but routine flights to Watana Camp provided
much interesting qualitative information on the processes affecting this
reach. Essentially, this reach develops wide shore ice by building
successive layers of frazil and snow slush. The channel finally becomes so
narrow that slush is entrapped and eventually freezes into a continuous ice
cover.

After an inital ice cover forms, continually decreasing water levels lower
the floating ice until the majority of the cover has settled on the bottom,
often conforming to the channel configuration. Open Ileads begin
developing over turbulent water. Some may gradually close again through
accumulations of fine slush ice against the downstream edge of the lead.
Many open leads persist all winter.

Groundwater seeping into the mainstem, side channeis and sloughs usually
erodes away the existing ice cover. These areas can remain ice free for
most of the winter.

Breakup is generally initiated by increasing incident soler radiation, warm
air temperatures, and subsequent rising water levels. The first effects
are seen during April when open leads begin to enlarge and the ice cover
surrounding these leads is gradually undercut by higher flows. lce
fragments collapse into the leads and drift downstream to pile up against
the solid ice cover. Eventually open leads may merge, creating a long,
wide channel. The small jams commonly associated with the lead
enlargement process, can accumulate sufficient mass to ground on the
channel bottom. This caused the first jams to form at Lane Creek and at
Slough 21. Essentially, open leads continue lengthening until the river is
divided between reaches of open water and large masses of accumulated ice
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debris. The ice jams then release in succession starting with the jam
furthest upstream which, in 1983, was at Slough 21. The debris drifts
with the current until encountering the next jam. The volume of drifting
ice can become so massive that most ice jams are immediately swept away,
further increasing the total accumulated mass.

In May of 1983 an extensive buildup of flowing ice debris was stopped near
Chase by a combination of the only remaining solid ice cover, and a
shallow reach of river nearly 3 miles long. The ice cover disintegrated on
impact but stalled the flow long enough for the ice to pile up and ground
fast. This jam held for two days and the ice debris then flowed
unobstructed to Cook Inlet. Although by May 10, 1983 the entire river
was essentially ice free, ice floes continued drifting downstream for several
weeks as previously stranded floes were picked up by steadily increasing
discharges,

The lower Susitna River downstream of Talkeetna experienced an extremely
mild breakup. Observers at the Deshka River confluence and at Susitna
Station thoroughly documented breakup this year. Their descriptions and
data indicated that the ice cover fragmented and flowed out between May 2
and May 4. Most of the ice cover simply deteriorated while remaining
shore-fast and little jamming activity took place. The only significant ice
jam below the Parks Highway Bridge occurred near the confluence with
Montana Creek.

This past river ice season was significantly moderated by mild
temperatures and snowfall. lIce thicknesses did not Eeach proportions of
previous years and little precipitation occurred during breakup. Much
data was documented during freeze-up in 1982 and breakup in 1983 for
computer modelling input but it ‘must be recognized that they do not
necessarily represent conditions in a normal year.
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3.0 METEOROLOGY

Mathematical derivations of heat exchange coefficients will be required for
computer simulations of river ice cover formation. Accurate and consistent
measurements of meteorological parameters are essential for developing
representative values for the heat gain and heat loss components of the
energy exchange equation. A detailed heat exchange analysis is beyond
the scope of this report. This section is limited to brief comments on the
processes of surface heat exchange, definitions of the mechanisms by
which they occur and identification of the meteorological parameters that
are currently being monitored in the vicinity of the Susitna Hydroelectric
Project.

Natura! water bodies receive the most heat from solar shortwave radiation
(Hs) and longwave atmospheric radiation (Ha), and lose heat to the
atmosphere by longwave back radiation (Hb)' evaporation heat loss (He),
and conduction heat loss (Hc)' Not all of the incoming solar and long
wave radiation is absorbed. A certain percentage is reflected at the water
surface and these values are generally computed based on reflectivity
coefficients which are ratios of reflected radiation to incident radiation.
Reflected solar radiation (Hsr) is wusually of greater magnitude than
reflected atmospheric radiation (Har)' but more variable due to cloud
cover, latitude, and altitude.

The net rate of heat transfer across a water surface is:

H = (Hs - Hsr * Ha - Har) - (Hb s Hc * He).
The parameters representing the absorbed radiation, combined in the
parentheses on the left, are independent of the water surface temperature.
The terms in the right parentheses represent the temperature dependent
parameters of heat loss, (Edinger, 1974).

-10-
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Values for the individual heat exchange components can be derived from
the following measured meteorological variables: solar radiation, air
temperature, and dew point temperature. These parameters have been
monitored at several locations throughout the upper Susitna Basin for the
past 3 years by R&M Consultants. In addition, a 42 year record is
available from the meteorological station at the Talkeetna Airport operated
by the National Weather Service. These weather stations were selected for
the data summaries included in this report because they are situated close
to the river and most accurately represent the climatic regime directly
influencing the water surface. They are located at Denali, Watana, Devil
Canyon, Sherman, and Talkeetna. Additional information about each
weather station, including exact location and sensor specifications, have
been published previously and is therefore not included in this report.
Those readers not familiar with this aspect of the project may wish to
consult the Processed Climatic Data Reports, Volumes 1-8 (R&M, 1982e)
which includes a detailed description of the meteorological data collection
program.

Mean maximum, mean minimum and mean daily air temperatures for each
station from September 1982 through May 1983 have been summarized in
Table 3.1. Mean daily air temperatures are plotted in Figure 3.1. Tables
3.2, 3.3, and 3.4 list the number of freezing degree-days per month
between September and May for the existing record at each station
(Talkeetna 1980-1983 only), and are graphed in Figure 3.2. Only the
Watana (R&M Consultants) and Talkeetna (NWS) stations have the
capability to measure precipitation on a daily basis throughout the winter
months. These data have been plotted in Figure 3.3.

The meteorology within the upper Susitna Basin is highly variable at any
given time between weather station sites. This is due, in part, to the
movement of storm systems, the topographic variance, and the change in
latitude, but mostly to the 2,400 feet difference in elevation between Denali
and Talkeetna. The graphs presented in this section illustrate not only
the colder daily temperatures at Denali but also their longer duration. In

-11-
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October 1982, for instance, Denali had a total of approximately 370
freezing degree days (°C) while Talkeetna had only 170. This difference
may be significant since the entire Susitna River downstream of Talkeetna
developed an ice cover by November 1, 1982. Caution is therefore advised
in using average values for the Susitna Basin since these may not be
representative of any location along the river. There is also significant
difference in precipitation and wind run between Watana and Talkeetna.
Watana receives only a fraction of the precipitation measured at Talkeetna
primarily because of orographic effects at Watana and the high
concentration of storm systems from Chulitna Pass to Talkeetna. The
Watana weather station is situated on a high plateau and is exposed to
wind runs not common on the river.

The data summarized in the tables and figures in this section are based on

published and provisional monthly meteorological summaries from each
respective weather station. These have been included in Appendix B.

-12-
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TABLE 3.1
METEOROLOG!I CAL DATA SUMMARY FROM SELECTED WEATHER
STATIONS ALONG THE UPPER SUSITNA RIVER
SEPTEMBER 1982 - MAY 1983
i Air Temperatures
Mean Mean Mean Departure Departure Depth of Snow
Max i mum Minimum Monthly from Normai Precipitation from Normal on Ground

{°c) _.{° {°C) (°c} (mm) (mm}) (cm)
September 1982
Talkeetna 11.% 4.1 7.8 0.0 190.0 76.1 0.0
Sherman 1.4 2.8 1 0.0 232,2 0.0 -
Devil Canyon 9.5 2.5 6.0 1.4 156.6 59.1 -
Watana 8.h 1.6 5.0 0.4 100.8 15.6 -
Denali%* - - 3.6 -0.2 - - -
Basin Average 10.2 2.8 5.9 0.3 169.9 37.7 0.0
October 1}
Tatkeetna -0.6 =9.4 =5.0 4.9 52,2 -11.8 40.3
Sherman®* 1.0 -8.0 -5.7 0.0 - - -
Devil Canyon -2.6 -9.8 -6.2 -4.1 - - -
Watana -3.3 -11.9 -7.6 -3.8 4.2 -6.1 -
Denali - - -11.8 -6.0 - - -
Basin Average 1.4 -9.8 -7.3 -3.8 28.2 ~9.0 -
November 1982 !
Talkeetna -4, 4 -12.6 -8.5 -0.4 42.8 -2.3 70.6
Sherman* -4.% =11, 4 -10.0 0.0 - - -
Devil Canyon -5.8 -11.9 -8.9 -1.5 - - -
Watana -7.1 -4 -10.7 =1.4 0.2 -2.4 -
Denal i* - - -15.7 -5.2 - - -
Basin Average =5.5 -12.6 -10.8 -1.7 21.5 -2.4 -
* Partial Record - Some valuns tor mean daily temperatures, used to compute the mean monthly temperature, are based on

linear regression analysas.,

Suee Appendix A,
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TABLE 3.1 (Continued)

Air _Temperatures

Mean Mean Mean Departure Departure Depth of Snow
Max i mum Minimum Monthly from Normal Precipitation from Normal on Ground

(°cy) (°cy {°C) (°cy (mm) {mm} {cm)
December 1982
Tatkeetna -3.5 -10.8 -7.2 5.6 45.4 2.3 73.1
Sherman -4.8 -12.7 -8.7 0.0 - - -
Devil Canyon -5.1 -11.3 -8.2 4.4 - - -
Watana -6.9 -13.9 =10.4 N7 7.0 2.3 -
Denal i% -9.6 -19.6 -15.4 4.8 - - -
Basin Average -6.0 -13.7 -10.0 3.9 26.2 2.3 -
January 1983
Talkeetna -6.2 -15.4 ~-10.8 2.3 11.6 -24.9 80.6
Sherman®* -8.6 -17.4 -11.0 0.0 - - -
Devi.l Canyon#* -8.5 -15.4 -11.4 -1.5% - - 93.2
Watana -11.0 -17.4 -t4.1 -1.2 2.8 1.3 26.2
Denali* -12.1 -22.0 -17.1 -1.2 - - 20.9
Basin Average -9.3 -17.5 -12.9 -0.3 7.2 -11.8 55.2
february 1983
Talkeeina -1.7 -13.3 -7.% 2.3 11.6 -27.0 80.6
Sherman® -9.1 -21.5% -8.0 0.0 - - 107.9
Devil Canyon -3.2 -11.9 -7.5 1.5 - - 93,2
Watana -6.5 ~13.6 -10.0 -2.5 0.0 ~-15.2 29.0
Denali -8.9 -19.3 -14.1 0.7 - - 25.7
Basin Average -5.9 -15.9 -9. 4 0.4 5.8 -21.1 67.3
* Partial Record - Some values For mean daily temperatures, used to compute the mean monthly temperature, are based on

linear regression analyses.

See Appendix A,
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TABLE 3.1 (Continued)

Air Temperatures

Mean Mean Mean Departure Departure Depth of Snow
Max i mum Minimum Monthly from Norma} Precipitation from Normal on Ground

{°c) (°c) [°c) (°c) {mm) (mm) (cm)
March 1983
Talkeetna 3.7 -10.7 -3.9 3.6 2.3 -35.3 75.6
Sherman® 6.1 -11.2 -4,2 0.0 - - 106.8
Devil Canyon 0.7 -10.5 -4.9 -0.3 - - 96.3
Watana -3.3 ~-12.0 7.6 ~0.9 - - -
Denati i ~5.3 -18.2 -11.8 -2.2 - - 37.8
Basin Average 1.9 -12.5 -6.4 0.0 2.3 ~35.3 78.9
April 1983
Talkeetna 6.9 -3.1 1.9 1.4 65.0 30.7 55.4
Sherman 8.0 =l 4 1.8 0.0 68.0 0.0 -
Devii Canyon 5.6 =4.0 0.8 0.4 33.2 - 92.0
Watana 3.2 -5.4 -1.1 2.2 2.6 - 21.7
Denali 3.0 ~-7.6 -2.3 2.5 0.8 - 33.5
Basin Average 5.3 -4.9 0.2 1.3 33.9 - 50.7
May 1983
Tatlkeetna 4.7 3.0 9.1 3.4 32.3 -3.1 0.0
Sherman 12.7 0.1 6.9 0.0 19.4 0.0 0.0
Devit Canyon 11.9 1.8 6.8 0.2 25.4 - 0.0
Watana 9.9 0.6 5.3 0.2 15.2 - 0.0
Denal i 9.1 0.4 4.9 0.1 1.6 - 0.0
Basin Average 1.7 1.2 6.6 0.8 20.0 - 0.0
hd Partial Record - Some values for mean daily temperatures, used to compute the mean monthly temperature, are based on

linear regression analyses. See Appendix A,
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TABLE 3.2

NUMBER OF FREEZING DEGREE DAYS (°C)
September 1982 - May 1983

Average
Historical*¥*
Record Mean Monthly
Normal Air Temperature
Monthly Accumulated Month (°C)

September 1982
Talkeetna 0 0 0 7.8
Sherman 0 0 0 7.1
Devil Canyon 0 0 5 6.0
Watana 1 1 13 5.0
Denali* 7 7 17 3.6
Basin Average 2 2 7 5.9
October 1982
Talkeetna 172 172 72 -5.0
Sherman®* 189 189 - -5.7
Devil Canyon 200 200 95 -6.2
Watana 236 237 127 -7.6
Denali* 367 374 192 -11.8
Basin Average 233 234 122 -7.3
November 1982
Talkeetna 258 430 191 -8.5
Sherman* 301 490 - -10.0
Devil Canyon 256 456 222 -8.9
Watana 304 541 279 -10.7
Denali* 41 845 376 -15.7
Basin Average 318 552 267 -10.8
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TABLE 3.2

NUMBER OF FREEZING DEGREE DAYS (°C)
September 1982 - May 1983
(Continued)

Average
Historical**
Record Mean Monthly
Normal Air Temperature
Monthly Accumulated Month (°c)

December 1982
Talkeetna 230 660 407 -7.2
Sherman 274 764 - -8.7
Devil Canyon 255 711 391 -8.2
Watana 324 865 468 -10.4
Denali* 477 1322 627 -15.4
Basin Average 312 864 473 -10.0
January 1983
Talkeetna 336 996 an -10.8
Sherman* 340 1104 - -11.0
Devil Canyon* 354 1065 325 -11.4
Watana 440 1305 402 -14.1
Denali* 630 1952 531 -17.1
Basin Average 420 1284 392 -12.9
February 1983
Talkeetna 21 1207 224 -7.5
Sherman* 225 1329 - -8.0
Devil Canyon 212 1277 254 -7.5
Watana 281 1586 289 -10.0
Denali 395 2347 416 -14.1
Basin Average 265 1549 297 -9.4
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TABLE 3.2
—
NUMBER OF FREEZING DEGREE DAYS (°C)
September 1982 - May 1983
(Continued)
Average
Historical**
Record Mean Monthly —
Normal Air Temperature
Monthly Accumulated Month (°C)

March 1983
Talkeetna 120 1327 107 -3.5
Sherman* 128 1455 - -4.2
Devil Canyon 153 1430 147 -4.9
Watana 233 1819 223 -7.8
Denali 366 2713 302 -11.8 )
Basin Average 200 1749 195 -6.4 ' B
April 1983
Talkeetna 15 1342 36 1.9 B
Sherman 21 1476 21 1.8 3
Devil Canyon 30 1460 75 0.3
Watana 65 - 1884 115 -1.1 -
Denali 81 2794 151 -2.3
Basin Average 42 1791 80 0.2 B
May 1983 -
Talkeetna 0 1342 0 9.1
Sherman 0 1476 0 6.9
Devil Canyon 0 1460 0 6.8
Watana 0 1884 9 5.3 .
Denali 0 2794 5 4.9 L
Basin Average 0 1791 3 6.6 ' -

*  Partial Record - Some values are based on linear regression analyses.
See Appendix A.

*%* Pariod of Record: Talkeetna 1940 - 1983, only used 1980-1983
Sherman 1982 - 1983
Devil Canyon 1980 - 1983
Watana 1980 - 1983 : -
Denali 1980 - 1983 :

- 18 ~-
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TABLE 3.3

NUMBER OF FREEZING DEGREE DAYS (°C)
SEPTEMBER 1981 - May 1982

Mean Monthly
Air Temperature

Monthly Accumulated (°C)
September 1981
Talkeetna 0 0] 7.3
Sherman (No Data)
Devil Canyon 12 12 4.4
Watana 33 33 4.0
Denali 40 40 3.2
Basin Average 21 21 4.7
October 1981
Talkeetna 29 29 2.0
Sherman (No Data)
Devil Canyon 41 33 -0.4
Watana 72 105 -2.1
Denali 108 148 -2.8
Basin Average 63 84 -0.8
November 1981
Talkeetna- 205 234 -6.4
Sherman (No Data) '
Devil Canyon 255 308 -8.3
Watana 316 421 -10.4
Denali 389 537 -12.9
Basin Average 291 375 -9.5
December 1981
Talkeetna 367 601 -11.7
Sherman (No Data)
Devii Canyon 363 671 -11.6
Watana 424 845 -13.7
Denali 514 1051 -16.5
Basin Average 17 792 -13.4
January 1982
Talkeetna 531 1132 -17.1
Sherman (No Data)
Devil Canyon 528 1199 -17.0
Watana 622 1467 -20.1
Denali 732 1833 -25.2
Basin Average 616 1408 -19.8
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TABLE 3.3
NUMBER OF FREEZING DEGREE DAYS (°C)

SEPTEMBER 1981 - May 1982
(Continued)

Mean Monthly
Air Temperature

Monthly Accumulated (°C)
February 1982
Talkeetna 285 1417 -9.9
Sherman (No Data)
Devil Canyon 344 1543 -12.1
Watana 365 1782 -13.0
Denali 525 2358 -18.7
Basin Average 380 1775 -10.7
March 1982
Talkeetna 161 1578 -5.0
Sherman (No Data)
Devil Canyon 223 1766 ~-7.1
Watana 299 2081 -9.6
Denali 359 2717 -11.5
Basin Average 261 2035 -8.3
April 1982
Talkeetna 46 1624 0.1
Sherman (No Data)
Devil Canyon 102 1868 -2.7
Watana 140 2221 -4.5
Denali 182 2899 -5.9
Basin Average 118 2153 -3.3
May 1982
Talkeetna 0 1624 6.4
Sherman 0 - 6.4
Devil Canyon 0 1868 4.4
Watana 27 2248 2.3
Denali 15 2914 2.5
Basin Average 8.4 2164 4.4
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TABLE 3.4

NUMBER OF FREEZING DEGREE DAYS (°C)
SEPTEMBER 1980 - MAY 1981

Mean Monthly
Air Temperature

Monthly Accumulated (°C)
September 1980
Talkeetna 0 0 7.7
Devil Canyon 1 1 3.5
Watana 4 4 3.5
Denali 4 4 4.7

N
N
F-S
(1]

Basin Average

October 1980

Talkeetna 14 14 2.1
Devil Canyon 45 46 0.2
Watana 74 78 -2.1
Denali 102 106 -2.9
Basin Average 59 61 -0.7

November 1980

Talkeetna 111 125 -3.5
Devil Canyon 154 279 -3.1
Watana 216 294 -7.2
Denali 269 375 -9.0
Basin Average 188 268 -6.2

December 1980

Talkeetna 623 748 -20.1
Devil Canyon 556 835 -17.9
Watana 656 950 -21.1
Denali 890 1265 -28.3
Basin Average 681 950 -22.0
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TABLE 3.4
NUMBER OF FREEZING DEGREE DAYS (°C)
SEPTEMBER 1980 - MAY 1981
{(Continued)

Mean Monthly
Air Temperature

Monthly Accumulated (°C)
January 1981
Talkeetna 66 814 -1.8
Devil Canyon 92 927 -2.5
Watana 143 1070 -4.5
Denali 181 1446 -3.5
Basin Average 121 1064 -3.6
February 1981
Talkeetna 177 991 -6.1
Devil Canyon 205 1132 -7.3
Watana 221 1291 -7.9
Denali 328 1774 -11.8
Basin Average 233 1297 -8.3
March 1981
Talkeetna 40 1031 -0.4
Devil Canyon 65 1197 -1.8
Watana 136 1427 -4.3
Denali 181 1955 -5.6
Basin Average 106 1403 -3.0
April 1981
Talkeetna 48 1079 -0.1
Devil Canyon 92 1289 -1.8
Watana 141 1568 -4.3
Denali 190 2145 . -6.2
Basin Average 118 1520 -3.1
May 1981
Talkeetna (4] 1079 10.0
Devil Canyon 0 1289 8.7
Watana 0 1568 7.6
Denali 0 2145 7.1
Basin Average 0 1520 8.4
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4.0 SUSITNA RIVER FREEZE-UP PROCESSES

Freeze-up processes initiated in early October, 1982 and continued through

final

ice cover development in March 1983. This section describes the

various types of ice covers that form on the Susitna River from Cook Inlet

upstream to the proposed damsite at Watana.

4.1

Definitions of lce Terminology and Comments on Susitna River Ice

Some users of this report may not be familiar with standard
terminology used in describing river ice and since a rather extensive
description of ice processes on the Susitna River follows, a brief
discussion on common types of ice observed on the Susitna is
presented here. This is not intended to be a complete glossary of
ice terms, and those interested in information on other types of ice
should refer to the more definitive papers on river ice listed in
Section 8 (e.g. Newbury 1968, Michel 1971, Ashton 1978, and
Osterkamp 1978).

Frazil - Individual crystals of ice generally believed to form when
atmospheric (cold air) and hydraulic (turbulence) conditions are
suitable to maintain a supercooled (K0°C) layer at the water surface
(Newbury 1968, Michel 1971, Benson 1973, Osterkamp 1978), see
Section 4.2.

Frazil Slush - Frazil ice crystals have strong cohesive properties and
tend to flocculate into loosely packed clusters that resemble siush,
(Newbury 1968). The clusters may continue agglomerating and will
eventually gain sufficient buoyancy to counteract the turbulence and
float on the water surface. This slush is highly porous. Samples
collected at Gold Creek in October 1981 yielded a. ratio of water
volume to ice volume of 70-80 percent.’

Ice Constrictions - Slush ice drifts downstream at nearly the same
velocity as the current. The velocity of the slush can be affected by

surface constrictions caused by border ice shelves. These

~26~




$6/ii2

constrictions generally occur in areas of similar channel configuration
where the thalweg is confined to a narrow deep channel along a steep
bank. The current exerts a steady frictional force on the underside
of the the slush cover. When entering constricted areas, the slush is
therefore forced to compact and the density of the ice increases.
The slush ice continues to pass through the channel surface
constriction and is extruded from the downstream end as a long
continuous, unbroken ribbon of ice. The structural competence of
the ice layer is greatly increased since the water filled interstices
between the ice crystals have collapsed. As the layer of compressed
slush accelerates away from the constriction, it begins to fragment
into floes of various sizes, depending primarily on the flow
distribution in the channel. Generally, the rafts break into floes
averaging 2-3 feet in diameter unless an extremely turbulent reach is
encountered where the floes disintegrate and emerge once again as
small slush clusters.

lce Bridges - When the air temperatures become very cold
(e.g. -20°C), and/or the density of the compressed slush is high,
then the viscosity of the floating ice will increase until it can no
longer be extruded through a channel surface constriction. In this
event the continuous slush cover over the water surface freezes
resulting in an ice bridge. Ice floes contacting .the upstream
(leading) edge of the ice bridge will either accumulate there or be
subducted underneath the ice cover. The stability of ice against the
leading edge is critically dependent on the water depth and velocity.
Surface water velocities exceeding 3 ft/sec generally prevent ice
accumulation, (Newbury, 1968).

Snow Slush - Slush ice has been observed to form during heavy
snowfalls, (Newbury 1968, Michel 1971, R&M 1982d). The influx of
snow crystals dramatically increases the ice discharge. Upon contact
with the water surface, the snow crystals undergo an immediate
metamorphosis into slush which is indistinguishable from frazil slush.
Observations at Gold Creek and Talkeetna indicate that the influence
of snowfall on slush ice discharge is significant and could affect the
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rate of ice cover progression on the Susitna River below Talkeetna
during years of low frazil generation. Figures 4.1 and 4.2 show the
relationship between daily air temperature, snowfall and ice
concentration at Talkeetna and Gold Creek respectively.

The first occurrence of visible slush ice during the past season was
on October 12, 1982, coincident with the first heavy snowfall of the
year. It is interesting to note that the observed ice concentration
does not correlate with air temperature, according to the relationships
in the figures described above. The air temperatures at Talkeetna
were not low enough (-2.5°C) to substantially increase the frazil ice
concentration and although the air temperature at Denali was low
enough (-10°C) to generate ice, it could not have influenced the ice
concentration at Talkeetna on the same day. Travel time between
Denali and Talkeetna, a distance of more than 160 river miles, is
approximately 1.5 days at a flow velocity averaging 6 ft/sec. The
calculated ice discharge for the 10% estimated surface coverage at
Talkeetna on October 12, 1982 is 30 cfs or approximately 2.5x106
cubic feet of ice per day. Assuming that little or no frazil was
contributing to the slush ice because of high air temperatures, then
it can be concluded that snow has a very significant influence on
slush ice concentration and therefore also on the ice cover.

Shore Ice or Border Ice - Initially, slush ice drifts into and covers
the zero velocity flow margin against the river bank. Additional
slush flowing downstream sometime contacts this frozen ice and
accumulates against it in a layer. This layer, affected by the flow
\)elocity, will continue to move downstream, maintaining contact with
the shore fast layer. If frictional forces of the water are overcome
by the shear resistance between the ice layers, then movement stops
and the slush layers freeze together. Shore ice will continue adding
layers by this process until the ice extends far out into the river
channel where flow velocities are in equilibrium with the shear
resistance of slush ice. These ice layers often constrict the surface
of the flowing water and present a barrier to floating slush ice. The
constrictions have been observed to become so narrow that the slush
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4.2

ice must be extruded through under pressure. Flows along the
shoreline of the Susitna are rarely placid enough for black ice
formation, however thick layers (1-2 feet) of clear ice have been
found to grow under the surface slush ice.

Black ice - Black ice forms initially as individual crystals on the
water surface in lakes, zero velocity areas in rivers and underneath
an existing ice cover {(Michel, 1971). These crystals all develop
uniformly in the same direction, with the c-axis of the crystal
perpondicular to the thermal gradient. This orderly arrangement
results in a compact structure with relatively few crystal boundaries
and therefore less potential for a structural failure in the ice sheet.
Black ice developing in the absence of frazil crystals is
characteristically translucent. This type of ice often grows into clear
layers several feet thick under the Susitna slush ice cover. In
contrast, water saturated slush ice (such as most border ice) is
opaque, that is, usually white or blue in appearance. Ice cover
rigidity and structural competency is generally dependent on the
initial ratio of water volume to slush ice volume (Newbury, 1968).
Black ice, which contains no slush is therefore extremely strong
(shear resistant) even in relatively thin layers. The large, well
rounded crystals of drained slush ice, however, produce floes which
are inherently weak and will easily fragment.

Hummocked Ice - This is the most common form of ice cover on the
Susitna. Essentially it is a continuous accumulation of slush, ice
floes, and snow that progresses upstream during freeze-up. This
process will be described in Section 4.3.

Frazil Ice

Development of an ice cover on the Susitna River is a complex
process influenced by many variables ahd mechanisms that are not
fully understood. The ice on this river is primarily a continuous
accumulation of frazil slush and snow slush. It is therefore important
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to understand the relationship and significance of air temperature,
water temperature, turbulence and suspended sediment to frazil ice
generation. Little data on these variables has been collected.

Frazil ice crystals are formed when water becomes supercooled.
Supercooling is a phenomena by which water remains in a liquid state
at temperatures below 0°C. Controlled, uniform laboratory conditions
can supercool pure water to as low as -30°C. Under natural
conditions, river water will supercool only a fraction of a degree
below 0°C (Osterkamp 1978, Benson 1973) before frazil ice forms.
Studies dealing with frazil formation have not established a mechanism
to explain this order of magnitude difference in crystallization
temperature. Theories on ice nucleation processes have been
developed based partly on experiments conducted in cloud physics.
Foreign particles are associated with the nucleation of ice crystals and
rivers normally contain an abundance of suspended sediment and
organic material. The Susitna River discharges tremendous volumes
of silt and clay size particles prior to freeze-up which may initiate
nucleation of ice. No specific studies have been conducted to date on
the Susitnz River to substantiate the relationship between frazil ice
formation and suspended sediment. However, there is an apparent
correlation between the first occurrence of frazil ice and a sudden, at
times overnight, visual reduction of turbidity in the river water.

During the month of September and generally, the first 3 weeks in
October, Susitna water temperatures drop from 8.5°C to 0.5°C at
Devil Canyon with similar temperature reductions at wvarious other
locations, (Table 4.1). With sustained air temperatures below 0°C, a
thin layer of water will be cooled to the freezing point and ice
crystals will form. Under quiescent conditions, the crystals will form
on the water surface, eventually bonding together into a sheet of
black ice, and continuing to grow vertically along the thermal
gradient. Laboratory experiments have determined that flow velocities
of only 0.79 ft./sec. are necessary to mix the surface layer
sufficiently to produce frazil (Osterkamp, 1978). These velocities are
exceeded on the Susitna mainstem through most reaches so the water
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body is continually being turned over. Under these conditions, the
water can be supercooled to several hundredths of a degree below
0°C and frazil ice crystallizes.

No substantial volume of ice has been observed on the Susitna until
air temperatures fall below -10°C. Observation of first frazil
occurrence, however, have only been made visually and on the
Susitna, low volumes of frazil cannot be seen by casual inspection
from a helicopter. For example, at lower ice discharges with air
temperatures at -3°C, frazil crystals may not be forming in sufficient
quantities to agglomerate into ice clusters large enough to appear on
the water surface. Individual crystals tend to remain suspended in
the flow, lacking the buoyancy required to counteract the turbulence.
With colder air temperatures, (e.g. -10°C) more ice may be
generated, increasing the concentration of ice crystals. Frazil ice
has strong cohesive properties and tends to flocculate into clusters of
several individual crystals. The frazil floes may in turn agglomerate
with other floes to form masses of slush varying in size depending on
flow conditions.

Channel morphology seems to play an important role in controlling
frazil agglomeration as indicated by ice plumes. These plumes are an
early indicator of frazil ice and have been observed at several
locations between Talkeetna and Vee Canyon where otherwise no ice
was seen. The sites seem to have a similar channel configuration.
Most occur at sharp river bends caused by outcrops protruding into
the channel. The rock outcrops often create an eddy or slight
backwater effect on the upstream side. Frazil floes, in suspension,
are swept into these areas and swirl about, greatly increasing the
potential of collision and adhesion with other floes. If the resulting
slush balls gain sufficient mass and buoyancy, they encounter a
higher velocity and more linear flow near the surface and are carried
downstream. The slush exits floating in a long narrow stream which
is rapidly dissipated by velocity and flow distributions. Any
subsequent turbulence can re-entrain the slush into the flow
rendering it once again difficult to observe. In September these ice
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plumes are often observed near Gold Creek, river mile (RM) 136, and
Slough 9, RM 128.5 At these sites the air temperature is usually
above freezing and once the ice surfaces it may melt.

During September and October of 1982, the river water in the upper
Susitna Basin (between Watana and Denali) was exposed to
significantly colder temperatures as well as a longer cold period than
the lower river below Talkeetna (Section 3). These meteorological
trends and the shallow, turbulent, and swift flowing water common in
the upper basin probably cause supercooling and the generatiocn of
frazil ice weeks before these processes occur in the Devil Canyon to
Talkeetna reach. The volume of ice generated in the upper basin
could have critical significance to the rate of ice cover development
on the lower river below Talkeetna.

it has been assumed in earlier reports that the majority of frazil ice
was generated in the rapids of Devil Canyon, Watana Canyon and Vee
Canyon. Although this holds true after November, the difference in
the number of freezing degree days between Denali (370) and
Talkeetna (170) in October suggests that the majority of the frazil
slush accumulating against the leading edge downstream of Talkeetna
originates in the upper river near Denali. On October 21, 1982 an
attempt was made to verify this by estimating the ice discharge at
various locations during a low level overflight from Talkeetna to
Watana.

The estimate was based on a method described by Michel (1971) in
which the total ice discharge can be calculated using:

1 =5 n v, hAB

.

is©

where n; is the percentage of slush ice covering the channel surface,
v; is the velocity, h is the total effective ice thickness and B is the
ice flow width. The percentage of ice and the flow velocity were
estimated visually. The channel width was known from cross section
surveys and used to estimate flow width.
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Samples of slush ice were collected at Gold Creek during a heavy
slush ice flow in mid-October, 1981. The percentage of water volume
to ice volume in a 1 liter sample of slush averaged 60%. This value
was then used for "e" in the following equation for calculating the
total effective ice thickness (h):

h=ho’(1-e)hf

where ho is the thickness of the solid part of the floe and hf is the
thickness of slush under the floe. A solid layer in the slush was
never observed so ho = 0. The thickness of the slush was extremely
variable so for this estimate an average of .5 ft was used. Velocities

at the cross sections were consistently 4 ft/s with an ice flow width
of 200 ft.

Thus, if ice was being generated in the reach between Talkeetna and
Watana, then the neu ice discharge would be expected to decrease
upstream. The final calculated ice discharges, however, co-nsistently
remained between 100-120 cfs all the way upstream to the confluence
of Watana Creek. It was evident from this survey that rapids at
Devil Canyon and Watana were not contributing significantly to the
estimated total ice discharge of 3.6 x 105 cu ft/hr on that day in
mid-October. The majority of the ice was being generated further
upstream beyond Watana Creek.

Frazil ice crystals have a propensity for adhering to any object in
contact with the river flow. When frazil adheres to rocks on the
channel bottom it is commonly referred to as anchor ice. Anchor ice
has been observed to develop into ice dams on the reach between
Indian River and Portage Creek as a result of extreme accretion.
Although these ice dams do not attain sufficient thicknesses to create
extensive backwater areas, they increase the water velocity by
restricting the cross sectional area. The configuration of the
accretions is such that they may affect the stability of the flow,
creating turbulence which could increase frazil generation.
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4.3

Anchor ice on the Susitna River is a relatively short term icing
feature. On days with intense solar radiation or warm air
temperatures, this ice has been observed to release from the channel
bottom and float to the water surface, often carrying with it an
accumulation of sediment. These surfaced anchor ice floes will drift
downstream to eventually become part of an ice cover. Because of
the high sediment concentrations (silt, sand and some small gravel),
these ice floes remain easily identifiable even after they are
incorporated into the advancing ice cover.

lce Cover Development

This section discusses ice cover formation on the Susitna River from
the mouth at Cook Inlet to the proposed damsite at Watana. For the
purposes of this discussion, the river has been separated into 4
reaches: Cook  Inlet to Talkeetna, Talkeetna to Gold Creek, Gold
Creek to Devil Canyon, and Devil Canyon to Watana. An additional
section describing the unique freeze-up process in Devil Canyon is
included.

4.3.1 Cook Inlet to Talkeetna

The initiation of ice cover formation occurred suddenly when
tremendous volumes of slush ice failed to pass through a
channel constriction near RM 10, adjacent to Alexander. The
exact date of this event is uncertain. On October 21, 1982 a
field crew was operating at the mouth of the Susitna and
reported flowing slush but not in substantial volumes. On
October 26, 1982 aerial reconnaissance revealed the ice bridge
at RM 10 as well as an unconsolidated ice cover up to RM 67
near the confluence of Sheep Creek. Thus, sometime between
October 21 and October 26 the siush ice jammed at RM 10 and
accumulated upstream 57 miles. Daily ice discharge estimates
from Talkeetna (Table 4.2) showed a sudden increase in ice

-34-




s6/ii10

concentrations beginning on October 21 with 1.3 x 105

cu ft/hr and rising steadily to 5.8 x 10° cu ft/hr on
October 26. Assuming that the ice cover began progressing
upstream on October 22, then the progression rate of 11.5
miles per day is extremely fast, (see Figure 4.3). The ice
cover was unconsolidated and few sections showed any
compaction or telescoping. Open water was visible between
the slush ice rafts. The cover appeared relatively thin
(about 1 foot) although no measurements were made. Judging
from the margin of flooded snow on the channel banks, the
staging amounted to only .5 - 1 foot between RM 10 and
RM 25 (Susitna Station). The flow discharge at Sunshine,
based on provisional USGS estimates, ranged from 16,000 cfs
on October 21 to 14,000 cfs on October 26.

Upstream from RM 25 on October 26, the ice cover was no
longer continuous. There was no ice cover, or evidence of
ice progression on the Susitna near the confluence of the
Yentna River. The Yentna was also completely free of drifting
ice and shore ice. At RM 32, a loosely packed ice cover
resumed and continued upstream to RM 67. Staging rarely
exceeded 2 feet and large open water areas appeared
frequently in the ice pack. Surprisingly little consolidation
of the ice pack had taken place. An explcnation for this
could be the shallow gradient of the channel through this
reach. If velocities remain low then the ice will continue
advancing simply by juxtaposition, advancing at a rate
proportional to the ice discharge and channel configuration.
Based on the rate of ice advance through this reach and the
unconsolidated nature of the ice cover, it is probazble that the
Froude number at the leading edge remained well below the
critical value of 0.08 so that no thickening of the ice cover
was necessary for upstream ice progression. Slush ice
observed at the leading edge was not submerging under the
existing ice cover. From RM 67 to RM 97 near Talkeetna, the
river remained free of shore ice even though a large volume
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of slush ice was continually drifting downstream. All of the
major tributaries to the Susitna below Talkeetna were still
flowing and remained ice-free. The discharge from these
tributaries kept large areas at their confluences free of ice.

On October 28, the existing ice cover received a layer of
snow 183 mm deep. Observations on the 29th revealed no
further compaction of the ice pack. Open water areas
between the slush floes had frozen and were covered by
snow. The ice pack remained confined to the thalweg channel
with the exception of some side channel confluences where
staging had created local backwater pools into which slush ice
had drifted. The leading edge of the ice pack on October 29
was near RM 97, just upstream from the Parks Highway
Bridge and adjacent to Sunshine Slough. The ice cover
remained discontinuous however, with long open water areas
at the Yentna River confluence near Susitna Station, the
Deshka River confluence, Kashwitna Creek, and Montana
Creek. These tributaries were still flowing but showed signs
of an ice cover beginning to develop. At RM 76, the cover
appeared extremely loose packed with individual slush rafts
discernible within the cover. No movement was detected and
the unconsolidated arrangement may have been stable.

From RM 76 upstream to RM 87 the ice cover was thin and
discontinuous with long open water leads adjacent to Rabideux
Slough and in a side channel that extended from * mile below
the confluence of Rabideux Creek downstream for about 1
mile. The ice pack was diverting water into this side channel
which had begun to develop an ice cover by slush ice
accumulation. The confluence with Montana Creek was flooded
by an approximate 1 foot stage increase on the mainstem.
Rabideux Slough was breached through two entrance
channels. This was indicated by flooded snow only and no
slush ice was flowing into the slough. The margin of flooded

snow was particularly evident near the Parks Highway
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Bridge, where it extended all the way to the northwest
abutment. The ice pack remained confined to the thalweg
channel along the southeast end of the bridge. No gravel
islands were observed to have been overtopped by the ice
pack. No telescoping of the ice cover was evident and the
ice pack remained in the narrow thalweg channel which in
most areas constitutes only 20 percent of the flat, broad river
channel.

The leading edge had advanced to RM 95 by November 2 at a
rate of 2.1 miles per day during the previous 4 days. The
stage bhad increased substantially in _the vicinity of the
leading edge causing water to flow out of the thalweg channel
and flood the surrounding snow cover for several hundred
feet. Many side channels had filled with water and the
surface of the ice pack was near the vegetation line along the
left (east) bank. The staging effects, however, were
confined to the eastern half of the river, where the channel
is split by a forested island. The channel along the west
bank remained dry and snow covered. '

By November 4, river ice observers reported rapid and
extreme stage increases as the leading edge approached
Talkeetna (Table 4.2). An ice jam at the Susitna and
Chulitna confluence had greatly reduced the volume of slush
ice flowing past Talkeetna, slowing the rate of ice cover
advance substantially. On November 2 a staff gage at
Talkeetna had been dry, with the nearest open water more
than 1 foot below thes gage. The staff gage was not again
accessible until after consolidation and freezing of the ice
pack on November 17 at which time the ice surrounding the
gage corresponded to a reading of 3.6 feet. This represents
a stage increase of over 4 feet at Talkeetna due to the ice
cover advance.
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After the initial ice cover formation, the remainder of the
freeze-up process required considerably more time. Many of
the side channels that were flooded by the increased stage in
the mainstem gradually became narrower as shore ice layers
built up along the channel banks and the flow discharge
decreased. By early March, when discharge in the mainstem
had dropped to less than 4,000 cfs at Sunshine, most open
water had disappeared The continuous gradual reduction of
flow aiso caused the ice cover to settle. Where the sagging
ice became stranded, it conformed to the configuration of the
channel bottom and created an undulating ice surface. Open
water areas persisted throughout March in high velocity zones
but were rare and generally restricted to sharp channel
bends and shallow reaches in side channels which had
originally been bypassed by the ice front. Some side
channels and sloughs may receive a thermal influx form
groundwater upwelling which would have been sufficient to
keep these channels ice free. An open lead located at the
end of the Talkeetna airstrip remained all winter although it
gradually decreased in size.

The following sequence summarizes the highlights and general
freeze-up characteristics of the lower river from Cook Inlet to
Talkeetna during 1982-1983.

1. lce jam occurs at a channel constriction near the mouth
of the Susitna during a high slush ice discharge.

2. Rapid upstream advance - of an ice cover by slush
accumulation.

3. Thin, unconsolidated initial ice cover.

4. Minimal staging, 1-2 feet up to Sunshine, then 2-4 feet
near Talkeetna.
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10.

11.

12.

13.

No telescoping or spreading out of the ice cover due to
consolidation. Ice cover generally is confined to the
thalweg channel.

Tributaries continued flowing through December.

The following sloughs were breached with only minimal
flow and little ice:

a. Alexander Slough, upper end only, no through
flow.

b. Goose Creek Slough, no through flow.

c. Rabideux Slough, minimal flow.
d. Sunshine Slough, upper end only, no through flow.
e. Birch Creek Slough, minimal fiow.

Flooded snow along channel margins, variable widths.

High initial width discharges ( 16,000 cfs at Sunshine)
and low final discharges ( 5,000 cfs).

No overtopping of gravel islands.

Some surface flow diverted into connecting side
channels.

lce cover sagging due to decreases in discharge.

Persistence of open leads in side channels and high
velocity zones through March.
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4.3.2

14. Surface area decrease of open water by steady ice
accumulations and decline of water table elevations.

15. Thick, thermal gradient or clear ice buildup under slush
ice cover,

16. Minimal shore ice development due to lack of sufficiently
cold air temperatures before ice cover advances.

Talkeetna to Gold Creek

Slush ice was first observed in the Susitna River at Talkeetna
on October 12, marking the beginning of freeze-up. Ice
studies during previous years have obsérved slush ice as
early as September. In 1982, however, no field crews
reported ice until after the snow storm on October 12. Ice
continued flowing, in varying concentrations, through the
reach between Gold Creek and Talkeetna until November 2,
1982 when an ice jam occurred at the Susitna and Chulitna
confluence. This jam was the starting point for the ice cover
that developed over this reach.

Events during the 22 days prior to the ice jamming at the
confluence are of significance and will be described first.
This reach of river was subjected to colder air temperatures
and more flowing slush ice than the river below Talkeetna.
Shore ice, therefore, had an opportunity to develop and at
several locations actually extended far out into the channel,
effectively constricting the slush ice flow. The higher
velocities kept the slush ice moving through the constrictions
and no ice bridges formed primarily because of the steeper
gradient of this reach. At the Susitna and Chulitna
confluence, the flow from the Susitna enters an area of lesser
gradient and the velocity is reduced substantially.
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The Susitna River contributes approximately 80 percent of the
ice while the Chulitna and Talkeetna Rivers combined produce
the remaining 20 percent. The high (4-5 ft/sec)velocities of
the Susitna keep the river channel open and push the slush
ice downstream. After entering the confluence area, the
masses of slush ice lose velocity and begin to pile up at the
south bend of the Susitna adjacent to the entering east
channel of the Chulitna. This process was observed on
October 18, 1982. The slush was still moving easily through
this area but was covering all of the open water for about 600
feet with a translucent sheet of compressed slush ice. The
status of this ice accumulation was monitored frequently
during October. On October 29, the ice was being
compressed and barely kept moving by the mass of the
upstream ice and by the water velocity underneath the cover.
The ice through this area was no longer translucent but white
since the slush had consolidated and increased in thickness
sufficiently to rise higher out of the water and partially
drain.

The ice constrictions being monitored on this reach were
located near Curry (RM 120.6), Slough 9 (RM 128.5) and
Gold Creek (RM 135.9). Slush ice was passing easily through
these narrows on October 26 but was being compressed into
long narrow rafts which usually broke up within several
hundred feet. Unlike the confluence area, these constrictions
were formed by successive layers of frozen slush ice along

the shore.

A snow storm immediately preceded the formation of the ice
bridge at the Susitna and Chulitna confluence. This storm
may have caused a substantial local increase in ice discharge
which could not pass through the channel at one time. The
resuft was a sudden consolidation of the ice cover that
compacted the slush and at some point became shore-fast.
The cover remained stable long enough to freeze and increase
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in thickness. The majority of the incoming slush ice floes
accumulated against the leading edge and the cover began
advancing upstream. Approximately 10-20 percent of the
slush ice submerged on contact with the upstream edge and
either adhered to the underside of the cover or continued
downstream. Ice discharge estimates were substantially lower
after November 2 (Figure 4.1). The most dramatic effect of
the ice consolidation at the confluence was flooding. The flow
capacity of the ice choked main channel was greatly reduced
and water spilled out from underneath the cover and flowed
laterally across the river channel toWards the opposite
{north) bank. In addition, much water was diverted
upstream by the ice jam and also flowed into the new channel.
These diverted flows combined and entered the Chulitna east
channel approximately 1,500 feet upstream of the original
confluence. The total estimated discharge of the diverted
flow was 700-1000 cfs. The discharge at Gold Creek, on
November 2, based on provisional USGS estimates, was
4,700 cfs. Therefore, 15-20 percent of the total flow was
bypassing the ice jam. There may have been substantial
channel erosion caused by these diverted flows. Subsequent
depth measurement through the ice located a isolated channel
about 700 feet from the left bank that previous cross section
surveys had not found. Only precise cross sectioning,
however, could conclusively determine to what extent flow

diversions were scouring localized channels.

After the jam stabilized, the ice pack advanced slowly due to
the increased gradient. The slush ice could no longer
accumulate by simple juxtapostion as the high flow velocities
subinerged the slush on contact with the leading edge. The
entire ice cover had to thicken in order to increase the stage
and lower the velocity before ice could continue accumulating
against the upstream edge.
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On November 9, 1982 the leading edge was beyond RM 106
near Whiskers Creek and the ice advance appeared to have
stalled. The upstream edge was located adjacent to the head
of a flooded side channel. The ice cover was staging in
order to overcome supercritical velocities at the leading
edge, however, with every ice pack consolidation and
subsequent increase in stage, more water poured into the side
channel and effectively prevented any extensive backwater
development upstream of the ice cover. This side channel
needed to fill with ice before the mainstem ice pack could
continue the advance. The water being diverted into the side
channel contained a high ratio of slush ice to water volume
since only the surface layer of the mainstem flow was affected
and therefore, the channel quickly became ice-filled.

The rate of ice advance was 1.6 miles per day for thirteen
days after passing Whiskers Creek. On November 22 the
leading edge was s!tuated adjacent to Slough 8A with the total
discharge, estimated from Gold Creek, at 3,300 cfs, a
decrease of 900 cfs since November 9. The ice cover had
staged approximately 3.4 feet and was overtopping the berm
at the head of Slough 8A. At the mouth of Slough 8A, near
Skull Creek, the estimated discharge was 138 cfs. Much
slush ice was carried in the flow and accumulated in low
velocity pools. Within 5 days this slough had developed an
ice cover of consolidated slush from the mouth to the head
near RM 126.5. However, the cover was extremely unstable
and as the water level dropped in the slough, the ice
collapsed over the channel and eventually disappeared,
leaving 1-2 foot layers of stranded ice on gravel bars and
open water in long narrow leads.

The ice cover was very slow in advancing through the shallow
section of river between Sloughs 8A and 9. On December 2,
a sudden rise in the water table at Slough 9, recorded
electronically in a ground water well, indicated the proximity
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of the leading edge (Figure 4.4). The well was located
adjacent to RM 129.5 giving an advance rate of only 0.3 miles
per day for the previous 10 days even though high frazil
slush discharges were estimated at Gold Creek (Figure 4.2).
This may reflect the consequences of the staging into Slough
8A which were similar to those observed in the side channel
near Whiskers Creek and described earlier.

On December 9 the leading edge had reached RM 136, just
downstream of the Gold Creek Bridge. The ice cover advance
was stalled here and remained for over 30 days as the ice
needed to accumulate in thickness before it could stage past
this high velocity channel constriction. lce discharges
estimated at Gold Creek steadily decreased through December
primarily because the upper river was freezing over,
eliminating the air/water interface needed for frazil
production. Finally, on January 14, 1983 the leading edge
crept past the Gold Creek Bridge at a rate of 0.05 miles per
day. The discharge on January 14 at Gold Creek, based on
provisional USGS estimates, was 2,200 cfs, see Tables 4.3 to
4.6.

The processes of ice cover telescoping., sagging, open lead
development and secondary ice cover progression are
important characteristics through this reach and deserve
comment. Telescoping occurs during consolidation of the ice
cover. When the velocity at the leading edge is subcritical,
ice floes drifting downstream will contact the edge, remain on
the surface, and accumulate upstream by juxtaposition at a
rate proportional to the:concentration of slush ice in the flow
and channel width. This buildup will continue until a critical
velocity is encountered and the leading edge becomes unstable
with ice floes submerging under the ice cover. This
accumulation zone can be extremely long and is generally
governed by the local channel gradient, amount of staging
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and extent of the resulting backwater (Figure 4.3 and Table
4.8).

The pressure on a thin ice cover increases as ice mass builds
up and higher velocities are reached in conjunction with
upstream advance. At an undetermined critical pressure, the
ice cover becomes unstable and fails. This sets off a chain
reaction and within seconds the entire ice sheet is moving en
masse downstream. This represents the consolidation phase
of ice cover stabilization. Several miles of ice cover below
the leading edge can be affected by consolidation. The
results of this process are a shortening of the ice cover,
substantial thickening as the ice is compressed, a stage
increase, and telescoping. The stage increase is caused by
the ice thickening which creates a local restriction to flow.
The telescoping occurs only during each consolidation. As
the ice compresses downstream, tremendous pressures are
exerted on the ice cover below the accumulation zone. Here
the ice mass will shift to relieve the stresses exerted on it by
the upstream cover, often becoming thicker in the process.
This will tend to further constrict the flow resulting in an
increase in stage. As the stage increases, the entire ice
cover lifts and any additional pressures within the ice cover
can then be relieved by lateral expansion of the ice across
the river channel. Generally this process can continue until
the ice cover has expanded bank to bank or encounters some
other obstruction such as gravel islands on which the ice
becomes stranded.

The ice cover over water filled channels will continue to float.
Because of constant contact with the flowing water, the ice
cover erodes rapidly, sagging at first and eventually
collapsing. In some reaches these open leads can extend for
several hundred vards. The lengths and widths of these
leads, as well as rates of collapse and secondary ice cover
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development can be determined from aerial photographs
(Table 4.9).

A secondary ice cover generally accumulates in the open leads
and usually completely closes the open water by the end of
March. The process is similar to the initial progression
except on a smaller scale. Slush ice begins accumulating
against the downstream end of the leads and progresses
upstream. Generally it takes several weeks to effect a
complete closure.

lce cover sagging, collapse, and open lead development
usually occur within days after a slush ice cover stabilizes.
A steady decrease in flow discharge gradually lowers the
water surface elevation along the entire river. Also, the
staging process which had raised the water surface within the
thalweg channel tends to seek an equilibrium level with the
lower water table by percolating through the gravels of the
surrounding terraces. Percolation of river water out of the
thalweg channel and the subsequent charging of the
surrounding water table is currently under study. This
process is being documented by recording the relationship
between mainstem water surface elevations and relative stage
fluctuatons in groundwater wells located on terraces near
Slough 8, (Figure 4.4). Examination of aerial photographs of
the sloughs taken during the ice cover advance up the
mainstem revealed an increase in the wetted surface area.
This increase was due to a rise in the water table since the
sloughs are generally isolated from the mainstem at discharges
of less than 25,000 cfs and the average discharge at Gold
Creek in December is under 4,000 cfs.

Many sloughs receive flow from groundwater seeps throughonut
the winter. This continuous thermal influx (4°C) prevents a
stable ice cover from forming. The seeping water originates
from the unconsolidated gravels underlying the surrounding
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terraces and river bed. This intragravel watertable tends to
permeate through the interstices at a rate dependent on the
porosity and gradient of the gravel bed. |If a scarp or
channel should intersect this riverine watertable at an
elevation below the local water surface then seeps will appears
along the bank, or fill the intersecting channel. The water
surface in the channel will then reflect the adjacent
watertable elevation. Once exposed the water will follow the
shallow gradient of the slough.

This relatively warm, laminar flow will develop ice along the
margins which may constrict the surface area to a narrow
lead. This lead however, rarely freezes over and often
extends for thousands of feet downstream, (Table 14). Open
water was observed all winter in the following sloughs above
the Chulitna confluence:

Slough 7

Slough 8A
Slough 9

Slough 10
Slough 11
Slough 16
Slough 20
Slough 21
Slough 22

As previously described, Slough 8A was the only slough
breached by slush and consequently the only one to develop a
continuous ice cover. The thermal influence of groundwater
however, quickly eroded through the frozen slush ice cover
and an open lead remained for the duration of winter.

The 1982-1983 freeze-up characteristics on the Susitna River
between Talkeetna and Gold Creek are summarized as follows:
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10.

11.

12.

13.

14,

15.

Frazil ice plumes appearing as early as September but
more commonly, in early October.

Velocities between 2-5 ft/sec.

Discharges at Gold Creek ranging from 4,900 cfs on
November 1 to 1,500 cfs by the end of March.

lce jam initiating the ice cover progression from the
Susitna/Chulitna confluence.

Gradually decreasing rate of ice advance from 3.5 miles
per day near the confluence to 0.05 miles per day at
Gold Creek.

Flow diversions into side channels and sloughs.

Ice constrictions by border ice growth.

Staging, commonly from 2-4 feet.

lce pack consolidation.

Telescoping of ice cover laterally across channel.

Sagging ice cover.

Open leads and secondary ice covers.

Berms breached at Slough 8A.

Staging effects on the local water table.

Thermal influx by groundwater seepage prevents ice
cover formation in sloughs that are not breached and

inundated with slush.
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4.3.3

Gold Creek to Devil Canyon

The freeze-up processes affecting this river reach are vastly
different from those responsible for ice cover development
below Gold Creek. Although the air temperatures here do not
vary considerably from Sherman or Talkeetna, this reach
undergoes much shore ice growth, development of anchor ice
dams, and overflow primarily because of the long period
required for the ice pack to advance into this reach. In
fact, most of this reach had frozen over by other means
before the leading edge of the ice progressed past Gold

‘Creek. Therefore, the leading edge was extremely difficult

to follow and eventually became indistinguishable just below
the Indian River confluence. Because short-term changes in
ice cover development in this reach are difficult to detect, a
description of the general processes involved rather than a
chronology is provided here.

The most significant features of freeze-up between Gold Creek
and Devil Canyon are wide border ice layers, ice accretions
on rocks surrounded by border ice, and formation of ice
covers over eddies. Gradually, the border ice layers
constrict the channel to a width of 20-30 feet before they fill
with slush and freeze over. Frazil and frazil slush tends to
be drawn into the turbulent eddies behind large boulders in
the streamflow. These eddies can have near zero velocities
on the surface, so often the floating slush adhered to the
rock or to other slush ice and freezes. This surface layer of
ice may continue accumulating slush until the entire eddy area
is frozen over.

lce dams have been identified at several locations below
Portage Creek. Generally, the dams form when the rocks on
which the frazil adheres are located near the water surface.
When air temperatures are cold ( < -10°C), the ice covered
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rocks will continue accreting additional layers of frazil until
they break the water surface.

These dams effectively increase the water turbulence which
may, in turn, stimulate frazil production and thus accelerate
ice dam formation. The ice dams are often constricted by
border ice. This creates a backwater area by restricting the
streamflow so that it can only pass over the ice dam. This
subsequently causes extensive overflow onto the border ice.
The overflow will bypass the ice dam and re-enter the
channel at a point further downstream. Within the backwater
area, slush ice accumulates in a thin layer from bank to bank
and eventually freezes.

An ice bridge generally forms early in November just
upstream of the Portage Creek confluence. This ice bridge
does not, however, initiate an ice cover progression because
of its proximity to a shallow rapids with velocities
supercritical for ice cover formation.

This reach from Gold Creek to Devil Canyon freezes over
gradually and much later than the lower river. It is
generally ice covered by early March, a full two months after
the river downstream of Gold Creek has developed a stable
ice cover. The delay can be explained by the relatively high
velocities encountered despite the low discharges and the
absence of a continuous ice pack progression through the
reach. Also, the relatively warm discharges from Portage
Creek and Indian River tend to keep the river free of ice
until the flows from these tributaries become insignificant
relative to the Susitna d’ischarge.

To summarize, the following are the significant freeze-up

characteristics of the river reach between Gold Creek and
Devil Canyon.
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10.

1.

12,

13.

14.

:. ' ey 2

Steep gradient, high velocities, single channel.

Minimal continuous ice cover .progression, usually only
formation of local ice covers separated by open leads.

Late freeze-over, generally in March.

Extensive border ice growth, very wide layers of
shore-fast ice.

Constricted channel, narrowed substantially by border
ice.

lce dams create local backwater areas which form ice

covers.

ice covers over eddies which form behind large boulders

in streamflow.

Some telescoping, usually not widespread.

Minimal staging.

Extensive overflow.

Few leads opening after initial ice cover.

No sloughs breached, no diverted flow into side
channels.

Minimal ice sagging.

Thermal influx by groundwater seeps keeps sloughs open
all winter.
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4.3.4

Devil Canyon (to Devil Creek)

The Geophysical Institute of the University of Alaska,
Fairbanks, furnished a time-lapse camera so that the ice
cover formation in Devil Canyon could be documented. Ice
processes occurring in this area have not been well
understood since direct observacion is often impossible. The
camera was mounted on the south rim of the canyon, adjacent
to the centerline of the proposed dam. The reach to be
filmed extended downstream of this site for approximately a
half mile (Figure 4.5). This area seems to accumulate the
thickest ice cover not only in the canyon but also on the
entire Susitna River. Surveys conducted in the canyon
during the previous 2 winters have measured ice shelf
thicknesses up to 23 feet (R&M 1981c). This thickening is
known to have occurred in stages, each adding a new layer
of ice on top of the existing cover. The duration and
mechanism of this event could only be determined by direct
observation of each ice flood. The sequence of events was
therefore filmed by a remote, 8 mm movie camera programmed
to expose 20 frames every hour on the hour. The camera
was installed on October 18, 1982 and was allowed to run
continuously until February 7, 1982. On the day of
installation, one ice advance and subsequent ice cover
collapse had already occurred, depositing approximately 2 feet
of ice on the boulder strewn channel banks.

The following chronological sequence of events was compiled
from examination of the film. The descriptions will begin on
a daily basis when much ice activity was documented and
taper to weekly and then monthly descriptions as fewer
changes were observed. Air temperatures (mean daily °C)
were obtained from the meteorological record of the Devil
Canyon weather station. Streamflows are provisional estimates
from the Gold Creek Station and are subject to revision by
the U.S. Geological Survey. Ice thicknesses are estimates

-52-

——




s6/1i28

from the film record. Measurements were attempted during
ice formation, however, the ice cover remained too unstable
for helicopter landings.

October 18, 1982 - Air temperature -5.0°C, discharge
6,720 cfs. The channel appeared open with no ice bridges
and no constrictions. There was 1-2 feet of shore-fast ice on
the channel banks.

October 19 - Air temperature -3.2°C, discharge 6,900 cfs. It
was snowing heavily and the channel was partially obscured.
It appeared to be completely filled with slush ice with no open
water visible. Staging of at least 3-4 feet was evident. The
channel remained ice covered throughout the day and the
snow ended about 2 p.m.

October 21 - Air temperature -9.5°C, discharge 6,500 cfs.
No significant changes as the channel remained ice covered all
day with no open leads appearing. The weather was clear
and sunny with swaying trees indicating high winds.

October 22 - Air temperature -9.6°C, discharge 6,200 cfs.
The ice cover began to sag in the center of the channel.
The water level remained relatively high and the depression
filled with water. This was probably not overflow, but
instead the result of ice dropping below the water surface.
The sagging center of the ice cover rapidly eroded and
lengthened. The sides of the now open lead continued to

calve off into the open water and the ice fragments
disappeared.

October 23 - Air temperature -9.8°C, discharge 6,000 cfs. It
snowed heavily early in the morning tapering off around
10 a.m. Open leads were clearly visible in the high velocity
reaches. Water saturated ice remained in some areas of lower
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velocity where erosional forces were not as severe. Little
change was noticed during the day.

October 24 - Air temperature -10.6°C, discharge 5,900 cfs.
Large volumes of frazil were flowing in the open channei. An
ice cover had again formed over the downstream portion of
the open water lead. The upper portion remained open where
apparently the water velocities were sufficiently high to
prevent further ice cover progression at the prevailing ice
discharge. During the day, the ice cover over the lower
reach rapidly deteriorated by sagging and erosion. The
floating ice cover was now sagging so far down that it
sheared vertically from the shore-fast ice and floated within
the open lead (Photo 21). This subjected the fragmented ice

cover to the full velocity of the water which quickly eroded

the ice away. The floating ice seemed to ride very low in the
water, at times submerging completely. This is probably -due
to the high porosity of the slush ice which initially formed
the cover.

October 25 - Air temperature -12.8°C, discharge 5,700 cfs.
There were no apparent changes as part of the channel was
still partially covered and the remainder was choked with
floating water saturated ice. Ice shelves on the banks were
approximately 3-4 feet thick.

October 26 - Air temperature -15.4 °C, discharge 5,600 cfs.
The images of the canyon were obscured by heavy fog but
the channel seemed to be ice covered with no open leads
discernible.

October 27 - Air temperature -19.1°C, discharge 5,400 cfs.

There were no apparent changes. The ice cover remained
intact and no water was visible.
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October 28 - Air temperature - 13.2°C, discharge 5,300 cfs.
Overnight, an open lead developed in the upstream rapids
section. No further changes were noted on this day.

October 29 - Air temperature -13.3°C, discharge 5,200 cfs.
Fog again partially obscured the images. The open lead at
the upstream end of the reach expanded in width and length.
It appeared to be open for its entire wetted width and no
overhanging ice shelves remained. This open water reach
extended upstream out of the field of view. Another open
lead about 300 feet downstream of the upper lead continued to
increase its length by collapsing at both ends. By the end
of the day, the two open leads had extended to within
50-75 feet of each other.

October 30 - Air temperature - 19.1°C, discharge 5,100 cfs.
The first hour of daylight showed a long open lead partially
obscured by fog. Apparently, the two leads of October 29
merged overnight when the ice bridge separating the leads
collapsed and formed a narrow channel. The channel then
widened considerably and the downstream end was located just
above the south river bend. The upstream end was not
visible, however, the upstream reach through the canyon is
generally open because of extreme turbulence and high
velocities.

October 31 - Air temperature -15.9°C, discharge 4,900 cfs.
The channel constriction of October 31 closed again,
separating the open water reaches by about 75 feet of ice.
This indicates the location of the deep pool surv.eyed in 1981,
where flow velocities tend to allow gradual accumulation of
frazil slush against the channel banks (R&M, 1981c. About
1 p.m., this ice closure began to erode along the left bank.

November 1 - Air temperature -4.5°C, discharge 4,800 cfs.
The first exposure of the day revealed one long open lead
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running almost the entire length of the visible canyon. The
border ice shelves were the only ice remaining within tﬁis
reach of the canyon. These appeared to have thicknesses
exceeding 10 feet in some places, particularly at the upstream
channel constriction. This is also usually the first area to

bridge over.

November 2 - Air temperature -5.1°C, discharge 4,700 cfs.
A high volume of ice seemed to be flowing and an ice cover
was accumulating in the lower canyon reach. The channel at
the most downstream end was filled with slush. Several
advances of 20-30 feet were visible during the day. These
were followed by consolidation phases during which the ice
cover was compressed and the net stage increased.

November 3 - Air temperature -7.8°C, discharge 4,600 cfs.
The ice cover advanced about 100 feet overnight. The cover
appeared to be thin and did not come close to the top
elevation of the shore ice. Although much ice was evidently
flowing, it all seemed to be submerging underneath the
existing cover and not accumulating against the leading edge.
This indicates that the ice cover was thickening at some point
downstream. No appreciable upstream advance occurred on
this day.

November 4 - Air temperature -2.9°C, discharge 4,500 cfs.
The ice cover had not advanced since the previous day but,
instead, has thickened and staged substantially. In the lower
reach, the difference in elevation between the top of the
shore ice and the ice cover in the channel was no less than
2 feet.

November 9 - Air temperature -7.1°C, discharge 4,100 cfs.

Little change was apparent in the ice regime despite a high
volume of flowing ice.
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November 14 - Air temperature - 6.2°C, discharge 3,800 cfs.
The past 5 days showed little change in the shape or size of
the open lead except for minor advances of 10-20 feet at the
leading edge. These subsequently consolidated, relocating
the ice front to its original position. On this day the ice
cover finally closed the lower canyon reach. The upper lead
remained open but a very high volume of slush ice could be
seen flowing within the lead. This sudden increase in slush
ice concentration was probably related to the rapid ice cover
formation in the lower canyon. A correlation between snowfall
on November 14 and ice discharge can be seen and is
illustrated in Figure 6.

November 15-21 - Discharges from 3,700 cfs down to 3,400
cfs. lce covers that formed repeatedly over the lower canyon
reach but seemed to be extremely unstable. The -covers
typically lasted only a few days and destruction generally
occurred coincident with a decrease in ice discharge. The
duration of ice cover deterioration was variable and probably
depended on velocity as well as climatic conditions.

December - January - Discharges fell from 3,000 cfs down to
2,000 cfs. No new processes were observed during this
period. Snowfalls continued to stimulate heavy frazil ice
loading and subsequent ice cover progression through the
canyon. The ice cover over the reach finally stabilized. The
final 20 days of filming showed that the ice cover over the
lower reach began from the border ice constriction and
extended beyond the south river bend. This cover did,
however, eventually develop cracks. A sag appeared, the ice
finally collapsed, and open water showed through. The final
exposures, in February, clearly showed the ice cover
beginning to fail along its entire length. This seems to
indicate that the ice covers within this narrow and turbulent
river reach are inherently unstable.
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The number of ice cover advances totalled 6 on the lower
reach and 3 on the upper. This difference is due primarily
to a steeper gradient and thus, higher velocities and
turbulence in the upper section. Only during extreme ice
discharges did this reach form an ice cover. The initial ice
cover developed in October over both reaches but rapidly
eroded away leaving only remnant shore ice. The second
major ice cover event occurred in December with the final ice
cover forming in January. All of the major ice advances were
related to heavy snowfalls. A storm in January left an ice
cover on the lower reach which appeared to be stable. The
low discharges in January probably resulted in subcritical
velocities which could explain the longevity of this ice cover.

Some interesting aspects about the freeze-up of Devil Canyon
were observed over the past season and deserve comment.
Certainly thie most unique characteristic of Devil Canyon ice
is the great ice thickness. With each ice event, more ice is
deposited on top of the relatively stable shore-fast ice. The
shore-fast ice creates an unnaturally narrow channel which
essentially decreases the water and slush ice-carrying
capacity of this reach. Consequently, when staging occurs
the slush must rise and therefore, even with relatively small
fluctuations of flow, extreme staging may occur. The width
of the winter channel is controlled by the steep canyon walls.
Shore ice is initially formed by an ice cover anchoring to
boulders along the channel banks. This shore-fast ice was
not affected by winter flows since the ice was deposited well
above the normal water surface. Only during rapid staging
events was the flow constricted. Apparently, the rapid rise
and decline of the water surface does not erode the shore ice
significantly.

Certain sections within Devil Canyon are the first areas on
the Susitna to form an ice bridge and develop an extensive

ice cover. Ice covers of one mile in length have been
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4.3.5

observed to form about two miles below the Devil Creek
confluence as early as October 12, despite relatively warm air
temperatures.

To summarize the highlights of freeze-up in Devil Canyon:

1. Narrow, confined channel with high flow velocitias and
turbulence.

2. Early formation of ice bridges and loosely packed slush
ice covers.

3. Formation and erosion of ice covers several times during
the winter.

4. Inherently unstable ice covers, eventual collapse long
before breakup.

5. Extreme staging and ice thicknesses up to 23 ft.

Devil Canyon to Watana

This section of the river has not been thoroughly studied.
However, some general comments on the freeze-up processes
affecting this reach can be made. These are based mostly on
ice formations observed during breakup after the snow had
meited off of the ice cover.

An accumulation of border ice layers is primarily responsible
for the ice cover development. The border ice often
constricts the open water channel to less than 30 feet. The
slush ice then jams in between the shore-fast ice and freezes,
forming an unbroken, uniform ice cover across the river
channel. However, since this process does not occur
simultaneously over the entire reach, a very discontinuous ice
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4.3.6

cover results. Open leads generally abound until early March
when the combination of snowfall and overflow closes most of
the openings.

Characteristics of freeze-up between Devil Canyon and Watana
are summarized as follows:

1. Extremely wide accumulations of border ice layers.

2. Gradual filling of the narrow open channel with slush
which freezes and forms a continuous ice cover.

3. Extensive overflow and flooded snow.
4. Minimal staging or telgscoping.

5. Low discharges.

6. Shallow water and moderate velocities.

7. Minimal ice sagging, few leads opening after initial
freeze-up.

8. Extensive anchor ice with high sediment concentrations.

lce Cover at the Peak of Development

The ice cover on the Susitna River is extremely dynamic.
From the moment that the initial cover forms, it is either
thickening or eréding. Slush ice will adhere to the underside
of an ice cover in areas of low velocity and cold temperatures
will subsequently bond this new layer to the surface ice.
Table 4.7 lists Susitna ice cover thicknesses from Watana to
the Chulitna confluence. These measurements represent the
cover at maximum development in 1983.
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If the ice cover could ever be considered stable it would be
at the height of its maturity in March. During this period of
the winter, snowfalls become less frequent and very little
frazil slush is generated. The only water contact with air
occurs at the numerous open leads which persist over
turbulent reaches or groundwater seeps. These are usually
of short length and therefore minimal heat exchange takes
place. Table 4.9 presents the locations and dimensions of

most annually recurring leads between Sunshine and Devil
Canyon.

Discharges in March are ger.\er'ally at the yearly record low,
reducing the flowing. Water to a shallow and narrow thalweg
channel as indicated by a depression in the ice cover. The
depressions form shortly after ice cover formation when the
compacted slush ice is flexible and porous. Water levels
decrease through March and the floating ice cover is often
grounded on the river bottom. Water gradually percolates out
of the cover, and alternating layers of bonded and
unconsolidated ice crystals form within the ice pack when the
receding level of saturated slush freezes at extreme air
temperature. The result is the formation of rigid layers at
random levels, the layers representing the frequency of
critically cold periods. By the end of March, the Susitna
River ice has essentially metamorphosed into a stiff and
impermeable cover.
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TABLE 4.1
SUSITNA RIVER SURFACE WATER TEMPERATURE PROFILE*
SEPTEMBER 1982 - OCTOBER 1982
Water Temperature °C

Mean Mean
September 1-30, 1982 Min. Max. Mean 9/1/82 = 9/31/82
Above Yentna River, RM 29.5 4.0 9.5 7.0 8.5 4.7
Park Highway Bridge, RM 83.9 4.1 9.0 6.3 8.0 4.6
Talkeetna Fish Camp, RM 103.0 4.4 9.9 7.0 8.7 4.9
Curry, RM 120.7 4.5 9.1 6.8 8.4 4.5
LRX-29, RM 126.1 3.8 10.0 6.8 8.6 4.0
Devil Canyon, RM 150.1 4.0 9.5 6.8 8.5 4.0

Water Temperature °C

Mean Mean
Qctober 1-17, 1982 Min. Max. Mean 10/1/82 10/31/82
Above Yentna River, RM 29.5 0.0 5.0 1.9 4.8 0.0
Parks Highway Bridge, RM 83.9 0.2 4.6 1.2 4.6 0.2
Talkeetna Fish Camp, RM 103.0 0.2 4.9 1.2 4.7 0.2
Curry, RM 120.7 - - - - -
LRX-29, RM 126.1 - - - - -
Devil Canyon, RM 150.1 0.0 4.0 1.8 3.5 0.5
* These data were obtained from published reports by Alaska

Department of Fish & Game, Susitna. Temperatures were recorded on
a thermograph at all sites except Devil Canyon which was recorded
electronically, (ADFeG, 1982).
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TABLE 4.2

SUSITNA RIVER AT TALKEETNA
FREEZEUP OBSERVATIONS ON THE MAINSTEM

Staff Discharge Ice

Gauge(n @ Sunshine(Z) % lce Thickness
Date (ft) {cfs) in_Channel (ft)
October 1982
12 1.65 20,000 0 -
13 1.68 20,000 10 -
14 1.5% 20,000 0 .01
15 1.42 19,000 30 .03
16 1.25 18,000 30 .09
17 1.30 17,000 25 .09
18 1.24 + /000 25 .09
19 1.23 17,0630 25 .10
20 1.20 17,000 20 .10
21 1.15 16,000 30 .10
22 0.98 16,000 60 .20
23 0.97 16,000 70 .20
24 0.40 15,000 75 .30
25 - 15,000 80 -
26 -1.00 14,000 90 .40
27 -1.50 14,000 90 .40
28 -1.50 14,000 90 .40
29 -1.50 13,000 85 .40
30 -1.50 13,000 80 .40
31 -1.50 13,000 80 .40
November 1982
1 2.50 12,000 80 -
2 1.54 12,000 60 -
3 1.52 12,000 50 -
4 - 11,000 40 -
5 - 11,000 50 -
6 3.60 (Top of ice after freezeup) S0 3.30
7 3.60 11,000 70 3.30
8 3.60 11,000 80 3.30
9 3.50 10,000 100 3.30
10 3.60 10,000 100 3.30
11 3.60 9,800 100 3.30
12 3.30 9,800 100 3.30
1. Relative elevations based on an arbitrary datum.
2. Provisional data subject to revision by the U.S. Geological Survey, Water Resources
Division, Anchorage, Alaska.
3. Visual estimation based on one daily observation usually at 9 a.m.
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TABLE 4.3

SUSITNA RIVER AT GOLD CREEK
FREEZE-UP OBSERVATIONS ON THE MAINSTEM
October 1982

Gold Creek
Mean Air Water ice in Border Ice Snow
Discharge (1) Temperature (2) Temperature (3) Channel (4) Thickness Depth
Date {cfs) (°c (°cy (%) (Ft) [(ft) Weather
Oct. 19 6900 -1.4 0.65 50 slush 0.6 Snow
20 6800 -5,0 0.80 Lo slush 0.6 Cloudy
21 6500 -5.6 1.00 60 slush 0.6 Windy/Sunny
22 6200 =4 4 0.90 60 0.3 0.6 Windy/Sunny
23 6000 -9.2 0.80 65 0.3 0.6 Windy/Sunny
24 5900 -7.8 1.00 50 0.3 0.6 Partly Ciloudy
25 5700 =-10.0 1.00 60 0.3 0.6 Cloudy
26 5600 =144 0.50 60 0.3 0.6 Cloudy
27 5h00 ’ ~-13.6 0.20 65 0.4 0.6 Sunny
28 5300 -7.8 0.00 65 0.4 1.0 Snow
29 5200 -6.9 0.00 70 0.5 1.5 Snow
30 2100 -18.3 0.10 70 0.7 1.5 sunny
N 4900 -17.8 0.00 70 0.7 1.5 Sunny
1. Provisional data subject Lo revision by the U.S. Geological Survey, Water Resources Division, Anchorage, Alaska.

2. Average value of the days minimum and maximum temperature.
3. Based on one instantansous measurement, usually taken at 9 a.m. daily.

i, Visual estimate based on one instantaneous observation, usually at 9 a.m. daily.
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TABLE 4.4

SUSITNA RIVER AT GOLD CREEK
TREEZE-UP OBSERVATIONS ON THE MAINSTEM
November 1982

Gold Creek
Mean Air Water ice in Border lce Snow
Discharge (1) Temperature (2) Temperature (3) Channel (U4) Thickness Depth
Dave {cfs) (°c) {°C) % f ___Weazher
Nov. 1 4800 -2.2 0.00 10 0.9 1.9 wWindy/Cloudy

2 W00 1.1 0.10 20 0.9 1.5 Snow
3 4600 -6.9 0.20 50 0.9 1.7 Cloudy
y 4500 -3.3 0.30 15 0.9 1.8 Cloudy
5 400 -6.7 0.40 10 0.9 1.8 Cloudy
6 4300 -16.9 0.30 50 0.9 1.8 Sunny
1 4300 -17.8 0.20 55 1.0 1.8 Sunny
8 4200 -7.5 0.15 55 1.2 1.8 Snow
9 4100 ~5.6 0.15 55 1.2 2.6 Cloudy
10 4000 -5.0 0.30 50 1.2 2.5 Cloudy
n H000 -1.1 0.20 50 1.2 2.5 Snow
12 3900 ~1.9 0.20 35 1.3 3.3 Cloudy
13 3800 ~3.1 0.20 35 1.3 3.3 Sunny
"W 3800 -1.9 0.20 30 1.5 3.4 Cloudy
15 3700 -12.2 - ho 1.5 3.4 sSunny
16 3600 -15.8 - 60 1.6 3.4 sunny
17 3600 =15.0 - 70 1.6 3.4 sunny
18 3500 -22.8 0.30 70 1.6 3.3 sSunny
19 3500 -25.7 0.20 75 1.7 3.3 Sunny
20 3400 -10.0 0.30 70 1.6 3.3 Snow
21 3400 6.4 0.30 60 1.6 4.1 Snow
22 3300 ~5.0 0.40 95 1.6 .1 Sunny
23 3300 -4 .4 0,30 45 1.3 4.0 sunny
24 3200 =3.1 0,30 30 1.3 4.0 Sunny
25 3200 -2.8 0.50 40 1,2 3.9 sunny .
26 3100 -3.1 0.40 50 1.2 3.8 sunny
27 3100 -8.3 0.40 50 1.2 3.8 sunny
28 3100 ~-12.8 0.50 60 1.3 3.8 sunny
29 3000 -9.7 0.30 60 1.3 3.8 Snow
30 3000 ~8.9 0.20 40 1.3 3.8 Cloudy

1. Provisional data subject Lo revision by the U.S. Geological Survey, Water Resources Division, Anchorage, Alaska.
2. Average value of the days minimum and maximum temperature.
3. Based On one instantanueous measurement, usually taken at 9 a.m, daily.

L. Visual estimate based on one instantaneous observation, usually at 9 a.m, daily.
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TABLE 4.5

SUSITNA RIVER AT GOLD CREEK
FREEZE~UP OBSERVATIONS ON THE MAINSTEM
December 1982

Gold Creek
Mean Air Water ice in Border Ice Snow
Discharge (1) Temperature (2) Temperature (3) Channel (i) Thickness Depth
Dage (cfs) (°c) (°c} %) f ___Weather
Dec. 3000 -7.8 0.10 30 1.3 3.4 Cloudy

2 2900 -16.9 0.10 55 1.3 3.3 Cloudy
3 2900 =-16.9 0.00 70 1.3 3.3 Windy/Sunny
i 2900 -10.0 0.10 7% 1.3 3.3 Cloudy
5 2800 -8.3 0.20 75 1.3 3.3 Cloudy
6 2800 -1.7 0.20 65 1.3 3.0 sunny
7 2800 2.5 0.30 40 1.3 3.0 Windy/Cloudy
8 2700 3.6 0.20 15 1.1 3.8 Snow
9 2700 ~-1.9 0.20 29 1.1 3.9 Cloudy
10 2700 «16.1 0.10 60 1.2 3.9 sSunny
n 2600 -6.1 0.00 1)) 1.3 3.9 sunny
12 2600 -3.1 0.00 60 1.3 3.8 Cioudy
13 2600 -1.7 0.10 (D)) 1.3 3.8 sunny
L 2600 =5.0 0.20 29 1.2 3.8 sSunny
15 2600 -0.3 0.20 10 1.2 3.8 sunny
16 2500 -3.3 0.10 10 - 3.7 sunny
17 2500 -6.7 0.10 ) 10 - 3.7 sunny
18 2500 -10.6 0.00 50 - 3.7 sunny
19 2400 -11.7 0.00 W0 - 3.7 Sunny
20 2400 ~-7.2 0.00 4o - 3.7 Sunny
21 2400 =-21.1 0.00 50 0.5 3.7 Sunny
22 2400 -23.1 0.00 50 0.5 3.7 sunny
23 2500 -15.6 0.00 30 0.5 3.7 Sunny
24 2400 -11.9 0.00 30 0.5 3.6 sunny
25 2300 -9.2 0.10 30 0.6 3.6 Sunny
26 2300 -5.6 0.10 30 0.6 3.% sSunny
21 2400 -1.7 0.10 35 0.6 1.5 Snow
28 2400 0.6 - - - 5.0 Snow
29 2600 1.7 0.10 5 overflow 3.1 Rain
30 2800 -0.3 0.10 25 overf low 3.2 Rain
31 2900 - 0.10 5 1.3 3.2 Sunny

1. Provisional Jata subject to revision by Lhe U.S. Geological Survey, Water Resources Division, Anchorage, Alaska.
2, Average value of the days minimum and maximum Lemperature.
3. Based on une instantaneous measurement usually taken at 9 a.m, daily.

4, Visual estimate based on one instantaneous observation, usually at 9 a.m, daily.
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TABLE 4.6
SUSITNA RIVER AT GOLD CREEK
FREEZE~UP OBSERVATIONS ON THE MAINSTEM
January 1983
Gold Creek
Mean Air Water ice in Border Ice Snow
Discharge (1} Temperature (2) Temperature (3) Channel (4) Thickness Depth
Date cfs) (°cy). {°c) (%) {ft) (ft) Weather

Jan., 1 2900 -2.8 0.00 8 1.3 3.2 Sunny
2 2800 -2.8 0.00 10 1.3 3.2 sSunny
3 2800 -3.9 0.00 30 1.3 3.5 Cloudy
4 2700 =5.0 0,00 60 1.4 3.5 Sunny
5 2700 -13.9 0.10 65 1.3 3.5 Sunny
6 2600 ~19.1 0.10 65 1.3 3.5 Sunny
7 2500 - 0.00 70 1.3 3.5 Sunny
8 2500 -25.3 0.00 65 1.3 3.3 Sunny
9 2400 -22.2 0.00 60 1.4 3.3 Sunny
10 2400 -20.6 0.00 10 1.4 3.0 High Winds
11 2400 -16.7 0.00 85 1.4 3.0 Sunny
12 2300 -18.6 0.00 90 1.5 3.0 Sunny
13 2300 ~16.7 0.00 90 1.5 3.0 sunny
12 2200 -13.1 0.00 100 1.5 3.0 Sunny

1. Provisional data subject Lo revision by the U.S. Geological Survey, Water Resources Division, Anchorage, Alaska,
2. Average value of the days minimum and maximum temperature.

3. Based on one instantancous measurement, usually taken at 9 a.m. daily.

i, Visual estimate based on one instantaneous observation, usually at 9 a.m, daily.

* Channel frozen over.
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TABLE 4.7
1983 SUSITNA RIVER ICE THICKNESS MEASUREMENTS

Mainstem lce Average%
Thicknesses (ft) Number Water Surface Underice
_Min  _Max _Avg of Holes Elevation Water Velocity

February 4§, 1983
Watana 1.0 3.6 2.4 21 1436.8 2.6
Portage Creek 1.4 3.4 2.5 5 834.1
Gold Creek 1.3 1.9 1.6 5 684.6
curry 1.8 2.1 1.9 i 922.7
LRX~3 2.0 3.9 2.9 5 342.8
April 12, 1
Watana 1.8 .2 2.8 19 1436. 1 2,2
Portage Creek 3.0 4.0 4.1 6 833.5 4.2
Gold Creek 1.8 2.9 2.3 6 682.9
Curry 1.3 3.3 2.2 7 521.9
LRX-3 2.0 3.8 2.8 7 341.5
* Average underice water velocity was measured at point of most fiow and constitutes an average of the vertical

velocity profile.
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River
Mile
148.9
142.3
140.8
136.6
135.3
130.9
128.3
127.0
124.5
120.7
116.7
113.7
106.2
103.3

98.5

TABLE 4.8

RIVER STAGES AT FREEZEUP MEASURED
FROM TOP OF ICE ALONG BANKS
AT SELECTED LOCATIONS

Elevation
Approximate Top of
Date of River Bank
Location Freezeup (fL)
Portage Creek 12/23/82 843.0
Slough 21, H9 - 758.3
Stough 21, LRX-54 - 735.3
Gold Creek 1/14/83 687.0
Slough 11, Mouth 12/6/82 671.5
Stough 9, Sherman 12/1/82 622.4
Slough 9, Mouth 11/29/82 -
Stough 8, Head 11/22/82 -
Slough 8, LRX-28 11/20/82 55%6.2
Curry 11/20/82 527.0
McKenzie Creek 11/18/82 -
Lane Creek 11/15/82 -
LRX-11 11/9/82 -
LRX~9 11/8/82 384.1
LRX~-3 11/5/82 3u46.4

»

Values in brackets |

adjacent to the site.

Open Water
Maximum Discharge Actual
cevetion  Cloien ™ e Cenk
(fr) (cfs]) (cfs)
839.5 27,000 2,400
755.5 - -
733.3 - -
685.3 16, 000 2,200
- - 2,800
620.1 30,000 3,000
16.9] - 3,000
579.3 - 3,300
$59.3 44,000 (aufeis) 3,400
524.6 28,000 3,400
493.3 - 3,500
[6.71] - 3,700
[5.3] - 4,100
383.9 41,000 4,200
3u5.5 - 4,400

| represent relative elevatLions based on an assumed datum from @ temporary benchmark
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TABLE 4.9

MAJOR ANNUALLY RECURRING OPEN LEADS

BETWEEN SUNSHINE RM 83 AND DEVIL CANYON RM 151
LOCATION AND SPECIFICATIONS ON MARCH 2, 1983

Location of Velocity Continuous
Upsteam End Channel or Approx. Widest or
River Mile # Type Thermal Length (Ft) Point (Ft) Discontinuous
85.0 Mainstem Velocity 550 80 Continuous
87.1 Slough Velocity 4,500 50 Discontinuous
87.6 Mainstem Velocity 700 100 Continuous
89.0 Mainstem Velocity 1,200 100 Continuous
Side Channel Velocity 2,500 40 Continuous
89.5 Mainstem Velocity 1,400 60 Discontinuous
91.0 Mainstem Velocity 1,700 80 Discontinuous
92.3 Mainstem Velocity 1,300 110 Discontinuous
93.7 Mainstem Velocity 3,500 110 Continuous
94.0 Mainstem Thermal 3,500 20 Discontinuous
95.2 Side Channel Velocity 2,400 100 Continuous
96.9 Side Channel Velocity 5,600 150 Discontinuous
97.0 Mainstem Velocity 1,100 30 Continuous
102.0 Mainstem Velocity 2,400 100 Discontinuous
102.9 Mainstem Velocity 600 100 Continuous
103.5 Mainstem Velocity 1,850 100 Discontinuous
104.1 Mainstem Velocity 280 70 Continuous
104.5 Mainstem Velocity 1,700 110 Continuous
104.9 Mainstem Velocity 900 150 Continuous
105.9 Mainstem Velocity 1,050 100 Continuous
106.1 Mainstem Velocity 200 60 Continuous
106.4 Mainstem Velocity 370 50 Continuous
106.6 Mainstem Velocity 350 S0 Discontinuous
107.4 Mainstem Velocity 200 50 Continuous
109.1 Mainstem Velocity 550 100 Discontinuous
110.3 Mainstem Velocity 150 100 Discontinuous
110.5 Mainstem Velocity 290 50 Continuous
110.9 Mainstem Velocity 450 50 Discontinuous
111.5 Mainstem Velocity 1,600 100 Continuous
.7 Mainstem Velocity 500 90 Continuous
111.9 Mainstem Velocity 900 150 Continuous
112.5 Mainstem Velocity 700 100 Discontinuous
112.9 Mainstem Velocity 500 110 Continuous
113.8 Mainstem Velocity 600 110 Continuous
117.4 Mainstem Thermal 780 60 Continuous
117.9 Side Channel Thermal 1,260 120 Discontinuous
119.6 Side Channel Thermal 550 30 Continuous
119.7 Mainstem Velocity 350 50 Continuous
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TABLE 4.9 (Continued)

Location of Velocity Continuous

Upsteam End Channel or Approx. Widest or

River Mile # Type Thermal Length (Ft) Point (Ft) Discontinuous
120.3 Mainstem Velocity 800 100 Continuous
121.1 Mainstem Velocity 550 100 Continuous
121.8 Side Channel  Thermal 1,450 30 Discontinuous
122.4 Slough (7) Thermal 1,850 60 Discontinuous
122.5 Slough (7) Thermal 380 50 Continuous
122.9 Slough (7) Thermal 1,950 80 Discontinuous
123.1 Mainstem Velocity 1,000 80 Continuous
123.9 Side Channel Thermal 200 50 Continuous
124.4 Side Channel Velocity 270 40 Continuous
124.9 Mainstem Thermal 600 90 Continuous
125.3 Slough (8) Thermal 3,500 S0 Discontinuous
125.5 Mainstem Velocity 2,140 100 Continuous
125.5 Slough (8) Thermal 800 500 Continuous
125.6 Mainstem Velocity 350 60 Continuous
125.9 Slough (8) Thermal 580 50 Continuous
126.1 Slough (8) Thermal 500 30 Continuous
126.3 Siough (8) Thermal 250 50 Continuous
126.8 Slough (8) Thermal 1,500 80 Discontinuous
127.2 Side Channel Thermal 2,450 50 Continuous
127.5 Mainstem Velocity 700 80 Continuous
128.9 Slough (9) Thermal 5,060 100 Continuous
128.5 Side Channel  Thermal 1,210 30 Discontinuous
128.8 Side Channel Thermal 380 20 Continuous
129.2 Slough Thermal 4,000 30 Discontinuous
130.0 Mainstem Velocity 600 90 Continuous
130.8 Side Channel Thermal 5,000 50 Discontinuous
130.7 Mainstem Velocity 150 50 Continuous
131.1 Mainstem Velocity 490 920 Continuous
131.3 Mainstem Velocity 800 100 Continuous
131.5 Side Channel Thermal 5,000 80 Discontinuous
131.3 Side Channel Thermal 900 90 Discontinuous
132.0 Mainstem Velocity 150 20 Continuous
132.1 Mainstem Velocity 500 20 Discontinuous
132.3 Mainstem Velocity 400 80 Continuous
132.6 Mainstem Velocity 1,350 80 Continuous
133.7 Slough Thermal 6,000 60 Continuous
133.7 Mainstem Velocity 1,110 100 Continuous
134.3 Slough (10) Thermal 4,500 40 Continuous
134.0 Side Channel  Thermal 1,200 50 Continuous
134.5 Side Channel  Thermal 850 100 Continuous
135.2 Mainstem Velocity 1,580 90 Discontinuous
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TABLE 4.9 (Continued)

Location of Velocity
Upsteam End Channel or
River Mile # Type Thermal
135.7 Slough (11) Thermal
136.0 Mainstem Velocity
136.3 Side Channel Thermal
136.7 Mainstem Thermal
137.1 Mainstem Velocity
137.4 Side Channel Thermal
137.8 Slough (16) Thermal
138.2 Mainstem Velocity
138.9 Mainstem Thermal
139.0 Mainstem Velocity
139.1 Mainstem Velocity
138.4 Mainstem Velocity
140.6 Side Channel Thermal
Slough (20) Thermal
142.0 Slough (21) Thermal
141.5 Mainstem Velocity
142.0 Mainstem Velocity
142.6 Mainstem Velocity
142.8 Mainstem Velocity
143.6 Mainstem Velocity
Mainstem Velocity
143.8 Mainstem Velocity
143.9 Mainstem Velocity
144.5 Mainstem Velocity
Slough (22) Thermal
144.6 Slough (22) Thermal
145.5 Mainstem Velocity
146.9 Mainstem Velocity
147.1 Mainstem Velocity
147.7 Mainstem Velocity
148.1 Mainstem Velocity
148.5 Mainstem Velocity
149.0 Mainstem Velocity
149.5 Mainstem Velocity
150.0 Mainstem Velocity
150.2 Mainstem Velocity
151.2 Mainstem Velocity

-72-

Approx.
Length (Ft)

Widest

Continuous
or

Point {(Ft) Discontinuous

5,500
230
2,050
1,620
750
2,500
1,400
2,000
2,100
780
500
600
1,900
1,100
3,850
850
950
1,600
850
350
280
780
500
900
250
300
1,150
700
850
150
420
680
400
500
350
750
2,800

100
100

Continuous
Continuous
Continuous
Continuous
Continuous
Discontinuous
Discontinuous
Continuous
Continuous
Continuous
Continuous
Continuous
Discontinuous
Continuous
Discontinuous
Continuous
Continuous
Discontinuous
Continuous
Discontinuous
Continuous
Continuous
Continuous
Discontinuous
Continuous
Continuous
Continuous
Continuous
Discontinuous
Continuous
Discontinuous
Continuous
Continuous
Continuous
Discontinuous
Continuous
Discontinuous

|
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PHOTO 4.1
Ice plume near Slough 9, flowing towards bottom of photo. Frazil ice can form
in September on the upper Susitna River between Denali and Vee Canyon where
air temperatures are generally much colder than near Talkeetna. These ice

plumes are often the first indicators of frazil formation.

R NS A AR P T S or 0 e A T A S e TR TN

PHOTO 4.2
View of the mainstem, adjacent to the town of Talkeetna, on October 12, 1982.

Flow is from right to left. Note staff gage in foreground. Water level reads

1.65 feet.
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PHOTO 4.3
View of the mainstem, adjacent to the town of Talkeetna, on October 30, 1982.
The water level dropped over 3 feet since October 12, exposing the gravel bar

in the foreground. The photo was taken 5 days before the ice front passed
Talkeetna. By November 7, this area was covered by 4 feet of ice.

_ PHOTO 4.4
View of the mainstem, adjacent to the town of Talkeetna, on November 4, 1982.
The ice front has progressed to within 1 mile of this area, and caused the

water level to irncrease over 2 feet. The shore ice

in the foreground has
fragmented and will eventually wash away.
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PHOTO 4.5
Slush ice accumulating by juxtaposition on October 29, 1982 at Sunshine. Flow
is frcwa left to right. This area represents the leading edge of an ice front
that has just passed the Parks Highway Bridge. Note the flooded side channel
in the upper photo. The ice pack has caused a local increase in water level of
about 2 feet.

PHOTO 4.6
Shore ice constriction near Slough 9 on October 26, 1982. Flow is from right to
left. Note the successive layers of slush ice that have built up along the left
bank. Slush ice is being compressed through the surface constriction,
emerging on the left as rafts.
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PHOTO 4.7
Shore ice constriction in Devil Canyon on October 21, 1982. Flow is from right
to left. Shore ice constricts the surface flow, often concentrating frazil siush
into a layer that fragments downstream into pans and rafts. Note the absence
of floating ice upstream of the constriction.

PHO7TO 4.8
Ice bridge in Devil Canyon on October 21, 1982. This closure represents the
first ice cover on the Susitna above Talkeetna. Flow is from left to right.
The initial constriction by shore ice is still evident. Channel configuration is
shallow gradient and gravel bar on the right bank and deep narrow thalweg

along the left bank.
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PHOTO 4.9
View of the Chulitna confluence with the Susitna mainstem, looking upstream on
October 29, 1982. The Chulitna west channel entzrs in the left foreground, the
east channel comes in on the upper left, and the Susitna River flows diagonally

from the center to the right margin. Note the slush ice accumulation at the
east channel.

PHOTO 4.10 i
Susitna River confluence with the Chulitna east channel on November 2, 1982,
view looking downstream on the Susitna. The slush ice constriction at the
confluence has consolidated and frozen, creating this jam and causing

subsequent flooding. About 1000 cfs is being diverted into the Chulitna east
channel. Compare with photo 11. '
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PHOTO 4.11
Susitna River confluence with the Chulitna, view looking downstream on
November 9, 1982. The Susitna is ice covered and the Chulitna east channel,
flowing from right to left, appears as an open lead in the center. The left end
of the lead intersects the Susitna ice cover.

PHOTO 4.12
The Susitna River at river mile 99.6 looking upstream on November 2, 1982.
The river thalweg runs diagonally from the lower right to the upper left of the
photo. At river mile 101.3, near Whiskers Creek, about 1,200 cfs was
diverted into the side channel on the right.
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PHOTO 4.13
Susitna River at river mile 106 on November 17, 1982. Flow is from the upper
right to lower left. Ice cover has telescoped to cover the river channel from
bank to bank. Note the sagging ice cover over the narrow winter channel and
the open leads created by turbulent flow.

PHOTO 4.14
Open leads on February 2, 1983 at river mile 103.5, view looking downstream.
Note the slush ice cover developing in the foreground.
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PHOTO 4.15
Susitna River at Gold Creek on October 16, 1982, looking downstream from the
railroad bridge. Note the frazil slush floes and shore ice development.

PHOTO 4.16
Susitna River at Gold Creek on January 13, 1983. Shore ice development has
constricted the water surface width to less than 50 feet under the bridge. The
ice cover progressed past Gold Creek on January 14.

ﬂ
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PHOTO 4.17

Sample of ice taken during breakup at river mile 142.
anchor ice were observed through this reach during freeze-up.
accumulated sediment by filtration and entrapment of saltating particles.

Dense concentrations of
This ice had

PHOTO 4.18
Flow is

Extensive shore ice development near the confluence of Devil Creek.
from left to right. Shore ice had built out in successive layers to constrict the

channel until slush ice could no longer flow through.
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PHOTO 4.19
View looking upstream at river mile 104 on February 2, 1983. The ice cover
has settled onto the channel bottom except where open leads persist.

Tl SRR 4 .
PHOTO 4.20
Time lapse camera mounted on the south rim of Devil Canyon near the proposed
damsite. This camera filmed the ice cover development in the canyon from
October 21, 1982 until February 7, 1983. '
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5.0 SUSITNA RIVER BREAKUP PROCESSES

Destruction of a river ice cover progresses from a gradual deterioration of
the ice to a dramatic disintegration which is often accompanied by ice jams,
flooding, and erosion. The duration of breakup is primarily dependent on
the intensity of solar radiation and the amount of rainfall. An ice cover
will rapidly break apart at high flows. Ice debris accumulates at flow
constrictions and can become grounded. The final phases of breakup are
characterized by long open reaches separated by massive ice jams. A
large jam releasing upstream will usually carry away the remaining
downstream debris leaving the river channel virtually ice free.

5.1 lce Cover Deterioration

Initial phases of ice cover deterioration commonly occur by mid-April.
These are identified by flooded snow and overflow on ice and can be
attributed to a slight increase in discharge. The rise in water level
is generally associated with moderating air temperatures and the
increasing daily duration of solar radiation. Solar radiation can cause

snow to melt even though air temperatures remain below freezing.

Overflow takes place because the rigid and impermeable ice cover fails
to respond to water level fluctuations (Table 5.1). Increasing stage
results in immediate and severe erosion at the ice/water interface.
Where the ice is continuous and unbroken, standing water commoniy
appears in the sags and depressions. This water substantially
reduces the albedo of the ice surface and generally, within days, an
open water lead develops in these depressions. With water levels
rising steadily, the channel perimeter expands and undercutting of
the stranded ice begins. This causes portions of the ice cover to
hang over the flowing water of the open lead. When the critical
shear stress is exceeded, portions of the ice cover collapse by either
hinging at the point where it contacts the bottom or by shearing
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vertically from the main ice body. The ice fragments then drift
downstream to accumulate with other floes against the solid ice cover
at the downstream edge of the lead. By this process, open leads
gradually become wider and longer.

The high velocity reaches in which most leads form are more common
above Talkeetna because the river channel is relatively narrow, lacks
a wide flood plain, and has a steeper gradient. Downstream from
Talkeetna, the broad and shallow river channel has less gradient and
tends to reduce velocities by dissipating the flow over a wider area.
Here open leads occur less frequently and the first indicator of rising
water levels is extensive overflow. On April 7, 1983 an area of
overflow near the Parks Highway Bridge covered the ice sheet with
over half a foot of flowing water. The ice cover in this section was a
composite of porous slush ice floes that had consolidated during
freeze-up and consisted of coarse, rounded ice crystals. Because of
its loosely-packed crystal configuration, the ice cover was permeable
to water and lacked sufficient buoyancy to break loose from the
shore-fast ice and float, so it remained submerged until eventually
melting away.

Solid and continuous ice covers can fragment en masse when the
pressure created by the rising water level can no longer be
contained, this was especially on the lower river downstream of
Talkeetna. The shattered ice cover, however, will remain in place

for several days if the ice downstream remains intact.

During April, solar radiation generally increases in intensity and
duration. Early in the month, warming air temperatures usually
begin to affect the snowpack in the lower elevations near Susitna
Station causing it to quickly turn isothermal and melt. By late April,
the snowpack has disappeared from the river downstréam of Talkeetna
and has started to melt in areas along the upper river, especially on
south facing slopes. The snow laying on the river ice cover is often
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relatively thin compared to the snowpack covering the ground because
of exposure to higher winds which can rapidly ablate the snow or
simply blow it away. In addition, overflow can cause a dramatic
reduction of the snow thickness by consolidating and changing the
snow crystal structure into ice. On many reaches of the river, the
snow cover has been observed to disappear from the river ice while a
deep snowpack remains along the banks.

Once the snow cover over the river ice melts, solar radiation rapidly
disintegrates the crystal structure of the ice. Disintegration of the
ice cover by incident solar radiation is commonly indicated by the
process of “candling.” This phenomena results from a structural
failure along the individual crystal boundaries. When ice crystals
grow, impurities in the water are expelled from the crystal structure
and tend to become concentrated along the crystal edge and at crystal
boundaries. lce crystals generally prefer to grow perpendicular to
the c-axis and parallel to the thermal gradient. Simultaneous growth
of adjoining crystals prevents much widening and the characteristic
long, narrow, six-sided crystals resuit. The effects of solar
radiation are accentuated at the weak crystal boundaries and melting
occurs here. This process begins at the ice surface and can extend
through the tota! thickness of the ice sheet. Candling significantly

weakens the ice which during advanced stages of disintegration can:

shatter on impact into splintered masses of individual crystals.

Observations of ice sheet fragmenting during the 1983 breakup on the
Susitna River revealed a tremendous resistance by the ice to any form
of horizontal shearing. The peculiar resistance to horizontal shear
can be explained by the configuration of the crystal structure. The
hexagonal crystals fit together in a compact arrangement that
eliminates horizontal sliding surfaces between individual crystals. In
the vertical direction, however, each crystal boundary represents a
sliding surface and every candled crystal will readily shear away from
its neighbor. The significance of this phenomenon is evident during
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5.2

breakup when tremendous horizontal shear stresses created within
massive ice jams often fail to fragment ice sheets at the jam key.
However, the stage increases associated with ice jams appear to easily
snap loose huge sheets of border ice. On a smaller scale, gradually
increasing mainstem discharges continually cause shorefast ice along
the flow margins to break away by vertically shearing along ice
crystal boundaries.

By the end of April, 1983, the Susitna River was laced with long,
narrow open leads. Floes that had fragmented from the ice had
accumulated into small ice jams. The configuration of these small ice
jams often resembled a U or V-shaped wedge, the apex of the wedge
corresponding to the highest velocities in the flow distribution. The
constant pressure exerted by these wedge-shaped ice jams effectively
lengthened and simultaneously widened many open leads. This
process of widening the surface area is particularly significant
because any ice floes drifting. downstream consequently had a clear
passage, greatly reducing the potential of ice lodging and creating a
major jam.

Ice Jams

Based on historical events and morphologic evidence, several of the
small, open lead ice jams were expected to develop into major jams.
Examination of mainstem cross sections adjacent to side channels and
sloughs indicated a striking similarity of channel configurations at
suspected jam keys. Most of the cross sections in these areas
consisted of a broad channel with gravel islands or bars and a
narrow, deep thalweg, possibly representing an ice scour hole,
confined along a rock wall or along one of the banks. The presence
of sloughs on a river reach may also indicate the locations of major
recurring ice jam events. Many of the sloughs on the Susitna River
between Curry and Devil Canyon were carved through terrace plains
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by some extreme flooding event. Summer floods, although frequently
flowing through sloughs, do not generally result in water levels high
enough to overtop the river bank. During breakup, however, ice
jams commonly cause rapid, local stage increases that generally
continue rising until either the jam releases or the sloughs are
flooded. If the sloughs did not exist, then water levels would
increase until the capacity of the channel was exceeded and the water
would flow laterally out of the mainstem. The flow would probably
also carry with it a great volume of ice which could easily erode
first the soils and gravels of the terrace plains. Water would
continue flooding the overbank until the jam decayed. When no
terrace plain adjoins a mainstem ice jam, then stages would increase
to a level that created unstable conditions at the jam key, forcing the
jam to release. |t seems, therefore, that on the Susitna, sloughs are
an indicator of frequent ice jamming on the adjacent mainstem and can
also influence the stability and longevity of these jams by relieving
the stage increases and subsequent water pressures acting against
the ice.

In May of 1976 during an extreme ice jam event at river mile 135.9,
the river not only flooded the adjacent bypass channel but also
carved out what is now identified as Slough 11. Photo 46 is a
photograph, taken from the Gold Creek railroad bridge on May 7,
1976, showing a substantial volume of water flowing through
Slough 11. The mainstem and bypass channel are towards the right
of the photo and appear to be completely ice choked. Local residents
have indicated that this event created most of Slough 11. Several ice
jams of smaller magnitude since 1976 have alsc breached the berm at
the channel head and enlérged the slough to its present
configuration.
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The following channels between Devil Canyon and Gold Creek, are
regularly influenced by ice induced flooding during breakup:

. Slough 22
Slough 21 from RM 142.2 to RM 141
Slough 11 from RM 136.5 to RM 134.5
Side channels from RM 133.5 to 131.1
Side channels from RM 130.7 to 129.5

Slough 9

Slough 8A and 8

Slough 7
A In general, the final destruction of the ice cover is accomplished by a
= series of ice jams which break in succession and are added to the
- next jam. This mass of ice continues building as it mcves

downstream. Upstream from this accumulation, the river channel is
commonly ice free except for stranded ice floes and some drifting ice
coming from above Devil Canyon.

lce studies during the 1983 Susitna River breakup were oriented

towards acquiring ice jam profiles on the river reach between

Talkeetna and Devil Canyon as well as quantitative data on ice

thicknesses, staging, and flow velocities (Figure 5.1 and Tables 5.1
= to 5.4, The specified reach was chosen because of its normally
- dramatic breakup and potential for massive ice jam formations.
Measurements were initially taken twice daily at specific sites known
to be affected by ice jams. Water surface elevations, ice thicknesses,
and ice cover erosion rates were measured through bore holes.
Velocities in the mainstem above and below ice jams were successfully
measured by suspending an elcctronic sensor with 30 feet of wire
cable from a helicopter and obtaining a spot reading at 2 feet below
the water surface. The water depth both above and below jams was
also often measured by reading the depth directly from metal flags
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attached to the cable which was kept vertical with a 50 Ib. lead
weight. These data are presented in Table 5.1.

The major streams flowing directly into the lower Susitna River were
contributing substantial discharges by April 27, 1983. The ice was in
varying stages of decay on these tributaries, with Kashwitna Creek
retaining a virtually intact ice cover, and Montana Creek, Sheep
Creek, and Willow Creek breaking up rapidly. Observation during an
aerial reconnaissance on April 29 documented a rapidly disintegrating
mainstem ice cover from Talkeetna down to the Montana Creek
confluence. Further downstream, the mainstem ice cover was
extensively flooded but remained intact. Above the Parks Highway
Bridge the ice cover and shattered into large ice sheets in several
areas. The large size of these fragments however, prevented the ice
from flowing out. At Sunshine, an ice covered reach was flooded by
about 1 foot of overflow and yet remained intact. No ice jams had
occurred.

Observers at Susitna Station reported ice beginning to move
downstream on May 2 with flowing ice continuing to pass for several
days (Table 5.2). Deshka River residents observed the first ice
moving on May 4 and the steady ice flows ending on May 10 (Table
5.3). No significant jams were noted. This indicates an upstream
progression of ice breakup which confirmed the aerial observations on
the river below Montana Creek.

On May 4, 1983, two relatively small ice jams fromed at RM 85.5 and
RM 89. The jam keys were small, however even the minimal staging
that resulted caused extensive flooding of the surrounding gravel and
sand flood plain. Many logs were set adrift appearing to cause
damage but most of these logs had previously been stranded by high
summer flows.
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The largest ice jam observed on the lower river occurred on May §
near the confluence with Montana Creek at RM 77. Here an extensive
accumulation of drifting ice debris had failed to pass around a river
bend and jammed. The Montana Creek confluence was flooded but ;.
damage or significant impact by ice or water was noted. Although
the lower river reach had been essentially ice free since May 6,
drifting ice released from the upper river was continuing to jam.

Residents at Susitna Station, the Deshka River confluence, and Gold
Creek provided additional measurements of water levels and ice
thicknesses as well as qualitative descriptions of the sequence of
events leading up to ice-out. Weekly aerial reconnaissance flights
were conducted in order to document the interrelaticnship between
river reaches. Tables 5.1 to 5.4 at the end of this section present
all pertinent information. The following description is a chronological
sequence of breakup events on the upper river from April 27 to
May 10, 1983.

On April 27, 1983, daily observations and data acquisition began. By
this time, the river had already been opened wide in some areas by
the downstream progression of small ice jams. These minor ice floe
accumulations remained on the water surface, 6ften breaking down
any intact ice cover obstructing their passage. As described earlier,
this process is initiated in open leads which gradually become longer
and wider until extensive reaches of the channel are essentially ice
free. These small ice jams may be important in preventing the
occurrence of larger, grounded ice jams. This was evident in 1983
when large ice jams released, sending tremendous volumes of floating
ice downstream. The small jams had provided wide passages for the
flowing ice which may have jammed again if the channel had remained
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constricted. On April 27, extensive channel enlargements and small
ice jams were steadily progressing downstream near the following
locations:

Portage Creek, RM 148.8
Jacklong Creek, RM 145.5
Slough 21, RM 142.0

Gold Creek, RM 135.9
Sherman Creek, RM 131
Curry Creek, RM 120

A large jam had developed near Lane Creek and was apparently
grounded. Flooded shore ice surrounding the jam indicated that some
water had backed up. A noticeable increase in turbidity occurred on
this day. Aerial observations on April 28 revealed an open channel
for most of the reach between Talkeetna and Sunshine.

Continuing reconnaissance upstream from Talkeetna on May 1 showed
that the ice jam at Lane Creek was still accumulating ice floes. The
source of the floes was limited to the fragmenting shore ice and no
significant accumulation could occur here until ice jams further
upstream released. The Lane Creek jam had progressed about
300 feet downstream since April 27. The ice jam near Slough 21 had
increased in size and was raising the water level along the upstream
edge. This backwater extended approximately 300 feet upstream.
Table 15 shows a relative stage increase at this measurement site of
over 3 feet in 24 hours. Figure 10 illustrates the water profile

before and after this ice jam occurred.
By May 2, 1983, several significant ice jams had developed. The

small ice jam at Gold Creek had broken through the retaining solid ice

sheet forming a continuous open channel from RM 139 near Indian
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River to a large ice jam at RM 134.5. The small ice. jam that had
been fragmenting the solid ice at the downstream end of an open lead
adjacent to Slough 21 had progressed down to RM 14%l, A large jam
had developed at RM 141.5 leaving an open water area between the
two jams. The upstream ice jam was apparently created when a
massive ice sheet snapped loose from shore-fast ice and slowly pivoted
out into the mainstem flow, maintaining contact with the channel
bottom at the downstream left bank corner. This sheet was
approximately 300 feet in diameter and probably between 3 and 4 feet
thick. The upstream end continued to pivot around until it contacted
the right bank of the mainstem. The ice sheet was then in a very
stable position, jammed against the steep right bank and grounded in
shallow water along a gravel island on the left bank. Several small
ice jams upstream of Slough 21 had released and were accumulating
against this ice sheet extending the jam to a total length of about one
half mile. The water level had risen and an estimated 2,000 cfs was
flowing around the upstream end of the gravel island at RM 142 and
into a side channel. The entrance berm to Slough 21 at cross section
H9 was also overtopped. This illustrates the extreme staging effects
of the jams as the estimated discharge at Gold Creek on this day was
less than 6,000 cfs while the normal summer flows required to breach
this berm are in excess of 20,000 cfs. The entrance channel at cross
section A5 was breached and about 150 cfs was diverted into the
lower portion of Slough 21. Many ice floes also drifted through this
narrow access channel and were grounded in the slough as the flow
dissipated over a wider area.
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By May 4, 1983, stable ice jams had developed and were gradually
building mass at the following locations between Talkeetna and Devil
Canyon:

Lane Creek at RM 113.2

Curry at RM 120.5 and RM 119.5
Slough 9 at RM 129

Slough 11 at RM 134.5

Slough 21 at RM 141.8

Downstream from the ice jam at Lane Creek, the ice cover was still
intact although extensively flooded. Between Lane Creek and Curry,
the channel was wide open and ice free with the exception of some
remnant shore ice. From Curry upstream to the ice jam adjacent to
Slough 7 some portions of the ice cover remained, but were severely
decayed and disintegration seemed imminent. An intact ice cover
remained from Slough 8 past Slough 9 to the ice jam at Sherman.
This ice cover had many open leads and large areas of flooded snow.
Between the remaining ice jams at Sherman, Slough 11 and Slough 21,
the mainstem was open.

The jam at Slough 21 was still receiving ice floes from the
disintegrating ice cover above Devil Canyon. As ice floes
accumulated against the upstream edge of the jam, the floating layer
became increasingly unstable. At some critical pressure within this
cover, the shear resistance between floes was exceeded, resulting in
a chain reaction of collisions that rapidly caused the entire cover to
fail. At this point, several hundred feet of ice cover consolidated
simultaneously. These consolidation phases occurred frequently
during a 4 hour observation period at Slough 21 on May 4. The
frequency was dependent on the volume of incoming ice floes. With
each consolidation, a surge wave resulted. During one particular
consolidation of the entire half mile ice jam, a surge wave broke loose
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all the shore fast ice along the left bank and pushed it onto an
adjacent gravel island. These blocks of shore ice were up to 4 feet
thick and 30 feet wide. The zone affected was almost 100 feet long
and yet the event lasted only a few ‘'seconds. This process is
essentially the same as telescoping during freeze-up except that the
ice is in massive rigid blocks as opposed to fine frazil slush and is
thus capable of eroding substantial volumes of material in a very
short time. The ease with which these ice blocks were shoved over
the river bank indicates the tremendous pressures that build within
major ice jams.

During all of the observed consolidations at Slough 21, the large ice
sheet forming the key of the jam never appeared to move or even
shift. The surge waves would occasionally overtop the ice sheet,
sending smaller ice fragments rushing over the surface of the sheet.
Towards the end of the day, the ice sheet was beginning to deform.
Incident solar radiation, erosion and shear stresses were rapidly
deteriorating this massive ice block and final observations . showed it
to have buckled in an undulating wave and fractured in places.
Observers at the Gold Creek Bridge reported tremendous volumes of
ice flowing downstream at 6 p.m. on May 4 indicating that the jam at
Slough 21 had released probably about 1 hour earlier.

The ice released at Slough 21 continued downstream unobstructed
until contacting the jam adjacent to Slough 11 at river mile 134.5.
The sudden influx of ice displaced the mainstem water and caused
rapid staging. Water levels increased sufficiently to breach berms
and flood the lower portion of Slough 11 adjacent to mainstem river
mile 135. The jam key at this site consisted of _shore-fast ice
constricting the mainstem flow to a narrow channel of no more than
50 feet. Large ice floes, mostly from the original jam at Gold Creek,
had lodged tightly in this bottleneck. Pressures appeared to be
exerted laterally against the shore-fast ice which inherently is
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resistant to movement due to the high friction coefficient of the
contacting river bed substrate.

On May 5, few significant changes were observed in the ice jams
despite warm, sunny weather and constantly increasing discharges
from the tributaries to the mainstem.

it was at first thought that when the ice broke at Slough 11 on
May 6, it would carry away the ice jam at Sherman and start a
sequence that could destroy the river ice cover potentially as far
downriver as Lane Creek. This was prevented by an event that
actually increased the stability of the jam at Sherman so that it held
for several more days. When the ice jam released near Slough 11 and
the debris approached the jam at Sherman, it created a momentary
surge of the water level. This surge broke loose huge sheets of
shore ice which slowly spun out into the mainstem. One triangular
ice sheet about 100 feet wide wedged tightly between two extended
sheets of shore-fast ice. Ice floes continuing to accumulate against
the upstream edge of this wedge exerted tremendous pressures on the
obstruction. A pressure ridge rising at least 10 feet above the ice
formed along the contact surfaces of the wedge. This ridge consisted
of angular fragments and ice candles.

The water level continued to rise as the mainstem channel filled with
ice which eventually extended upstream to RM 132.5. The ice jam
had lengthened to over 1.5 miles. Flooding quickly occurred on the
side channels adjacent to the mainstem and some ice drifted away from
the main channel. The volume of water flowing through the side
channel was estimated at approximately 2,000 cfs, as the ice jam
consolidated and the water level rose, even more water was diverted
through the bypass channels. This volume of diverted flow was
critical to the stability and duration of the ice jam. Even though the
jam increased in size, any additional hydrostatic pressure was
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relieved by diverting water into the side channels. The entire
sequence of events lasted only about 10 to 15 minutes. The water
level rose over 1 foot during this time span. Consolidations would
occur periodically for the rest of the day but the jam key would
never be observed to shift.

Other jams on May 5 were located at:

Slough 9 at RM 129
Slough 7 at RM 122
Curry at RM 120.5
Lane Creek at RM 113

A smaill jam at RM 126 near Slough 8 consolidated and the resulting
surge started a rapid disintegration of the remaining deteriorated ice
cover down to the mouth of Slough 8 near Skull Creek. This same
surge appeared to have breached the entrance berm to Slough 8.
Slough 9 was aiso flooded by the jam near the head of this channel.
The Slough 7 ice jam received some additional floes when the jam at
Slough 8 released. This resulted in a gain of ice mass sufficient to
cause a rise in water level and flooding at RM 123.

At 6:30 p.m. on May 6, a moving ice mass that stretched from RM 136
to RM 138, with lesser concentrations extending for many more miles
upstream, was observed approaching the Sherman ice jam,
Unfortunately, the consequences of this on the Sherman jam were not
observed. The condition of the floes indicated that this ice
originated from above Devil Canyon. The well-rounded floes appeared
to be no larger than 1 foot in diameter and were presumably shaped
by the high number of collisions experienced in the turbulent rapids
through Devil Canyon. Reconnaissance of the river above Devil
Canyon on May 6 revealed a mainstem entirely clear of an ice cover.
Stranded ice floes and fragments littered the river banks up to the
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confluence of Fog Creek. In several short reaches from here
upstream to Watana, the ice cover remained intact. A large jam had
developed near the proposed Watana damsite and extended
approximately 1 mile.

The entire river from the Watana Creek confluence down to the Parks
Highway was reconnoitered on May 7. The following ice jams

persisted:
Key Location Length
Watana Damsite 1 mile
Sherman, RM 131.5 3.5 miles
Slough 7, RM 122 1 mile
Slough 6A, RM 112.5 2 miles

Downstream from the jarﬁ at Slough 6A, the river retained an
intermittent ice cover that was severely decayed and flooded. Below
the Chulitna confluence, the mainstem was ice free and no ice jams
were oliserved. The reaches between the rémaining ice jams were
generally wide open. The Curry jam had released overnight and
traveled all the way to the Lane Creek jam. Here, the sudden
increase in ice mass shoved the entire ice jam downstream about
1 mile where it again encountered a solid but decayed ice cover.

At about 10:30 p.m. on May 8, the ice jam at Sherman released,
sending the total 3.5 miles of accumulated ice drifting downstream
en masse at approximately 4-5 feet per second. This accumulation of
ice, representing many thousands of tons, easily removed the
remaining ice jams at Slough 7 and Slough 6A. In addition, the last
solid ice cover from Slough 6A at RM 112 down to the Chulitna and
Susitna confluence at RM 98.5 was destroyed and replaced by one
long, massive ice jam. This jam extended continuously from RM 99.5
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to RM 104 and then was interrupted by an open water section up to
RM 107. At this point a second ice jam resumed upstream to RM
109.5. This blockage was later measured to be over 16 feet thick in
some sections but more commonly was about 13 feet thick. Water
seemed to be flowing through the ice jam and in some areas was
roiling at the ice surface.

These ice jams released on the night of May 9. Further observations
were conducted on May 10 between RM 109 and RM 110. Along this
reach, the final ice release had left accumulations of ice and debris
stranded on the river banks. When the ice jams released, the ice
floes piled up along the margins did not move, probably due to
strong frictional forces against the boulder strewn shoreline. This
created a fracture line parallel to the flow vector where shear
stresses were relieved. The main body of the ice jam flowed
downstream leaving stranded ice deposits with smooth vertical walls
at the edge of water. These shear walls at RM 108.5 were 16 feet
high. The extreme height of the water surface within the ice jam was
demarcated by a difference in color. A dark brown layer represented
the area through which water had flowed and deposited sediment in
the ice pack. A white layer near the surface was free of sediment
and probably was not inundated by flowing water.

On May 10, the only remaining ice in the mainstem was on the upper
river above Watana. Here an ice jam about 1.5 miles long had
developed near Jay Creek.

lce floes continued to drift downstream for several weeks after the
final ice jam at Chase released. As increasing discharges gradually
raised the water level, ice floes that had been left stranded by ice
jam surge waves were carried away by the current. On May 21, the
massive deposits of ice floes, fragments, slush, and debris were still
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intact near Whiskers Creek and probably would not be washed away
until a high summer flow.

The ice breakup of 1983 occurred over a longer time span than in
previous years according to historical information and local residents.
This is primarily due to the lack of precipitation during the critical
period when the ice cover had decayed and could easily and quickly
have been destroyed by a sudden, area-wide stage increase. During
a year with more precipitation in late April, ice jams of greater
magnitude may form and cause substantially more flooding and
subsequent damage by erosion and ice scouring.

Several important aspects related to ice jams were observed this year
and are summarized here:

1. Scour holes are often indicators of ice jam locations.

2. lce jams generally occur in areas of similar channel
configuration, that is, shallow with a narrow confined thalweg
channel along one bank.

3. lce jams commonly occur adjacent to side channels or sloughs.

4. Sloughs act as bypass channels during extreme mainstem stages,
often relieving the hydrostatic pressure from ice jams and

controlling the water level in the main channel. Ice jam flooding

probably formed the majority of the sloughs between Curry and

Gold Creek.

5. lce jams commonly create surge waves during consolidation which
heave ice laterally onto the overbank.
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6. Large ice sheets can break loose from shore-fast ice and wedge
across the mainstem channel, creating extremely stable jams that
generally only release when the ice decays.
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April 27, 1983

TABLE 5.1

WATER STAGE AND RIVER ICE THICKNESS
MEASUREMENTS AT SELECTED MAINSTEM LOCATIONS

lce

Thickness
(ft)

Gold Creek Discharge:

0bserved2 = 4300 cfs

USGS = 2700 cfs

Portage Creek
Slough 21, LRX-57
Slough 21, LRX-54
Gold Creek

Slough 11, Mouth
Slough 9, Sherman
Slough 9, Mouth

April 28, 1983

N s 0 W

Gold Creek Discharge:

Observed2
USGS = 2900 cfs

Portage Creek
Slough 21, LRX-57
Slough 21, LRX-54
Gold Creek

Slough 11, Mouth
Slough 9, Sherman
Siough 9, Mouth
Slough 8, Head
Slough 8, LRX-28
Curry

McKenzie Creek
Lane Creek
LRX-11

LRX-9

LRX-3

= 4100 cfs

Wi I NI WL N 1 Wb W

.06

.16

.85
.00
.07
30

.06
.87

.68

(-.06)

(-.09)

Surface

Elevationl
_(ft)

832.54

745.65

732.21
682.04
[1.11]
617.18
[5.74]

834.22
753.03
732.32
681.94
[1.26]
617.16
[5.57]

552.39
522.46
487.92
[4.01]
[1.22]
379.32
340.97
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(+1.68)
(+3.3)
(+.1)
(-.1)
(+.1N

(-.2)

Top of Ice

Eleva\tion1 Velcn:ity3
(ft)

55.
733.31

[3.30]
(5.73]

- 1

836.96
754.70
733.28

[2.15]
620.12
[5.78]

524.77
493.33
[4.81]
[5.30]
383.93
342.40

= &H NN
=WRHRO =N

(-0.8)

(-1.2)

w w
Voot [ I
2] »

ft/sec
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April 29, 1983

Gold Creek Discharge:
= 4100 cfs

Obserwzd2
USGS = 3100 cfs

Portage Creek
Slough 21, LRX-57
Slough 21, LRX-54
Gold Creek

Slough 11, Mouth
Slough 9, Sherman
Slough 8, Mouth
Slough 8, Head
Slough 8, LRX-28
Curry

McKenzie Creek
Lane Creek

LRX-9

Talkeetna Airstrip

April 30, 1983

Gold Creek Discharge:
Ot:»served2 = 4325 cfs

USGS = 3300 cfs

Portage Creek
Slough 21, LRX-57
Slough 21, LRX-54
Gold Creek

Slough 9, Mouth
Slough 8, Head
Lane Creek
LRX-11

LRX-3

TABLE 5.1 (Continued)

ice

Thickness
(ft)

2.91 (-.09)

.88

N W N e

2.54 (-.30)
3.95 (+.10)

.81 (-.20)

Surface

Elevai:ion1
(ft)

833.04
753.10
732.32
681.94
[1.23]
617.29
[5.80]

552.51
522.64

488.05 (

[4.18]
380.63
[0.55]

833.09
753.74
731.51
682.05
[5.82]

[3.90]

[1.81] (

343.43
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(-1.18)

(+.1)
(+.2)

(+.13)
(+.18)

(+17)
(+1.31)

(+.64)
(-.81)
(+.11)
(-.28)
(+2.46)

Top of lce

Elt'»:vation‘I

(ft)

834.00
754.52
733.25
[2.53]
[5.64]

524.77
[4.80]

833.85
754.52
733.15
[5.54]
{4.83]

342.97

(-2.96)
(-.22)

(-.06)

(-.20)
(-.10)
(-.10)

(+.57)

Velocity3
ft/sec

(3. W =N
Wy U
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May 1, 1983

Gold Creek Discharge:

Observed2 = 4700 cfs
USGS = 3600 cfs

Portage Creek
Slough 21, LRX-57
Slough 21, LRX-54
Gold Creek

Slough 8, Head
Curry

Lane Creek

May 2, 1983

Gold Creek Discharge:

Observed? = 5750 cfs
USGS = 3900 cfs

Portage Creek
Slough 21, LRX-57
Slough 21, LRX-54
Gold Creek

Slough 8, Head
Lane Creek

May 3, 1983

Gold Creek Discharge:

Observed? = 6180 cfs
USGS = 4200 cfs

Slough 21, LRX-54
Slough 11, Mouth
Slough 8, Head

TABLE 5.1 (Continued)

lce

Thickness
(ft)

1
.89
.90

.93 (.1)
.01

W1 1 W

.16

N -Nww
&3

.92

2.81 (-.09)

Surface

Elevatian1
(ft)

833.27 (+.2)
752.54 (-.6)
733.09 (+1.6)
682.20 (*+.15)

523.21 (+.6)
[6.85] (+2.95)

833.63 (+.36)
753.02 (+.48)
731.74 (-1.4)
682.62 (*.42)

[6.37] (-.48)

731.91 (+.17)
[4.88] (+3.65)
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Top of lce

Elevation]

(ft)

833.40 (+.4)
754.41 (-.1)
733.35 (+.2)

524.64 (-.1)
[6.63] (+1.80)

833.66 (+.26)
754.45
733.09 (-.24)

[6.50] (-.13)

733.08 (-.27)

Velocity®
ft/sec

6.5

8.1

9.6
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TABLE 5.1 (Continued)

Ice

Thickness
_(

May 4, 1983

Gold Creek Discharge:

Obser~ved2 = 6180 cfs
USGS = 4500 cfs '

Gold Creek -
Slough 8, Head -

May 5, 1983

Gold Creek Discharge:

Obser'ved2 = no data
USGS = 4900 cfs

Slough 9, H9 berm (breached)
Slough 9, Sherman -

May 6, 1983

Gold Creek Discharge:

Observed? = 10,920 cfs
USGS = 5400 cfs

Gold Creek -

Surface

Elevation1
(ft)

682.78 (+.16)

606.51

620.89 (+3.60)

684.15 (*+1.37)
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Top of lce

Elevation.|
(ft)

Velocity3
ft/sec

9.2
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TABLE 5.1 (Continued)

lce

Thickness
(ft)

May 10, 1983

Gold Creek Discharge:

Obser-ved2 = 14,350 cfs
USGS = 5800 cfs

Gold Creek -

Surface

Elevation1
(ft)

684.97 (+.82)

Top of lce
Elevation1 Velocity3
(ft) ft/sec

1. Values in brackets [ ] represent relative elevations based on an arbitrary

datum from a temporary benchmark adjacent to the site.

Values in parenthesis

denote the increase (*) or decrease (-) since the previous measurement.

curve and are based on staff gage readings.

of 2 feet.

- 10 -

Observed discharges were extrapolated from the U.S.G.S. stage/discharge

Velocities represent measurements obtained at one point on a section at a depth
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TABLE 5.2

SUSITNA RIVER AT SUSITNA STATION
BREAKUP OBSERVATIONS ON THE MAINSTEM

lce Thickness
(ft)

Staff Mean Air
Gauge 1 Temperature 2
Date (ft) (°C)
April 1983
1 - 4.7
2 - 4.7
3 - 0.8
4 6.18 2.8
S 6.23 3.1
6 6.30 3.1
7 6.33 3.3
8 6.33 3.1
9 6.35 3.6
10 6.35 0.3
1 6.35 0.0
12 6.35 0.6
13 6.30 2.5
14 6.40 4.7
15 6.40 1.9
16 6.58 3.6
17 6.68 1.9
18 6.78 3.3
19 6.90 3.6
20 7.00 3.6
21 7.10 4.2
22 7.33 6.4
23 7.63 6.9
24 7.95 6.9
25 8.68 10.0
26 9.43 7.5
27 11.10 6.1
28 11.45 3.6
29 11.00 5.6
30 11.45 3.6
May 1983

1 - 6.4
2 - 5.0
3 - 6.9
4 - 5.6
5 - 5.8
6 - 6.7
7 - 8.3
8 - 9.4
9 - 9.2
10 - 9.2
1 - 1.1
12 - 12.5

Relative elevation based on an arbitrary datum.

Average of the maximum

and minimum temperatures.
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lce began moving

Ice flowing

Ice flowing

lce flowing
Open
Open
Open
Open
Open
Open
Open

Weather

Cloudy
Rain/Snow
Snow
Snow
Cloudy
Cloudy
Sunny
Sunny
Sunny
Snow
Snow
Rain
Rain
Snow
Rain
Snow
Cloudy
Cloudy
Sunny
Cloudy
Rain
Sunny
Sunny
Sunny
Sunny
Cloudy
Cloudy
Sunny

Sunny
Cloudy
Cloudy
Cloudy
Cloudy
Sunny
Sunny
Sunny
Sunny
Cloudy
Cloudy
Cloudy
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TABLE 5.3

SUSITNA RIVER AT THE DESHKA RIVER CONFLUENCE
BREAKUP OBSERVATIONS ON THE MAINSTEM

Staff Mean Air Snow
Gauge ! Temperature 2 Ice Thickness Depth
Date  (ft) (°C) (ft) (ft) Weather
April 1983

1 0.00 1.4 3.7 - Sunny
2 0.00 1.7 - - Sunny
3 0.00 1.1 - - Sunny
4 0.00 33 - - Snow

5 0.00 1.7 - - Rain

6 0.00 1.9 - - Fog

7 0.00 1.1 - - Sunny
8 0.00 1.7 - - Cloudy
9 0.00 2.2 - - Cloudy
10 0.00 -1.1 - 0.10 Sunny
1 0.00 -5.8 - 0.20 Cloudy
12 0.10 -0.6 - 1.20 Snow
13 0.10 1.9 - 0.80 Cioudy

- 14 0.20 3.1 - - -
15 0.40 3.3 - - -
16 0.50 4.2 - - -
17 0.50 1.7 - 1.0 Snow
18 0.60 2.8 - - Cloudy
19 0.70 4.2 - - Cloudy
20 1.00 4.2 - - Cloudy
21 1.00 4.7 - - Sunny
22 1.20 6.7 - - Rain
23 2.00 5.8 - - -
24 2.40 1.2 - - Sunny
25 3.40 5.8 - - Sunny
26 3.40 6.7 - - Sunny
27 3.80 6.4 - - Sunny
28 3.80 3.6 - - Cloudy
29 3.80 6.1 - - Rain
30 4.10 6.4 - - -
May 1983

1 4.30 6.7 - - -

2 - 8.3 - - -

3 - 7.5 - - -

4 - 7.8 lce began moving - -

5 - 6.9 lce flowing - -

6 1.00 6.1 Ice flowing - -

7 1.20 7.8 Ice flowing - -

8 1.20 9.2 Ice flowing - -

9 1.20 - 9.7 ice flowing - -

10 1.00 8.9 Ice flowing - -

1 1.00 8.6 Open - -

12 1.10 10.3 Open - -

13 1.90 10.6 Open - -

14 1.50 10.3 Open - -

15 1.50 10.6 Open - -

Relative elevation based on an arbitrary datum.
Average of the daily maximum and minimum temperatures.
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TABLE 5.4

SUSITNA RIVER AT GOLD CREEK
BREAKUP OBSERVATIONS ON THE MAINSTEM

Open
Staff Mean Air Channel
Gauge m Discharge (2) Temperature @) Width (4)
Date (ft) (cfs) (°C) (ft) Weather
April 1983
17 - 1700 2.8 16 Snowing
18 - 1800 5.6 16 Partly Sunny
19 - 1800 6.9 20 Sunny
20 - 1900 5.8 25 Sunny
21 - 2000 8.6 40 Sunny
22 - 2000 8.3 40 Rain
23 2.80 2100 9.7 40 Partly Cloudy
24 2.90 2300 12.5 40 Sunny
25 - 2400 8.9 40 Sunny
26 - 2500 8.6 40 Sunny
27 2.57 2700 9.2 50 Sunny
28 2.49 2900 7.5 80 Cloudy
29 2.49 3100 5.0 150 Rain
30 2.65 3300 - 200 Sunny
May 1983
1 2.75 3600 8.1 Open Sunny
2 3.17 3900 8.3 Open Sunny
3 3.30 4200 7.2 Open Rain
4 3.33 4500 8.6 Open Sunny
5 - 4900 7.2 Open Sunny
6 4.70 5400 - Open Sunny
7 5.52 5800 - Open Sunny
8 - 6400 - Open Sunny
9 - 7200 - Open Sunny
10 - 8000 - Open Partly Cloudy
1" - 9000 - Open Sunny
1. Relative elevations based on an arbitrary datum.
2. Provisional data subject to revision by the U.S. Geological Survey, Water Resources
Division, Anchorage, AK.
3. Average of the daily maximum and minimum temperatures.
4. Visual estimation based on one daily observation.
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PHOTO 5.1
Ice cover in Devil Canyon at river mile 151 on October 20, 1982.

The ice
thickness along the shore is about 4 feet and will eventually thicken to over
15 feet. Flow is from lower left to upper right.

e .370 T

PHOTO 5.2
looking upstream at river mile 107 on April 7, 1983. Water filled
depressions in the ice cover, enlargement of open leads, and accumulations of

ice fragments on the downstream end of leads are evident and are usually the
first indications of breakup.

View
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PHOTO 5.3
View looking downstream on the upper Susitna River near the confluence of Fog
Creek. By April 28, 1983 much of the snow cover had melted, exposing the

bare ice to direct incident solar radiation. The wo>ter level had increased
sufficiently to overflow on the ice cover and widen the channel.

PHOTO 5.4
This moose fell through and became entrapped in the slush ice during
freeze-up.
é—,\__z‘==-_==
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PHOTO 5.6
The confluence of Deadhorse Creek (at Curry) on April 28, 1983. Flow on the
mainstem is from right to left. Open lead on the right is enlarging and
fragments of ice are accumulating against the solid ice cover at the downstrzam
end.

. PHOTO 5.5
This photo shows a’'large ice jam at Curry on May 6, 1983. This jam was
gradually progressing downstream as the solid ice cover holding back the debris
slowly disintegrated.
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PHOTO 5.7
When this ice jam adjacent to Slough 21 consolidated on May 4, 1983 it created a
surge wave that snapped loose the shore ice and heaved blocks onto a gravel
island.

The view is looking upstream along the south bank. This ice is about 4
feet thick and the area affected by the surge extended several hundred feet.

PHOTO 5.8

This is a close-up view of the ice blocks shoved over the river bank at
Slough 21 on May 5, 1983. Note the debris scoured by the ice.
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PHOTO 5.9
Gravel and cobble size particles being rafted downstream on ice floes near
Slough 21 on May 5, 1983.

PHOTO 5.10
This shows the key of an ice jam adjacent to Slough 11 releasing. This jam was
about .7 miles long on May 6, 1983 . The pressure exerted on the shore-fast
‘ce by this accumulation snapped loose these massive ice sheets.
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PHOTO 5.11
An aerial view of the ice jam near Sherman at river mile 131.5 on May 6, 1983.
The flow is from left to right. The original jam had released but the large ice
sheets wedged and created this new, and very stable, ice jam that lasted for 2
days.

PHOTO 5.12
This is a close-up view of the ice sheet that wedged near Sherman. Massive
blocks of ice had fragmented and formed ridges along the shear surfaces.
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PHOTO 5.13
The ice sheets holding back the ice jam at Sherman gradually decayed and
weakened. They are shown here on May 8, buckled and fractured just before

they released. Flow is from right to left.

PHOTO 5.14
The ice jam at Sherman accumulated over 1 mile of debris. The subsequent
staging and pressure within the ice pack shoved floes onto the forested islands.

This often knocked trees down and caused ice scouring.
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PHOTO 5.15
The mainstem channel at Sherman was choked with ice and debris which
redirected flow into a side channel adjacent to the mainstem. This island was
flooded after the jam consolidated and raised the water level about 2 feet on
May & 1983.

:}L
PHOTO 5.16
This photo shows the effects of an ice jam near the Susitna confluence at river

mile 98 that caused flooding on the adjacent terrace plain, sending ice floes
deep into the forest.
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After the ice jam released at

thick. The large block on the
about 0.5 foot thick.

Poorly graded, angular particles

PHOTO 5.17

stranded on the gravel bar below Deadhorse Creek. Some are over 6 feet

the ice jam release on May 5, 1983.

m—

Curry on May 7, these ice blocks remained

right rests on an extensive layer of solid ice

PHOTO 5.18
shoved up onto an ice sheet at Curry during
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' PHOTO 5.19
Massive blocks of consolidated slush ice with clear ice lenses. The ice cover,
consisting of packed slush ice, is inherently weak and will fracture easily if not
supported by water or surrounding ice.

PHOTO 5.20
Stratigraphy within an ice cover fragment showing alternate layers of packed
slush ice and rigid ice lenses. Tape is incremented in tenths of a foot.
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PHOTO 5.21
Large ice fragment stranded on a bank after the ice jam at river mile 107
released. The rod is 13 feet high.

PHOTO 5.22
The characteristic rippling on the underside of an ice cover. This erosion
feature is caused by the action of waves in turbulent reaches.
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PHOTO 5.23
Ice debris piled onto the river bank at river mile 101.5. The shear wall is
approximately 14 feet high. The water level attained during the ice jam is
indicated by a line separating the dark layer, with a high sediment
concentration, from a lighter and thinner layer on the surface.

PHOTO 5.24
View of the shear wall along accumulated ice debris stranded on the right bank
near river mile 110. Flow is from right to left. This photograph was taken on
May 10, 1983 about 8 hours after the ice jam released. The wall is about 16

feet high.
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PHOTO 5.25
After the ice jam released near Chase, the ice severely scoured the river
banks and carried away large trees.

PHOTO 5.26 _
This photo was taken on May 7, 1976 from the Gold Creek Bridge, looking
downstream towards Slough 11. The mainstem is completely ice choked and
much flow has been diverted to the left into Slough II.
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6.0 SEDIMENT TRANSPORT

The transportation of sediments decreases substantially between freeze-up
and breakup primarily because of the elimination of glacial sediment input.
The glaciers contribute the majority of the suspended sediment by volume
to the Susitna. Other factors that significantly influence the sediment
regime are turbulence, velocity, and discharge, all of which are greatly
reduced during the winter. The advent of frazil ice in October, however,
greatly increases the complexity of sediment transport by providing a

variety of processes by which particles, both in suspension and saltation,

can be moved. lce nucleation, suspended sediment filtration, and
entrainment of larger particles in anchor ice are some of the processes
described in this section. The dramatic nature of breakup often
introduces sediment to the flow by re-entraining particles that had settled
to the bottom. This ice event is characteristically accompanied by ice
scouring and erosion during extreme stages. lce jam induced flooding
commonly flushes sediments from side channels and sloughs. Ice blocks
are heaved onto river banks or scraped against unconsolidated depositional
sediments, removing soils which may become entrained in the turbulent
flow and carried downstream.

Laboratory investigations have determined that ice readily nucleates around
supercooled particles. These particles may be in the form of organic
detritus, soils, or even water droplets (Osterkamp, 1978). The Susitna
River prior to freeze-up abounds in clay size sediment particles which may
form the nucleus of frazil ice crystals. The first occurrence of frazil is
generally also marked by a reduction in turbidity. Visual observations
seem to indicate that the decrease in turbidity is proportional to the
increase in frazil ice discharge. The Susitna has often been observed to
clear up overnight during heavy slush flows. It is not certain whether
this occurs because of the nucleation process or by filtration.

As described in previous sections, frazil ice crystals tend to flocculate into
clusters and adhere together as well as to other objects. When frazil

-128-




s16/u2

floccules agglomerate they form loosely packed slush (Newbury, 1978).
Water is able to pass through this slush but suspended sediments are
filtered out. Sediment particles are therefore entrained in the
accumulating ice pack. Ice shavings from bore holes drilled through the
ice often contain silt-size particles of sediment. Early flows of slush ice
accumulate on the lower river below Susitna Station and progressively
advance upstream. These early siush floes possibly filter high sediment
concentrations in October and retain them in suspension all winter.

When frazil ice collects on rocks lying on the channel bottom, it is
referred o as anchor ice (Michel, 1971). Anchor ice is usually a
temporary feature, commonly forming at night when air temperatures are
coldest, and releasing during the day. Like slush ice, anchor ice is
porous and often has & dark brown color from high sediment
concentrations. These sediment particles were either once suspended and
subsequently filtered out of the water or else were transported by
saltation until they adhered on contact with the frazil. When anchor ice
breaks loose from the bottom, it generally lacks the structural competence
to float any particles larger than gravel-size. Clusters of released anchor
ice, suspended in the ice pack and clear border ice, have been observed
near Gold Creek. Frazil slush is therefore an effective medium for
sediment transport during freeze-up whether the process is nucleation,
filtration or entrapment.

An ice cover advancing upstream can cause a local rise in water levels,
often flooding previously dry side channels and sloughs. Substantial
volumes of slush ice may accompany this flooding. On December 15, 1982,
Sloughs 8 and 8A were flooded when the ice pack increased in thickness
on the mainstem immediately adjacent to the slough entrance. These
sloughs received a disproportionate volume of slush ice relative to water
volume since the water breaching the berm constituted only the very top
layer of mainstem flow. The majority of slush ice floats near the water
surface despite only minimal buoyancy. The flow spilling over the slough
berms therefore carried a high concentration of ice. This slush ice and
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entrained sediment rapidly accumulated into an ice cover that progressed
up the entire length of Slough 8A.

Side channels and sloughs that were breached during freeze-up and filled
with slush ice are not necessarily flooded during breakup. If these
sloughs are not inundated then the ice cover begins to deteriorate in
place. The entrained sediment consolidates in a layer on the ice surface
and effectively reduces the albedo, further increasing the melt rate. What
finally remains is a layer of fine silt up to % inch thick covering the
channel bottom and shoreline.

If berms are breached during breakup, then ice fragments from the main
channel are washed into the slough and usually become stranded when
flows dissipate. These ice floes then simply melt in situ, depositing their
sediment load in the side channel. This occurred in May 1983 when the
"A5" access channel to Slough 21 flooded during a major mainstem ice jam.

Shore-fast ice along the perimeter of an ice jam is usually not floating.
When debris accumulating behind a jam consolidates, the resulting surge
wave may provide the critical lifting force to suddently shift the bcrder
ice. This occurred near Slough 21 on May 4, 1983. Tons of ice were
shoved onto a gravel island entraining particles up to boulder-size and
producing ridges of cobbles, gravels and organics. By this process of
laterally shoving substrate material, ice can build up or destroy
considerable berms and decrease the size of gravel bars near ice jam
locations. When the lateral pressure exerted by ice is complicated by
simultaneous downstream movement such as during an ice jam release, the
effects on the river banks can be devastating. Many cubic feet of bank
material was scoured away in minutes when massive jams released near
Slough 21, Sherman, and Chase in May 1983.

An interesting phenomenon observed during breakup was the effective

filtering capability of ice jams and individual ice blocks. Sediment-ladened
water flows through the many channels and interstices between the
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fragments in an ice jam. These interstices are usually filled with porous
slush which removes suspended sediments from the water. lce jams can
concentrate sediment in this manner and often become very dark in color.

As discussed, Susitna River ice generally consists of alternating layers of
rigid, impermeable clear ice and porous, loosely packed, rounded crystals
of metamorphosed frazil ice. Water can percolate through the permeable
layers which strain out suspended sediment particles. This sediment
becomes concentrated when the ice melts and is either re-entrained into
suspension or deposited on the river bank if the ice floes were stranded.
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7.0 ENVIRONMENTAL EFFECTS

This section briefly discusses the significant aspects of river ice relative
to channel morphology, aquatic and terrestrial habitats, and vegetation.
Ice obstructions in the thalweg result in hydraulic scouring, flow
dlverslons and flooding of _isolated sloughs Ice floes shifting during

freeze- up and the transportation of ice blocks by breakup floods can
remove bank and bed material and create vegetation trim lines. On_the
upper Susitna River between the Chulitna_ conﬂ_uence and Devil Canyon,

e

there are reaches especially Pprone to annual |ce danlage whlle the rwer
below Talkeetna _rarely experiences dramatlc ice events. Thns can be
________,.,.—-————"“ SR

attributed to contrasting river morphology, the upper river is narrow and
steep and the lower river is generally broad and shallow.

7.1 Susitna River Below the Chulitna River Confluence

This section of river is characterized by a broad, multichannel
configuration with distances between vegetated banksr often exceeding
1 mile. The thalweg is represented by a relatively deep meandering
channel that usually occupies less than 20 percent of the total bank
to bank width. At low winter flows, therefore, the thalweg is
bordered by an expanse of sand and gravel.

The variation in average monthly discharges are extreme for total
flows below Talkeetna, normally ranging from about 3,000 cfs in
March at Sunshine to over 60,000 cfs during the summer, with peak
flows being much higher. The stage fluctuations corresponding to
these discharges are usually not severe because the broad channel
has a high flow capacity. Ice cover progression frequently increases
the stage _ about 1 2 feet above normal Octooemr___kwater levels. No

significant floodmg takes s _place, for even at these stages the flow
usually remains well within the channel boundaries. The lower river

ice cover is therefore often confmed to the thalweg and surface

e e et o e e e A A 8t S 3 AR i 4 i .+ — —
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proflles do not approach the vegetation trim line along the banks.
The existing t trlm llnes are indicators of peak summer flows rather

than ice scour.
Tributaries to the lower river seldom enter the mainstem directly.
Wwillow, Kashwitna, and Sheep Creeks first flow into side channels and
are rarely affected by stage increases due to ice cover progression.
Montana Creek however, feeds the thalweg channel and on
October 28, 1982 the confluence was flooded by about 1 foot of slush
ice which subsequently froze. This ice cover had little effect on the
tributary flow regime since the streamflow quickly opened a channel
through the slush. Rabideux Slough was flooded with saturated slush
on October 29. The ice cover had reached the Parks Highway Bridge
and caused water levels to rise about 2 feet. This was sufficient to
overtop the berms normally isolating the slough. The staged water
had expanded out of the thalweg channel and reached both banks at
the bridge. Portions of Birch Creek Slough, Sunshine Slough,
Rabideux Slough and Goose Creek Slough, were also inundated by
slush and formed an ice cover. Groundwater seeping into these
channels, however, prevenlted a continuous cover from remaining all
winter.

Breakup ice jams have occurred near the confluence of Montana Creek
and also at river mlles 85.5 and 89. Extensive areas of gravel and
sand were flooded in 1983 'desplte minimal stag_e increases. &

majority of the mundated slde channels were affected only by water

and no erosion or scourlng by ice BIocKks was observed.

This section below the confluence regularly ‘experiences _extensive

Ly S b

flooding durlng summer storms These seem to have significantly

more effect on the riverine environment than _processes assocnated

with lce cover formation.

e
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7.2

Susitna River Above the Chulitna River Confluence

The effects of river ice between the Chulitna confluence at RM 98 and
Portage Creek at RM 149 are evident by the ice scars on trees, the
scoured sloughs and side channels, and the drumlin shaped islands.
Under normal winter conditions, the ice is actively affecting channel

morphology, vegetatlon, ‘terrestrial and aquatic habitats, and

groundwater levels. This reach could be severely impacted by ice

regime modifications induced - by. increased winter discharges from

hydroelectnc dam pro;ects at Devil Canyon and Watana.

ice into side channels Thls has been observed annually on the river
ruch between Whiskers Creek and the Chulitna confluence. The
shallow, multichannel area between Slough 8 and 9 also frequently has
flows redirected by slush ice obstructions. These flow diversions

durmg freeze-up however, do not cause much erosuon or vegetatlon

——————

damage.

lce obstructlons during breakup m the mainstem can dlvert large

volumes of ice into side channels lf»the subsequent erosmn is

severe and the side ehannel bottom _is_lowered, then the mamstem flow

could bermanently shn‘t This shift in flow from one bank to the
other will tend to enlarge the river boundaries. This rrocess is
evident in an early stage at RM 130.6 and more advanced at
RM 112.7.

Scour holes occur where an ice cover or ice jam has created a
conduit, directing flow against the bottom. Velocities through these
confined channels cause great hydraulic forces which can scour the
bed material to considerable depths. Scour holes may therefore be
good indicators of frequently recurring ice jam locations. A typical
cross section at a scour hole consists of a shallow gravel bar on one
bank tapering to a deep and narrow thalweg along a vertical outcrop.
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Depth soundings at these cliffs sometimes indicate holes in excess of
25 feet (R&M, 1981a). Cross section surveys have identified scour
holes at the following locations: RM 135.9 along the right bank,
RM 131.4 along the left bank, and RM 128.5, RM 126.5, and RM 120.5
along the right bank (See Appendix B). These sites correspond to
frequently recurring ice jam locations.

Rapid and extreme staging at major ice jams occurs during breakup.

Water levels generally continue to rise until either the jam releases or
the water leaves the channel, inundating sloughs and flooding
islands. On May 5, 1983 near Sherman at RM 133, a jam caused
extensive flooding that flowed over the forested islands adjacent to
the mainstem. These flood stages persisted for over 48 hours,
leaving a deposit of sediment on the forest floor. The long-term
effects of these short duration floods are not known, however,
burrowing, nesting, and spawning habitats must certainly be
impacted.

The frequency of major ice jam events is often indicated by the age
or condition of vegetation on the upstream end of islands in the
mainstem. Islands that are annually subjected to large jams usually
show a stan‘d of ice scarred mature trees ending abruptly at a steep
and often undercut bank. A stand of young trees occupying the
upstream end of islands probably represents second generation growth
after a major ice jam event destroyed the original vegetation.
Denuded gravel bars may be advanced ice scour features. Vegetation
is prevented from re-establishing by ice jams that completely override
these islands.

Ice jams do not consistently occur every year at the same locations.
'Fl;—ei\r\«n?asﬁiﬁ'a_e—‘éhﬁh “conditions controlling formation are usually
unpredictable. Areas where jams occur frequently are evident by
numerous side channels and sloughs. Major ice events probably

formed the sloughs when ice floes surmounted the river banks. The
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size _and configuration of existing sloughs is dependent on the
?:;;uency of ice jamming in the adjacent mainstem. Susitna River
"sloughs are usually flooded at high summer discharges when berms
normally isolating these side channels are breached. These berms

usually consist of unconsolidated particles larger than the hydraulic

competence of the overtopping flow and therefore summer erosion is
often limited. Ice floes, however, weighing many hundred pounds
can easil\) move the bed material, substantially lowering the entrance
berms and the slough bottom. This was observed at Slough 21 in
May, 1983. A surge wave overtopped a shallow gravel bar that
isolated a side channel. The surge also created enough lifting force
to shift large ice floes. These floes barely floated but were carried
into the side channel by the onrush of water, dragging against the
bottom for several hundred feet, dislodging cobbles, and scouring
troughs in the bed material. This same process will also enlarge the
sloughs. When staging is extreme in the mainstem and a large volume
of water spills over the berms, then ice floes drift into the side
channel scouring the banks and moving bed material, thus expanding
the slough perimeter. This scouring action by ice can therefore
drastically alter the aquatic habitat. Summer flows that periodically
breach the sloughs are usually of low velocities and generally do little
to modify the channel, however, they may.cause transport of silt and
sand within the channel.

By e;amlnatlon of the valley geomorphology, river morphology, and

—

ice processes, it seems tl‘Tat lslands, gravel bars, rwer banks, and

the thalweg are features more controlled by ice scouring and

overriding than by ~ nnual summer floods These floods often
approach the vegetatlon trim line along the bank, but many denuded
gravel bars remain exposed even durlng the annual flood ‘

Based on observations from 1981 to 1983, it seems that ice jams have
significant effects on riverine habitats. As previously described,

these effects can best be studied from Slough 21 downstream to
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Chulitna confluence. A major jam has formed annually for the last 3
years from the Chulitna confluence (RM 90) to Chase (RM 108). The
jam height of more than 15 feet was more than sufficient to override
all the gravel bars in the area and severely scour forested islands.
When this jam broke and the ice moved downstream along both sides
of many mainstem islands, many feet of unconsolidated bank material
were removed. The islands between RM 107 and RM 100 (see
Appendix B) show the characteristic drumlin shape of mainstem river

ice erosion. The Wtes that this reach above

the Chulntna confluence could be affected by accelerated lce erosion if

major jams were to occur more frequently due to hydroelectrnc dam

L e A

operatlonws
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APPENDIX A

Monthly Meteorological Summaries for Weather
Stations at Denali, Watana, Devil Canyon, Sherman and Talkeetna
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MONTHLY SUMMARY FOR DENALI WEATHER ETATION
DATA TAKEN DURING December, 1982

¢

. RES. RES. AUG. MAX, MAX, DAY‘S

MAX.,  MIN. MEAN UIMD  YIND WIND GUST  GUST P/VAL MEAN MEMN SOLAR
DAY TEMP, TEMP. TEMP, DIR, SPD. SPD, DIR, SPD. DIR. M PP PRECIP  EMERCY DaY

36 C DEGC DEEC DE6E WS WS DEC WS 2 DPEEC MM WH/ S
1 reeEw peEaE !-!::!: EEE O SANE MR REE O REERX ONEN X% BEENR O XEXE BN 1
2 MR MRNER el ome o omemr o ower e osm oz owmmE o wa LEEED I
I 27,2 -T5.4 0 <3MLT EER NEEE O REEE OBEE  MERE OXER X% XEEER  NENE w2 3
4 =243 -32.0  -28.2 ¥EE EEME O MMNN O SNE  BNNE  ONNX X EwNy sy e A
S -15.4 <=2B.1 -21.8 mEx  EEEE  MENE MR NEXE RN KR NEEEX  MEN 3NS5
s ~4.4 1.9 -13.2 EHEE OBEEE MM XMEE XEE XL BREER XXM kY2
7 3.7 <77 <25 EEE EENE ONXRE OEEE O MEME  XNR MK XEEKR  XNNE ng 7
8 L0 5.0 3,2 % N MENE 2NN SREE ORRE WX ANEE NNRE 33§
9 -1.0 -28.7 -10.9 rex BEEE  BAEE ORNR EERE OBER ER O XXBEX  XMEE 29 9
11 ~18.6 -27.4 -23.0 #a%  HEEE NNER XEY NEN MM B B 373 19
11 -3.8 -35.8 -12.2 s EERE  BEER  MER BEXR XX ERERE  XRKK 265 1t
12 <26 -12.5  ~10.1  mex anE¥ O BEAN XNE MERN XM FRIAZ  ANER 55 12
13 3.4 10,9 =7.2  sEE REEE  ENXE BN EEEN FEM RERER  NE%E 300 13
14 -5.5 =168 -11,2 ‘wmn R RN NNR BEEN NN FAREE  NAEE 03 14
15 5.2 =16.3 -10.8 dEx  REEX RN REE  NENR  NXE XS XN Hs 15
16 =17.7  ~15.3 ewm  wEEE BEEX NNE XNAR  MEX EREEE REax 298 1%
17 15,3 -11,6 ®ex  xENE mEEE ENE NNy Xp EREEE  RNER M 17

ETTORE T TR S T T TR BT T
oy AGEL B B am B BB N
20 WXEES  BHSE  MBEEE OB NEEE BEEE  NEY NENX NN
21 meeE EEOR SR XS SEEE MO MR NOR
22 mes WS SAE MR M SERE s pax gy
23 memEe mueEy SNERE MR XENR  NNEE REE EEEE N
24 BXEEEOHBESE NNNEY  MEN HNX NENE BEE EOME N
25 smamw deREs SEEEE BEE BEEN RNEEONER RENR BN
2h  maEE P W CTTRNE L VR T rouxg o seonet 26
27 ewEx e GEEER  MEX MERR  NENE  EER  BNEE MEX sy aem mpw 27
28 NI HOHE B WS OEEEE OBEIEN ONEE MESE NEE XX MNEE®  peE oemer 08
20 emmxe wxewy FEREE  NE ENNE NENE O NER  MNEE NN BE BERNE  NEEY  MENMEE 20
I0 e Teem FEAER SN SR NSEY NN XEER OMEM XN suERk wmon wmex 30
3 RREER  XERxER Y axx *AXR XS b3 33 RARR  XEXR % [3.241 nREX wmyxes 31
HONTH 2,7 -35.4  -14.4  #xx  xuEp  apd OE0 RENX SEN XE GNMEX 0N Sia2

ELES L ¢35 eeeex 19
RERRE XXX B 19
ARERR NN xapapx 23
RASER  REXE C xR 21
ARNAX XN xagax 22
HRERE  AERE Hoe 23
REUXR RRNX xpuxgy 24
RARAE  XEEE wxgs 2%

=
£ o
Exiﬁ

R NN EEEESEEIE TR

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 92992.0
GUST VEL. AT MAX. GUST MINUS 1 INTERUAL 9%99.C
GUST VEL. AT MAX. GUST PLUS 1 INTERYAL 999.0
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 999.0

NOTZ: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEM IMCLUDED IN THE DAILY
DR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,

xxx% SEE MOTES AT THE BACK OF THIS REPORT  xxxx
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MONTHLY "SUMMARY FOR DENALI JEATHER STATION
DATA TAKEN DURING Janualy, 1983

z
o
-4

T

RRRE

/

RES. RS, AVG.  BAK.  rAX. WS

WX, #IN. BEAN  WIND wimD MIND GUST  GUST P/VAL mEAN NEAN SOLAR
DAY TEMP. 7EAP. TEMP. DIR., SPD. SPD. DIk, SPD. DIR. RH P PRECIP  CHERGY DAY

6L IE5C DEGC DEE WS /8 DEE WS T DT M tin/ SO
. 1 ARRAR  RRERR lii"' aRn RRRR  RRUR O RRE EHEE EEE BR SAERR REER RabeE |
2 AANE  ENRAR ﬁiig:: B RRAS  AREa LB AR M 6 BEEAN HEER maaaam 2
T aRAER  ARMAE HEEEE  ERR AR MM ok RARE  ARE AR MORRE  REOE  RREOAR 3
4 ARARE BHEEE BHEEE. R EEHE GHEE MR HHEE A B Giaxs IR asRe 4
S ARARSE  RRERR {': t M HERR  RREER  ARR HRAR KRR RR RREAR XX EY 25 S
b ERRAR  ENERN qgg;g & HEB B AR HHEE 4N % RNNAR AN BeRRR b
7 RRERR  AKERR HEEL B MM B B N B M B HeE hatam 7
8 amdsR  ARER% g!ig’_!_; HH HBHE MR B EERE BHE A HHSE B aaadas 3
9 ERARR  RkRRR quzg. ek HEHE OB AR REME KRR RN OHERER  RRER iRkane ¥
10 aanaE  ENNRE *!323_ B NN KON EER NN R A MR MBI Naeas |0
1 RRRRR  RARRE O RRRER MG RARE MR RKR MR MR ER MR REER Eaanae  ]]
12 ~25.9 <32.8 ~29.4 aME  EERA BNNR  OAEN NN MM 77 =33.4  auEx ameeas 12
13 -28.3 -36.0 ~32.2 maEm EREER  Bmk  ERE ek %% 75 -35.1  wEmk  shsune 13
14 -17.6 -32.7 -25.3 #%E  mmEs  ENE M ouek o mer 80 -32.3  AM amaasx 14
15 -14,7 -24.4 -19.6 mwx HEHE ERER AR HUEE BER XR HERE  REER shiiz 15
£ -8.3  ~18,2 ~13.3 aux e G REE HOHE O EEE M8 BHOHE HDE o {6
17 7.6 -14.8 ~11.2 ame EREE REER NEE ARER BRR AR MERER MRk xantd 17
18 -5.8 -14.4 ~10.1 =xx R B KK R RN A RENAE R andax 19
19 -5,7 ~=13.6 -10.2 axe HUHE R K AR BEE  RE O EXEER  EMEE  aaRamx 19
20 8,2  -19.1 =13.7  sux ARRE RNEE O ERE AN BB A% REERA MNE gEndax 2]
21 ~i2.6 -23.3 -18.8 ot AR RRRE AR REXR OEXE ORR ARRER REER aaknin 2l
22 -17.3  -24.7 ~2l.0 SRR ERRE  KESm 6HE SNEN RN EE  ARENR BB aeaes 22
23 -16.5 -27.5 -22.8 aax RERE  XRRE RS Az e §3 0 <PA.§ xeww araax 23
24 =8,6 =20.0 ~14,3 ¥R NSRS AXEE Ot ENER O #8% 59 -21.9 s samaes 24
23 -13.5 <244 -~19.0 xax AR RERE RER iRk wk 71 24,7  atax Arkey g3
26 9.5 -2l.5 ~15.6 W mEax e mOe meer o 83 -15,9  mem asaaxz 2
a7 2,3 ~17.4 =13,7 axx xRz AARR MEE HUEE ENE BB EREER  HEHE xRk 27
28 “3.8  ~14,2  ~10,0 AR BREE MO AES  XEAE O BHE BN MO M xsamas 28
29 -1z, 8 -32.6 ~17.83 EERR ARRR ERR HHEE  ARE M HRERR OHRER Laease 29
30 8.0 =Z3.1  -15.6 xha REEE ASER MR MO HEE A% Axaxs B s 3
31 8.5 ~=i3.0 ~10.1 aax aARAR ARER RER XRRR ORRE ORR RRARE  KMRR AREARR 3}

HOMTH -3.8  =3b.4 =17.1 <& »ass ANk AR AN ¥a% T4 ~2H.3  Auxs AEARAR

GUST VEL., AT MaX. GUST MINUS
GUST VEL. AT mAX. GUST fMINUB
GUST Vi, AT HAX. GUST PLUS
GUBT VEL. AT mAX, GUST PLUS

INTERVALS 999.0
INTERVAL 999.0
INTERVAL 999.0
INTERVALS 999.0

N = 1

RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THaw
ONE RMETER PER SECOND. SJULn READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
UR MONTHLY MEAN FOR RELATIVE rUMIDITY AND DEW POINT.

BEE NOTEE AT THE BACK OF THIS REPORT =xux
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MONTHLY SUMMARY FOR DENALI WEATHER STATION
DATA TAKEN DURING February, 1983

RES. NES. MG, WAX, MAX, Mvs

MAX, MIN. NEAN UDD UIND UIND GUST  CUST P/UML MEAN NEAN SOLAR
DAY TEW. TEWP. TEMP. DBIR. SPD. SPD. DIR. S5PD. DIR. RH - P  PRECIP  ENERGY DAY

- BECC DESC DECC DEC WS WS DEE WS T DEC ™ /S0
1 J 142 -68 mE MHEN WL HE M HE H  HME  HER o HHEe |
2 4,2 -11.8 -8.0 ¥ SEEE SR BN HHE HE  OH MU NS MR 2
) 3 -37 -l <74 =R M HEN B B HE M B W M 3
- 4 4.6 ~11.9 0.3 #5  MEE S HE O HHE B S HEEE  HE 898 &
i S ~4,4 -14,2 -9.3 MR MR R HE O MR HH M HER N 83 5
- [ 3.6 -l1.b -7.6 EE MR BEEE  BHE HHHL B M NHEHHE SR M3 b
. 7 «3.2 8.1 5.7 min ARG MBS HH O M OHH O HHER MR s ?
F 8 “5.3 =99 ~7.46 #E I  HEE  HE O HEE B H HEH HHE 578 8
9 9.2 ~14.0 11,6 HEt MR HEEE  BIE X HH O M EHENE HER m 9
- 1 ~11.9 -22.4 -17.2 w5 HEEE  HHE OB BEEE BHE OBR GH HHH 873 19
11 13,7 -24.7 -19.3 M HAE O RESE MR BENE BRR  BR HENER MR 1378 1
12 ~15.7 =268 ~21.3 auE  NEEN  HHHE B HHHE HEE BB HHEER  BEER 948 12
13 -22.8 -30.0 -25.4 MR N M S ENH O HE O3 HHHE N 158 13
= 14 ~19.2 =31.6 ~25.4 uNE  HEER  HHHE  MHE NHEE BHE HE O HHIE SN 1758 14
- ' 15 =16.7 =31.2 =240 HEE  EEER  NEEE  BEE  NENE MEE NE HENME M 1775 15
- . 16 =12.5 -31.4 24,5 xR RSN HEHE HHE BEEX MM 8 e 1845 16
17 =17.6 =31.4 ~24.5 mue  EHE MM EEBE NER BEE NE O NEERN  HIR 1898 17
B 18 ~14.5 -31.0 ~22.8 mmm SN EHEE HHE O HHEE R RE BEEEE BN 1220 18
19 4,9 -19.1 -12.0 E 3 B BN N O HE MW HIE N 199 19
) ] ] =8.3 19,01 -13.7 EEE HEER  HHEE O HBE  HHEE SRR O HHHHE SR 1663 20
. a 5.5 ~18.6 ~12.1 aEE MR ERER BER BHHHE BER 3R HHIEE  EE 1988 21
: 2 <5.0  -18.1 ~11.6 =S HHE B B HHHE O HE W HUE  HH 2N 2
. 3 8,9 -22,1 <155 aEE  HEE  HHE B HEE HE M BN HEH 1975 23
1 3.3 -12.5 <7.9 s B HHE HH O BB BEE EE OHHHR 198 24
3 8.3 -17.6 ~13.0 wm  WMER  EHME  HH OB HH S HIHE 208 25
2b 5.6 ~-15.8 ~11.2 sz 4N SHE EHE  HE HE B SHHS  HHH 270 2%
- a B4 ~17.2 ~12.8 Eh  HHHE MEHE R BHH M O HER B 183 27
a8 3.8 ~11.4 7.4 sm [ X I ] 6.0 SR &% AR MR 1518 28

- WONTH .7 -31.6 -14.1 i 4 $.0 3B M EREEE MR B3

= GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 992.0

GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 999.0
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 997.0
; GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 999.0

- NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
o OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.
#%%x SEE NOTES AT THE BACK OF THIS REPORT %%x%
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| MONTHLY SUMMARY FOR DENALI WEATHER STATION
DATA TAKEN DURING March, 1983

RES. RES. AVG. NAX. MAX. )
MAX. MIN. MEAN  UIND WIND WIND QUST  GUST P/UAL NEAN NEAN SOLAR
DAY TEWP, TEWP. TENP. DIR. 5PD. SPD. DIR. SPD. DIR. RH DP  PRECIP EMERGY DAY
DECC DEGC DECC DEE WS WS DEE WS 1 DMEC /50K
1 =7.7 ~18.4 ~13.1 mE  EEEE M HE OB B O HHE M 1320 1
2 -11.§ -23.2 -17.4 = HHHE R B HHE HE OH 1515 2
3 -12.6 ~26.2 ~19.4 HHER  HHE R HHE HE OB AR R a3 3
4 12,5 -19.7 -1b.1 sER  ENEHE  NNER  NEE  NEEE EEE M0 HEENE  NNRM 1313 4
5 10,1 20,0  ~15.1 wEE ENER  NEER  MEE O NRER BEE  NE MHEER  HOHE 1478 5§
6 =101 <20,6 ~15.4 NEER EEEE  HHEE  HHE HHE O EHEE OB HEHE BER 1865 &
7 «9.4 <209 ~15.2 RuE AR MNP HEE BEHE MR HE BEEEE B 2158 7
8 ~11.7 =264 19,1 MR HEEE  HHEE OB NEEE ENE B EREEE NNy 313 8
9 -18.7 -26.7 -18.7 wm:  EEME O BEHE HER O REER MR BN HEEER  HOHE e 9
1 -8.8 -143 -11.6 N 135 1.7 2w 7.0 MU 5% HEEE 2085 10
11 -1.7 -13.4 <76 N 2.4 33 16 8.9 SSE &% manNE  NEEN a3 1n
12 1.8 -125 5.4 12 d 0 1.6 185 9.5 M & HEENE 238 12
13 -8 -162 -85 338 J o2 3.8 NN R oamwEE Rm 3191 13
14 -4,2 -17.1 -10.7 33 A g 3.2 NN s HEEE B 2890 14
15 -9 -15.0 -B8 172 S0 1.7 168 57 S w mmmer s 73 15
16 3.0 -tl.6 -6 37 18 2.8 3 5.7 NN B SN HE 333 14
17 5.1 -160 -10.6 IM 1.1 14 3 3.0 BN m o e 3618 17
18 -4 -21.6 -13.3 342 4 1.3 W™ 3.8 N Ex aEEE sEE 330 18
19 -6.4 -19.7 -13.1 3B 4 L I 3.8 NN Ee EERER EEER 3388 19
] 3.4 -16.4 9.9 244 J 15 180 7.6 N E% sEEEE EEw 3285 24
2 -9 -15.1 -8.8 34 J L1 188 3.8 N 4 samn Ee x| 2
br =3.3. -16.6 ~10.0 34 b 1.0 W 2.5 W B a2 N 2
23 -4,7 -18.0 ~-11.4 341 B 1.8 3 3.2 NN EE MONEE R 855 23
24 -3.9 -19.8 -11.9 33 J L 3.2 MU AR EREEE S 3178 A
.o Jd 143 7.1 3 9 1.3 I 4,4 MW = BEREE O RENE 3 5
& 3.6 159 98 175 1.6 3.2 172 127 § s e e 3 27
28 -6.3 -17.6 -12.1 348 13 1.7 & 5.7 MW am EEEEE M 3688 28
29 -1.6 -20.8 -16.8 I B8 13 WM 3.8 NN wEREE  HRER 28 29
38 -2.1 -17.8 -10.8 35 JoLrom 3.2 NI o REEEE REM a3 N
N -1.8 -16% -9.4 8 1.6 1.8 218 S.1 NN ER HEENE R 870 3
MONTH 1.8 -26.7 -11.B 335 A0 16 172 127 NN B aREEE NEER 90588
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 9.5
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 9.9
GUST VL. AT MAX. GUST PLUS 1 INTERVAL 11.4
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 11.4

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

®x%% SEE NOTES AT THE BACK OF THIS REPORT  #*%%x
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MONTHLY SUMMARY FOR DENALI WEATHER STATION
DATA TAKEN DURING April, 1983
RES. RES. WG, HAX. MAX. DAY’S
WX, MIN. NEAN  WIND UIND NIND CUST CUST P/VAL MEAN NEAN SOLAR
DAY TEWP. TE#P. TEWP. DIR., SPD. 5PD. DIR. SPD. DIR. RW DP  PRECIP  ENERGY DAY
DECC DEEC DECC DEC WS WS DEG W/S 1 DEGC M WH/SON
1 -4 -16.8  -9.0 WM 1.6 1.9 3 5.7 MW 0w ssasm 0.0 a5 1
2 -7 ~63 8.6 39 1.2 16 344 5. B om s () 4683 2
3 38 -5 <54 10 29 38 138 W5 5 = w0 u5n 3
4 45 44 g 195 21 40 154 20,3 Uk = weemw 00 r2 L I
S 4 -8B 40 166 41 A3 1532 13,3 SSE m  weesm 0.0 0 5
6 1.3 -89 4B 186 4 16 188 7.4 S = wmmmes 0.0 Se48 b
7 4 139 -66 3B 4 14 W 5.0 M o= e 0.0 %55 7
] 4 -6 8.1 M 1.0 1.5 346 3.8 o s s 0,0 e 8
9y 27 -7 A5 W b 1.4 20 5.1 NN om s )0 4615 9
] =67 -18.6 -12.7 01 34 15 08 6.3 N e amun (0.9 e u
1 -42 -R.2 -13.2 188 15 3.2 141 165 S8 0w s 0.0 78 1
12 43  -50 -4 18 31 38 b 152 5k B mem (0 4235 12
13 -6 9.9 5.3 M 1.3 1.8 3 S5 Me om w0 3378 13
14 1.9 -9 -3 41 58177 127 § s meEm 2 5698 14
15 21 3.0 -5 161 39 43 I 127 S m  sHam .2 4038 13
16 d 0 <42 21 W 40 31 3 7.6 NN = ssmws 0] 2368 16
17 A6 <82 1.8 M 2 2.6 161 114 ME w mms (0 558 17
18 2.4 -4t -9 132 48 5.4 137 17,8 SSE sx  mmmx 0.0 3628 19
19 31 2.2 S 18 80 65 14 203 SE 0w smmex (.0 98 19
a0 5.7 -4t 8 176 22 3.0 162 140 § s w0 015 28
21 42 5.8 -4 181 d O Le 159 7.6 S m ommer 0.0 6893 21
22 3.0 -42 4 188 33 35 187 148 S wx smex 0.0 6340 22
3 5.4 -1.8 1.8 10 1.7 20 188 7.6 § = w00 S a3
L] 5.7 -2.4 1.7 34 21 23 B[ 89 M ow wemr 00 6920 24
= 125 23 50 3 d 017 W 5.7 W owm smem 0,0 6805 25
26 b4 3.5 1.5 348 28 2.9 Wo 53 MW s wemx 0.0 6773 2
a2 63 3.3 L6 39 27 28 89 5.7 N 0 m s B0 6863 27
a8 7.8  -47 1.6 32 S 1.2 e 44 W o osmm 4,0 5055 28
2 3.4 2 28 I/ 22 23 W 63 N = sm . 4 s 29
ki ] 44 -2.8 8 33 3 39 T 89 N s mmims Q.0 7128 3
NONTH 12,3 -2.2 -2.3 166 4 29 138 235 MM s anams 4 154
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 20.3
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 19.7
GUST VEL.. AT MAX. GUST PLUS 1 INTERVAL 19.7
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 17.1

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND

% X% X

SEE NOTES AT THE BACK OF THIS REPORT
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MONTHLY SUMMARY FOR DENALI WEATHER STATION
DATA TAKEN DURING May. 1983

NOTE: RELATIVE HUMIDYTY READINGS ARE UNRELIARLLE WHEN WTND SPEFDS ARE LIFSS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

X% %%

RES. RES. AUG. MNAX. MAX. . DAY’S
HAX, HIN, HEAN  WIND WIND WIND GUST GUST P/VAL MEAN MEAN SILAR
DAY TENP, TEMP. TENP. DIR, SPD. SPD, DJR. SPD. DIR. RH DP  PRERIP  ENERGY DaY
DEGC DEGC DOEGC DEE M/S WS DEC M/S 2 DEEC WM WH/SgM
1 61 -5.2 DO 20 1.8 1.7 183 8.3 S8 xx  xwmmx 0.0 MNB 1
2 5.0 -8 2.1 218 @ 1.7 138 2.5 N & xwxs 1.2 4 2
3 EEEEE  HEENN  HHHEE AN FHHEE OBERE BEE BMEE NP OFE EEEEE %R a3
4 3.8 -45 -4 29 4 11 1720 4.4 S wxx  xmmmm 0.0 5198 ¢
] 5.5 -3¢ 1.3 I 8 145 I8 5.7 NN #»  samex 0,8 76088 5
b 63 2.4 2.1 38 S 1.2 I 38 N o w meumx (.0 61 L
7 68 -3, 1.8 348 2.5 8 342 7.0 W o s 00 MBI 7
8 88 -1.7 3.6 s 1.3 1.5 I8 4.4 NN ax wwemw 0,0 e 8
9 9.8 -2.8 35 2% 4 1.3 25 4.4 S ¥ weamx 0,0 M5 7
19 2.2 -1.6 3.8 203 1.6 2.7 177 7.6 § ¥ meaa 0.0 73 10
11 1.2  -2.5 1.9 %2 1.1 2.2 282 6.3 NN wx  sxmmy 9.0 n7n 1
12 7.4 3 39 283 1.2 1.8 181 8.3 SSH ¥  wmmx 0,0 468 12
13 11.3 1.0 42 1% 1.2 1.5 228 5.7 G54 ax  xmmms 0.0 5903 13
14 2.9 2.3 62 198 1.4 22 197 7.0 5 s wmemx 0,0 5303 14
13 13.7 1.8 63 324 1.0 1.9 111 S.7 NN ¥ w00 6318 15
16 8.4 1.0 4.7 182 24 29 175 14§ = s 20 4553 15
17 3.9 4 3.2 219 S0 1.4 264 7.0 SS4  ¥x  wummx 1.8 RA 17
18 9.7 1.2 3.5 170 g L6 159 7.6 W s awwex 4.0 3905 18
19 9.8 -1.5 3.7 3 7 1.6 254 53 N xmmmx )0 5898 19
20 111 3.3 7.2 283 2.8 35 23 2.5 NN 3 smwmx 9.0 5383 20
21 8.5 1.8 5.2 283 2.4 3.0 23 10,3 WSH % wmesk (.0 43 2t
22 8.7 2.2 3.9 188 15 2.4 164 8.3 SSE #»  euEs 8 4783 22
a3 8.3 ) 4.6 143 1.8 2.5 143 12,7 SE s swmm 1,6 475 23
24 9.6 1.1 5.4 04 4 25 19 9.9 NN s wmes 0,0 5893 2
23 13.1 A 4,6 392 g 2.4 298 7.6 N e sxams 0,0 423 73
26 7.7 2.4 3.1 185 4 1.9 223 9.5 S ¥ e 2 3788 2%
27 9.4 B.h 48 297 B 21 148 7.6 NN ax  wmumx 4,0 4803 27
28 13.9 34 8.7 87 A4 0 L8 122 114 B e e 0.0 4000 2¢
29 161 5.0 10,6 145 19 40 150 17,1 SE s xwmex ). “un 29
0 214 77 46 177 1.2 2.4 177 ti4 58 E xes 0,0 7R N
3 15.0 4.3 9.7 16 3.1 4.2 130 17,1 SSE #x  xmmew 9.8 4043 3t
MNONTH 214 5.2 4.9 208 S 2.2 160 171 NNN we wxmew 7.6 160899
GUST VYEL., AT MAX. GUST MINUS 2 TINTEPVALS 10,72
GUST VEL. AT MAX. GUST MINUS 1 TNTERVAL 10.8
GUST VEL. AT MAX, GUST PLUS 1 INTFRVAL 11.4
GUST VEL., AT MAX, GUST PLUS 2 TNTERVALS 7.6

OR MONTHLY MEAMN FOR RELATTVF HUMIDITY AND DFUW POTNT,
SEE NOTES AT THE BACK OF THIS REPORT  %%¥x%
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R & ™M CONSULTAONTS NG,
BUSEKETNAS HMYDROELECTRIC PROQOQJIECT

AONTHLY SUMMARY FOR WATANA WEATHER STATION
DATA TAKEN DURING September, 1982

RES. RES. AVG. MAX. MAX, DaY’s
BAX, NIN.  MEAN  NIND NIND UEND  GUST  GUST P/UAL MEAN MEAN S0LaR
DAY TEWP. TEWP, TEWP, ODIR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
EGC DESC DEGC DEC WS WS DEC WS T DEC M WW/SOM
1 1.1 2.6 b9 ¥ J 14 1S SN m aem 2 349 1
2 1.3 1.2 63 2 J 1Y 247 70 B o\ w22 B 2
3 71 2.1 A6 W A4 L1 A 97 N = mems 8.2 09 3
4 1.3 J b6 W 4 16 138 44 N wn mem Q0 MEs 4
3 3.6 2% 83 W 5.6 58 194 140 E m semms 8 2% S
6 43 59 152 28 35 182 182 E s eems 1.2 3 b
7 2.9 54 73 %9 28 29 2 YA B I N 2885 7
8 7.4 A9 b2 W 1.6 1.8 M 440 = w22 U 8
9 8.8 4 67 089 1.7 21 0w 8.3 E m amwm 4.6 225 9
19 8.5 34 a0 MW 1.2 1.8 W7 44 N &= w0 a0 1
1 6.6 b 36 2W 1.1 1.7 288 8.9 ¥ = s 12,0 1693 11
12 76 -6 35 8 2.4 28 76 108 E = memmn 2,5 743 12
13 12.1 14 68 W3 23 37 1E 8.9 B = sy 18, AN 13
14 78 52 63 M 1.7 248 73 7.0 BE s sammn 12,5 1185 11
13 9.1 b6 7.9 ¥4 35 36 MY 7.6 M 0w e 0b W2 B
16 SHERHE  HHEHE  HEHEE M BHHEE HHE HHE  HHE B HHHHE HHHHHE 16
17 79 68 70 W | 25 SRS P R 3.2 N w s 0 % 17
18 4 sl 8.7 a1 32 1 8.9 E w amms 9.3 235 18
19 8.1 26 5.4 269 .1 1.3 a8 5.7 9 = s 48 M 19
a 73 24 A W 4 13 38 44 4 om sam N 45 28
21 o 21 62 ¥ 24 3.9 88 11,4 E 0w xeems 14 143 2
a2 63 -l 27 B 1.2 1.9 248 7.6 4 & w10 2728 2
3 6.7 A1 1.3 18 8 17 2 51 N O m o smm )0 98 23
L} 7.9 -5 12 I 22 23 178 74 E = s (0 2960 24
[+] e -4 46 088 14 1. 78 7.0 E =& msm 00 74 2
2b 9.2 9 31 32 b L3 M S N o a sems 2.8 1798 26
a 63 2.4 a2 A 16 22 Ay 7.0 W 0w s b % &
8 34 43 -5 W 43 44 B3 95 BE = amm 20 1596 28
s d 47 B 24 M 28 39 192 76  =w s §8 17
38 29 -t S N b 1 2l 38 U = mesr 44 1368 38
BMNTH 143 5.6 3.0 062 g 24 194 M0 E o= omem (0.8 720
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 10.8
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 9.5
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 11.4
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 10.2

NOTF.: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,.

*%%% SEE NOTES AT THE BACK OF THIS REPORT  %xxx
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MONTHLY ‘::‘sUHMARY FOR WATANA WEATHER STATION

DATA TAKEN DURING October, 1982
P
RES. RES. AVG, MAX, MAX. bAY’S
MAX, NIN. MEAN  BIED UIND MWD GUST  CUST PUUAL MEMN HEAN SOLAR
MY TEWP, TEW. TEWP. DIR. SPD. SPB, DIR. SPD. DIR. RW P IP  ENERGY DAY
HOC DECC DECC DEC WS WS DEC WS T DEEC ™ W/SQM
‘1 3.7 =21 4 218 o1 S m 3.8 SE = s 0.0 1836 1
2 2.2 2.4 d S uem 44 N w seamw 0,0 a2n 2
3 108 ’2«6 -4 .52 202 20‘ .3‘ 6-3 ‘ #H A 14“ 3
4 109 '3-3 -l7 m 3-3 3-4 m 705 ‘ * *inay .u. m. 4
] -1 <35 -18 W LN B S B 8.9 ME = mmi 0.0 a8 35
[ 11 '3.5 'LZ ." ‘03 ‘l. '“ '-3 E 3 .u. 2"5 6
7 -8 -38 -23 W 33 38 @ 8.9 BNE = wmmms 08 % 7
8 23 =57 -44 2 38 35 24 8.9 USU = w00 29 8
9 -1.2 WY b1 2% 14 1.6 20 449 4 = s )0 1468 9
10 -9 73 -1 b 11 2% 38 ¥ w= s 4.} 18 10
11 1.9 5.9 5.9 sHm s 35 HE  HMN HE B SN 2 3 11
‘2 l-ﬂ ‘4-2 'l-z 162 4.4 ‘o‘ .7’ 11.4 m i 2 ‘m ‘z
13 -3.3 -18.1 -7 1R 1.3 240 W 8.3 N = s 04 "My 13
14 -4.1 -3 9.3 W8 1.2 1.9 1% 51 E = sam {0 1513 1
15 4.0 -17.2 -10.6 09 18 22 W3 76 N s s {0 2519 13
16 32 -11.3 -3 W 54 St 06 10,2 BE w wmmes 00 1820 16
17 =3 7.6 -41 N2 1.4 14 07 38 ME ® wam b0 1640 17
18 -3 -1 57 0B 1.2 1.5 3% 38 N = smm ) 218 18
19 5.1 -6 -8 65 1.2 195 W 38 E = s )0 e 19
- ] 41 -47 -3 12 23 2.7 8.9 ME m w00 s 2
2 =t <73 <38 M 47 497 b 8.9 M = s )0, sam 2)
22 3.3 -121 -7 W 5.9 60 059 10,2 N s wswmw  §0  sms 2
23 4,5 -16.8 -3 183 5.3 87 Mg 8.9 ENE =+ smme (|0 sHmm 23
24 <64 168 116 Wb AN 42 IS 8.9 BE s w00 a9
-] 4.0 -6 A3 W 22 2% M 6.3 ENE v memae 0,0 wmemme 25
& -1 27 -169 9 32 Ib W 8.9 € s sesmn 0,0 meeeE 26
27 -17-3 2.9 "22-5 m 207 2.’ e 8.3 M #H HHHS .o. 159 27
@8 -162 -21.2 -187 2 39 Al W2 95 EE s smmmm 2.0 7 8
¥ -3 -23 -163 W2 J 1.4 M 3.2 N s e 4 1503 29
3 -15.1 -32.8 240 s mmeE 1.6 WM waER m o smmmn 0} 1488 U
N -13.1 -43 -18.7 8% 62 44 b W2 E = s L0 105 3
HONTH 5.1 -32.8 7.6 %% 2.7 3.8 "9 1.4 ENE % suuns 4.2 38729
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 8.9
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 7.6
GUST VEL. AT MAX, GUST PLUS 1 INTERVAL 8.9
GUST VEL., AT MAX, GUST PLUS 2 INTERVALS 8.9

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

W% %%

OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,.
SEE NOTES AT THE BACK OF THIS REPORT %%
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DATA TAKEN DURING Novewmber, 1982
/
RES. RES. ANG, MAX. MAX, DAY’S
MAX. NIN. MNEAN  NIND WIND WIND GUST  GUST P/UAL MEMN MEAN SBAR
DAY TYENP. TEMP, TEMP., DIR. SPD. SPD, DIR. SPD. DIR. RH DP  PRECIP  EMERSY DAY
DEGC DEGC DEGC DEG WS MW/5 DEC WS 2 DEEC My uh/SoM
1 3.4 -149 9.0 @ 63 6.4 073 140 ENE s sea () 10 1
2 -t4 -10.9 52 088 1.9 2.0 04 63 E 0w e 0.0 e 2
3 43 -134 8.2 N a7 29 W76 7.6 EME m xsx 00 S8 3
4 43 <92 -58 080 440 41 08 102 ENE e xxmxx (.0 53 4
5 8.4 15,7 -12.t 082 23 24 0 S N o= o= 0.0 95 3
6 ~-11.3 -20.5 -15.9 065 1.2 1.4 08 44 B om uzesr 0.0 15288 5
7 128 209 -17.3 064 3.6 3.7 064 95 ENE ex axems (.0 1815 7
8 -11.2 <1635 -13.9 044 43 4.8 B4 114 EME w  xmes 0.0 S8
9  -8.2 -18.35 -13.4 302 4 1.2 288 5.7 W ox e () 9 9
10 -8.3 -16.7 -12.5 0144 3.9 40 867 9.5 ENE xx wmemx 2 3w
1 5.4 95 -7.5 063 1.9 2.0 05 7.6 BE = wmmr ) 64 11
12 -ts <71 44 B 5.9 60 082 121 ENE 6B 9.1 0.9 758 12
13 1.5 -8 -3.8 0 32 346 086 B8O N B 23 0D 441 13
14 42 -2 -7.2 18 1.2 1.3 o 32 N w mas 0.0 798 14
15 5.8 -17.6 -~11.7 065 1.5 1.7 089 44 EME 68 -14.97 0.0 92 135
16 -10.2 -19.4 -14.8 875 1.7 1.8 073 57 BE -4 0.0 1002 16
17 -t6.2 -2.7 -5 77 23 23 =& 44 E 63 -1 0.0 17
18 145 -5 -19.5 06 2.8 3.0 081 8.3 & & -3 13 1003 18
19 -168 -24.7 -20.8 (7 57 58 074 11.4 ENE 4 -2B6 B0 75 19
a -13.3 179 -15.6 9 24 23 M 7.6 E R W2 I U
a -b.6 -15.1 -10.% 061 36 38 052 7.6 N 5B -16.4 04 - 52 2t
2 <51 -2 -8.2 0% 1.8 20 31 51 E & -0 09 453 22
a3 27 -85 41 056 43 44 089 7.0 EEE 1 -85 0.0 435 23
22 -16 -42 29 13 45 A4S (8 7.8 NE = s 0.0 520 24
a5 =33 -10.% 7.1 0% 43 A6 181 95 EE W -11.,6 04 515 25
% -5.8 -11.6 -87 02 57 57 067 10.8 EME & -13.9 0.9 58 2
27 38 -145 -92 Q&b 23 24 05 70 EME AW 9.2 04 518 27
8 -7.2 1646 11,9 0 1.6 1.7 080 44 E wm w09 $8 a8
2 7.4 %4 8.2 838 34 3.5 W 7.6 NE om wmmer 00 5 29
30 -5.9 -15.2 -1y 035 38 41 030 19,2 MNE 77 -85 00 38 39
NONTH -1.4 -24.7 -10.7 Q63 1 33 073 140 ENE 62 16 2 215713
GUST VEL. AT MAX., GCUST MINUE 2 INTERVALE i2.1
GUST VEL. AT MAX. GUET MINUS 1 INTERVAL 11.4
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 13.3
GUST VEL. AT MaX. 12.1

GUST PLUS 2 INTERVALS

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND
ONE METER PER SECOMD. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.
SEE NOTES AT THE BACK OF THIS REPORT

%%

-150-

X% W%

SPEEDE ARE LESS THAN



MOMTHL T SUMMARY FOR WATANA
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M
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WEATHER STATIGON

PLNC .

PROIJIECT

DATA TAKEN DURING December, 1982
A
_ RES. RES., V. MAX. MAX. 2AY'S
HaX.  WIN. NEAN  WIND MIND WIND GUST  GUST P/VAL MEAN MEAR SOLAR
DAY TEMP. TEMP. TENP. DIR. SPD. SPD. DIR, S5PD, DIR, RW DP  PRECIP  ENEREY DAY
DE6C DEGC DEGC DEE M5 WS DEb WS i DB ™ WH/SEA
1 -144 197 -17.1 R 5.5 57 025 10.8 ME 66 -21.9 0.0 M4 1
2 -171 -23.9 -24.8 M 5.3 54 I 0.2 EM 59 -24.83 0.0 4 2
3 <177 -2 2.0 (8% A 4B N 9.5 ENE 60 -26.3 .2 W 3
4 -5 241 -19.6 063 5.6 56 863 10,2 EME &) -25.6 0.0 463 ¢
S <74 -5 <115 b6l 6.6 67 062 10.2 ENE 72 -15.1 6.0 Kb 5 I
& =53 -6 -B.1 857 6,3 6.6 057 121 NE o9 -13.4 8 498 &
7 -y <59 3.4 82 7.0 7.2 W9 146 E B B4 2.8 ¥ 7
8 -1.0 -48- -2.% 9 3.6 3.8 079 121 ENE e amuma 4 o) 8
9 2.4 -17.2 -9.8 059 .8 240 29 7.0 ENE ax wmems 0.0 aci 9
10 -8.3 ~-18.4 -13.4 W6 3.4 3.5 d6b 89 E &6 -15.5 0.0 EYARRY
11 7.6 -10.2 -9.9 W3 6.6 67 067 133 EME 66 -143 M0 W1
12 5.8 -92 -7.5 W66 68 7.4 984 140 ENE 69 -12.4 0.0 368 12
13 3.3 -6% <51 N S.7 6.0 077 12,1 ENE ws mewps 4,0 kY- )
14 -2.9 -8 <bYy W77 .o 3.8 N 89 E 70 -121 0.8 38 14
13 -2.8 -~10.6 ~b7 6bdb 5.3 5.4 B4 3 BE 78 9.2 01 W 15
t6 435 -lI1.8 -B.2 085 33 5.6 075 121 ENE 70 -110 8D 33 16
17 -b.8 =122 -H.2 B 23 z4 84 7t W -3 6.0 3\ 17
18- -7.3 -15.¥ -11.6 {67 L, 3 7 7.6 ENE sn ameis Q.0 33 18
19 -8.7 -i46 -11.7 059 57 5.7 5 .2 the & -15.9 9.8 319
20 -8.9 -17.3 -13.2 b 4.2 44 M9 95 B & -17.6 M0 419 20
g1 -14.8 -21.% -18.4 77 &2 2.3 9 .1 tHE B3 -21.4 W6 43 21
2 -l4.4 -22.7 -18.6 075 4,2 A4 7.5 ENE 4 2.4 0.0 475 2
& -3 -2k -17.2 W 33 5.6 061 9.0 ENE o4 -21.2 U0 4 3
24 2.4 -8 -13.7 7% 33 3.4 153 7.4 E & -183 0.4 N 24
B3 -6 -181 -14.9 17 31 3.3 8% 95 E 8 173 0.0 W &
26 <23 -13.4 -B.0 2 640 &7 78 11,4 ENE 7B ~13.6 0. - 358 26
27 4 -3 -1.7 8 5.7 5.8 098 127 E m s .0 3 27
28 2.7 -3 1.2 8 4.1 42 08 95 E wx smewn 2.8 293 28
& 2.6 -3.1 -3 78 3.4 37 075 6.2 E ax xmnsx 0.0 M8 &
30 -1.6 -il.8 -b.7 @8 J LY 288 63 E s assmx 0,0 M3 3
3 -4, -123 B3 ¥l 23 25 60 7.0 BNE ar w40 408 3
HiNih 2.7 -24.2 -li.4 Q6B 4.4 4,7 989 14,6 ENE 89 -187 7. 12068
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 10.8
GUST VEL. AT MAX, GUST MINUS 1 INTERVAL 12.7
GUST VEiL.., AT MAaX, GUST PLUS 1 INTERVAL 12.7
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 10.8

KXR%X

RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND
ONE METER PER SECOND, SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

OR MONTHLY MEAN FOR RELATIVE HUMIDITY QND DEW POINT,
X %X

SEE NOTES AT THE BACK OF THIS REPORT
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MONTHLY SUMMARY FOR wWATANA WEATHER STATION
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N

FROFECT

DATA TAKEN DURING Januvary, 1983
s RES. AES. AVG. MAX.  HAK. 'S
WAX.  HIN.  AEAN  WIND WEND WIND GUST  GUST PYVAL MEAN HEAN SiLAR
DAY TEW. TEW. TEW. ODIR. SPD. SPD. DIA. SPD. DIR. RH DP  PRECIP ENERGY DAY
. WSC IS MEGC DB WS WS DG WS T DEGC M /SO
- SN - ‘3:5,
T 48> 5.7 29 w4 53 54 02 102 EE w mem L3 45 )
.2 A2 T 57 W2 A6 48 059 6.3 ENE we seew 00 41 2
3 -6 1.5 91 053 A7 4.8 €53 83 M B -173 1.6 M 3
4 -10.6 <357 -18.2 % 3.4 3.3 8 7.0 E St -257 04 495 4
S -2 2.6 -4 0 3.6 37 08 7.8 E 55 -9 0.0 4% S
b 2.6 2.1 -23.4 51 60 6.2 W0 1.4 E 54 -86 00 4B b
7 -2 -2 -7 B2 59 60 02 121 M 56 303 0.0 48 7
§ -21.3 -6 -25.2 % 5.0 5.3 06 10.2 M 54 -328 64 515 8
5 270 A4 -W7 @B 29 31 @8 B9 EBE 51 -¥5 00 51w 9
10 -5 -27.5 <25 193 A5 45 693 7.0 E S5 -33.8 s 240 1§
1 -17.9 2.8 -19.4 @51 A0 49 00 B9 £ 28 -4 &0 24 11
2 -25.5 -25.0 -2.8 062 58 59 52 10.8 BE 40 -7 44 598 12
3 <24 5.2 <32 ¥ 7.2 7.3 9 133 DE 4 -5 6 573 13
4 141 26 -19.4 08 50 5.2 W9 1.4 DE & 2.0 00 55 14
15 -89 -2 -12.9 %9 3.9 41 2 9.5 ENE 6 -19.3 &0 A5 15
6 -61 -10.2 8.2 05 A48 48 066 10.2 EE &5 -137 0.0 485 16
17 5.8 -12.6 9.2 4 24 23 7 83 N M -13.3 &0 4% 17
8 42 -59 3.6 U5 59 62 75 121 EM 68 -10.4 0.0 5b 18
9 -6 -10.7 -85 6 .5 2.8 072 9.5 EME 68 -12.9 1.2 43 19
Z -84 -10.5 9.3 4 55 55 1 8.9 ¥ & -142 0.4 565 20
2 G4 <152 -11.3 W7 5.0 5.2 % B3 K 4 -4 &0 74 A
2 <38 -17.2 -5 0% 3.6 37 W85 9.5 EM 39 <27 0.4 760 2
23 -0 -164 -1.2 WS 36 37 OM 83 E 3 -7 0.0 TR 23
34 -4 -13. -1 @2 6.4 62 063 124 EE 33 -249 04 815 24
% 87 -4 -1.7 W3 7.4 7.5 865 3.3 EE 39 -23.8 0.0 7S 25
2 b7 -11.3 9.0 W9 7.4 7.6 065 146 EE 52 -16.9 0.0 648 2
27 b -13.5 -2 U2 34 33 075 9.5 D 64 -15.0 0.0 58 2
B 47 -7 <17 W 14 1.6 95 3.8 E s 0.0 693 28
% -1 <156 -12.0 O3 2.2 24 87 57 E 5 -14.8 4.6 6@ 29
W b0 ~id2 -10.2 38 6.4 b4 @ 1.2 B 77 -12.6 0.9 653 3
I 2.2 b7 -hE WS 52 54 5 10.0 B 6 9.8 0.6 a9 3
SATH 4.6+ 343 <140 G4 4o 48 065 146 EME 53 <226 28 U747
GUST VEL. T MAX. GUST MINUS 2 INTERVALS 11.4
GUST VEL. AT rAx. GUST WINUS 1 INTERVAL 14,0
GUST VEL. AT NAX. GUST PLUS 1 INTERVAL  14.0
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 12,1

NOTE @

RE &R

RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND

UME METER PER GSECORD.

SEE NOTES AT TrE BACK OF THIS REPORT
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R A& M CONSWLLTANTSS , ©LNG.
SUSTLTETNA HYDROELECTRIC PRQJIECT

MONTHLY SUMMARY FOR WATANA WEATHER STATION
DATA TAKEN DURING February, 1983

RES. RES, -G, M., WX, BRY’S

BAX. NIN. MEAN  NDND UIND  UIND GUST  GUST P/VAL MEAN NEMN SOLAR
Y TEW. TEW. TENP. DIR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY

JES DECC DESC DEE WS WS DEC WS 2 MCC ™ WH/San
1 J -2 5w 48 540 WY 133 ¢ B -5 e N3 1
2 -7 <63 <33 W 33 55 M s e 77 <23 N 83 2
3 28 <57 -43 % 30 51 4 1B E &8 93 L a3 3
4 27 -3 <43 M 35 56 W7 121 BE &2 -0 0.0 4
1] 24 94 <597 W 4.7 A% M 140 EE O 117 LD 188 5
& 1.7 187 -2 84 46 49 W UHABE M4 93 e 1 6
? 44 <74 5.7 8 g 23 W 8.3 WM 7% -8 M0 93 7
s ’5.1 -‘305 ‘9-3 3“ lnz l!‘ a’. 3-2 N &% JHHHS .-. m 9
? 7.3 -15.9 -11.7 3 1.2 1.7 88 E & -17.5 LI | 9
" -1 -174 -143 74 1.7 1.8 9 57 E &8 -18.0 4.8 ™on
n 136 -8 <172 78 21 24 M 31 E 8 -24 W u
12 -127 -29 -17.8 M 1.9 1.9 W 51 E & -6 10 935 12
13 -8 54 -1 W3 1.7 1.9 s 38 EE &£ -7 8 M 13
M -13.2 A4 <193 R 28 29 I3 89 BE 5 -7 4.0 1973 14
15 <114 151 -13.3 7% 71 71 78 1.4 B R 211 WL 1558 13
16 -1248 -153 -13.7 73 8.0 84 7% 114 EE &7 -24 40 1638 16
17 -8 -194 <167 W7 6.6 b7 76 1.4 BDE A5 -Bb6 WO 1685 17
18 -16.9 -18.0 -14.5 W63 74 7.2 WS 11,4 EE S -21.7 0 1243 19
19 5.1 -13.6 94 8 480 42 W 8.9 BE B -13.6 WD 169 19
[ <S4 1% 58 W 56 57 7 95 BE M -4 Wb 17 2
2 -4,1 -123 -8.2 W 49 A1 MW 8.3 EE B -140 0 1845 21
2 11 118 65 I 38 A0 WS 95 BE &5 -149 40 19 2
23 =37 -123 8.0 b 36 5.7 W 114 EE Sb -3 W0 1908 3
r] 34 86 <640 W 29 3.2 W8 152 EE 78 98 40 1283 2
.o} 3.6 -144 9.8 W 3.7 319 w2 8.9 & -123 A8 2365 25
2b 48 9.0 -9 5 64 b5 M0 0.8 E 82 -126 M0 2118 26
2 -39 -128 -8.4 156 38 L1 W 8.9 ENE & -13.7 9.0 198 &
28 42 92 6.7 %9 1.0 11 = 38 EE & -13.6 00 1650 28

HONTH .3 -Z5.4 -10.0 065 41 43 W8 15,2 EE 61 -15.4 0.8 38982

GUST VEL. AT MAX. CUST MINUS 2 INTERVALS 8.3
GUST VEL. AT MAX., GUST MINUS 1 INTERVAL 8.9
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 14.6
GUST VEL., AT MAX. GUST PLUS 2 INTERVALS 8.3

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

*#%x SEE NOTES AT THE BACK OF THIS REPORT %#a%
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R A& M CONSUL.TANTSS , XNC .

BSLUSETNG HMYDROELECTRIC PROJECT

PONTHLY SUMRARY FOR WaTama WEATHER STATION
 DATH TAKEN DURING March, 1983

RES. RES. AVG, HAX. HaX. DAY’S
WAX.,  MIN.  MEAN  WIND MIND WIND GUST  GUST P/VAL HEAN MEAW SOLAR

bay  TekF., TEWP. TEWP. DIR. SPL., 5FD. DiR. 5PD. DIR. RH DF  PRECIP  ENERGY DAY
et DEGC DEGT DEG M5 WS IEE  W/S L DL M Wi/SGH

! -2,6 ~-i3.6 8.2 627 L 1.2 35 4.4 K B BRER K 135 1
I -1 -17.4 12,8 934 1.8 2.0 96 5.7 NKE a3 -18.5  wam 245 2
3 -l -213 165 050 4.6 4.4 Db 6.9 ENE 6B -20.3  wawx 2748 3
5 -f2.4 =202 -163 051 3.3 3.8 @64 B3 ENE BB -19.9 e 20t 4
s  -7.8 -16.4 -12.1 068 3.7 3.8 078 T EHE &4 -16.4 MR 172 3
& =65 -154 -11.0 07 53 5.3 072 10.2 ENE b0 -15.0 wwsw 503 6
7 -4% -15.2 -1, 053 2.6 2.7 072 4.3 ENE 5B -16.7 ek %38 7
8 -5 ~17.5 -1 74 3.2 3.2 74 7.0 ENE 53 -19.5  wmae 32 8
§ 7.6 -20.6 -14.2 072 3.8 3.9 070 12,1 EME A9 -2R,5 ek 227 9
19 FRARE  BRNEE  HHHEE R E; 23] REAR  BER #RXX XX AN HERE  RARR wunxNs 10
il F333.33 RERRX AR A% XX [323] %¥kx HERR AR ## Rk F; 133 ety 11
12 1.8 -1.8 0.0 042 3.6 3.6 051 57 N S3  -8.0 wwun We0 12
13 1.6 -89 -4.0 034 4.1 4.2 017 5.8 EE 58 -10.2 mexx 291 13
14 -1.3 63 3.8 052 25 2.6 Gkb 3.8 NE 58 -1l.0 wmms 555 14
15 -7 B4 4.6 043 2.8 3.0 03 6.8 M b6 -B.6  mex 1287 15
ib B <98 -4 W4 22 2.3 148 38 N 61 -10.2 1673 18
17 -5 <92 -49 M8 30 3.2 6.2 E 54 -12.1 s 3378 17
18 -8 7.1 -4.0 @4 3.2 3.3 54 5.7 N 56 -10.9 e 4925 18
19 <30 161 -b.6 066 4% 4.8 063 5.7 NE 58 -12.8  ames 2060 19
28 -2.8 -7B 53 999 3.3 3.5 078 63 EME 57 -11.8  amm 4116 20
I -l %1 <54 054 43 44 075 7.0 ENE 55 -12.7  mer un 2
2 1.9 -9.8 59 854 42 43 01 63 N 52 -12,9 e 4920 22
3 =25 1,7 <71 032 2.4 2.7 05 6.3 NE S0 -15.4  mamx 4152 3
24  -2.6 -149 88 08 3.6 3.1 84 5.3 N G6  -13.0  wmmx 3249 4
5 24 87 5. 058 4.4 44 069 8.3 EM 55 -13.0  wemx iR &
2 2.4 -89 58 055 5.4 5.4 08 1.8 N 53 -13.5 oammx 3963 24
¥ -3 S 67 61 6.6 6.7 053 114 B 51 152 memx 2 %
8 -24 -13. =77 048 33 3.4 054 7.0 N 54 -14.7 ewm 432 28
%  -1.4 -8B -6 0859 3.8 4.0 070 B9 EME 58 -i3.1  wmme 523 2%
36 -5 134 7.0 055 27 2.9 974 57 EME 60 -13.0 s 4778 3
3 g -0 -46 051 2.8 2.5 01 5.3 ENE 62 -10.6  wemx 50 3
#ONTH 1.8 -21.3 <76 057 3.5 3.7 070 12.1 ENE 5B -14.0  wmmsx 95091

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 8.9
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 10.8
GUST VEL. AT MAX, GUST PLUS | INTERVAL 8.9
GUST VEL. AT MAXK. GUST PLUS 2 INTERVALS 8.7

WUTE: RELATIVE WUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ORE mMETER FER SECOND, SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAilY
0K RORTHLT HEAN FOR RELATIVE MUMIDITY AND DEW POINT.

“wws  HEL WITES AT THE BACK OF THIS REPORT  x%xx
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MONTHLY SUMMARY FOR WATANA WEATHER STATION
DATA TAKEN DURING April, 1983

LN,

PROJECT

RES. RES. AVG, NAX, HAX, DAY’S
MAX. HIN. MEAN  WIND WIND WIND GUST  GUST P'VAL MEAN NEAN SOLAR
DAY TEMP, TEWP, TENP. DIR. S5PD. SPD, DIR. SPD. DIR, R DP  PRECIP  ENERGY DAY
DE6C DEGC DEGC DEC WS WS DEE M/S T DEBEC M /50N
1 1.8 -9 -5 19 a6 2.7 W 63 BE 58 91 0.8 M8 1
2 16 -11.1 3B W 23 25 8 7.4 54 -11.6 8.0 3065 2
3 B8 113 53 w8 19 41 M 133 EE B -3 B0 w3
4 1.7 -39 -1.1 M8 1.1 49 274 146 ENE 60 63 2.0 2143 4
S 1.4 -74 -3 06 24 28 3 8.3 EE 63 635 0.0 M3 5
6 S -183 S8 I 1.8 2.1 W 5.1 W 58 -10.9 14 Saes &
7 b -t06 5.8 0 1.8 2.1 8% 44 ME 37 119 L 5383 7
8 2.2 -84 -4 @ A 1.3 249 4.4 ¥ B -11.6 00 81 8
9 2.6 107 -4 IR b 16 2NW 5.7 & & -121 2 W3 Y
18 -4.6 -15.9 -10.1 8 1.9 21 2 3.1 E 5 -17.7 9653 10
1 -8.2 -17.0 ~-12.6 &9 40 A1 8 10.B E 6 -18.4 W0 15 1
12 A <14 -3 i3 3.6 3.7 W9 5.7 EE 0 -6 6.0 10829 12
13 0.9 0.8 8.0 1.7 1.7 15 1.9 N = s 0.0 mwe 13
14 34 8.4 a6 I8 1.2 1.4 035 3.2 ME 4% 7.5 .2 13920 14
15 g -3.2 1.6 W% 27 28 W9 63 ENE e mmmme  §.0 12n 15
16 1.4 54 -1.8 S 235 28 9.5 EME 62 b0 0.0 4878 16
17 68 3.8 o 328 9 17 28 7.0 N 33 %% 04 Se 17
18 1.8 -42 -2 ™M 3.6 3.7 83 162 EME B -7.1 0.0 4950 18
19 14 <34 2 19 3.6 39 079 114 EE 7 -l 0 o 19
] 3.4 -4.2 -4 87 2.9 3.2 8 8.7y EE o -7.4 04 78 20
4| 3.7 -AA -4 W 2.4 27 o 708 83 -63 0.0 4148 21
22 6.5 -3.1 1.8 3% .9 1.7 9% 3.7 ENE 3 -4.8 8.8 5363 &
23 4,9 2.1 1.4 392 A 13 28 S E 8 27 1 S18 &3
24 83 -1.2 3.6 24 22 % 6.3 NE 49 -4 0.0 6968 24
r-] 10.1 L3 57 w2 2.6 3.0 8 7.0 B T1  -3.4 0. L X ]
26 8.9 -1.8 3.6 002 1.7 1.8 W 44 N S8 -39 00 8218 26
a7 8.7 -2.2 3.3 3% 1.6 24 285 63 N 4 37 2 689 27
28 7.6 -2.8 2.4 3 g 1.8 M 44 N 57 -1.8 0 4619 28
2 6.4 3 3.4 28 7 g an 3.2 W w a0, 48 29
L] 7.7 -1} 3.3 05 1.7 1.9 5.0 M 8 83 14 7528 30
HONTH 10.1 -17.0 -1.1 043 1.7 25 274 14b EE 55 -8.2 2.6 INWA
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 11.4
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 12.7
GUST VEL., AT MAX. GUST PLUS 1 INTERVAL 14,6
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 14.9

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND

X% %%

ONE METER PER SECOND.

SEE NOTES AT THE BACK OF THIS REPORT
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SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.




e & M O CQONSLILLTASNTSS T,

SIS NTNS HYDROELLECTR DG PROTECT

MONTHLY SUMMARY FOR WATANA WEATHER STATTON
DATA TAKEN DURTNG Mav. 1983

RES. RES. @G, HAX. NAX, DAY!S
MAX. HIN, MEAN  WIND MIND MIND GUST  CUST P/VAL MEAN MEAN SOLAR
DAY TE#P. YENP. TEMP. DIR. 5PD., CSPD. DIR, SPD, -DIR. RH DP  PRECIP  ENERGY DAY
DEBC DEGC DEGC DEE WS H/S8 DEG H/8 T DMEC MW WH/SOM
1 8.0 -3.6 2.2 089 27 32 M 9.9 ENE 52 ~a.d 8.0 8705 1
2 2.1 -8 7 N 1.1 1.9 242 5.7 WSH e mmwaw b.b 2y 2
3 3.3 -1.4 9 M 1.5 1.9 214 5.1 NSH % xaamw 8 M8 3
4 5.1 2.1 1.5 064 3.6 33 a7 7.6 ENE  #%  iemek 2 4218 4
3 60 -1.8 2.1 4% 2.3 2.6 067 7.0 N 3B 35 0.0 N3 5
6 7.1 3.3 1.9 & 2.0 2.4 12 7.6 ME 5 -3.4 00 7983 4
7 1.0 -2.4 3.8 033 2.8 3.1 000 7.9 WNE 45 5.2 0.0 778 7
8 114 -1.4 4.9 M 1.4 1.9 003 4,4 N 4 -3.3 0.0 4753 8
9 2.4 -1.8 38 IR 1.9 2.0 38 .08 5t 2% 9.8 5128 7
10 10.2 1 j.2 I 1.6 23 I 8.3 M 4 -5.9 8.2 7320 1%
1" 11.4 -2.9 4.6 015 1.5 2.1 133 3 N M -b.8 na 7ne 1
12 2.4 .8 5.1 083 2.3 2.9 189 8.3 NNE S4 -2.2 8.0 5% 1
13 12.6 2.4 7.6 049 1.8 24 020 7.0 NNE 47 -1.4 8.3 9215 13
14 1.1 3.1 7.1 2N 1.7 2.2 240 70 W 59 -3 8.0 5098 14
13 1.1 2.1 6,6 300 1.9 2.4 330 5._7 N 49 -1.0 8.9 3300 135
16 9.6 1 4,9 084 .1 37 083 9.5 ENE 54 -1.8 2 9525 14
17 6.4 1.9 3.7 22 2.6 2.8 254 3.3 W A% RERAE 1.2 968 17
18 6.7 4 3.7 2 2.2 26 232 7.6 W 42 -5 0.0 493 18
19 7.9 -.h 4,6 28 1.8 2.4 285 3.7 N 47 -3.0 L8] N3 17
20 HHHEE O FREEE  HEEER AN FREE U RER HEHE  HEE OHE HPEAE SRR N 20
21 PITTT JET S S T ST B OBEE B FREE O BER OB UNERE ANEE e N
22 EREEE ERREE O BERNE R BARE OBHEE BEE B BEE BR ORI R sy 22
23 8.1 1.8 3.0 294 1.4 2.3 180 7.0 W x% ¥uEEe A 137 23
24 15,6 ¥ 9.7 055 1.8 2.5 899 74 N 90 -2.9 ¥ 4990 24
25 12.7  -1.2 3.8 2n 1.9 2.9 2% 3.9 4 52 -5 5.0 nB 5
26 8.5 a.t 5.4 24 1.3 290 271 10.2 VSN ¥ e 2.8 4030 26
27 10.4 1.2 2.3 1§72 1.5 1.9 084 3.7 ENE 54 -3 8.4 4700 27
28 15.6 4.6 i6.1 73 2.6 3.4 085 3.3 ¥ 50 3.2 8.0 905 28
29 176 - 6.7 12,2 085 L9 40 08 5 E 9 3.4 04 425 29
0 20.1 7.8 13.9 045 1.3 3.2 192 10,2 ¢ 54 5.5 6.0 3596 30
3 12.1 5.8 9.8 240 a7 .0 237 7.6 N oxx xeEt 2b ;13 3t
WONTH 20.1  -3.% 3.3 21 7246 B w2 w50 <20 15,2 157304
GUST VEL.. AT MAX. GUST MINUS 2 INTERVALS 2.5
GUST VEL., AT MA¥., GUST MINUS 1 TINTERVAL 9.5
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 5.7
GUST VEL., AT MAX. GUST PLUS 2 TNTERVALS .8

MOTE: RELATIVE HUMIDITY READTMGS ARE UNRFLTABLE WHEN WIND SPFFDS ARE LEGS THAN
ONE METER PER SECOND, SUCH READINGS HAVE NOT BEFN INCLUDED IN THE DAILY
OR MONTHI Y MEAN FOR REILATIVE HUMIDITY AND DFW POTNT.

%x%% SEE NOTES AT THE RACK NF THIS REPORT  xx%x
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M O CONSUL. TANTS NG,

HYDROEBLECTRLC PROJECT

MONTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
DATA TAKEN DURING September ., 1982

NOTE:

LK R 2 )

RES. RES. AUG, ©WAX. MAX, Dav’s
MAX. MIN. MEAN  NIND  WIND ML ST  GUST P'UAL MEAN NEAN SOLAR
DAY Tew. TEw. TEW., DIR. SPD. SPD. Dla. SPD, DIR. AW DP  PRECIP  ENERGY DAY
DEEC DEEC DECC DEE WS WS DEC WS 1 DEEC W WH/S50N
1 12.7 4.5 8.6 258 .8 A 128 3.2 M 4 <32 M0 70 1
2 1.1 43 7.7 w2 d 0 L1l 3.8 ESE 4 -2.9 34 258 2
3 8.3 49 67 93 3 7 e 3.2 ME &7 -2.2 9.8 658 3
4 "-2 3.8 7.3 L [%) 3 1.4 '57 3.8 g5 39 -b.6 2 2565 4
3 13.4 3.1 9.3 1% 2.4 26 W% $3 E & -84 WM& a5 35
b 15.3 7.0 113 W S 28 1’8 8.3 ME 27 7.5 14 1685 6
7 11.7 6.8 9.3 284 R N A1} 44 BN M -2.b ‘ab A1 7
8 9.2 6.3 7.8 243 2 g 32 25 5S4 &4 -3 .8 gee 8
9 1.2 4.3 7.3 17 o 4 M 3.8 6E 4 -4 7.8 13 9
] 1.1 3.2 7.2 1R 4 N ] 2.5 BN 4 45 2 2138 16
" s.8 2.2 40 7 0 8 44 SN 2 -2.6 b4 988 11
12 9.4 -1.4 40 W7 N N 1) 44 ENE 39 %4 MG 3 R
13 8.9 340 6.0 242 8- 8 2 3.2 ¥ W -7 3.0 1338 13
14 8.9 6.4 7.7 147 A N L] 25 ¥ 8l 9 14,8 1018 14
13 15.5 6.4 110 26 2 1 M 6.3 WS ¥ -3 2.8 an 15
‘6 9-7 3o5 bob m 105 109 281 7!6 “ 36 '7.4 6‘3 2583 ‘b
17 7.2 1.6 44 1 A 9 13 3.2 ESE 72 NN 142 17
18 n.1 2.7 5.9 251 2 1.0 288 3.2 WS 7 2.9 AR 1628 18
19 8.3 4.3 63 198 2 g n 3.2 SE W 54 144 719
Fl | 7.4 3.9 5.7 A 8 3.8 EE 89 K TE G Y ] 1213 20
2 1.4 3.2 7.3 188 3 9 314 1 EX & -1.7 N 1285 21
&2 4.6 -4 .28 J L1 W 44 8 78 2.4 1.2 153 2
a3 8.1 2.8 2.7 A2 R R -] 3.8 S5 47 -2 M4 788 3
24 8.6 -2.9 29 13 4 L I J2 EE 75 197 0.8 75 24
¥~ 9.9 -1 44 283 2 S W 32 5§ ¥ -3 L 1825 25
2b 6.2 1.8 48 18 A J 38 3.8 s 56 -7.4 A2 120 2
-/ 723 1.2 3.1 18 2 9 32 § % -16.7 1.8 158 2
28 60‘ -3ll 1-5 ‘2’ -7 0, l” 4.4 E! “ -l.-z 5-2 “3' a
2 6.9 1.2 41 1% N 9 112 5.1 S M 1.3 &6 1250 29
kL) 5.3 b 34 321 2 J 33 25 We 47 <69 2.2 us
MONTH 15,5 -3.1 6.8 139 .1 J ¥ 9.5 ESE % -7 136.6 51585

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS S.1

GUST VEL. AT MAX. GUST MINUS 1 INTERVAL S.7

GUST VEL. AT MAX. GUST PLUS 1 INTERVAL S.1

GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 7.6

RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

OR MONTHLY MEAN FOR

RELATIVE HUMIDITY AND DEW POINT.

SEE NOTES AT THE BACK OF THIS REPORT X%
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R & M CONSULTANTS , ©ELNC,.
SUSTTNA HYDROELECTRIC PROJECT

MONTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
DATA TAKEN DURING October, 1982

rl
RES. RES. AVG. MAX. MAX. DAY‘S
NAX. MIN. MEAN  UIND WIND MIND GUST GUST P/VAL MEAN MEAN SKAR
DAY TENP, TEWP, TEMP. DIR. SPD, SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEGC DEGC DEGC DEE M5 WS DEE NS Z DMEC M NH/S5@

-1 3.6 06 . 2-1 2‘6 A 7 278 2.3 W 70 4,6 e 1‘23 1
2 5-5 -|7 3 2.‘ .6’ l3 -8 32‘ 3-0 SE 48 ‘l3u7 A lm 2
3 47 1352 1.6 M3 b 1.0 W 8.3 ME 66 4.8 wmm 1785 3
4 41 -42: -1 1B 14 1.2 17 4.4 55 47 -5.3 ewn 1855 4
] 3.3  -2.8. 3 W5 1.3 24 @ 0.2 EE S -7.7 wmm 194 5
6 45 -61. -8 14 g 1.2 12 44 § 58 -8.2 wmemx 179 &
7 9 29 -1 17 S L1 139 3.0 ESE 48 -14.0 xxm 75 7
8 -ls -"L .2l. 28. -3 1-. 255 ‘I‘ m ‘3 ‘18-1 BB 98. 3
9 3 -7 1.2 29 b J W 25 WM 4 -37.2 =a 9

1 =13 4.4 3.2 I8 9 1.4 33 I8N T -11,8 wx 383 18
1 0 =53 3.2 120 g 1 117 5.1 ESE 77 -7.5 wwm 378 11

12 1.8 -3 3 23 A4 7 314 38 S 23 -25.1 aem 39 12
13 -8 <51 3.0 189 3 & 33 38 § 6 -14.7 mm 428 13

14 -3 9.2 53 117 1 1.1 12 3.2 ESE 78 -7.2 = 43 14
15 <31 -32 -8.2 189 14 1.7 139 44 SE 85 -1.8 =u 683 15
% -8 -85 5.2 183 1.2 1.3 ¥ 38 E 82 -7.7 =m 35 16
17 25 8.2 -9 1@ @ g 1A 3.2 S5 26 -29.6 xams 478 17
18 7 106 5.0 181 4 1.1 185 38 E 5 -17.0 mm 438 18
19 -9 455 32 8 N 9 1 29 ME A -33.8 =m N 19

20 24 -11.4 69 117 1.6 1.7 118 9.7 ESE 77 -9.7 wum m

a1 5.7 133 9.5 0M 1.9 27 M5 114 ME 5 -14.7 am 928 21

a2 45 146 96 14 1.3 1.5 16 6,3 ESE 60 -14.B wmun 888 22
a3 7.1 1238 9.8 119 23 24 183 7.0 ESE 68 ~16.2 w%m 755 23

24 -8.0 -13.2 -18.6 189 a8 a1 1 3.1 59 -17.0 e 87 24

& -7.4 -1 -128 13 1.7 18 2 44 SE 7 -l6.6 mm 708 25

% -113 194 -15.4 124 1.4 146 100 4.4 ESE 58 -22.5 wmm 720 2

27 -8 -BA 191 102 1.6 1.7 12 57 E & -B.4 mm 663 27

8 -11.3 -151 -13.2 183 20 21 1 S E 82 -15.8 am 48 28

29 7.4 -19.2 -13.3 115 g 1.2 M 44 SE 85 -16,2 xm 630 29

I -153 -28 -191 ™ 1.8 1.9 73 44 ENE Bl -22.2 s 5 3
k| 9.0 -27 -13.9 9 a0 21 s 44 EE 79 -1 = o883t

MONTH 5.5 -234 '-6.2 104 J 14 05 114 ESE 65 -15.7 s 25282

GUST VEL., AT MAX. GUST MINUS 2 INTERVALS 9.5
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 9.5
GUST VEL . AT MAX. GUST PLUS 1 INTERVAL 10.8
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 11.4.

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN

ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.
*xx% SEE NOTES AT THE BACK OF THIS REPORT  %%xx
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R A& M CONSUL.TANTS , LiNC .
SUSBSLTNA HYDROELECTRILC PROJECT

MONTHLY SUMMARY FOR DEVEL CANYON WEATHER STATION
DATA TAKEN DURING November, 1982

e

RES. RES. AUG, WAX. MAX, DAY’S

MO,  NIN,  MEAN  NIND  VIND  WIND  CUST  CUST P/VAL MEAN MEAN SOLAR
DAY TEWP, TEWP, TEW, DIR, SPD. SPD. DIR, SPD. DIR. RH DP  PRECIP  ENERGY DaY

BECC DMCC DECC DEC WS WS DEC WS T DBEC M /508
1 2 <91 43 12 1S5 18 13 7.6 ESE 7B <15 mm 63 1
2 ~6 946 -51 1 b R -] 32 8§ 7§ 5.8 s s 2
3 2.7 <12, -7.8 1 3 g m 3.8 ENE 70 -14.5 s M 3
4 -|3 ‘5-5 '20’ 125 9 l!l 17. 603 Eﬁ bt '7'2 SN 568 4
S 2.6 -143 -85 1B b 4 1 &3 £ 89 -8.7 mum o 3
6 -7 -18.1 -149 & 1.6 1.7 W 4.4 E 88 -16.8 sum 23 b
7 119 -85 -152 M a1 a3 14 3.1 ESE 80 -18.1 wma & 7
8 74 -13.6 -85 1IN 17 1.8 M S.7 ESE 82 ~-11.3 e M 8
9 5.7 <83 <71 1N .1 S 120 2.5 W 13 3.1 m 9
1" 5.9 -13.7 -9.8 88 1.6 1.7 I8 44 ESE 79 -10.3 um n n
i <36 -b65 51 1N 13 14 117 3.8 ESE M -24.3 wman 1
12 -3 -8 <37 1 1.1 1.4 137 44 S 8 43 nm 93 12
13 -7 -3 <36 121 1.1 1.3 M 4.4 ESE 88 -4.2 s M 13
14 .302 -9.2 -8.2 7% J7 9 18 3.8 ENE 20 -~34.8 s M 14
13 -6.7 -15.3 -4 M 1.6 1.6 095 44 E 71 -13.1 s 365 13
16 -13.4 -168 -14.9 W7 2.0 2.0 88 44 E 92 -6 mm 358 18
17 -15.7 -21.4 -18.6 88 23 24 W 50 E @ -19.9 n ™
18 -15.9 -22.2 -191 W2 22 23 M 44 E 78 -23.0 s 398 18
19 -15.2 -21.4 -183 11§ 28 28 11§ 7.0 ESE 63 -23.2 wumn 418 19
2 -t -15.3 -127 1§ 2.9 34 13 6,3 ESE 7% -15.4 wum N 2
21 58 -7 -3 M 15 1.7 18 4,4 BIE B -10.4 mae 2
2 46 795 -1 183 1.6 1.8 119 5.1 BN B8 -B.9 smm 7! 2
a -8 -6 -34 112 i1 13 13 38 ESE 84 4.4 wmn m a3
24 1.0 -47 <29 1% 14 1.4 138 3.8 S 9 -3.4 mm T A
o] g -67 -1 18 14 13 15 3.8 SE 79 5.2 wm 3 25
26 4,9 =23 -b1 116 2.4 24 110 5.7 ESE 76 9.7 s 358 2
& 3.8 -11.8 -8 18 13 1.6 14 44 E 88 -85 mm i 27
2 -3 147 -125 @ 27 27 |Mm 44 E 95 -13.8 s 8 28
29 -5.4 -i01 7.8 W7 1.1 1.2 13 3.8 EE 31 155 s r~
38 -5.8 -128 -89 2% 4 J % 3.8 U 69 -12.2 axmn Fr A

MNTH 5 -2.2 -8.% 1M 1.4 16 113 7.6 ESE 77 -13.0 s 12060

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL
GUST VEL. AT MAX., GUST PLUS 1 INTERVAL
GUST VEL. AT MAX., GUST PLUS 2 INTERVALS 3.8

Ao

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

GR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.
x%%% SEE NOTES AT THE BACK OF THIS REPORT  ##ex
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R & M CONSUL.TANTS LiNc,
SBUSITTNA HMYDLDROELECTRIC PROJIECT

MONTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
DATA TAKEN DURING December, 1982

¢
RES. RES. AUG. MAX. MAX. DAY’S

MAX. MIN. MEAN  UIND UIND NIND GUST GUST P/VAL MEAN NMEAN SOLAR
DAY TEWP, TEMP. TEMP, DIR, SPD. SPD, DIR. SPD. DIR. R4 1P  PRECIP  ENERGY DAY

DESC DEGC DEGC DEG M/8 WS DEG MW/S T DEC M WH/SQM
- -199 1885 117 9 8 280 32 SE 92 1.7 8 1
2 -15.1 -21.6 -18.4 121 15 1.7 18 S.1 SE 86 -20.1 wuxw a3 2
I -9 -4 187 107 12 1.6 18 4.4 ESE 80 ~18,9 oxme 91 3
4 -13.1 -18.7 -15.9 188 23 25 138 6.3 ESE 75 -20.5 axex U3 4
3 -4,7 -13.1 -8.% 108 13 13 98 4,4 ESE 83 -3 xame 305 35
L) 1.5 7.9 45 12 .7 1.9 110 7.0 SE 83 N9 wma W 8
7 18 -1.9 -1 17 2.3 2.4 W7 9.5 ESE 81 2.7 mexs 0 7
8 0.8 -1.8 -9 13 J 0 1.0 S 51 SE 11 -36.5 xmxe 33 8
9 -6 ~144 -2.5 067 1.0 .7 an 5.1 ENE 93 -9 eamx av 9
10 -43 -19.1 -11.7 100 1.4 1.9 1 6.3 ESE 96 -13.3 xxe¥ am u
11 -48 -8.7 -58 129 2.8 2.1 18 63 ESE 77 -10.1  wemn 29 11
12 23 -8 44 13 1.9 1.6 124 9.1 ESE 77 7.2  wmaae 12
13 -1 81 =-2.46 1465 1.3 1.5 109 6.3 S56 83 5.0 wexm 328 13
14 -9 9.9 <50 12 1.1 1.2 124 4.4 6 83 5.9 umex 318 14
15 3 <59 -2.6 130 1.3 17 182 5.7 ESE 73 5.1 aws 308 1S
16 -3 -850 -27 13 1.4 1.5 115 44 SE 74 -5,7 aaxmx US 15
17 2.4 -10.3 <66 107 1.8 1.9 17 A4 ESE 82 7.0 am Je3 17
18 -10.2 -13.9 -f2.1 189 1.7 1.8 o7 44 E 78 -13.0 semx 308 18
19 -4 ~13.0 -9.8 113 1.1 1.3 12 A SE Bl -12,3 xxx 308 19
at 8.6 -153 -H5 124 1.6 1.8 123 jol ESE 74 -13.5 sunx 35 A
21 -15. -18.8 -16.9 083 2.6 2.6 N 5.1 E 9 -17.7 xwae 3 2t
2 -16.0 -20.6 -18.3 075 2.6 2.7 @R 5.7 BNE 87 -20.5 s s 2
23 -11.8 -17.8 -14.8 09 1.8 2.8 101 44 ESE 75 -18.1 wmems 328 23
24 -8.0 -16.8 -12.4 105 23 a5 1199 5.7 ESE B0 -14.6 muxn 39 24
25 -7.8 <127 -10.3 182 2.1 23 118 6,3 ESE Bl -13.5 xeam e 25
2b -8 -87 -8 1} 1.2 1.4 10 4,4 ESE 80 8.4 wexn 300 26
yg A =29 -13 13 4 1.3 48 3.2 SSE 70 -0 mumx 51 27
28 2 -4 S 145 3 A 087 1.9 SE 10 -28,4 exun 240 28
2 1.7 -3 Y Vs 40 10 282 3.2 8&E 11 -5 xam 268 29
30 =1 9.3 -4.7 s sEew XeEE NGE MRS e 5 376 e /T 36
k3! -4,6 -10.4 -B.5 EER  xMEE  NNEX XX XEEE MR ] =450 xsx» 5 31
HONTH 1.8 -21.6 B2 11 14 1.7 107 9.5 ESE 59 -15.7 uwxe 9143

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS
GUST VEL.. AT MAX. GUST MINUS 1 INTERVAL
GUST VEL., AT MAX: GUST PLUS 1 INTERVAL
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS

Lo
gt Ls

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESE THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.
xx%x SEE MNOTES AT THE BACK OF THIS REPORT %%
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R A& M CONSULLTANTS A,

Aiii'l..! SETNG HMYDROEBELECTRIC PROJIECT

MONTHLY SUMMARY FOR DEYIL. CANYON WEATHER STATION

DATA

NOTIiE

XK

TAKEN DURING Janvarv, 1983

¢ .
RES. RES. AVG, MAX. MAX. DaY‘sS
HAX. NIN. MEAN  JIND WIND WIND GUST  GUST P'VAL HMEAM HEAN SOLAR
DAY TEMP, TEMP, TEMP, DIR, SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP ENERGY DAY
6C UEeC DESC DEE WS WS DEE WS i BT W Wh/ S04
| 1.1 7.2 ~4.,2 HMR ERER  RANR &R SRR MEE B2 T -4, 3  saak 5 1
2 -14 -42 -2.8 114 2.1 a1 5.1 €SE 78 -B.9 wmam 28 2
3 -4,2 -11.7 8.8 113 d w8 w 4.4 ESE 71 -11.4 amim 23 3
4 -~11.3 -21.0 ~-16.2 097 13 1.5 9 4,4 ENE 87 -18.6 wemn 278 4
S -17.%9 -24.9 -21.4 102 1.3 1.7 9 Ad E 79 <250 s 278 3
5 -153 -21.1 -18.7 112 24 2.5 1l 8.9 ESE &7 -22.5 nenn M b
7 -17.2 -84 <213 1t 23 246 M 8.9 ESE 67 -20.4 suxn W 7
8 -22.4 -27.0 -20.7 124 1.2 1.5 188 3.0 ESE e -29.1  bawn B3 6
§ -23.2 -zb.4 -24B 133 2.3 2.4 109 5.7 SE 57 -31.4 wamx Jo8 ¢
6 -28.2 -26.2 -23.2 123 22 a3 12 9.7 S S22 -29.7 awus 35 10
1 -i8.2 -31.6 -24.9 115 1.7 2.0 148 63 E 48 -32.1 s -3 1
12 S HHEE HHHEE A BRAE O HRHE  HHE R B N SN BIIR s 12
13 HERRE  RRBHR  ARARE  RER RREER MHHER ERER HH OEE O KEERR  BENR e 13
14 st B xHHHE  RaR BREE O HEHE  JHBE RO HIE S EHHEE HEEE e 14
15 sHREE  BHEEE  RHHHE O BEE O RRRE O BRER O BHE RERE O BNE M4 HHOBEE  HERE kb 1S
16 SHEHE MHREE  HEHHE  HEE HUGE HEEE B BHEE NN BN IR HBH R 1b
17 Ramax rabki REHHE O XNR O ERRE O HEME AR RRER ENR  RR REERR  MNER  RARMER 17
18 sampk NANAN ANENN S M SBEBR HH HHEL MHL S REBHEE SR e (B
19 -5.8 -7.4 -6 102 N} g 2N 239 SE S0 -~16.83 mumn ey 19
at 3.6 -123 -9.1 119 1.9 1.6 11l 9.1 ESE B2 -10.1 swmr 358 28
21 -4 -~11,3 -7.9 128 1.6 1.7 124 4.4 58 54 -14.4  nmnp 428 21
a2 -8.8 -18.0 -13.4 @84 2.6 2.6 189 74 E 83 -15.2 sum M8 22
23 1.6 -15.8 -=b.7 1&0 g3 2.7 131 8.3 ESE &7 -~17.2 umr W 23
24 -3.8 -9.9 -5.9 1i8 2.3 2.4 1N 9.5 E58 3 -20.5 wme 663 24
23 -3.8 -9.9 -7.9 164 2.2 23 12 8.3 ESE 42 ~18.8 s 3 &3
2b -t -7.3 -446 115 18 2.0 123 7.6 ESE 59 ~11.3 exss 33 2
27 -3,.8 =~16.6 -B.1 @99 2.2 246 113 8.3 EN 74 -12,3 snam 7 &7
28 -3.9 -12.2 -8.1 109 1.9 24 1% 4,4 ESE 61 -10.3 mmes 538 28
4] 3.4 -39 -9,7 % 2.1 2.3 1z 31 & Bl -li.B  saxs i 2y
38 -4.4 -2.7 -b9 121 1.7 1.9 104 6.3 ES¢ 82 -8.7 s 333 30
3 1.9 =53 1.7 137 11 1.3 1§ 44 S8 73 4.9 sum 573 3
HONTH 3.9 -3l.6  -12.0 112 1.8 1.5 100 9.9 ESE of ~-17.3 nexm 739
GUST VELL, AT MAX. GUST MINUS 2 INTERVALS 7.6
GUST VEL. AT MAX. GUST .MINUS 1 INTERVAL 8.9
GUST VEL.. AT MAX., GUST PLUS 1| INTERVAL 7.0
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 5.1

RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THANM
ONE HETER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN lHn bAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

SEE NOTES AT THE BACK OF THIS REPORT =xxxx
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R & M CONSULTANTS , ©LNC.,
BLUSLTNA HMYDROELECTRIOC PROJIECT

MONTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
DATA TAKEN DURING February, 1983

RES. RES. AVE. MAX. MAX, DaYs
#AX. NIN. MEAN WIND WIND WIND GUST  GUST P/UAL MEAN MNEMN SoLAR
v -TEWP, TENP, TEWP. DIR. SPD. SPD. DIR. SPD. DIR. RM P  PRECIP  ENERGY DAY
BCC DEGC DECC DEC WS WS DBEE WS 1 DEEC M WH/SOM
1 33 -1.8 g 13 1.6 1.7 12 5.7 ESE & 44 o M 1
2 1.5 -2.9 -7 18 1.4 1.6 142 44 SE 78 3,7 s 613 2
3 d <32 13 1B 13 16 15 78 EE 7B 5] s 5 3
4 1.4 -4 1.5 13 1.7 1.8 63 SE 69 -b,2 wemm &y &
9 11 -7 -28 119 1.8 a4 7. B #A -7.] s 0% 5
) 13 94 41 1§ J 1.2 W 3.7 S 79 5.2 s 65 &
7 .2-4 "7 .5 -50. 251 -3 8 3.‘ 3'0 um 30 '22-6 HHH m 7
. ‘3-3 ‘12-8 '&3 122 -2 b '93 308 m “ -l4o4 HH m e
9 -89 -18.5 -13.7 13?7 1.1 t2 18 4.4 ESE 94 <152 wsamn 95 9
i -84 -0 -142 124 4 11 12 51 & 9% -16.0 wem 56 18
1 -1y -2 -15.6 W 1.8 1.y 1w A4 E B -187 s A5 11
12 -119 -28 -124 ¥ 1.7 1.8 W 3.0 E B -2A5 sm 8 12
3 145 -2 -4 W7 2.1 24 1% 5.1 EE 78 -22.2 wmem 583 13
14 -125 -19.4 -15.8 068 1.3 1.7 8 44 EE 74 -19.8 s 7 14
l.'l '5-3 '19.3 -1216 13 1.9 20. 123 5-1 ESE b1 'l’.z i 1 -] 15
16 -2 ~-13.7 -4 115 &3 24 W9 5.1 ESE 47 -20.4 smmm 843 16
1?7 -7.4 -15.1 -11.3 128 25 246 128 63 SE 45 219 8 17
18 4.5 -147 -6 18 &t 22 M 4,3 ESE b8 -16.8 mmme 628 18
19 2.2 138 -7.6 1B 1.6 1.7 113 44 EX 77 -9.6 wmmm 743 19
20 1.6 -13.2 74 1% 1.5 1.7 W 5.7 8 0 -10.0 s 183 2
21 Jd <96 48 19 1.3 L& M 54 E & 5.3 e 1040 21
k7] 3.1 -7 38 12 1.4 1.7 114 5.4 S5 77 -8.2 wmee 1985 22
3 1.7 -88 <36 18 1.7 1.9 98 7.0 ESE 38 -1 s nw a3
24 -8 '7-3 4,1 l” 1.9 1.9 “ﬂ 5.‘ Es 78 ‘5-’ iR m 2‘
b3 1.7 -12,7 <45 12 12 1.6 W 7.6 E 47 -165 wnm 1388 25
2b J 49 22 18 L7 1.8 M 63 ESE 67 -8.3 s 133 25
r/j 11 98 -44 W 13 1.7 18 5.1 ESE &b -10.0 s 1598 27
.. -, 2.1 -A1 B L1 1.3 19 3.1 HE 58 -15,7 s 1288 28
MNTH 33 -242 73 12 1.4 1,7 5 7.6 ESE &9 -13.6 s 272838
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 3.8
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 6.3
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 6.3

GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 5.7
NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

OR MONTHLY MEAN FOR RELATIVE HUMIDiITY AND DEW POINT.
#x%x% SEE NOTES AT THE BACK OF THIS REPORT  a#%%x
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R & M CONSUL.TANT
SUS T TNG

HYDROELIECTRILIC

MONTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
DATA TAKEN DURING March, 1983

[+

3,

NG,

PROJECT

§ES. RES. AW, MAX. MAX. DAY’S
MAX. NIN. MEAN WIND NIND UIND GUST GUST P/VAL MEAN MEAN SIEAR
DAY TEW, TENP. TEW. DOIR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DECC DECC DECC DEE WS WS DEE WS 2 DGC M WH/SH
<20 <67 44 W %] J W 25 M <233 s 813 1
2 <44 40 93 113 19 240 U3 57 ESE 70 -11.8 sem 16 2
3 81 -1635 -123 N 246 28 1 74 E 77 -15.8 wems 1628 3
4 90 167 129 188 246 29 7 7.0 E 77 153 wem 1275 4
i <44 21 83 W 22 23 121 51 ESE R -122 s ws s
) -8 3.5 7.2 W4 1.8 20 6 57 E & -12.1 s 1765 &
7 -8 -7 -5F W 1.7 2% 131 57 EE &7 -122 = 1828 7
8 4 -143 <A1 W2 21 23 B4 5.1 EME W -15.6 e ey 8
y 22 174 %7 W6 23 23 #8463 EBE 5 -18.3 s an 9
16 -64 -163 114 89 1.7 1.8 185 51 BENE 60 -12.6 e 1t
) 15 <23 <29 18 1.6 1B #9257 ESE 80 6.7 wem 163 11
12 64 729 -8 188 10 13 1M 51 E 74 -9 mms 198 12
13 5.0 92 -1 W9 16 1.9 W6 5.1 EE 67 -83 2 13
14 26 78 26 WA 16 17 WA 31 E &7 7.5 wemr 2098 1
15 34 -5 =y W 15 L7 W 57 E M -5 sm 2123 15
16 35 -85 a3 M 1.7 1.9 9 57 ESE &9 -7.4 s 75 16
17 28 -11.8 <45 11 1.1 14 096 44 ESE &7 -84 wmn 27 17
18 a6 -11.9 -47 1M 1.6 1.9 14 St E N 9.5 = a3 18
19 a1 -13.4 57 W7 1.9 20 W2 51 E 71 -7 s 27 19
20 14 74 <28 W 1.9 1.9 B4 63 E 64 -89 33 A
a 27 <75 24 % 1.6 17 WA 51 E S -H.2 mm Ny 2
2 J2 -6 37 M3 1.7 19 1% 57 E 59 11,2 s N 2
a3 1.3 -2 <580 1 1.7 1.9 5 51 E OB -9 s e 23
24 Jo-i0d 47 186 1.6 1.8 060 51 E M -9.9 s o N
& 22 60 1.9 1 14 16 117 5.7 ESE B9 9.3 wm 3288 25
2 1.8 <57 <240 115 21 24 192 83 ESE WM -10.3 s N3 2%
a7 S 21 <33 117- 21 a3 18 7.0 EE 52 -2, wem RS 27
28 a6 8.0 27 W 1.7 1.8 B8 57 €5 T -11.0 = US =
& 33 -1 41 94 20 21 1 63 E 67 .9 wmm B 29
3 34 110 -39 104 17 240 1 57 SE 65 9.8 mm 388 30
i 33 74 11 1R 16 19 83 51 E 68 -h.h wEme 1R 31
HONTH 6.4 -17.1 -A9 899 1.7 1.9 092 83 E &6 -11.0 wes 74842
GUST VEL.. AT MAX. GUST MINUS 2 INTERVALS 5.1
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 6.3
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 7.0

GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 7

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND, SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

x%xx SEE NOTES AT THE BACK OF THIS REPORT  w¥x -
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SUSTLTNA HYDROELE

CONSLIL.TANTS

CTRIC

MONTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
DATA TAKEN DURING April, 1983

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

XWX

rNNC .

PROJECT

RES. RES. AVG., MAX. MAX, DAY’S
BAX, MIN. NEAN  WIND WIND WIND GUST GUST P/VAL NEAN NEAN SOLAR
DAY TEMP. TEMP. TEMWP. DIR. SPD. SPD. DIR. SPD. PIR. RH DP  PRECIP ENERGY DAY
DECC DecC DEGC DEC WS WS DEE  W/S 1 DEGC MM a/SON
1 3.2 %8 -1 1M 1.7 240 113 57 & M -5 8.0 kY
2 67 -9.2 -1.3 81 1.7 a1 63 ENE 64 -G8 0.0 963 2
3 5.1 -84 -1.5 183 1.9 22 109 63 EX &2 -7.3 4.0 68 3
4 A6 2.3 1.1 123 1.3 25 281 10.2 €56 68 -46 0.0 1696 4
3 L <31 -.0 084 8 12 9 38 E 71 -84 2 2505 S
6 33 <54 -10 128 10 16 127 5.1 SE 2 -4 2 Mt 6
7 3.6 5.4 -7 121 .4 1.8 110 4.4 ESE &7 -7.3 0.0 4048 7
8 26 5% 1.7 ]2 G 14 328 44 K O 7.6 B4 2923 8
9 3 -8 5.2 I 4 13 3B Sa M & -7 2 2888 9
10 1.2 -123 -b.8 073 13 S FY A )} 6.3 ESE 58 -12.7 4.0 M3 u
1 435 -123 -84 % 2 LS 6l 63 E 68 -13.3 00 30 n
12 34 <59 -1.3 88 b 1.8 12 44 ESE SO 144 34 2445 12
13 38 3.1 4106 S L2 12 44 EEE M 123 A0 3228 13
14 44 23 11 IW J 14 9 63 WS -1 8 3470 14
15 34 -13 1.1 27 4 J W5 3.2 N 2 -24 5.0 190 15
16 1 1.8 1.7 w77 J 12 1’9 76 ME B 7.0 3.2 308 15
1?7 A <52 -3 11§ N T - 5.7 W e -8.7 Wb 3080 17
18 5.0 =27 1.2 173 9 13 04 7.0 ESE 67 3.6 6.2 3618 18
19 61 1.7 22 1@ 2 Lo 897 7.0 EE 6 -3 WA 425 19
a0 68 -3.1 1.9 W7 1.2 1.6 W4 76 E & -47 0.0 463 240
2 7.6 =33 .2 14 17 100 5.1 ESE 59 -6.7 0.0 300 21
2 7.2 -6 33 282 S 1.2 28 38 W T 34 4 365 22
a3 43 03 22 I A4 g 33 A4 W 17 228 30 2600 23
4 12.1 9 63 83 S 1.3 W 57 B W8 43 WD 3655 24
& 143 S 7.4 152 J L4 W 57 8§ R 1.1l %38 2
26 122 -t 53 245 4 11 37 3.8 SSE 62 -8 04 G618 26
27 11 23 A4 175 2 1.3 188 51 E §7 42 W0 sne 27
28 24 -14 40 3B b 14 3B 5.1 EE 59 83 6.0 3845 28
4 8.9 S 38 2N 3 J 18 32 8 % 134 5.6 2908 29
3 1y -6 43 1.3 1.8 1 563 ME 4 74 08 6235 X
MONTH 143 -12.3 4 4 1.5 281 102 ESE 39 9.0 B2 1382
GUST VEL.. AT MAX. GUST MINUS 2 INTERVALS 5.7
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 9.1
GUST VEL., AT MaX. GUST PLUS 1 INTERVAL 8.9
BUST VEL. AT MAX. GUST PLUS 2 INTERVALS 7.6

OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.
SEE NOTES AT THE BACK OF THIS REPORT
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oA MOCOQNSULYANT S, rpaes

SBLISTETNG HMYDROELECTR LG PROECT

MUNTHLY SUMMARY FOR DEVIL CANYON WEATHER STATTON
DATA TAKEN DURTNG Mav. 1983

NOTE:

% %o 6.6

RES. RES. AVG. MAX. #AX, DAY‘S
MAX. NIN.  MEAN  YIND WIND NIND GUST  GUST PUAL MEAN MEAN SOLAR
DAY TENP. TENP. TENP, DIR. SPD. SPD. DIR. SPD, DIR. RH DP  PRECIP  ENERGY DaY
[EGC DEGC UEGC DEG MWN/S WS DEE WS {2 DEC ME  WH/SOM
1 1.0 -2.2 4.4 083 4 15 M 5.1 ENE 53 -44 2 X)L
2 S S 27 34 8 7 zhe 38 M B -18.7 4.8 2308 2
3 4.9 -2 2.4 35 4 S 35 1B wW T -84 22 % 3
4 7.7 -8 1S b 13 17 03 6,3 ENE &7  -3.3 0.0 438 4
) 7.4 -8 43 080 b 16 889 57 SSM TH 42 0.0 #7985
6 9.7 1.5 41 057 1.4 2.0 920 7.6 WE 67 -1.4 0.0 =3 s
? 1y -2 46 035 1.4 1.9 N4 6.3 N¥E 59 2.2 0.0 Mg 7
8 13.3 -8 6.4 183 4 15 2w 44 § 98 14 0.0 8390 B
9 1.9 8.0 60 % J 013 M 5.7 S &3 -1 0.8 YA I
1 11.1 1.9 53 2 b Lt 2R 5.7 ¥ 49 25 0.4 208 19
1 2.8 -1.2 3.8 219 4 L3 7 4.4 S0 %9 -2 A 83138 1
12 10.7 2.5 b6 97 18 L6 127 7.4 ME T S0 0.0 4588 12
13 13.2 45 89 M 2 1.2 28 1.8 W 81 21 90 4571 13
14 12,9 a1 8.3 2M S 1.2 3 44 & &7 3 9.0 60 12
15 13.7 2.2 2.0 b 1.2 I 5.0 WM sh 20003 428 15
{6 12.7 S 65 N 4 13 05 53 F £ 7% 22 3993 15
17 8.1 2.5 5.4 32 2 13 31§ % oM 3 179 44 arm 17
18 2.5 26 5.6 283 O L3 20 57 W s -39 .2 3253 2
19 11.4 1.2 3 2% J 0 1.4 2 57 R%E %2 2.9 4 =04 1@
2t 14.5 43 94 29 .4 Ly 399 7.0 M 3? K. N 5095 22
21 10.7 43 75 M 1.5 L7 3 53 M0 -Ls M0 o5 2
22 11.3 38 7.4 322 G 12 3 57 WM™ 2 14 11 22
a3 16.5 3.0 h.8 286 2 L1 M3 S5t s 7 a2 000 23
22 12.% g 87 17 1.2 1.8 @ 53 ENE 99 -7 2 528 24
23 15.4 -9 7.3 2 140 1.7 29% 7.6 W 43 1.7 1.3 5815 25
26 12.7 22 7.5 316 b 1.4 295 63 W A 3.8 .2 4008 2%
2? 12.7 1.1 6.9 049 b L4 M2 53 ESE N .0 0.4 a3 27
a8 16.3 3.4 9.9 43 4 1.6 138 97 &8 & 48 09 So9s 29
29 A1 - 51 12,6 49 L1 1.6 M3 7.0 B 57 bt 9.8 49 29
30 19.7 RS 141 105 J 15 0% 3.9 WBW 45 9.2 0.0 503 10
kil 11.9 5.3 2.2 23 J 1L 22 4.4 ¥ 90 7.5 40 2165 31
HONTH 291  -2.2 6.8 004 2 14 09 8.9 W 2 -1.2 B4 U
GUET VEL. AT MAX. GUST MINUS 2 INTERVALS 5.7
GUST YEL., AT MAX. GUST MINUS 1 TNTERVAL 9.7
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL £.3
GUST VYEL. AT MAX. GUST PLUS 2 INTERVALS 2.%

RELATIVE HUMIDTTY READINGS ARE UNRFLIARLE WHEN WIND SPEEDE ARF LFSS5 THAN
ONE METER PER SECDOND. SUCH READINGS HAVE NOT EEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AMD DFW POTINT,

SEE NOTES AT THE BACK OF THTS REPORT  %x%x
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A& MO OCONSWULLTANTS JUSE (5 ) Sb

SBUS L TNG HYDROBLEQCTR LG PROIJECT

AINTHLY SUMMARY FOR SHERMAM WEATHER 3TATION
DTy TAKEN DURING Septemper, 1982

o
i
m

REwa

RES. RES. VG,  NAX. MAX. EAT°S
MAX.  MIN.  MEAN  WIND UIND NIND GUST  GUST PruAL MEAN MEAN SOLAR
DAY TEWP, TEMP, TEMP, DIR. SPD. SPD. DIR. GPD. DIR., RH P PRECI?  SNERGY DAY
DEGC DEGC DEGC DEC WS &S D6 WS T EC ne UH/SCH
1 16,6 3.2 0.3 08 2 5 18 &7 OME B 43 94 3188t
2 14.7 3.7 92 . 3 S 220 32 8% ¥ 25 115 a&/E 2
3 ns S 8.3 043 2 43 a5 ¥ & -5 7.2 1848 3
4 13.8 18 7.8 aw .1 A 197 2.5 Ss8 16 120 2 T4
3 16.7 3.1 2.9 0 4 Lt W7 SN W 90 148 28 %
6 15.3 S.2 183 18 S L1 13 63 S 31 5.7 84 172 ¢
? 14.3 7.5 1.9 24 .9 R 44 5% ¢ -3.7 1.8 L5 7
8 11.9 6.4 9.2 a8 b J e 38 S8 B - 2 1878 8
9 12.9 3.6 9.3 anr 4 3 AS 2.9 ESE & s 4 ing ¢
1] 12,6 4.8 8.7 o1 3 35 NE o viam 2 2830 U
13 7.9 -4 3.7 A R 54 £ 8 <32 7% 19 1!
12 1.8 -4 5.7 048 A S 25 N % 7.6 ik 2958 12
13 8.7 44 6.6 037 3 R 2.5 ME 6l 2 2B 978 13
14 1.6 74 8.9 047 2 J a3 1.9 NNE = wmmesr 19,0 M 1
15 7.4 7.3 12,2 246 1 8 20 .1 N 48 1.6 29.8 2008 13
16 12.1 S\ 8.6 223 1.7 1.9 20 w2 W Bm 7.8 1.2 33t
17 8.2 2.5 5.4 0183 4 A4 063 32 N -1 94 1nee 12
18 2.9 3.7 7.9 18 R S T 4 32 E R -4 1 1426 8
19 9.4 6.0 7.7 284 o1 4 24 39 s a2 9 186 710
20 9.5 2.5 75 183 .0 3 M3 1.9 B8 3 Jd 60 1388 2
21 18.0 5.1 7.6 189 A b A7 T8 NE w wmmx 30 29
2 13.2 -9 4.7 243 2 b 214 S7 NS om w50 Aty n
3 1.8 3.3 31 01 H 4 005 3.2 B e xmem 2 338 23
24 9.9 54 2.4 3 S A 32 £ 0w s ). 819 24
ket 1103 S Y 41 120 1 4 28 38 £ om smmx Q4 2208 2%
2 8.1 2.2 8.2 W 3 R 2.3 BiE & mem 199 1248 2%
a7 2.9 -1.4 43 038 .2 g A7 3.2 ME o mEs 52 1y I
28 23 <34 2.2 863 5 S 18 1.9 N = w54 1348 3¢
s 9.4 2.6 6.8 04 3 9 8 4.4 EME O wm s 74 1805 29
30 7.2 235 49 215 1.4 1.1 198 S.1 SN m mmem 8.4 1788 3¢
HONTH 17.0 <501 7.1 183 .1 b 23 18,2 ENE O/ -39 212 I
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS S.7
GUST VEL. AT MAX. GUST MINUS 1 INTERV'AL 8.9
GUST VEL. AT MAX., GUST PLUS 1 INTERVAL 3.9
GUST VEL. AT #MAaX., GUST PLUBS 2 INTERVALS 8.9
ZELATIVE HUMIDITY REALINGS ARE UNRELIABLE WHEN WIND SPEEDRS ARL .

Citt METER PER SECOMD. SUCH READINGS HAVE MOT REEN IMCLUDELD IH TH

GR HMOMTHLY MEAN FOR RELATIVE HUMIDITY AMD DEW POINMT.
SEE NZTES AT THE BACH OF THIE REPORT  xxxx
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R & M CONSULTANTS, LTNC.
SUSTTNA HMYDROELECTRIC PROJECT

MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEN DURING actober, 1982

RES. RES. MG, MAX, MAX, AY‘S
MAX, NIN. MEAN NI WIND GIND GUST  GUST P/VAL MEMN MEMN SOLAR
DAY TEWP, TEWP., TENP. DIR. SPD. 5MD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAV
DEEC DECC BLC DEC WS WS DEB WS T MOE W /50
1 4.5 - 2.2 m -Z 04 2‘. 2-5 m H AR W lm 1
2 7| -1 t' 3.3 '“ 03 N 3" 2:5 ﬁ #H NS e m Z
3 7.4 -1.8 28 W 9 J 13 4.4 ENE = HEER M & 3
4 7.8 -5.2 13 8 8 8 M 3.8 B w2 EMEER sEm a8 |4
3 61 5.9 4 83 16 17 W 7.6 N R R N 5
6 5.6 -1.1 2-3 .“ 1.4 !-5 .” 603 m & HHHE e ‘m b
7 I-' '.8 .5 “1 8 ‘u' “2 ‘o‘ E‘ W M e m 7
a ‘oa -1.4 1 m N | lo. m 3.2 E‘ O m ‘
’ 20. '2.2 Jd 2t 1.1 oa 2‘2 3.‘ sa o 7“ ?
10 -4 =35 -24 21 el 1.2 219 S SSU wm wEaER aMm e u
1 a8 -3.3 -7 1.1 1.1 . 5.7 BE % HHE A 78 1
12 2.4 o 1.1 A A W 1.9 E 55 sEE a 58 12
13 ls "5-2 ‘2.4 '3‘ N} b 214 302 ‘ . ] W m ‘3
14 1-3 -1t .5 ‘5-‘ m 1.8 7 m 3u° E #H SR N 623 14
15 1.2 "‘-3 -6.6 W0 7 S 128 2.5 E M MR AR 1500 15
16 -8 75 -42 s 7 HEE S R H M 2 1
17 5.4 -84 1.7 @ 3 A 02 1.9 NE & HeaER e . 17
18 2.4 114 43 1B 4 A M6 1,7 8 s sam 15 18
19 4 42 <17 B T B B B B 4 19
2' 07 "303 .6.. i ik N HHE A HH H . m 2.
21 -28 -128 -78 W a3 22 7.6 ENE #%  BaEER AR 8 21
2 15 -le -1 038 &l 23 W 7.0 HE ¥ saERR AEEN 1485 2
3 2.0 -13.5 48 W 1.9 1.6 I8 6.3 E # AR MR 128 3
A 34 194 -1 W ¥ ) 7 81 3.8 E s xEEeR  HeEM 1323 24
23 -43 25 129 W 2 4 1A 13 B s s e ny a
2h '2.-8 '2416 -a:7 m o S 7 2.5 EIE = R B 18 2
27 MR MR BEEEE B BEIE BEER BER BEER BEE SR BEENE BER aaamm )
28 B BHREE HRHE B BB ERER NN NN ER AN SEEER  aew a2
29 wEER HHEHE O HHEME M HHIE I AER O HEEE D W R R mhas 29
NNTH 7.8 -24.6 3.3 M8 8 S W7 746 BE = s s NI
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS S.1
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL S.1
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 5.7
GUST VEL. AT MAX., GUST PLUS 2 INTERVALS 5.1

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

»¥xx SEE NOTES AT THE BACK OF THIS REPORT  #%¥x
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R A& M CONSULULLTANTSS rNe.,
SLUSLETNAG MYDROEL.ECTRILIOC PR 0 SJEICET

MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEN DURING Nevember, 1982

NGTE:

KXXR

/

RES. RES. MG,  HAX. HAX. IAY’S

#AX, MIN. MEAN  WIND WIND MIND CUST  GUST P/UAL MEAN MEAN SOLAR
DAY TENP, TEWP. TEMP. DIR., SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP ENERGY DAY

D6 C DEGC IEG E NS WS DRE WS 2 DEC M WH/S0N
Tl MEEER O MHHEE O BEEEE  BER  ERER  MEEE M BERR AR MR MENEE  RENR AR |
2 AHRHE MBI WHEN M R IR HEE HHHE B HHEHE N B 2
3 EERR REEME O BEEER B HHHE  BEHE BB JHHEE REE BR O HHIHE O ERRR HHOHGRE 3
4 AEENE O HHEHL  HEHEE  EEE HHEE IR BB RS R A8 REERE O NREE mOHHE 4
S meENE  HHERE  MHERE  ERE BHEE O HERE B BEER EE B EHEH O HOHE e S
6 HHHEE  HHHEE  HHHHEL  HEE HEEE N B HHHE HEE B IR MEEE MR §
7 aRERE O BHHEE O HEHEE e HHEHE O BERE O BHE MR MR D HEDEE R e 7
B HHOHE  HBHEE HHHENE E HBHE B BHE S HHEE BN HHEE BHE aeee @
9 mEEEER  NEEER O MEEEE MR HEER O HRHE  HEE HREE JHHE B BREER O SRR ¥aemem 9
10+ HEEHE  BHEHE B HEHE  BENE NP JHEHE HEE O RN MR meese 10
11 SEERE O RERRA O MRREE BN HHER  BBME  BEE  HHER  BNE HE  HERNE  BERE RREERR 1]
12 i -3t -1 W8 9 J 078 32 E & -19.7 s 178 12
13 2.1 -7.1 A6 03 .2 3 382 1.9 ENE M -14,3 e 278 13
14 -1.8 -l4.6 -b.2 ums o 2 HE HHHE B RE NHHHE R 23 1
15 -1 -9 -13.5 92 1 @2 19 1.3 B B amkER HEER i 15
16 HEHE  HEHHE  HBHE S HEE BB HR O B NI Bae 1b
17 MEERE O EEEER  HEHEE  HER  HHER O EERE  BNE HEER  BER M MEEE IR eoa 17
18 MHEEE  JHHHEE  SHHEN  BEE BHEE HHHE BHE HHEE BER B NHEEE MR o 1B
19 EHENR  HHEHN  BBEEE  HEE  BREE REER  BRR  JHHEE N B BREEE BERE enbee 19
20 RaEEA  SEHEE O HHEEE  JHHE  HHED  JUHEE  BNE RAME SR B ARAEE  SEEe anssae 2
21 BRERE O BREEE O BEEER O BER  HE  HHEE  BNE EENE RER HE HENEE O MERE  Xeee 2]
22 HHHHE BHHHE  IHHHHE IR HHEE AR HEE HHEE JHEE M HDHEE O NeHe 22
a3 8.6 -3.2 -1.6 038 b b 061 3.8 ME 3 -15.0 sexs N &
24 -3 -7 <546 I3 .3 S 13 1.3 ENE b MERNE RN 268 24
23 4 -1 5.1 85 i 4 M 3.2 ENE 26 -22.4 wmxm A&
2b 3.3 -5 -7.9 8 9 g 3.2 E 34 252 wee 27 2
&7 7.5 -16.5 -12.8 75 b b 7 1.9 EE 3B -20.9 nwew a5 27
8 -14.6 -20.1 -17.4 088 3 ] 1.9 B 22 -33.3 s 268 28
29 4,9 143 -9.6 wmx  wemx 0.0 079 S s 37 =219 s 198 29
30 7.8 -13.0 -10.4 s e A ¥ ey e 20 ~25.3 e 140 3t

HONTH .8 ENE 32 -22.1 mwn 2799

281 7.9 0% 6 4 06 3.8

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 1.
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 1,
GUST VEL. AT MaX. GUST PLUS 1 INTERVAL 1.
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 1.

RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

SEE NOTES AT THE RACK OF THIS REPORT %%
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R & M CONSULTANTS LM,

SBUSTTNA HYDROELECTRIC PRO J BT

MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEN DURING December, 1982

NOTE: RELATIVE HUMIDITY READINGE ARE UNRELIABLE WHEN WIND SPEEDS
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED

%%

PRECIP
M

DAY’S
SILAR
ENERGY DAY
UH/SQH

P
RES. RES. AUC. MAX. MAX,

MAX. MIN. NEAW VIND WIND WMIND GUST CUST P/VAL MEAN MEAN
DAY TEMP, TENP, TEMP. DIR, SPD.  SPD. DIR. GSPD. DIR. RH DP

DEGC DEGC DECC DEE W5 WS DEC WS I DN6C
1 -121 188 -150 M Jooob 16 32 NE s s
2 -168 -219 -19.4 W 1.2 1.3 9 4,4 WE wm  mENE
I 145 -5 -19.5 W 1.8 1.0 o3 3.2 ENE ¥ mmuex
4 -13.4 -18.2 -15.8 44 1.2 1.2 o 3.8 NE  me  xnuan
5 2.3 -0 -B.2 0% 1.5 1.5 8 4.4 NE e xnaan
b A4 92 -84 {5 1.4 1.5 83 S.1 ENE @ meman
7 43 -1 1.5 0% 14 1.4 % 6.3 NE B wEERR
8 9 -4 I 0.8 0.0 3w 0.0 =xx  ¥%  HEERE
9 1.3 -15.8 -23 8 2 4 178 63 E  #  swew
10 <51 -194 -12.3 87 7 J o1 3.2 E = s
1 2.4 -8.7 5.6 084 1.5 1.6 030 3.8 ENE ¥ numus
12 A 57 =27 W 14 1.5 02 4.4 ENE ®x  muems
13 1.4 -76 -3.3 0063 .8 9 % 3.2 ENE ¥k mennx
14 -2 -89 -4b W3 1.8 1.2 35 4.4 ENE m&  EmNER
15 2-2 'a-? °3_03 .63 1.2 1-3 '65 308 BE 2] REER
16 -3 -89 46 049 9 1.0 3.2 NE 3 anum
17 -2.8 -i141 -85 082 A A 086 1.9 ENE &%  xENEx
18 -13.4 -18.9 -16.2 1055 3 4 075 1.9 ENE ¥ xxExs
19 -4,5 -21.1 ~-12.8 039 9 L4 s 4,4 NNE ¥x  duuen
20 -5,3 -16.4 -11.4 0Sh 9 t.0 012 3.8 ENE xx  m¥Ewn
A -149 -22.7 -18.8 082 8 8 988 19 £ m  xwax
2 -19.9 -26.6 -23.3 172 b .7 098 2.5 ENE ¢ senan
a -11.2 -21 -16.7 154 8 8 i3 2,5 ENE 52 xrsEx
24 -8,0 -19.4 -~13.7 049 8 9 65t 2.5 ENE m weum
.o} -8.4 -17.5 -13.0 068 7 8 020 2,5 ENE  xm wumen
26 -t4 -75 -45 055 1.4 1.2 061 3.8 ENE 3% unvxs
27 Jd 0 -43 2.1 8 A A4 082 1.9 ENE  ax  snuss
28 N | J 3 063 A 2 092 1.9 NE % sEmEx
29 R 1 a5 092 2 4 102 3.2 NE xm NN
30 1.5 -5.4 -2.1 22 .5 b 228 2.5 S s wxuw
3 2.5  ~5,7 =h4 EEE  EREER  NEER  MER  REEE NEE K NEEEN
HONTH 4.0 -26.6 -8.7 1059 9 9 B4 8,3 ENE wv  xamNx

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS
CUST VEL. AT MAX. GUST MINUS 1 INTERVAL
GUST VEL. AT MAX., GUST PLUS 1 INTERVAL
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS

OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.
SEE NOTES AT THE BACK OF THIS REPORT  »%x%x
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R & M CONSULLTANTS JOSE U SR

[3

SUSETNA HYDROEILECTRILIC PROJEC

MONTHLY BUMMARY FOR SHERMAN WEATHER STATION
DaTh TAKEN DURING Janvary, 1983

PP P

..'..

Y

I

. RES. RES. AV, HAX, WX, AY’S

X, HiN. MEAN  UIND WIND WIND GUST  GUST P/UAL NEAM HEAW SOLAR

TAY TEWP. TeMP. TEMP. DiR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY
BE6 L ieC BC DEG WS WS ke WS i el W/ Sun

i -9 -5.0 =3.0 RARE  RURR  RRR BRER ARE RR RARRE  RRRE 206
2 3.0 =3.8  ~2.9 s aEmt MHEE AEE O HOHE S 0 HHEH  HOH 220
3 3.9 ~7.1 =55 ek ankn  EEME MR MR RRE KR RRAEER  RRAR 188
4 -5.9 -2i.8 ~13.9 aax A AR AR BHEE  HEE R RARER N 208
5 -18.8 -25.8 -21.9 »mx Bk AN MEE O RRRR O RER MR BEERE kM 18
& -14,3 -23.0 -17.2 061 34 3t ge2 7.6 TNE  HE eARER  HER 33
7 -i63 =295 -22.9 038 2.8 21 ¥ 7.0 ENE s amRe deEk 323
8 ~-lad -32.2 -245 Q80 1.8 1.5 03 6.9 BE A% AnsN  gas 353
§ -5 -27.@ -23.8 03 1.2 1.3 J.6 NME  wm mnRan  anke 3D
W -17.7 -27.8 -22.8 M4 J 12 183 5.7 NE 4% Rk ¥ 348
it -9 -25.9 -18.9 @62 4.2 4.4 069 12.1 ENE  wx amemt  daem 528
12 -14.2 -t7.6 -15.9 068 24 2.5 8% 8.9 ENE mn asswe maEN 438
13 -3 -17.9 -1b.1 068 2.1 2.2 77 7.6 ENE  w menaE ek Ky x)
14 7.9 <247 -14,3 @9 14 1.2 4,4 ENE  #% HHUAE  HHG 405
13 1.6 -13.5 6.0 847 1.7 1.8 070 S.7 ENE % wRas  abRR M5
16 g -5.d  -2.2 143 .8 9 1 S0 NE R anEEe maan 333
17 -3.4 -13.4 -B.4 W2 3 & 215 2.5 ENE  #m aaane  REER 223
i8 2.3 -9.4 =36 ibb 1.3 1.4 W3 7.0 ENE  s2  sNsRE  amaw 275
19 .0 -2 =31 W0 2 S 227 5.7 ENE  #x  ansum tew i71
20 ameaE EESEA HHHEE RS RN JHEHE  HBE  HEEE  BHEE X HBEUHE M e
3! AaiAR  ARERR HHHEE  RAR  RRER  MHHE  RRR RRNR O MAE  ME MPERE AR RIHOH
22 REENE  REHER  JHHEEE  BNE RNEE NEE HEE HOHE KR B OHEOHE HOEE  HHHHER
23 ARERE O RESER O BREEE O EER  RRRR  ARER MR MBH MHE  fh O RRMNR  HERR RN
24 MU HHHGE  HHHE A44%  HHEE M St R R ARAARY
25 RamRE  REHER  HHEEE R R EER MR RANE  EME  R%  RRIHHE R RN
26 AAERE  ARENN  MEEER W MR HEE RN SIDHE RER N SRNHE HEEE aNEaRs
a7 AR HEHEE  HEEEE RERR  HRRE O RME O REEE O HHE kR RRERE  MENR RO
28 MNARE  HEGRE  JMHIEE  HHE O XIOHE BEE HHEE BEE BN BN SEER NANNNS
2y ARRRR RRRRE  MANER  RAR RRRE  ARAR  AER EREE MR Rt RARRR ANRR ARNERR
30 AAARE  ANaNe UEIE ARE MAEE EEER BEE NN A AR HEERE e kAR

1 amamn RRRNER RRERE  RRE HERR REER HEHE REE MR HANRE RERE RARXE
ot 2.3 -32.2 -13.0 039 .o 18 067 12,1 ENE  ax  xaEnke  HaNx 3996

GUST VEL. AT MAX., GUST MINUS 2 INTERVALS 8
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 8
GUST VEL.. AT HAX. GUST PLUS 1 INTERVAL 10
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 7

RELATIVE nUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE
ONE METER PER SECOND, SUCH READINGS HAVE NOT BEEN INCLUDED IN

OR rONTHLY MEAN FOR RELATIVE AUMIDITY AND DEW POINT,
SEE NOTES AT THE BACK OF THIS REPORT  wwwx
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R A ™M CONSSUL.TONTS NG,
SLUUSTETNA HYDROELECTRIC PROIJIECT

MONTHLY SUMMARY FOR SHERMAN WRATHER STATION
DATA TAKEN DURING Fehruvarv, 1983

RES. MES. AUG.  MAX.  MAX. DAY‘S
MAX. NIN, MEAN  NIND  WIND  UIND GUST GUST P/UAL MEAN MEAN SOLAR
DAY TEWP. TEMP. TENP. DIR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP ENFRGY DAY
MCC DEC BEC DEC WS WS DEC NS 7 M®EC W /500
1 ARREE SREER  BEREE O BEE O BEE O BENE IR HINE HER W HHNIE HUR B 1
2 MEE M NS R M BN BN EREN NN MR BENER  WNEE ARENRE 2
3 OREEEE SO NENEE O BEE BEHE O BEEE O REER BRER MR M HBEEE M w3
4 EEHIE O BRRER O BRERR O MR BEEER  HHHEE O HIE HHHE O BEE OBE O MHHHE HHHE e A
S EEEEE BEREE  SEMEE O BER HHIEE B O HH O NN MR OB NNERR  ¥BEE e S
S MM FERER  BEEEER  NBE  MHHE O BEEE  HME O BHEE O NEE O MR BEREE MR HIREER b
7 -1 -3 42 W A b M 2.5 F  H X3S BN 85 7
8 -1y -13.4 -2 W2 2 3 7 J.2 £ 0w aumm 733 8
9 -0 2.9 -15.5 W% 9 BN 2.5 E H HmE BN "3y 9
18 =78 -23.3 -15.4 W8 A R ] 3.2 DE 3 BN I 1118 10
1t -1 =261 -18.1 ¥S9 3 A 144 25 NE B oaEEE M 1215 11
12 -5 -28.3 -19.3 06 3 S 1.9 ENE b BHHH R 1305 12
13 -24.7 -84 =272 W3 A A W2 1.3 ENF %2 samax NN 3% 13
14 SR IREEER  BEHHEN O BN IR BEEE O BN BEER O MER  ONE O BEENR  BERE e 14
15 ERREE REEEE  BESER  BER  HEHE O BEER M HENE O JHEE N NNEER R e 1S
16 ANHHE B BEEEE  BEE 0 HHHE N OHHE O HIME B OB MR M B 36
17 SRHENE  BENER SENEE  BER BREE  BHEE  HHE  HEEE HHE MR BERNE MM aens 17
18 SR  BHIEE SHHEE BH OB HIEE O HHE O I OBHHE OB HHHIR  HHHE s 18
19  SEENE  NRNAR REBNE  NAR BEEER  HHIE O BEE O EREN NEN BB BENEEN  HHE meeea 19
20  REEER  HHNHE O BESEE  BEER BB HHHE O HER BEEE O EEE O BE BEEEE IR Baoaee 2
21 SRR HHEEE HIHIE AR R RN BNE HHEE B OB RN NMBHE sRee 21
27 HHEE ML NN B HHIE O MR T SR B B R BNt 22
23 ERERE  ARNER  RREEER  NER  HHHP O BNEE  EEE HHHE BEE S0 BHHEE  HHE s 23
20  BABER  BEMER  HHEH IS RBHE BN O HHE O BIR O BEE M ERNR MO asRER 24
25  EENEE NEERR O HEEBE BN BEMEE O BEER NN NENE R B BEMEEX HHE w23
26 BUEEE O MNENE  BEBER BN BMNE O RMMHE O MER HHE MR OB NEEER  HHHE MR 26
27 MR BN HHEE e HHIE B M B EHE B MBS aa mans 27
28  HHEE IR HHHHE O OHHE O HHIE O HIIE I B I B SR O HEE eas 28
HONTH -t -29.6 -15.3 A& N S W 3.2 ENE 3% NEEEN e 635
GUST UFL.. AT MAX. GUST MINUS 2 INTERVAIS 1.3
GUST VEL. AT MAX. GUST MINUS 1t INTERVAL 1.3
RUST VEL. AT MAX. GUST PLUS 1 INTERVAL 2.9
GUST YFL. AT MAX. GUST PLUS 2 INTERVALS 1.9

NOTE: RELATIVE HUMIDITY READINGS ARFE UNRFLTARLF WHEN WIND SPEEDS ARE LFSS THAN
ONF. METER PER SECOND., SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAII Y
OR MONTHLY HFAN FOR RELATIVE HUMTDITY AND DFUW POINT.

%x%% SFE NOTES AT THE BACK OF THIS RFEPORT  *xx
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R & M CONSUL.TANTS , TN,
BHBUSTTNA HMYDROELECTRIC PROJECT

MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEN DURING March, 1983

RES. RES. AVG. MAX. MAX, DAY‘S

MAX. MIN. MEAN WIND  VIND NIND GUST CUST P/VAL HEAN MEAN SOLAR
DAY TEWP., TEWP. TENP. DIR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY

DEGC DEGC DEC DEE WS WS DE6 M/S I DEC ™ WH/S0H
1 SEEER  BREER  BHHE MR NEER O MHIE O WEE O HHER R BB BNERR BN HEme |
2 HEHE O MMM HENHE AR HHHE BRSO MR BMEE O BER EE O BHEEE NREE HeHE 2
T SEEEE BMNEE  BEESE  HHE O BREE O BARE O HHE O BEEE IR B BEEER  WENE  HHm 3
4 HEHE O HHHE M BN SHEE NENE O HHE HHEE REE ER BHHE B M 4
S NEERE O BHEEE  HHEEE  NEE O BHHE BN O HHE O MM REN OB BNENE MR meHR 5
6  HHHE O HHHE  HESE BN O HHHE M O HHE O HHEE B OER SR W HHIEE 6
7 EEAEE  SNBNE  BHHHE  HHE O BHERE O BEEE HEE BHEE O HHE B AR NN mens 7
8 ERMEE RN NREEE O EEE O BEEE BERE O BHHE O HHE N S BNEER M s
9 EEEEE  ENRER MR EEE  BEAE  BENE BN BEEN HEN M BN BN 3HOR O
1 -2.46 -151 -89 & 1.2 1.3 " 4,4 ENE 3 mEEEE MR 55 1
11 44 78 -7 1% 1 18 18 3.8 ENE a  seEun M 1913 1
12 8.6 -8.3 2 I8 1.4 1.2 62 4,4 ENE #  paun A 1988 12
13 8.6 -18.5 -t.0 68 g 1 7 4,4 ENE *  HBH 27% 13
14 93 -11.2 3.4 09 .9 9 175 3.8 ENE #%  anEn  meee 2N 14
| H] 8.3 -85 .0 065 81 J " 3.8 E #  sewwn a4 2468 13
16 68 -10.4 -1.8 148 .8 9 7% 4,4 ENE #  BEEEE SN 088 16
17 84 -13.9 -38 7% B I ] 4,4 ENE Wt B3NN NENR 3N 17
18 6.8 -15.7 4.9 &9 SR W A S1 E = s s 0N 10
19 39 -158 540 3 .8 .9 78 4,4 E #  smEn MM U3 19
20  BEME O BHEIE O HEHHE O HEE 0 BENE O HHHE B HEEE BNE O BR MM I a2
2t 71 -18.3 1.6 W .1 11 17 4.4 ENE #  NEEEE  BENR M3 21
4 7.1 ~15.0 448 05 6 7 8 3.8 ENE a%  suume B 58 22
24 47 -11.9 3.6 152 8 9 067 3.8 ENE ¥ mennn  BEEE a8 A
25 52 -8.80 -4 063 1.4 1.5 8 5.7 ENE m% mEENE NENE 3695 25
26 51 <83 -1.6 150 2.0 2.0 w9 7.6 M€ B aaEmt N UB 26
a7 43 -79 -8 W 1.9 1.9 % 7.0 ENE ¥R MNEEE MR 3663 27
.} 58 -%.9 -24 W5 14 15 77 5.1 ENE ¥ BHHE B 3798 29
& 7.6 -11.7 <21 77 .1 L1 N 44 E B e R 29
I8 65 -121 -2.8 R 1.2 1.2 W77 5.1 ENE #F  HEEE  HHGR 228 N
3 16,0 -89 1.0 %5 7 .8 055 3.8 ENE ¢ mame O I[N 3

HONTH 10.0 -~15.8 -2.6 063 1.0 1.1 9 7.6 ENE 3%  ENEER HER 65524

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS

oG Nn

PRPARCES]

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.
#x%%x GEE NOTES AT THE BACK OF THIS REPORT  %%xx
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MONTHLY SUMMARY FOR SHFRMAN WEATHER STATION
DATA TAKEN DURING April, 1983

NOTE.:

XWX

RES. RES. AVG. MAX. HAX. nay’s

MAX, MIN. NEAN  WIND VIND WIND GUST  GUST P/VAL HEAN MEAN SOLAR
DAY TENP, TENP, TEWP. DIR. SPD. SPD. DIR. SPD. DIR. RM DP  PRECIP EMERGY DaY

DEGC DECC DECC DEE WS WS DEE WS i MEC W WS04
1 9.2 -1 =3 N 1.0 1.1 082 44 E == w00 249 1
2 9.6 -8.8 A 089 1.0 1.1 982 5.7 BE s smm (.0 un 2
3 8.3 -10.7 -1.2 063 1.2 1.2 5 44 B & mes 00 4500 3
4 7.6 -3 3o 1 20 L9 22 1.2 N o w22 19093 4
b 3.1 2.4 1.4 18 2 b B2 3.2 BE s w25 2865 5
b 2.6 -11.3  -44 19 4 L1 1 44 E = s 22 948 b
? 7.5 <45 1.5 14 1 2 064 2.9 EME w  wuwww 0,0 528 7
8 44 -5 -3 2B R 8 223 44 SN om owmm 0,0 3%8 8
? 3.7 95 2% a7 4 1.8 28 3.8 SSH = menm b N 9
1 2.6 -11.3 -44 1% 4 1112 44 E = smm B3 4948 10
11 -1.9 -11.7 -68 37 1.3 1.4 I8 .0 ENE s sEems 0.0 aa 1
12 34 -43 -3 B A J 13 3.2 ME s wewws 8.4 078 12
3 7.4 3.8 1.8 184 7 b M6 32 E om osmme 40 4438 13
14 3.1 -9 a1 2 8 9 29 44 W & mme 50 ans 14
15 4.5 8.0 23 W 3 4 a1 2.5 ME = mmas 14,2 AN 15
16 7.6 1.7 30 W6 13 1.1 859 571 B s sems 10 3700 16
17 il <53 -1 218 G 12 23, 5 S5 m awwas .2 218 17
18 7.4 13 2.9 052 b 4 20 5.0 ENE . smemn 11,0 3588 18
19 7.5 -3.3 2.1 an S 1.2 2% 44 S = w90 3908 19
20 2.9 43 28 9 1.1 177 51 E s s ) 030 20
21 1.1 43 td I3 X ) 8 3.8 EBE = smesw 0.0 aag 2
2 8.8 -2.2 33 214 2 4 169 44 § 9w w39 51 2
3 7.6 5 At A G 212 32 N s mamm 54 RIT
24 15.1 d 7.0 03 3 9 00t 4.4 ENE = s 4.0 5030 24
S 19.4 -1 8.9 163 3 J 1% 38 B om w00 6008 25
2 143 -3.7 53 U5 3 b W5 3.2 W o mmme B 4028 2
a7 4.8 3.7 S.6 2% .1 J 16 32 E = om0 o113 27
28 1.5 <29 3.8 215 N 8 212 5.1 558 e wmemw 0.0 4195 28
29 18.6 A 5.4 13 .l 4 N &5 ENE s w40 28 2
n 3.7 2.4 5.9 M2 1.6 1.2 W2 5.1 EE w s L) 6580 38

iONTH 19.4 -11.7 1.8 084 3 9 212 102 ENE ww smemw 88,0 124380

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 9.
GUST VEL. AT MAX., GUST MINUS 1 INTERVAL 8.
GUST VEL. AT MaX. GUST PLUS | INTERVAL 8.
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 7.

RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DALLY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

SEE NOTES AT THE BACK OF THIS REPORT #%¥x
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R A M CONSUL. TANTS , LNC .

BUSTETNA HMYDROEBELECTRIC PROIECT

MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEN DURING May, 1983

RES. RES. AVG. HAX. MAX. DAY’S

BAX, MIN. MEAN  UIMD WIND WIND GUST  GUST P/UAL NEAN HEAN SOLAR
DAY TEWP. TENP. TEWP, DIR, 5PD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DaY

DEGC DEEC DEEC DEG WS WS DEC N/S 2 DECC m WH/750M
1 14.4 -3 54 127 o3 B 21 4,4 ENE = muws N 3 S48 1
2 8.2 1.1 4.7 219 1.1 1.2 26 5.4 S8 a smmm 5.9 M3 2
3 8.8 - 4,4 228 1.1 1.3 214 4.4 SSU e wnaew .8 #8 3
4 1.7 -1.6 3.2 05 J 1.1 28 5.0 ENE == ammmx 0.0 0 4
3 12.3 -.8 5.8 03 S 1.0 W 57 E an  wmeme 0.0 5433 35
[ 143 2.2 6.1 158 .8 9 358 5.7 ENE s mmsx 0.0 7015 b
? 15.4 -2.2 6.6 MW N 9 347 51 E = xames 0,8 853 7
8 16.9 -2.3 7.2 3B 2 4 213 3.0 s mmmme 0.0 6955 8
9 15.9 -3 7.3 M4 4 8 263 A4 SSH w2 wwmem 0,0 M3 9
1 14.0 -.8 8.6 233 3 9 293 51 S8 = wex 0.0 5283 18
1 16.8 -8 8.0 34 2 8 318 3.0 ESE w wmmm 4.8 6765 11
12 14.5 2.2 8.4 127 4 JJ 13 3.8 ESE s aumx 0.0 9783 12
13 16.4 2.4 2.4 ¥ 2 8 N 3.3 ESE = wmsx 0.0 3783 13
14 16.1 9 8.3 23 g 1.4 19 S.7 SSH  ax oxenmm 2 4833 14
13 14.2 3 7.3 2% 3 8 2 3. E = wam |0 4793 15
16 13.6 -3 5.7 238 A 1.0 218 S.1 GBS w memee 1.0 M83 16
17 18.8 3.1 7.0 222 8 1.0 104 7.0 8 axx mmem 7.0 Jae8 17
18 1.4 2.7 7.1 22 1.1 1.3 285 6.3 S§ M amH b 4838 18
19 12.7 1.6 7.2 216 R 9199 A4 S w wammm 0.0 4285 19
a 18.2 1.8 18.0 237 1.3 1.5 23 63 WS = smms 4.0 4515 28
21 11.1 4.4 7.9 216 13 14 23 5.3 S m  amees 1,4 3365 21
22 14.5 3.1 9.8 227 g 1.2 m 5.7 SSU = wmwms 2.8 068 22
3 14.4 4.4 2.3 206 g 1.2 227 .1 SSH =R awaEn A N3 23
24 16.4 -1 8.2 78 6 1.4 W 5.0 SE  wx summmw 0.0 3889 24
o] 1.8 -2.2 -2 18 2 2 148 b ESE ¥  naaw 4 98 25
26  HEEEE  HHHHE  HHHES  HHE HEE O HHHE CBER SHEE OMER O EBHE IS s 2
27  WERER  MEEEE O BHHHE MR EMER I B B HHE BB HENEE  BENE e 27
28 HHHEE  HEHHE  HHEHE S HEHE  HENE BEE HHHD JHHE B ENEN RN SaeeEe 28
29 HRMEE  EMNER  BHHHE  HHE  HHHE  HHHE HEE  HEER BB ER HHEER NN moHR 29
ki HHHHE  HHHEE TR SN HHHE  HHE AR HHHE HHE A AR N e 38
31 aNuEE BEREE O BEARE MR HEER MR MR ENER B M HHHEE EBEE HBHes 3

HONTH 18.2 -3.7 6.9 217 .3 1 184 7.0 SSH am  mummx  19.4 131075

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 3.
GUST VEL. AT MAX. BUST MINUS 1 INTERVAL 3.
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL S.
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 3.

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND, SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

%%%% SEE NOTES AT THE BACK OF THIS REPORT %%
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% EXTREME FOR THE MONTH - LAST OCCURRENCE IF MORE THAN ONE.

T TRACE AMOUNT.

DATA IN COLS 6 AND 12-15 ARE BASED 0N 7 QR MORE GBSERVATIONS
AT 3-BOUR INTERVALS, RESULTANT XIND IS THE VECTOR SuM OF WIND

+ ALSO ON EARLIER DATE(SH.

HEAVY FOG: VISIBILITY 1/4 MILE OR LESS.

BLANK ENTRIES OENOTE MISSING DATA.

HOURS OF OPS. MAY BE REDUCED GN A VARIABLE SCMEDULE.

SPEEDS AND DIRECTIONS DIVIOED BY THE NUMBER QF OBSERVATIONS.
ONE OF THREE WIND SPEEDS 1S GIVEN UNOER FASTEST MILE: FASTEST
MILE - HIGHEST RECORDED SPEED FOR WHICH A MILE OF WIND PASSES
STATION (DIRECTION IN COMPASS POINIS). FASTEST NBSERVED ONE
MINUTE WIND - WIGHEST ONE MINUTE SPEED IDIRECTION [N TENS OF
BEGREESI. PEAK GUST - HIGHEST INSTANTANEQUS WIND SPEED (A
APPEARS N THE DIRECTION COLUMN), ERRORS WILL BE CQRRECIED
;33L?§:??gz [N SUMMARY OATR QZILL BE ANNOTATED [N THE 3INNUAL
€ .

I CERTIFY THAT THIS [S AN GFFICIAL PUBLICATION OF THE NATIONAL OCEANIC AND ATMQSPHERIC AOMINISTRATION, AN
RECORDS ON FILE AT THE NATIONAL CLIMATIC CEMTER, ASHEVILLE, NORTH CARGLIMA, 28801, 3 0 0 1S CONPILED FRon

n o a ACTING OIRECTOR

NATIOWAL OCEANIC AND //cnvnnountnrnl DATA AND /NATIONAL CLINATIC CENTEN
NATIONAL CLIMATIC CENTER

ATNOSPHERIC AOMINISTRATION/ [NFORMATION SERYICE ASHEYILLE, WORTH CAROLINA
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X EXTRENE FOR THE MONTH - LAST OCCURRENCE [F MORE THAN ONE. DATA IN COLS 6 AND 12-15 ARE BASED ON 7 OR MORE OBSERVATIONS
1 TRACE AMOUNT, AT 3-HOUR INTERVALS. RESULTANT WIND IS THE VECTOR SUM OF WIND
+ ALSO ON EARLIER DATEIS). SPEEDS AND DIRECTIONS DIVIDEQ BY THE NUMBER OF OBSERVATIONS.
HEAYY FOG: VISIBILITY 1/4 uu.z on LESS. ONE OF THREE WIND SPEEDS S GIVEN UNDER FASTEST MILE: FASTEST
BLANK ENTAIES DENOTE #1SSI HILE - HIGHEST RECORDED SPEED FOR WHICH A MILE OF WIND PASSES
HOURS OF OPS. NAY BE REDUCED ON A VARIABLE SCHEOULE. STATION [DIRECTION IN COMPASS POINIS). FASTEST OBSERVED ONE
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APPENDIX B

Susitna River Maps (Aerial Photo Mosaics)
from Goose Creek to Devil Canyon
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