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1.0 INTRODUCTION

The study of ice on the Susitna River has been ongoing since the winter
of 1980-1981. Prior to this report, the documentation had 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 Ice
Observations Reports (ReM 1981b, 1982d). Renewed emphasis by
environmental concerns on potential modifications to the river ice regime by
hyd‘r'oelectric powér development resulted in a more refined ice program for
1982-1983 directed towards specific problems which may be unique to
hydropower development on 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. Instead, the objective is to

describe the phenomena based on field observations and measurements.

1.1 Background

Ice thickness data has been collected at surv'eyed cross-sections since
the winter of 1980-81, and used to compile a profile of the Susitna
River ice cover downstream of the proposed Watana damsite.
Additional historical data on ice thicknesses are available from the
U.S. Geological Survey (USGS). This agency maintains several
streamgaging sites on the Susitna River, most of which are visited
during the winter to obtain under-ice discharges. Upper Susitna
data records 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 Winter Environmental Data Survey of the Drainage Basin

of the .Upper Susitna River, Alaska” (1980). This report summarizes
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monthly  ice thickness measurements from 1961 to 1967 at Talkeetna
and from 1967 to 1970 near Trapper's Creek.

Data concerning other aspects of the ice regime on the Susitna are
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, with the resulting information documented
in the 1981 ice report (R&M 1981b). This first ice report primarily
consisted 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 1981-1982 ice study followed the same general guidelines. Aerial
reconnaissance was conducted weekly through January, with the
freeze-up sequence of October through December described in the
final report (R&M 1982d). !ce thickness measurements were obtained
at many of the locations surveyed in 1981 in order to assess
year-to-year variability. Breakup was periodically observed from
April 12 to May 15, with documentation 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 problems 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

Watana. Reaches where ice jams recur annually were investigated for
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morphologic changes and for 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, rates of ice cover advance, water temperatures, and loca-
tions of significant open leads. The number of observations was
increased in proportion to the frequency of specific ice events.
During breakup, field crews documented daily changes in the ice
cover. The specific data collected during the 1982-1883 season in-
cluded: '

Locations of ice bridges

Rate of upstream progression of the ice cover
Ice discharge estimates

lce cover at tributaries

Ice cover at aguatic habitat areas

Water temperature

Locations and size of open leads

0 ~N 0O U W N -

Aerial photography, oblique and vertical

w

Meteorological data at specific sites
10. Ice cover processes in Devil Canyon
11. Maximum water levels

12. lce 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 wvariability in air temperatures, freezing degree-days

and precipitation between the upper Susitna at Denali and Talkeetna.
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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. The
processes of frazil ice formation, ice cover progression by
juxtaposition and staging, shore ice development, and effects on the
water table are described. Breakup is described in Section 5, be-
ginning with the initial processes of ice deterioration followed by the

cause and effects of ice jams.

The 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 '

Ice regime in side channels and sloughs

o U oW

Flooding of islands

Photographs illustrating specific ice processes and events have been
included in order to assist in understanding 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 significant for this report. Figure 1.1 shows the Susitna
Hydroelectric Project location relative éo southcentral Alaska. River
mile locations have been annotated 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 *
Mouth of 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
Head of Birch 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 43.0
Deshka River 40.5
Yentna River 28.0
Susitna Station 25.5
Alexander Slough 18.0
Alexander 10.0
* Photo mosaic maps indicating river miles are included in Appendix B.

Locations indicate the most upstream and or entrance unless otherwise

noted.
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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 1982, most of the
river water 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 from 10 miles above
Cook Inlet up to Talkeetna required about 14 days. This rapid ice cover
progression was due primarily to the cold air temperatures, gentle gradi-
ent, and a long open water reach on the upper river for frazil generation.
Very little staging was necessary during the ice cover advance, with levels
of 2-3 feet upstream to approximately river mile (RM) 67, then steadily
increasing as the channel gradient became steeper. At Talkeetna the

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

On November 2, 1982, an ice bridge formed 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 generafly more extreme than downstream of Talkeetna,
with water levels often rising more than 6 feet. The leading edge reached
Gold Creek by January 14, 1983, after having slowed to a progression rate
of 300 feet/day. The slower ice cover progression was due to the steeper
gradient and a reduction in the frazil ice generation, caused by the
development of a continuous ice cover on the upper river above Watana.
This effectively sealed off the air/water interface preventing heat exchange
and frazil generation. The reach from Gold Creek (RM 136) to Devil
Canyon (RM 150) took even longer to freeze than the downstream reaches.
The processes involved were different from those in the reaches further
downstream, as this area experienced extensive shore ice development and

anchor 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
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the proposed damsite. The slush ice cover in this turbulent, high velocity
reach, often the first to form on the entire Susitna River, was very
unstable, constantly either disintegrating or accumulating. The § mm
movie camera provided footage that revealed valuable information concern-

ing 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
qualitative information on the processes affecting this reach. This reach
develops wide shore ice by building successive layers of frazil and snow
slush. The channel finally. becomes so narrow that flowing slush is en-

trapped, eventually freezing into a continuous ice cover.

After an initial ice cover forms, continually decreasing water levels lower
the floating ice until the majority of the cover has grounded. Open leads
develop over turbulent water, but may eventually close again through
accumulations of fine slush ice against the downstream edge of the lead.
Many open leads persist all winter along the entire length of the river.

Several isolated groundwater seeps have been identified in the mainstem,
side channels and sloughs. These can erode away the existing ice cover.

These areas often remain ice-free for most of the winter.

Breakup processes on the Susitna River are similar to those described for
other northern rivers, with a pre-breakup period, a drive, and a wash
(Michel, 1971). The pre-breakup period occurs as snowmelt begins due to
increased solar radiation in early April. This process generally begins at
the lower elevations near the mouth of the Susitna River, working its way
north. By late April, the snow has generally disappeared from the river
south of Talkeetna and has started to melt along the river above
Talkeetna. Snow on the river ice generally disappears before that along
the banks, either due to overflow or because the snowpack is simply
thinner on the river due to exposure to winds. As the river discharge

increases, the ice cover begins to lift, causing fractures at various points.
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On the Susitna River, long, narrow leads begin to form. Small jams of
fragmented ice form at the downstream ends against the solid ice cover.
These ice jams often resemble a U- or V-shaped wedge, with the apex of
the wedge corresponding to the highest velocities in the flow distribution.
The constant pressure exerted by these wedge-shaped ice jam effectively
lengthens and widens many open leads, reducing the potential for major

jams at these points.

The drive, or the actual downstream breakup of the ice cover, occurs
when the discharge is high enough to break and move the ice sheet. The
intensity and duration is dependent on meteorological conditions during the
pre-breakup period. Both weak and strong ice drives have been observed

on the Susitna River during the last 3 years.

Jam sites generally have similar channel configurations, consisting of a
broad channel with gravel islands or bars, and a narrow, deep thalweg
confined along one of the banks. Sharp bends in the river are also
potential jam sites. The presence of sloughs on a river reach may indicate
the locations of frequently recurring ice jams. During breakup, ice jams
commonly cause rapid, local stage increases that continue rising until
either the jam releases or the sloughs are flooded. While the jam holds,
channel capacity is greatly reduced, and flow is diverted into the trees
and side-channels, carrying large amounts of ice. The ice has tremendous
erosive force, and can rapidly remove large sections of bank. Old ice
scars up to 10 feet above the bank level have been noted along side-
channels. Stable ice jams are sometimes created when massive ice sheets

snap loose from shore-fast ice and pivot out into the mainstem flow.

In May of 1983 an extensive buildup of flowing ice debris was stopped near
RM 101.5 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. Once this jam broke up, the ice debris
flowed unobstructed to Cook Inlet. Although by May 10, 1983, the entire
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river was essentially ice-free, ice floes continued drifting downstream for
several weeks as previously stranded flows were picked up by steadily

increasing discharges.

The lower Susitna River downstream of Talkeetna experienced a mild
breakup in 1983. Observers at the Deshka River confluence and at
Susitna Station thoroughly documented breakup. 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, with little jamming activity taking place. The only significant
ice jam observed below the Parks Highway Bridge occurred near the conflu-

ence with Montana Creek.

This past river ice season was significantly influenced by mild temper-
atures and heavy snowfall. Ice thicknesses did not reach proportions of
previous vyears, 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 the data may not

necessarily represent conditions in a normal year.

10
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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.

Natural water bodies receive the most heat from solar shortwave radiation
(Hs) and longwave atmospheric radiation (Ha), and lose heat to the atmo-
sphere 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, with a certain percentage reflected at the water
surface. Reflected solar radiation (Hsr) is usually of greater magnitude
than reflected atmospheric radiation (Har)’ but is 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 - 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).
Values for the individual heat exchange components can be derived from

the following measured meteorological variables: solar radiation, air temper-

ature, and dew point temperature. These parameters have been monitored

1
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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 inclusion in
this report because they provide the best available data to estimate the
climatic regime directly influencing the water surface. They are located at
Denali, Watana, Devil Canyon, Sherman, and Talkeetna. Additional infor-
mation about each weather station, including exact location and sensor
specifications, have been published previously and is 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 (REM,
1982e), which include 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 (Talkeet-
na 1980-1983 only), and are graphed in Figure 3.2. Only the Watana
(ReM 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-foot 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.
For instance, in October 1982 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

12
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in using average values of freezing degree-days for the entire Susitna
Basin, since these may not be representative of all locations 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 due to orographic effects at
Watana and to 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 A.

13
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METEOROLOGICAL. DATA SUMMARY FROM SELECTED WEATHER
STATIONS ALONG THE UPPER SUSITNA RIVER
SEPTEMBER 1982 - MAY 1983

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) {°C) (mm) {(mm} (cm)
September 1982
Talkeetna 11.5 L. 7.8 0.0 190.0 76.1 0.0
Sherman 11.4 2.8 7.1 0.0 232.2 0.0 -
Devil Canyon 9.5 2.5 6.0 1.4 156.6 59.1 -
Watana 8.4 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 1982 A
Talkeetna -0.6 -9.4 -5.0 ~4.9 52.2 -11.8 L40.3
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 L,2 -6.1 -
Denali - - =11.8 -6.0 - - -
Basin Average =1.4 -9.8 -7.3 -3.8 28.2 -2.0 -
November 1982
Ta tkeetna -L.4 -12.6 -8.5 -0.4 u2.8 -2.3 70.6
She rman* -4.5 -11.4 -10.0 0.0 - - -
Devil Canyon -5.8 -11.9 -8.9 -1.5 - - -
Watana -7.1 =144 -10.7 -1.4 0.2 -2.4 -
Denali# - - -15.7 -5.2 - - -
Basin Average -5.5 -12.6 -10.8 =17 21.5 -2.4 -
# 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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Air Tempera

TABLE 3.1 (Continued)

tures

Mean Mean Mean Departure Departure Depth of Snow
Max imum Minimum Monthly from Norma) Precipitation from Norma! on Ground

(°c) (°C) {°C) (°c) (mm} (mm) (cm)
December 1982
Talkeetna -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 L.y - - -
Watana -6.9 -13.9 -10.4 L.7 7.0 2.3 -
Denali¥* -9.6 -19.6 -15.4 L.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 - - -
Devil Canyon#¥* -8.5 -15.4 -11.4 ~1.5 ~ - 93.2
Watana 11.0 =17.4 -14.1 -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
Talkeetna ~1.7 -13.3 -7.5 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
Denal i -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

linear regression analyses.

for mean daily temperatures,

See Appendix A,

used to compute the mean monthly temperature, are based on
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TABLE 3.1 (Luitinued)

Air Temperatures

Mean Mean Mean Departure Departure Depth of Snow

Max i mum Minimum Monthly from Normal Precipitation from Normal on Ground

_(°c) _(°) (°C) (°cj (mm) {mm) (cm)
March 1983
Talkeetna 3.7 -10.7 ~3.5 3.6 2.3 =-35.3 75.6
She rman¥* 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 - - -
Denali -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 =44 1.8 0.0 68.0 0.0 -
Devil 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
Talkeetna ‘ .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
Devil 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
Denali 9.1 0.4 k.9 0.1 7.6 - 0.0
Basin Average 11.7 1.2 6.6 0.8 20.0 - 0.0
* 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 Mean Monthly
Historical** Air Temperature

Monthly Accumulated Monthly (°C)
September 1982
Talkeetna 0 0 0 7.8
Sherman 0 0 0 7.1
Devil Canyon 0 0 S 6.0
Watana 1 1 13 5.0
Denali* 7 7 17 3.6
Basin Average 2 2 7 5.9

/T tober 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 304 341 279 -10.7
Denali* 471 845 376 -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 Mean Monthly
Historical** Air Temperature
Monthly Accumulated Monthly (°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 336 996 311 -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 211 1207 224 | -7.5
Sherman¥* 225 1329 - -8.0
Devil Canyon 212 1277 254 -7.5
i Watana 281 1586 289 -10.0
A Denali 395 2347 416 -14.1
Basin Average 265 1549 ' 297 -9.4

18
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TABLE 3.2
NUMBER OF FREEZING DEGREE DAYS (°C)
September 1982 - May 1983
(Continued)
Average "~ Mean Mo-nthly
Historical*#* 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 -7.6
Denali 366 2713 302 -11.8
Basin Average 200 1749 195 -6.4
April 1983
Talkeetna 15 1342 36 1.9
/T erman 21 1476 21 1.8
_evil Canyon 30 1460 75 0.8
Watana 65 1884 115 -1.1
Denali 81 2794 151 -2.3
Basin Average 42 1791 80 0.2
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
Basin Average 0 1791 3 6.6
*  Partial Record - Some values are based on linear regression analyses.
See Appendix A. ,
*% Period of Record: Talkeetna 1940 - 1983, only used 1980-1983
i Sherman 1982 - 1983
d Devil Canyon 1980 - 1983
‘ Watana 1980 - 1983
Denali 1980 - 1983

19



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 12 105 -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) )
Devil Canyon 363 671 -11.6
Watana 424 845 ~13.7
Denali 514 1051 -16.5
Basin Average 417 792 -13.4
January 1982
Talkeetna 531 1132 -17.1
Sherman {No Data)
Devil Canyon 528 1199 -17.0
Watana 622 1467 -20.1
Denali 782 1833 -25.2
Basin Average 616 1408 -19.8
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NUMBER OF FREEZING DEGREE DAYS (°C)
SEPTEMBER 1881 - May 1882

TABLE 3.3

(Centinued)

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 1881

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
I
[{e]

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 -28.8
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 1881
Talkeetna 66 814 -1.8
Devil Canyon 92 , 927 -2.5
Watana 143 1070 -4.5
Denali 181 1446 -5.5
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 1881
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 0 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 lIce Terminology and Comments on Susitna River lce

Some users of this report may not be familiar with standard terminolo-
gy used in describing river ice and since a rather extensive descrip-
tion 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 ( 0°C) layer at the water surface
(Newbury 1968, Michel 1971, Benson 1973, Osterkamp 1978). For

more information, see Section 4.2 and Photo 4.1.

Frazil Slush - Frazil ice crystals have strong cohesive properties and
tend to flocculate into loosely packed clusters that resemble slush,
(Newbury 1968). The clusters may continue agglomerating and will
eventually gain sufficient buoyancy to counteract the turbulence and
float on the water surface (Photo 4.2). This slush is highly porous.
Samplies collected at Gold Creek in October 1981 vyielded a ratio of

water volume to ice volume of 60-70 percent.
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lce Constrictions - Slush ice drifts downstream at nearly the same
velocity as the current. The velocity of the slush is slowed by
friction against surface constrictions caused by border ice. These
constrictions generally occur in areas of similar channel configuration
where the thalweg is confined to a narrow channel along a steep
bank. When entering constricted areas, the slush ice concentration
increases and is therefore compressed. The slush ice continues to .
pass through the channel ‘surface constriction and is extruded from
the downstream'end as a compacted\\" continuous ribbon of ice
(Photo 4.3). 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.
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.

Ice 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. Once this
occurs, the continuous slush cover over the water surface freezes,
resulting in an ice bridge. lce floes contacting the upstream
(leading) edge of the ice bridge will either accumulate there
(juxtaposition Photo 4.4) or will submerge under 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 - This is .similar to frazil slush in appearance but the

packed snow particles are more dense and have a lower porosity due

to the smaller crystal size. Snow slush is apparent during and
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following snowfalls contributing significantly to ice discharge during

these periods.

Shore or Border Ice - Initially, slush ice (formed by both frazil
production and snowfall) drifts into and covers the zero-velocity flow
margin against the river bank. Additional ice pans flowing down-
stream sometimes contact this ice and accumulate against it in a layer
(Photo 4.5). This layer will continue to move downstream until
frictional forces against the bank or shore ice overcome the water
velocity and movement stops. The slush layers then 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 ice must be extruded through under

pressure.
Black Ice - Black ice is new ice of continuous uniform growth. It
appears dark because of its transparency. It will form on the water

surface in lakes and zero-velocity areas in rivers, or underneath an
existing ice cover (Michel, 1971). This type of ice normally grows in
a layer under the Susitna hummocked ice cover, and can attain a.
thickness of several feet. Due to its crystalline arrangement, black
ice is extremely strong (shear resistant), even in relatively thin
layers, especially compared to drained slush ice. Slush ice will
produce floes which are inherently weak, due to the large, well-

rounded ice crystals.

Hummocked lIce - This is the most common form of ice cover on the
Susitna River. It is a continuous accumulation of slush, ice floes,
and snow that progresses upstream during freeze-up (Photo 4.86).

This process will be described in Section 4.3.
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4.2

Frazil Ice Generation

Frazil ice crystals are formed when water becomes supercooled
(Ashton, 1978, Michel, 1971; Newbury, 1968; Osterkamp, 1978).
Supercooling is a phenomena by which water remains in a liquid state
at temperatures below 0°C. Foreign particles are associated with the
nucleation of ice crystals (Osterkamp, 1978). The Susitna River
discharges tremendous volumes of silt and clay size particles prior to
freeze-up. There is an apparent correlation between the first occur-
rence of frazil ice and a sudden reduction of turbidity in the river
water, indicating that the fine suspended sediments may initiate the
nucleation of ice (R&M, 1983). Once the river is at the freezing

point, snowfall also contributes to the total slush ice discharge.

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 ice 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. However, laboratory
experiments have determined that flow velocities of only about 1
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 that the water body is
continually being mixed. Under these conditions, the water can be
supercooled to several hundredths of a degree below 0°C throughout
the water column, and crystals of frazil ice form in suspension be-
neath the water's surface. Once the frazil ice forms, it has a ten-
dency to rise to the surface. However, during the initial ice forma-
tion, frazil particles are so small that they remain entrained in the

river due to turbulence.
Channel morphology can play an important role in concentrating frazil

ice, as indicated by ice plumes. These plumes are an early indicator

of frazil ice and have been observed at several locations between
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Talkeetna and Vee Canyon when otherwise no ice was seen. Most
sites occur at sharp river bends caused by outcrops protruding into
the channel. The rock outcrops often create a slight backwater
effect on the upstream side. Suspended frazil floes are swept into
these areas and swirl about, increasing in density and ice concentra-
tion until sufficient buoyancy is obtained so that the ice rises to the
surface as slush. The slush floats past the outcrop in a long narrow
stream which is rapidly dissipated by the river (Photo 4.7). Any
subsequent turbulence can re-entrain the slush, once again making it
difficult to observe. In September these ice plumes are often ob-
served near Gold Creek and Sherman. The flow patterns are such.

that these sites concentrate ice throughout freeze-up.

After November, the majority of frazil ice is generated in the rapids
of Devil Canyon, Watana Canyon and Vee Canyon. However, during
the initial freeze-up period in October 1982, the difference in the
number of freezing degree days between Denali (370) and Talkeetna
(170) suggests that the majority of the slush accumulating against the
leading edge downstream of Talkeetna originates either as snowfall or
as frazil in the upper river from Vee Canyon on upstream. This
appeared to be verified during a flight on October 21, 1982. Esti-
mates at various locations from Talkeetna to Watana Creek showed a
consistent ice discharge in this reach, indicating that no frazil ice
was being generated at the rapids at Devil Canyon and Watana on this
date.

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 (Photo 4.8). Although these ice
dams do not attain sufficient thicknesses to create extensive back-
water areas, they increase the water velocity by restricting the cross

sectional area, creating turbulence which could increase frazil
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4.3

generation. Slight backwater areas may be induced by general rais-
ing of the effective channel bottom due to anchor ice, affecting the

flow distribution between channels.

On days with intense solar radiation or warm air temperatures, anchor
ice has been observed to release from the channel bottom and float to
the water surface, often carrying with it an accumulation of sediment
(Photo 4.9). 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 !nlet 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 Chulitna Confluence

Temperatures are usually not cold enough to cause significant
shore ice development in this reach prior to the relatively
rapid advance of the ice cover. The initiation of ice cover
formation in this reach usually occurs when tremendous
volumes of slush ice fail to pass through a channel con-
striction near the river mouth at Cook Inlet. Between Octo-
ber 22 and October 26, 1982, slush ice jammed at RM 10
(Photo 4.10) and accumulated upstream for 57 miles to Sheep
Creek. Daily ice discharge estimates from Talkeetna showed a

sudden increase in ice concentrations during this period
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(Table 4.2). The ice discharge on October 21 was estimated
at 1.3 x 10° cu ft/hr and rose steadily to 5.8 x 10° cu ft/hr
on October 26 following several snow storms. Assuming that
the ice cover began progressing upstream on October 22,

then the progression rate was 11.5 miles per day.

As the ice cover moved upstream in 1982, increases in water
level did not appear to exceed 2 feet between RM 10 and RM
25.

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. ’

Large open water areas appeared frequently in the ice cover.
On October 26, the ice cover was no longer continuous up-
stream from RM 25. 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. Increases in
water level did not appear to exceed 2 feet, and large open
water areas appeared frequently in the ice pack. Surprising-
ly little consolidation of the ice pack had taken place by
October 26, 1982. This could be due to the shallow gradient
of the channel through this reach. In low velocity areas, the
ice front continued to advance by juxtaposition (accumulation
of ice floes at the surface) at a rate proportional to the ice
discharge and channel configuration. Slush ice observed at
the leading edge was not submerging under the existing ice
cover. From RM 67 to RM 87 near Talkeetna,.the river
remained free of shore ice even though a large volume of
slush ice was continually drifting downstream. All of -the

major tributaries to the Susitna below Talkeetna were still
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flowing and remained ice-free. The discharge from these

tributaries kept large areas at their confluences free of ice.

On October 28, 183 mm of snow fell at Talkeetna. Observa-
tions 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 chan-
nel 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 87, 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 de-
velop. At RM 76, the cover appeared extremely loosely
packed with individual slush rafts discernible within the
cover. No ice 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 4-foot stage increase on the main-
stem (Photo 4.11). 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
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Parks Highway Bridge, where it extended all the way to the

northwest abutment.

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 (Photo
4.12). The stage had 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 stage increases
as the leading edge approached Talkeetna (Table 4.2). An
ice bridge that formed at the Susitna and Chulitna confluence
on November 2 had greatly reduced the volume of slush ice
flowing past Talkeetna, slowing the rate of ice cover advance
substantially.

Stage increases were over 4 feet near Talkeetna. On Novem-
ber 2 a staff gage at Talkeetna had been dry, with the
nearest open water more than 1 foot beiow the gage. At this
time the two channels of the Susitna along the eastern bank
had essentially dewatered, so that the area at Talkeetna was
affected by Talkeetna River flow only. The staff gage was
not again accessible until after consolidation and freezing of
the ice pack on November 17, at which time the ice surround-
ing the gage corresponded to a reading of 3.6 feet (Photos
4.13, 4.14). 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 (USGS), most
open water had disappeared. The continuous gradual reduc-
tion of flow also caused the ice cover to settle. Where the
sagging ice became stranded, it conformed to the configura-
tion 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 from
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 bridge 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 accu-

mulation.

3. Thin, unconsolidated initial ice cover.
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10.

11.

Minimal staging, 2-4 feet up to Sunshine, then over 4

feet near Talkeetna.

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 flow.

Flooded snow along channel margins, variable widths.

High initial discharges of 16,000 cfs at Sunshine and low
final discharges of 5,000 cfs based on USGS daily
computed values.

Gravel islands are seldom overtopped.

Some surface flow diverted into connecting side chan-

nels.
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4.3.2

12. lce cover sagging due to decreases in discharge.

13. Persistence of open leads in side channels and high

velocity zones through March.

14. Surface area decrease of open water by steady ice

accumulations and decline of water surface.
15. Clear ice buildup under slush ice cover.

16. Minimal shore ice development due to lack of sufficiently

cold air temperatures before ice cover advances.

Chulitna Confluence 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 observed slush ice as
early as September. In 1982, however, no field crews re-
ported 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 bridge formed at the Susitna-Chulitna
confluence. This bridge was the starting point for the ice

cover that developed over this reach.

Events during the 22 days prior to the ice bridging 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 had more time to develop, and at several locations

extended far out into the channel, effectively constricting the
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slush ice flow. The higher velocities kept the slush ice

moving through the constrictions, and no ice bridges formed.

The Susitna River contributes abproximately 80 percent of the
ice at Talkeetna, while the Chulitna and Talkeetna Rivers
combined produce the remaining 20 percent. The high (4-5
ft/sec) velocities of the Susitna kept the river channel open,
pushing the slush ice downstream. After entering the conflu-
ence area, the masses of slush ice and slowed down and
began to pile up at the south bend of the Susitna adjacent to
the east channel of the Chulitna. 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
transiucent sheet of compressed slush ice (Photo 4.15). 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 (Photo 4.16). The ice through
this area was now white indicating that the slush had consol-
idated 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 wusually broke up within several
hundred feet downstream. Unlike the confluence area, these
constrictions were formed by successive layers of frozen siush

ice along the shore.
A snow storm immediately preceded the formation of the ice

bridge at the Susitna-Chulitna confiuence. This storm may

have caused a substantial local increase in ice discharge
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which could not pass through the channel at one time. The
result was a sudden consolidation of the ice cover that com-
pacted the slush and at some point became shore-fast. The
cover remained stable long enough to freeze and increase 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
at Talkeetna after November 2 (Figure 4.1). The most dra-
matic effect of the ice consolidation at the confluence was
flooding. The flow capacity of the ice choked main channel
was greatly reduced. Water spilled from underneath the
cover, flowing laterally across the river channel towards the
opposite (north) bank (Photo 4.17). Water was also diverted
from upstream of the ice jam, flowing 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, about 15-20 percent of the total flow.
Substantial channel erosion was caused by these diverted
flows, as subsequent depth measurement through the ice
located a isolated channel about 700 feet from the left bank.

After the jam stabilized, the ice pack advanced slowly due to
the increased gradient. The slush ice could no longer accu-
mulate by simple juxtaposition, as the high flow velocities
submerged the slush ice on contact with the leading edge.
The ice cover moved upstream by the staging process, in
which the ice cover thickens and restricts flow, causing
increased stages upstream of the ice front, This lowers the
upstream velocity so that incoming ice may accumulate against

the leading edge instead of being swept under the ice cover.
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On November 9, 1982 the leading edge was beyond RM 106
(Photo 4.18) 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 high velocities at the leading edge. However, with
every ice pack consolidation and subsequent increase in
stage, more water poured into the side channel, effectively
preventing any extensive backwater development upstream of
the ice cover. The side channel had 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. Therefore, the channel quickly

became ice-filled.

The rate of ice advance averaged 1.6 miles per day for
thirteen days after passing Whiskers Creek. On November 22
the leading edge was situated adjacent to Slough 8A. The
total estimated discharge at Gold Creek was 3,300 cfs, a
decrease of 900 cfs since November 8. The ice cover had
staged approximately 4 feet and was overtopping the berm at
the head of Slough 8A. The estimated discharge through
Slough 8A was 138 cfs. Much slush ice was carried into the
slough. Within 5 days this slough had developed an ice cover
of consolidated slush from the mouth to the head near RM
126.5, with slush ice thicknesses of up to 5-6 feet (Photo
4.19) and ice extending over the bank of the island.
Groundwater seeps and the dropping water level caused

coilapse of the ice cover and development of a long narrow

lead.
The ice cover was very slow in advaﬁcing 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

42



s6/ii16

electronically in a ground water well, indicated the proximity
of the Ileading edée (Figure 4.4). The well was located
adjacent to RM 129.5. The ice cover advanced at a rate of
only 0.3 miles per day for the previous 10 days, even though
high frazil slush discharges were observed at Gold Creek (Fi-

gure 4.2). This may reflect the consequences of the staging
into Slough 8A.

On December 9 the leading edge had reached RM 136, just
downstream of the Gold Creek Bridge. The ice cover advance
stalled here for over 30 days, as the ice needed to accumulate
in thickness before it could stage past this high-velocity
channel constriction. Ice 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. On January 14, 1983,
the leading edge finally crept past the Gold Creek Bridge
(Photo 4.20) at a rate of 0.05 miles per day. The estimated
discharge on January 14 at Gold Creek was 2,200 cfs, based
on provisional USGS estimates. Ice discharge observations at
Gold Creek for October 1982 through January 1983 are sum-
marized in Tables 4.3 through 4.6.

The processes of ice cover telescoping, sagging, open lead
development and secondary ice cover progression are impor-
tant characteristics through this reach. Telescoping occurs
during consolidation of the ice cover. When the. velocity at
the leading edge is low, ice floes drifting downstream will
contact the edge, remain on the surface, and accumulate
upstream by juxtaposition at a rate proportional to the con-
centration of slush ice and to the channel width. This accu-
mulation zone can be ex{remely long, generally being gov-
erned by the local channel gradient, amount of staging and

extent of the resulting backwater (Figure 4.3 and Table 4.8).
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This buildup will continue until a critical velocity is encoun-
tered, causing the leading edge to become unstable with ice
floes submerging under the ice cover. 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
unstabie and fails. This sets off a chain reaction, and within
seconds the entire ice sheet is moving downstream. Several
miles of ice cover below the leading edge can be affected by
this consolidation. This process results in ice cover stabi-
lization due to a shortening of the ice cover, substantial
thickening as the ice is compressed, a stage increase, and
telescoping. The telescoping occurs only during each con-
solidation. 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. Any additional pressures within
the ice cover can then be relieved by lateral expansion of the
ice across the river channel (Photo 4.21). This process of
lateral telescoping can continue until the ice cover has either
expanded bank to bank or else has encountered some other
obstruction (such as gravel islands) on which the ice becbmes

stranded.

The ice cover over water-filled channels continues to float
during ice cover progression. However, because of constant
contact with high-flowing water, the ice cover erodes rapidly
in areas, sagging and eventually collapsing. In some reaches

these open leads can extend for several hundred yards.
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Table 4.9 summarizes data on open leads photographed be-
tween RM 85 and RM 151 on March 2, 1983. ‘A secondary ice
cover generally accumulates in the open leads, often com-
pletely closing the open water by the end of March. The
process is similar to the initial progression except on a Small—
er scale. Slush ice begins acéumulating against the down-
stream end of the leads and progresses upstream (Photo
4.22). Generally it takes several weeks to effect a complete

closure.

lce cover saggin‘g, collapse, and open lead dev‘elopment
(Photo 4.21) 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
fluctuations in groundwater wells . located near Slough 9
(Figure 4.4). Examination of aerial pho’tographs of the
sloughs taken during the ice cover advance up the mainstem
revealed an increase in the wetted surface area in sloughs
which were not overtopped by staging at the upper end.
This increase is attributed to a rise in the water table.

Many of the sloughs have groundwater seeps which persist
through the winter. This groundwater is relatively warm,
with winter temperatures of 1°-3°C(R&M, 1982). This s
sufficiently warm to prevent a stable ice cover from forming

in these areas not filled with slush ice. This relatively warm
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flow will develop ice along the margins, constricting the
surface area to a narrow lead. The leads rarely freeze over,
often extending for thousands of feet downstream
(Table 4.9). Open water was observed all winter in the

following sloughs in this reach:

Slough 7
Slough 8A
Slough 9
Slough 10
Slough 11

Slough 8A was the only slough breached by slush in this
reach and consequently was the only one to develop a contin-
uous ice cover. However, the thermal influence of ground-
water 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:

1. Frazil ice plumes appearing as early as September, but

more commonly in early October.

2. Velocities between 3-5 ft/sec.

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

estimates).

4. lce bridge initiating the ice cover progression from the

Susitna/Chulitna confluence.
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4.3.3

10.

1.

12.

13.

14.

The

Gradually decreasing rate of ice advance from 3.5 miles
per day near the confluence to (.05 miles per day at
Gold Creek.

Flow diversions into side channels and Slough 8A.

Surface ice constrictions by border ice growth.

Staging, commonly from 4-6 feet.

lce pack consolidation through telescoping of ice cover

laterally across channel.

Sagging ice cover.

Open leads and secondary ice covers.

Berm 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.

Gold Creek to Devil Canyon

reach from Gold Creek to Devil Canyon freezes over

gradually, with complete ice cover occurring much later than

on the river below it. The delay can be explained by the

relatively high velocities encountered due to the steep gradi-

ent and single channel, and to the absence of a continuous
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- ice pack progression past Gold Creek, due to the upper river

having already frozen over.

The most significant features of freeze-up between Gold Creek
and Devil Canyon are wide border ice layers, ice build-up on
rocks and formation of ice covers over eddies. Ice dams have
been identified at several locations below Portage Creek
(Photo 4.23). Generally, these dams form when the rocks to
which the frazil ice adheres are located near the water sur-
face. When air temperatures are cold (less than -10°C), the
ice-covered rocks will continue accumulating additional layers
of anchor ice until they break the water surface. The
ice-covered rocks effectively increase the water turbulence,
stimulating frazil production and accelerating ice formation.
The ice dams are often at sites constricted by border ice.
This creates a backwater area by restricting the streamflow,
subsequently causing extensive overflow onto the border ice
(Photo 4.24). The overflow bypasses the ice sills and re-
enters 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.

Since the ice formation process in this reach is primarily due
to border ice growth, the processes described for the
Talkeetna to Gold Creek reach do not occur. There is only
minimal staging. Sloughs and side-channels are not breached
at the upper end, and remain open all winter due to ground-
water inflow, although ice caused by overflow is evident.
Open leads exist in the main channel, but are primarily in

high-velocity areas between ice bridges.
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To summarize, the following are the significant freeze-up
characteristics of the river reach between Gold Creek and

Devil Canyon.

1. Steeper gradient, high velocities, single channel.

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

Results in late freeze-over, generally in March.

3. Extensive border ice growth, with very wide layers of

shore-fast ice constricting the channel.

4. Anchor ice dams creating local backwater areas which

form ice covers and cause overflow.

5. lce covers over eddies which form behind large boulders

in streamflow.
6. Some telescoping, although usually not widespread.

7. Minimal staging. No sloughs breached, no diverted flow

into side channels.

8. Few leads opening after initial ice cover. Minimal ice

sagging.

9. Thermal influx by groundwater seeps keeps sloughs open

all winter.
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4.3.4

Devil Canyon (to Devil Creek]

lce processes in Devil Canyon (RM 150 to RM 151.5) create
the thickest ice along the Susitna River, with measured
thicknesses of up to 23 feet (R&M, 1981c). The canyon has a
narrow, confined channel with high flow velocities and ex-
treme turbulence, making direct observations difficult.
Consequently, in 1982 a time-lapse camera, on loan from the
Geophysical |nstitute, University of Alaska, was mounted on
the south rim of the canyon (Photo 4.25) to document the

processes causing these great ice thicknesses.

The time-lapse camera provided documentation that the ice
formation through Devil Canyon is primarily a staging pro-
cess. Large volumes of slush ice enter the canyon, and
additional frazil ice is generated in the canyon. The slush
ice jams up in the lower canyon (Photo 4.26), and the ice
cover progresses up the canyon through large staging pro-
cesses. However, the slush ice has little strength, and the
center of the ice cover rapidly collapses after the downstream
jam disappears and the water drains from beneath the ice.
The slush ice bonds to the canyon walls, increasing in thick-
ness each time the staging process occurs. The ice cover

forms and erodes several times during the winter.

The following chronological sequence of events was compiled
from examination of the film. The descriptions will begin on
then taper to weekly and 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

from the film record.
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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 and
submerged. The flooding ice cover rapidly eroded away. Ice
along the sides of the now open lead continued to calve off

into the open water and melt.

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
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 channel. An
ice cover had again formed over the downstream portion of

the open water lead. The upper portion remained open where
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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 27). This subjected the fragmented ice
cover to the full velocity of the water, quickly eroding 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, with the remainder being 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 cpvered 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.

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
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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, with the downstream end 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 ve-

locities.

October 31 - Air temperature -15.9°C, discharge 4,900 cfs.
The channel constriction of October 31 closed again, separat-
ing the open water reaches by about 75 feet of ice. This
indicates the location of the deep pool surveyed 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
running almost the entire length of the visible canyon. The
border ice shelves were the only ice remaining within this
reach of the canyon. These appeared to have thicknesses

exceeding 10 feet in some places, particularly at the upstream
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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 ele-
vation of the shore ice. Although much ice was evidently
flowing, it all seemed to be submerging underneath the exist-
ing 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
has instead 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.

November 14 - Air temperature - 6.2°C, discharge 3,800 cfs.
The past 5 days showed little change in the shape or size of

4
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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 illus-
trated in Figure 4.2.

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

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 ex-
tended beyond the south river bend. This cover did, howev-
er, 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 begin-
ning to fail along its entire Iength.. This seems to indicate
that the ice covers within this narrow and turbulent river

reach are inherently unstable.
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There were a total of 6 ice cover advances on the lower reach
and 3 on the upper. This difference is due primarily to a
steeper gradient, higher velocities and turbulence in the
upper section. Only during extreme ice discharges did the
upper reach form an ice cover. The initial ice cover de-
veloped 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 seemed to
be 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 could explain the longevity of this

ice cover.

Devil Canyon and the reach between Devil Creek (RM 161)
and the Devil Canyon damsite (RM151) have the first areas on
the Susitna to form ice bridges and develop an extensive ice
cover. lce covers of one mile in length were observed to
form about two miles below the Devil Creek confluence as
early as October 12, despite relatively warm air temperatures.
The ice formation process at this point is believed to be

similar to that in Devil Canyon.
To summarize the highlights of freeze-up in Devil Canyon:

1. Narrow, confined channel with high flow velocities 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.
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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

melted off of the ice cover.

An accumulation of border ice layers is primarily responsible
for the ice cover development (Photo 4.27). 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
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,
resulting in gradual filling of the narrow open channel
with slush which freezes and forms a continuous ice

cover.

2. Extensive overflow and flooded snow. -
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4.3.6

3. Minimal staging or telescoping.

4. Low discharges, resulting in shallow water and moderate

velocities.

5. Minimal ice sagging, few leads opening after initial

freeze-up.

6. Extensive anchor ice with high sediment concentrations.

Ice 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 eroding. Slush ice will adhere to the underside
of an ice cover in areas of low velocity, with cold tempera-
tures subse‘quently bonding this new layer to the surface ice.
Table 4.7 lists Susitna ice cover thicknesses measured be-
tween Watana and the Chulitna confluence. These measure-

ments represent the cover at maximum development in 1983.

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 air-water interfaces are
at the numerous open leads which persist over turbulent
reaches or groundwater seeps. These are usually of short
length with insufficieht heat exchange taking place to gener-
ate significant amounts of frazil ice. Table 4.9 presents the
locations and dimensions of most annually recurring leads

between Sunshine and Devil Canyon.
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Discharges in March are generally at the annual minimum,
reducing the flowing water to a shallow and narrow thalweg
channel, 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, resulting in the floating ice cover
grounding on the river bottom. Water gradually percolates
out of the cover. Alternating layers of bonded and unconsol-
idated ice crystals form within the ice pack when the receding
level of saturated slush freezes at extreme air temperatures,
The result is the formation of r'iAgid layers at random levels,
with the layers representing the frequency of critically cold

periods.
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TABLE 4.1

SUSITNA RIVER SURFACE WATER TEMPERATURE PROFILE¥*
SEPTEMBER 1982 - OCTOBER 1882

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

October 1-17, 1982 Min. Max. Mean 10/1/82 10/31/82
Above Yentna River, RM 29.5 0.0 5.0 1. 4.8 0.0
Parks Highway Bridge, RM 83.9 0.2 4.6 1. 4.6 0.2
Talkeetna Fish Camp, RM 103.0 0.2 4.9 1. 4.7 0.2
Curry, RM 120.7 - - - -
LRX-29, RM 126.1 - - - -
Devil Canyon, RM 150.1 0.0 4.0 1. 3.5 0.5

* These data were obtained from published reports by Alaska

AT Department of Fish & Game, Susitha. Temperatures were recorded on

a thermograph at all sites except Devil

electronically, (ADF&G, 1982).

60

Canyon which was recorded



scd

TABLE 4.2
SUSITNA RIVER AT TALKEETNA
o FREEZEUP OBSERVATIONS ON THE MAINSTEM
Staff Discharge Ice
Gauge(1) @ Sunshine(z] % lce(3) Thickness
Date (ft) (cfs) in Channel (ft)

October 1982

12 1.65 20,000 0 -
13 1.68 20,000 10 -
14 1.55 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 17,000 25 .09
19 1.23 17,000 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
f 29 -1.50 17 200 85 .40
30 -1.50 15,000 80 .40
31 -1.50 13,000 80 .40
wember 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) 50 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

Relative elevations based on an arbitrary datum. Gage located near channel adjacent
to Talkeetna. .

Provisional data subject to revision by the U.S. Geological Survey, Water Resources
Division, Anchorage, Alaska.

Visual estimation based.on one daily observation, usually at 9 a.m.
P
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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) {°C) (%) (ft) (ft) Weather
Oct. 19 6900 -1.4 0.65 50 slush 0.6 Snow
20 6800 =5.0 0.80 40 slush 0.6 Cloudy
21 6500 -5.6 1.00 60 slush 0.6 Windy/Sunny
22 6200 =4,y 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 Cloudy
25 5700 -10.0 1.00 60 0.3 0.6 Cloudy
26 5600 -14.4 0.50 60 0.3 0.6 Cloudy
27 5400 -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
31 4900 -17.8 0.00 70 0.7 1.5 Sunny
o
N
1. Provisional data subject to 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 instantaneous 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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SUSITNA RIVER AT GOLD CREEK
FREEZE-UP OBSERVATIONS ON THE MAINSTEM
November 1982

Gold Creek
Mean Air Water Ilce in Barder lce Snow
i Discharge (1) Temperature (2) Temperature (3) Channel (4) Thickness Depth
Date (cfs) (°C}) (°C) (%) (ft) (ft) Weather
Nov. 1 4800 -2.2 0.00 70 0.9 1.5 Windy/Cloudy
2 4700 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 L4400 -6.7 0.40 10 0.9 1.8 Cloudy
6 4300 -16.9 0.30 50 0.9 1.8 Sunny
7 4300 -17.8 0.20 55 1.0 1.8 Sunny
8 L200 =7.5 0.15 55 1.2 1.8 Snow
9 4100 -5.6 0.15 55 1.2 2.6 Cloudy
10 L4000 -5.0 0.30 50 1.2 2.5 Cloudy
1 4000 -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
14 3800 -1.9 0.20 30 1.5 3.4 Cloudy
15 3700 -12.2 - Lo 1.5 3.4y Sunny
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 Sunny
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 55 1.6 4.1 sunny
23 3300 =44 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 Lo 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 Lo 1.3 3.8 Cloudy
1. Provisional data subject to 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 instantaneous measurement, usualiy taken at 9 a.,m. daily.
L. Visual estimate based on one instantaneous observation, usually at 9 a.m. daily.
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SUSITNA RIVER AT GOLD CREEK
FREEZE-UP OBSERVATIONS ON THE MAINSTEM
December 1982

Goid Creek
Mean Air Water lce in Border Ice Snow
Discharge (1) Temperature (2) Temperature (3) Channel (4) Thickness Depth :
Date (cfs) (°c) (°C) (%) (ft) ’ (ft) Weather
bec. 1 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
4 2900 -10.0 0.10 75 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 Lo 1.3 3.0 Windy/Cloudy
8 2700 3.6 0.20 15 1.1 3.8 Snow
9 2700 ~1.9 0.20 25 1.1 3.9 Cloudy
10 2700 =-16.1 0.10 60 1.2 3.9 Sunny
11 2600 -6.1 0.00 40 1.3 3.9 Sunny
12 2600 -3.1 0.00 60 1.3 3.8 Cloudy
13 2600 -1.7 0.10 4o 1.3 3.8 Sunny
14 2600 -5.0 0.20 25 1.2 3.8 sunny
15 2600 -0.3 0.20 10 1.2 3.8 Sunny
16 2500 -3.3 0.10 10 o 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 40 - 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 2400 . -15.6 0.00 30 0.5 3.7 sSunny
2h 2400 -11.9 0.00 30 0.5 3.6 Sunny
25 2300 -9.2 0.10 30 0.6 3.6 sSunny
26 2300 -5.6 0.10 30 0.6 3.5 sunny
27 2400 -1.7 0.10 35 0. 3.5 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 overflow 3.2 Rain
31 2900 - 0.10 5 1.3 3.2 sunny
1. Provisional data subject to revision by the U.$. Geological Survey, Water Resources Division, Anchorage, Alaska.
2. Average value of the days minimum and maximum temperature,
3. Based on one instantaneous measurement usually taken at 9 a.m. daily.

Visual estimate based on one instantaneous observation, usually at 9 a.m. daily,.
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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 (U4) Thickness Depth
Date {cfs) {°C) {°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 Sunny

3 2800 ~-3.9 0.00 30 1.3 3.5 Cloudy

L 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 sSunny

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 70 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

14 2200 -13.1 0.00 100 1.5 3.0 Sunny

+
1. Provisional data subject to revision by the U.S. Geological Survey, Water Resources Division, Anchorage, Alaska.
2. Average vailue of the days minimum and maximum temperature.
3. Based on one instantaneous measurement, usually taken at 9 a.m. daily.
i, Visual estimate based on one instantaneous observation, usually at 9 a.m. daily.

* Channet frozen over.



"”j§ 1983 SUSITNA RIVER ICGE j}CKNESS MEASUREMENTS
Mainstem Ice » Average#
Thicknesses (ft) Number Water Surface Underice
Min Max Avg of Holes Elevation Water Velocity

February 4, 1983

Watana 1.4 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 4 522.7

LRX-3 2.0 3.9 2.9 5 342.8

Aprilt 12, 1983

Watana 1.8 L.2 2.8 19 1436.1 2.2
Portage Creek 3.0 4.0 L. 1 6 833.5 h.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 flow and constitutes an average of the vertical

velocity profile,.
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TABLE 4.8
RIVER STAGES AT FREEZEUP MEASURED

FROM TOP OF ICE ALONG BANKS
AT SELECTED LOCATIONS

Open Water

USGS Computed
Discharge at
Gold Creek

(cfs)

2,400

2,200
2,800
3,000
3,000
3,300
3,400
3,400
3,500
3,700
4,100
4,200
4,400

Elevation Maximum Discharge
Approximate Top of ice Corresponding

River Date of River Bank Elevation# to Stage
Mile Location Freezeup (ft) (ft) (cfs)
148.9 Portage Creek 12/23/82 8u3.o 839.5 27,000

2.3 Slough 21, H9 - 758.3 755.5 -

140.8 Slough 21, LRX-54 - 735.3 733.3 -

136.6 Goid Creek 1/14/83 687.0 685.3 16,000

135.3 Stough 11, Mouth 12/6/82 671.5 - -

130.9 Slough 9, Sherman 12/1/82 622.4 620.1 30,000

128.3 Slough 9, Mouth 11/29/82 - [6.9] -

127.0 Slough 8, Head 11/22/82 - 579.3 -

124.5 Slough 8, LRX-28 11/20/82 556.2 559.3 LYy,000 (aufeis)
120.7 Curry, LRX=-24 11/20/82 527.0 524.6 28,000

116.7 McKenzie Creek 11/18/82 -  493.3 -

113.7 Lane Creek 11/15/82 - [6.7] -

106.2 LRX-11 11/9/82 - [5.3] -

103.3, LRX-9 11/8/82 384.1 383.9 41,000

98.5 LRX-3 11/5/82 346.4 345.5 -
# Vaiues in brackets [ ] represent relative elevations based on an assumed datum from a temporary benchmark

adjacent to the site.
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Continuous
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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
ocation of Type
ysteam End Channel of Approx. _
iver Mile # Type Lead(1) Length (Ft)
85.0 Mainstem Velocity 550
87.1 Slough Velocity 4,500
87.6 Mainstem Velocity 700
89.0 Mainstem Velocity 1,200
Side Channel Velocity 2,500
89.5 Mainstem Velocity 1,400
91.0 Mainstem Velocity 1,700
92.3 Mainstem Velocity 1,300
93.7 Mainstem Velocity 3,500
94.0 Mainstem Thermal 3,500
A&Q.Z Side Channel Velocity 2,400
S 9 Side Channel Velocity 5,600
_..0 Mainstem Velocity 1,100
102.0 Mainstem Velocity 2,400
102.9 Mainstem Velocity 600
103.5 Mainstem Velocity 1,850
104.1 Mainstem Velocity 280
104.5 Mainstem Velocity 1,700
104.9 Mainstem Velocity 900
105.9 Mainstem Velocity 1,050
106.1 Mainstem Velocity 200
106.4 Mainstem Velocity 370
106.6 Mainstem Velocity 350
107.4 Mainstem Velocity 200
109.1 Mainstem Velocity 550
110.3 Mainstem Velocity 150
110.5 Mainstem Velocity 290
110.9 Mainstem Velocity 450
111.5 Mainstem Velocity 1,600
111.7 Mainstem Velocity 3500
111.9 Mainstem Velocity 900
112.5 Mainstem Velocity 700
112.9 Mainstem Velocity 500
113.8 Mainstem Velocity 600
117.4 Mainstem Thermal 780
117.9 Side Channel Thermal 1,260
149.6 Side Channel  Thermal 550
LT Mainstem Velocity 350

68

Widest or
Point {(Ft) Discontinuous
80 Continuous
50 Discontinuous
100 Continuous
100 Continuous
40 Continuous
60 Discontinuous
80 Discontinuous
110 Discontinuous
110 Continuous
20 Discontinuous
100 Continuous
150 Discontinuous
30 Continuous
100 Discontinuous
100 Continuous
100 Discontinuous
70 Continuous
110 Continuous
150 Continuous
100 Continuous
60 Continuous
50 Continuous
50 Discontinuous
50 Continuous
100 Discontinuous
100 Discontinuous
50 Continuous
50 Discontinuous
100 Continuous
90 Continuous
150 Continuous
100 Discontinuous
110 Continuous
110 Continuous
60 Continuous
120 Discontinuous
50 Continuous
50 Continuous
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TABLE 4.9 (Continued)

Location of Type

Upsteam End Channel of Approx.

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

69

Widest
Point (Ft)

Continuous
or
Discontinuous

100
100
30
60
S0
80
80
S0
40
90
50
100
500
- 60
50
30
50
80
50
80

Continuous
Continuous
Discontinuous
Discontinuous
Continuous
Discontinuous
Continuous
Continuous
Continuous
Continuous
Discontinuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Discontinuous
Continuous
Continuous
Continuous
Discontinuous
Continuous
Discontinuous
Continuous
Discontinuous
Continuous
Continuous
Continuous
Discontinuous
Discontinuous
Continuous
Discontinuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Discontinuous
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TABLE 4.9 (Continued)
.ocation of Type
ssteam End Channel of Approx.
liver Mile # Type Lead(1) Length (Ft)
135.7 Slough (11) Thermal 5,500
136.0 Mainstem Velocity 230
136.3 Side Channel Thermal 2,050
136.7 Mainstem Thermal 1,620
137.1 Mainstem Velocity 750
137.4 Side Channel  Thermal 2,500
137.8 Slough (16) Thermal 1,400
138.2 Mainstem Velocity 2,000
138.9 Mainstem Thermal 2,100
139.0 Mainstem Velocity 780
139.1 Mainstem Velocity 500
138.4 Mainstem Velocity 600
140.6 Side Channel Thermal 1,900
Slough (20) Thermal 1,100
142.0 Slough (21) Thermal 3,850
141.5 Mainstem Velocity 850
N Mainstem Velocity 950
14£.6 Mainstem Velocity 1,600
142.8 Mainstem Velocity 850
143.6 Mainstem Velocity 3550
Mainstem Velocity 280
143.8 Mainstem Velocity 780
143.9 Mainstem Velocity 500
144.5 Mainstem Velocity 900
Slough (22) Thermal 250
144.6 Slough (22) Thermal 300
145.5 Mainstem Velocity 1,150
146.9 Mainstem Velocity 700
147.1 Mainstem Velocity 850
147.7 Mainstem Velocity 150
148.1 Mainstem Velocity 420
148.5 Mainstem Velocity 680
149.0 Mainstem Velocity 400
149.5 Mainstem Velocity 500
150.0 Mainstem Velocity 350
150.2 Mainstem Velocity 750
151.2 Mainstem Velocity 2,800
) Velocity indicates lead kept open by high-velocity flows.

kept open by groundwater seepage.

I

70

Continuous

Widest or
Point (Ft) Discontinuous
80 Continuous
80 Continuous
40 Continuous
80 Continuous
60 Continuous
20 Discontinuous
30 Discontinuous
150 Continuous
150 Continuous
20 Continuous
30 Continuous
30 Continuous
100 Discontinuous
20 Continuous
40 Discontinuous
40 Continuous
50 Continuous
150 Discontinuous
150 Continuous
20 Discontinuous
20 Continuous
100 Continuous
30 Continuous
100 Discontinuous
20 Continuous
20 Continuous
100 Continuous
100 Continuous
80 Discontinuous
40 Continuous
50 Discontinuous
140 Continuous
60 Continuous
80 Continuous
20 Discontinuous
100 Continuous
100 Discontinuous

Thermal indicates lead
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PHOTO 4.1

PHOTO 4.2
Susitna River at Gold Creek on October 16,
railroad bridge. Note the frazil slush floes and shore ice development.

1982,

Frazil ice discs collected from floating ice pan.

looking downstream from the
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PHOTO 4.3
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.

am

PHOTO 4.4
Slush ice accumulating by juxtaposition on October 29, 1982 at Sunshine. Flow
is from 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.
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PHOTO 4.5
Border ice growth. The smooth areas are black ice or snow ice formed in the
low-velocity region along the shore. The layers of ice are caused when
collisions by floating ice pans deposit frazil ice along the edge.

PHOTO 4.6
Hummocked ice at river mile 103, formed by the accumulation of slush, ice
floes, and snow which progresses upstream during freeze-up.
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PHOTO 4.7
lce 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.

PHOTO 4.8 _
Anchor ice dam formed at river mile 140, between Indian River and Portage
Creek. Anchor ice has formed on the rocks due to attachment of frazil ice.
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PHOTO 4.9
Sample of ice taken during breakup at river mile 142. Dense concentrations of
anchor ice were observed through this reach during freeze-up. This ice had
accumulated sediment by filtration and entrapment of saltating particles.

PHOTO 4.10
Slush ice bridge at river mile 10 on October 26, 1982. This ice bridge is the
key to upstream progression of the ice cover up the lower Susitna River. The
bridge forms when large volumes of ice discharge are unable to pass through
the river bend.
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PHOTO 4.11
Confluence of Montana Creek and Susitna River, October 29, 1982. The ice
cover progression caused staging of about 4 feet, demonstrated by the water
backed up at the tributary mouth.

PHOTO 4.12
Leading edge of ice cover at river mile 95 on November 2, 1982.
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PHOTO 4.13
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 areas was covered by 4 feet of ice.
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PHOTO 4.14
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 increase over 2 feet. The shore ice in the foreground has
fragmented and will eventually wash away.
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PHOTO 4.15
Susitna-Chulitna confluence, looking upstream on October 18, 1982. The slush

ice was still moving easily through this area. The Chulitna east channel

is
entering from the left.

- PHOTO 4.16
View of the Chulitna confluence with the Susitna mainstem, looking upstream on

October 29, 1982. The Chulitna west channel enters 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.
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PHOTO 4.17
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.

PHOTO 4.18
Looking downstream at leading edge at river mile 106 near Chase on November
9, 1982. The ice cover was staging to overcome high velocities at the leading
edge. However, water flowed into the side-channel at left, preventing
extensive backwater development until the side-channel filled with ice.
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PHOTO 4.19
Ice cover at Slough 8A on March 14, 1983. The steep-walled channel in the
center is between consolidated slush ice. Staging had caused large volumes of
slush ice to be swept into the slough, which developed slush ice thicknesses of

5-6 feet.

PHOTO 4.20
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.
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PHOTO 4.21
Susitna River at river mile 106 on November 17, 1982. Flow is from the upper
right to lower left. lce 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.
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PHOTO 4.22
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 4.23
Anchor ice dam or sill at river mile 140 on December 15, 1982. These dams
form when the rocks to which the frazil ice adheres are near the water surface.

The ice-covered rocks will continue accumulating additional layers of anchor ice
until they break the surface.

B i, T

PHOTO 4.24
Overflow onto border ice caused by an anchor ice dam.

upper left to lower right. The backwater effect of the anchor ice dam has
caused some water to be diverted to the left on this photo.

Flow is normally from
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PHOTO 4.25
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.

PHOTO 4.26
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. The channel has a shallow
gradient, with a gravel bar on the right bank and a deep narrow thalweg along

the left bank.
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PHOTO 4.27
lce cover in Devil Canyon at river mile 151 on October 26, 1982. The ice
thickness along the shore is about 4 feet and will eventually thicken to cover 15
feet. Flow is from lower left to upper right.

PHOTO 4.28
Extensive shore ice development near the confluence of Devil Creek. Flow is
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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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, air temperature, and the amount of rain-
fall. 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 Pre-Breakup Period

Breakup processes on the Susitna River are similar to those described
for other northern rivers, with a pre-breakup period, a drive, and a
wash (Michel, 1971). The pre-breakup period occurs as snowmeft
begins due to increased solar radiation in early April. This process
generally begins at the lower elevations near the mouth of the Susitna
River, working its way north. By late April, the snow has generally
disappeared from the river south of Talkeetna and has started to melt
along the river above Talkeetna. Snow on the river ice generally
disappears before that along the banks, either due to overflow or
because the snowpack is simply thinner on the river due to exposure

to winds.

Overflow takes place because the rigid and impermeable ice cover fails
to respond to water level fluctuations (Table 5.1). Where the ice is
continuous and unbroken, standing water commonly appears in the
sags and depressions. This water substantially reduces the albedo of
the ice surface. Within days, an open water lead develops in these

depressions. With water levels steadily rising, the channel perimeter
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expands, initiating undercutting of the stranded ice. This causes
portions of the ice cover to hang over 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 river bottom or else
by shearing 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 (Photo 5.1). 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 a lower gradient,
tending to reduce velocities by diétributing the flow over a wider
area. Here open leads occur less frequently, with extensive overflow
being the first indicator of rising water levels. On April 7, 1983, an
area of overflow near the Parks Highway Bridge covered the ice sheet
with over 6 inches of flowing water (Photo 5.2j.

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

for several days if the ice downstream remains intact.

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
lengthens and widens many open leads, reducing the potential for

major ice jams at these points.

91




——

s6/jj3

5.2

Breakup Drive

The drive, or the actual downstream breakup of the ice cover, occurs
when the discharge is high enough to break and move the ice sheet.
The intensity and duration is dependent on meteorological conditions
during the pre-breakup period. Both weak and strong ice drives
have been observed on the Susitna River during the last 3 years. In
1981, there was a minimal snowpack and only light precipitation
during spring. Air temperatures were warmer than normal in early
spring, but returned to normal in April, resulting in slow melting of
what snow there was. Consequently, there was not a sufficient
increase in flow to develop strong forces on the ice cover, and the
ice tended to slowly disintegrate in place. Although some ice jams
did occur during the drive, they did not tend to last long, and the

breakup was generally mild.

Conditions were reversed in 1982. A heavy snowpack remaining in
late April and temperatures slightly cooler than normal prevented
weakening of the ice. The ice remained sufficiently strong to cause
several severe jams. Near RM 128 below Sherman, a dry jam formed
which diverted most of the flow out of the mainstem into side chan-
nels. Closer to Talkeetna, a jam formed at RM 107 that lasted for
3 days, jamming ice for over a mile and damaging sections of the
Alaska Railroad track.

Jam sites generally have similar channel configurations, consisting of
a broad channel with gravel islands or bars, and a narrow, deep
thalweg confined along one of the banks. Sharp bends in the river
are also good jam sites. The presence of sloughs on a river reach
may indicate the locations of frequently recurring ice jams. Many of
the sloughs on the Susitna River between Curry and Devil Canyon
were carved through terrace plains by some extreme flood. Summer
floods, although frequently flowing through sloughs, do not generally

result in water levels high enough to overtop the river bank.
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During breakup, however, ice jams commonly cause rapid, local stage
increases that continue rising until either the jam releases or the
sloughs are flooded. While the jam holds, channel capacity is greatly
reduced, and flow and large amounts of ice are diverted into the
trees and side-channels. The ice has tremendous erosive force, and
can rapidly remove large sections of bank. OIld ice scars up to
10 feet above the bank level have been noted along side-channels
near this reach. It appears that these sloughs are an indicator of
frequent ice jams on the adjacent mainstem, influencing 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 5.3 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 also breached the berm at
the channel head and enlarged the slough to its present configura-

tion.

The following channels between Devil Canyon and Talkeetna, 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
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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 moves down-
stream. Upstream from this accumulation, the river channel is com-
monly 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 primarily
oriented towards acquiring ice jam profiles on the river reach between
Talkeetna and Devil Canyon as well as quantitative data on ice thick-
nesses, staging, and flow velocities (Figure 5.1 and Tables 5.1 to
5.4). Below Talkeetna, the use of local observers and aerial recon-
naissance flights resulted in information on the sequence of breakup

in the fower Susitna River.

Measurements were initially taken twice daily at specific sites above
Talkeetna known to be affected by ice jams. Water surface eleva-
tions, 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 electronic 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 attached to the cable which was kept vertical
with a 50 Ib. lead weight. With the exception of water depth, these
data are presented in Table 5.1. Residents at Susitna Station, the
Deshka River confluence, and Gold Creek .provided 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
interrelationship between river reaches. Tables 5.1 to 5.4 at the end
of this section present all pertinent information. The following de-

scription is a chronological sequence of breakup events. Breakup on
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the lower Susitna is first described, followed by the description of
breakup events above Talkeetna from April 27 to May 10, 1983.

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. By April 28, there
was an open channel for most of the reach between Talkeetna and the
Parks Highway Bridge. 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 had
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 0.5 feet of

overflow and yet remained intact. No ice jams had occurred.

Observers at Susitna Station reported ice beginning to move down-
stream 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.

The largest ice jam observed on the lower river occurred on May 3
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 (Photo 5.4). The Montana Creek confluence was
flooded but no damage or significant impact by ice or water was
noted.
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On May 4, 1983, two relatively small ice jams formed at RM 85.5 and
RM 89. The jam keys were small but even the minimal staging that
resulted caused extensive flooding of the surrounding gravel and
sand flood plain. Many logs were set adrift that had previously been
stranded after high summer flows.

On April 27, 1983, daily observations and data acquisition began
upstream of Talkeetna. By this time, the river had opened in some
areas by the downstream progression of small ice jams (Photo 5.1).
These minor ice floe accumulations remained on the water surface,
often 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 impor-
tant 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 constricted. On April 27, extensive channel
enlargements and small ice jams were steadily progressing downstream

near the following locations:

Portage Creek, RM 148.8
Jack Long 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 also developed near Lane Creek at RM 113.5 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.
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On May 1, the ice jam key at Lane Creek had shifted down to RM
113.3 and was still accumulating ice floes at the upstream end. The
source of the floes was limited to fragmenting shore ice and no
significant accumulation would occur here until ice jams further up-
stream released. 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. Figure 5.1
shows a relative stage increase at this measurement site of over 3 feet
in 24 hours, illustrating the water profile before and after this ice

jam occurred.

By May 2, 1983, several large 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 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 141. 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. The ice sheet was ap-
proximately 300 feet in diameter and probably between 3 and 4 feet
thick. The upstream end pivoted 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 shal-
low water along a gravel island on the left bank. Several small ice
jams upstream had released and were accumulating against this ice
sheet, extending the jam for about one-half mile. The water level
rose, with an estimated 2,000 cfs flowing around the upstream end of
the gravel island at RM 142 into a side channel. The entrance berm
to Slough 21 at cross section HS was also overtopped. Although the
estimated discharge at Gold Creek was less than 6,000 cfs based on a

staff gage reading, the normal summer flows required to breach this
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berm exceeded 20,000 cfs. The entrance channel at cross section AS
was breached, with about 150 cfs being 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 was
distributed over a wider area. This illustrates the extreme water level

changes caused by ice jams.

By May 4, 1983, stable ice jams had developed and were gradually
growing in size at the following locations between Talkeetna and Devil

Canyon:

Lane Creek at RM 113.2

Curry at RM 120.5 and RM 118.5
Slough 7 at RM 122

Slough 9 at RM 129

Sherman Creek at RM 131.4
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 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 essentially open.

The jam at Slough 21 was still receiving ice floes from the disinte-
grating 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,
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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 consclidated simulta-
neously. 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 consolida-
tion, a surge wave resulted. During one particular consolidation of
the entire half-mile ice jam, a surge wave broke loose all the
shorefast 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, with the
event lasting only a few seconds. This process is essentially the
same as telescoping during freeze-up except that the ice is in massive
rigid blocks instead of fine frazil slush, and is thus capable of erod-
ing substantial volumes of material in a very short time (Photos 5.5,
5.6). 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 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 began to deform. Solar radiation,
erosion and shear stresses were rapidly deteriorating this massive ice
block. 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. Taking into account the travel time, this indicates that the
jam had probably released 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 a
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rapid rise in water levels. The stage increased sufficiently to breach
berms and flood the side channel below Slough 11 adjacent to
mainstem river mile 135. The jam key at this site consisted of
shorefast ice constricting the mainstem flow to a narrow channel of no
more than 50 feet. Large ice flées, 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 resistant to movement due to the high friction coefficient
of the contacting river bed substrata.

‘
On May 5, few significant éhanges 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
(Photo 5.7), 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 (Photo 5.8). Ice floes continuing to
accumulate against the wupstream edge of this wedge exerted
tremendous pressures on the obstruction (Photo 5.9). A pressure
ridge rising at least 10 feet above the ice formed along the contact
surfaces of the wedge (Photo 5.10). 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 (Photo 5.11). Flooding quickly
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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 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 occurred
periodically for the rest of the day but the jam key was never
observed to shift.

Other major ice jams keys on May 6 were located at:

Watana Damsite

Sherman Creek at RM 131.5

Slough 9 at RM 129

Slough 8 near Skull Creek at RM 124.5
Slough 7 at RM 122

Curry at RM 120.5 (Photo 5.12)

Lane Creek at RM 113

A small and unstable ice jam at RM 126 near Slough 8 had
consolidated and the resulting surge started a rapid disintegration of
the remaining 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 flooded by a jam at RM 129 near the
upstream channel entrance. The Slough 7 ice jam received some
additional floes when the jam at Slough 8 released. This resulted in

a rise in water level and flooding at RM 123.

At 6:30 p.m. on May 6, a moving mass of ice debris that stretched

continuously from RM 136 to RM 138, with l|esser concentrations
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extending for many more miles upstream, was observed approaching
the Sherman ice jam. However, the consequences of this on the
Sherman jam were not immediately 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 for many miles. Stranded ice
floes and fragments littered the river banks up to the 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 (Photo
5.13).

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

(formerly Lane Creek jam)

Downstream from the jam at Slough 6A, the river retained an inter-
mittent ice cover that was severely decayed and flooded. Below the
Chulitna confiuence, the mainstem was ice free and no ice jams were
observed. The reaches between the remaining ice jams were generally
wide open. The Curry jam had released overnight and traveled all
the way to the lLane 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.
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At about 10:30 p.m. on May 8, the ice jam at Sherman released
(Photo 5.14), sending the total 3.5 miles of accumulated ice d'rifting
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 between Slough 6A at RM 112 and
the Susitna-Chulitna confluence at RM 98.5 was destroyed and re-
placed by one long, massive ice jam (Photo 5.15). This jam extended
continuously from RM 99.5 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.

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, leaving ice floes deep in the forest
(Photo 5.16). 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
(Photo 5.17). 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 (Photo
5.18). 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 devel-

oped near Jay Creek.
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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
intact near Whiskers Creek and probably would not be washed away

until a high summer fiow.

The ice breakup of 1983 occurred over a longer time span than in
previous vyears, according to historical information and local resi-
dents. This was primarily due to the lack of precipitation during the
critical period when the ice cover had decayed and could have been
easily and quickly destroyed by a sudden, area-wide stage increase.
During a year with more precipitation in late April, ice jams of great-
er 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. lce jams generally occur in areas of similar channel configura-
tion, that is, shallow reaches with a narrow confined thalweg

channel along one bank.
2. lce jams commonly occur adjacent to side channels or sloughs.

3. Sloughs act as bypass channels during extreme mainstem stages,
often relieving the hydrostatic pressure from ice jams and con-
trolling the water level in the main channel. lIce jam flooding
probably formed the majority of the sloughs between Curry and
Gold Creek.

4. lce jams commonly create surge waves during consolidation which

heave ice laterally onto the overbank.

104



s6/jj16

5.

Large ice sheets can break loose from shore-fast ice and wedge
across the mainstem channel, cr‘ea.ting extremely stable jams that

generally only release when the ice decays.
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TABLE 5.1

WATER STAGE AND RIVER [CE THICKNESS
MEASUREMENTS AT SELECTED MAINSTEM LOCATIONS

Water
Ice Surface Top of lce
Thickness Elevation1 Elevation1 Veloci'cy3
_ g 4y ) _ft/sec

April 27, 1983

Gold Creek Discharge:

Observed2 = 4300 cfs

USGS = 2700 cfs

Portage Creek - 832.54 - 5.2

Slough 21, LRX-57 - 749.69 755.5 2.1

Slough 21, LRX-54 3.1 732.21 733.3 2.6

Gold Creek - 682.04 - 4.6

Slough 11, Mouth - [1.11] [3.3] 4.3

Slough 9, Sherman - 617.18 - 1.1
/WS\Iough 9, Mouth 2.2 [5.74] [5.7] -

April 28, 1983

Gold Creek Discharge:

Observed2 = 4100 cfs

USGS = 2900 cfs

Portage Creek 3.9 834.22 (+1.68) 837.0 -

Slough 21, LRX-57 4.2 753.03 (+3.3) 754.7 (-0.8) -

Slough 21, LRX-54 3.0 (-.1) 732.32 (+.1) 733.3 -

Gold Creek - 681.94 (-.1) - -

Slough 11, Mouth - [1.26] (+.1) [2.2] (-1.2) -

Slough 9, Sherman - 617.16 620.1 -

Slough 9, Mouth 2.1 (-.1) [5.57] (-.2) [5.8] -

Slough 3, Head 5.3 - - 3.6

Siough 8, LRX-28 - 552.39 - -

Curry 3.1 522 .46 524.8 -

McKenzie Creek - 487.92 493.3 -

Lane Creek 2.9 [4.01] [4.8] 3.6

LRX-11 - [1.22] [5.3] -

LRX-9 - 379.32 383.9 -

LRX-3 3.7 . 341.00 342.4 -

106




s5/gg2

April 29, 1983

Gold Creek Discharge:
Ol::served2 = 4100 cfs

USGS = 3100 cfs

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

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

McKenzie Creek
Lane Creek

LRX-9

Talkeetna Airstrip

April 30, 1983

Gold’ Creek Discharge:
Obser'ved2 = 4325 cfs

USGS = 3300 cfs

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

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

LRX-3

TABLE 5.1 (Continued)

Ice

Thickness
(ft)

2.8
3.9
2.9 (-.1)
1.3
2.0
3.0
2.9
2.5 (-.3)
4.0 (+.1)
2.9
1.8 (-.2)
2.9
3.6

Water
Surface

Elevation.I
(ft)

833.04 (-1.18)
753.10

732.32

631.94

[1.23]

617.29 (+.1)
[5.80] (+.2)

552.51 (+.13)

522.64 (+.18)

488.05 (+.13)

[4.18] (+.17)

380.63 (+1.31)
[0.55]

833.08
733.74 (+.64)
731.51 (-.81)
682.05 (+.11)
[5.82] )

E3.90]

(-.28)
[1.81] (-.4)
343.43 (+2.46)

107

Top of Ice

Elevation1
(ft)

834.0 (-3.0).
754.5 (-.2)
733.3

[2.5]

[5.6] (-.1)

524.8

[4.8]

833.9 (-.2)
754.52
733.2 (-.1)

[5.5] (-.1)
[4.8]
343.0 (+.6)

Veloci ty3
ft/sec

[$; 18] W =M
W~ o WL 00



s5/993

ice

Thickness
(ft)

May 1, 1983

Gold Creek Discharge:

Observed? = 4700 cfs
USGS = 3800 cfs

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

Slough 8, Head
Curry

Lane Creek

NN
0w =

wWN
[e> 2 {e]

May 2, 1983

wold Creek Discharge:

Obser'ved2 = 5750 cfs
USGS = 3900 cfs

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

Slough 8, Head
Lane Creek

1 NWN
wnN

N
[{e}

May 3, 1983

Gold Creek Discharge:
Obser'\.’ed2 = 6180 cfs
USGS = 4200 cfs

Slough 21, LRX-54 2.8 (-.1)
Slough 11, Mouth -
Slough 8, Head -

Water

TABLE 5.1 (Continued)

Surface

Elevaticm1
(ft)

833.27
752.54
733.09
682.20

523.21
[6.85]

833.63
753.02
731.74
682.62

|-:6.37]

731.91
[4.88]
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(+.2)
(-.6)
(*1.6)
(+.15)

(+.6)
(+2.95)

(+.36)
(+.48)
(-1.4)
(+.42)

(-.48)

(+.17)
(+3.65)

Top of lce

Elevation1 \/elcacity3

833.4
754.4
733.4

524.6
[6.6]

833.7
754.5
733.1

16.5]

733.1

(ft) ft/sec

(+4) -
(-.1) -
(+.2) -

(-.1) -
(+1.8)

(+3) -
(-.2) -

(-.1) -

(-.3) -
9.6
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TABLE 5.1 (Continued)

lce

Thickness
(ft)

May 4, 1983

Gold Creek Discharge:

Observed® = 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, HI9 berm (breached)
Slough 9, Sherman -

May 6, 1983

Gold Creek Discharge:

Observed? = 10,920 cfs
USGS = 5400 cfs

Gold Creek -

Water
Surface

Elevation1

(ft)

682.78 (+.16)

606.51

620.89 (+3.60)

684.15 (+1.37)
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Top of lce

Elevation1
(ft)

\/eloci‘cy3
ft/sec
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TABLE 5.1 (Continued)

Ice

Thickness
(ft)

May 10, 1983

Gold Creek Discharge:

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

Gold Creek -

Water
Surface Top of Ice
Elevation1 Elevation1 Velocity3
_(fy ) _ft/sec

684.97 (+.82) - -

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.

Observed discharges were computed from the U.S.G.S. stage/discharge curve
and are based on staff gage readings. The second "USGS" value is the
provisional estimated flow obtained from the US Geological Survey.

of 2 feet near mid-channel.

Velocities represent measurements obtained at one point on a section at a depth
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— . .
zlative elevation based on an arbitrary datum.
..verage of the maximum and minimum temperatures.

TABLE 5.2

SUSITNA RIVER AT SUSITNA STATION

] PN
Staff
Gauge1
Date (ft)
April 1983
1 -
2 -
3 -
4 6.18
5 6.23
6 6.30
7 6.33
8 6.33
9 6.35
10 6.35
11 6.35
12 6.35
13 6.30
14 6.40
15 6.40
16 6.58
17 6.68
18 6.78
19 6.90
A 20 7.00
) 21 7.10
22 7.33
23 7.63
24 7.95
25 8.68
26 9.43
27 11.10
28 11.45
29 . 11.00
30 11.45
May 1983
1 -
2 -
3 -
4 -
5 -
6 -
7 -
8 -
9 -
10 -
11 -
12 -

Mean Air

Temperature 2

(°C)

BREAKUP OBSERVATIONS ON THE MAINSTEM

lce Thickness

(ft)
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fce began moving

Ice flowing

Ice flowing

Ice 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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SUSITNA RIVER AT THE DESHKA RIVER CONFLUENCE

TABLE 5.3

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

112

A BREAKUP OBSERVATIONS ON THE MAINSTEM
Staff Mean Air Snow
Gauge 1 Temperature 2 Ice Thickness Depth
Date (ft) (°C) (ft) (ft)
April 1983
1 0.00 1.4 3.7 -
2 0.00 1.7 - -
3 0.00 1.1 - -
4 0.00 3.3 - -
5 0.00 1.7 - -
6 0.00 1.9 - -
7 0.00 1.1 -
8 0.00 1.7 - -
9 0.00 2.2 - -
10 0.00 -1.1 - 0.10
11 0.00 -5.8 - 0.20
12 0.10 -0.6 - 1.20
13 0.10 1.9 - 0.80
14 0.20 3.1 - -
15 0.40 3.3 - -
16 0.50 4.2 - -
17 0.50 1.7 - 1.0
18 0.60 2.8 - -
19 0.70 4.2 - -
20 1.00 4.2 - -
‘ 21 1.00 4.7 - -
22 1.20 6.7 - -
23 2.00 5.8 - -
24 2.40 7.2 - -
25 3.40 5.8 - -
26 3.40 6.7 - -
27 3.80 6.4 - -
28 3.80 3.6 - -
29 3.80 6.1 - -
30 4.10 6.4 - -
May 1983
1 4.30 6.7 - -
2 - 8.3 - -
3 - 7.5 - -
4 - 7.8 [ce began moving -
5 - 6.9 Ice 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 lce flowing -
10 1.00 8.9 Ice flowing -
11 1.00 8.6 Open -
12 1.10 10.3 Open -
. 13 1.90 10.6 Open -
T 14 1.50 10.3 Open -
15 1.50 10.6 Open -

Weather

Sunny
Sunny
Sunny
Snow
Rain
Fog
Sunny
Cloudy
Cloudy
Sunny
Cloudy
Snow
Cloudy

Snow
Cloudy
Cloudy
Cloudy
Sunny
Rain
Sunny
Sunny
Sunny
Sunny
Cloudy
Rain
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TABLE 5.4
SUSITNA RIVER AT GOLD CREEK
an BREAKUP OBSERVATIONS ON THE MAINSTEM
Open
Staff Mean Air Channel
Gauge (D 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
A 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
11 - 9000 - Open Sunny

Relative elevations based on an arbitrary datum.

Provisional data subject to revision by the U.S. Geological Survey, Water Resources
Division, Anchorage, AK.

Average of the daily maximum and minimum temperatures.

Visual estimation based on one daily observation.
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PHOTO 5.1
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 downstrezm
end.

PHOTO 5.2

Overflow above the Parks Highway Bridge on April 7, 1983, covering the ice
sheet with over 6 inches of water.
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PHOTO 5.3
This photo was taken on May 7, 1976 from the Gold Creek Bridge, looking
downstream toward Slough 11. The mainstem is completely ice choked and much
flow has been diverted to the left into Slough 11.

PHOTO 5.4
Looking upstream at edge of ice jam (river mile 77.6) on May 3, 1983, near
Montana Creek confluence. lce jam key was near river mile 76.
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PHOTO 5.5
Whe

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 5.6

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 5.7
This shows the release of an ice jam key adjacent to Slough 11. This jam was
about 0.7 miles long on May 6, 1983. The pressure exerted on the shore-fast
ice by this accumulation snapped loose these massive ice sheets.

PHOTO 5.8
A triangular ice sheet wedged tightly between two extended sheets of shore-fast
ice on May 6, 1983. This ice jam at Sherman lasted for 2 days.
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PHOTO 5.9
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 5.10
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 5.11
The ice jam at Sherman accumulated over 1.5 miles of debris. The subsequent
increases in stage and pressure within the ice pack shoved floes onto the
forested islands. This often knocked trees down and caused ice scouring.

PHOTO 5.12
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 5.13
lce jam at Watana damsite, May 6, 1983. Flow is from right to left. Ice jam at

upper right is near the entrance to the diversion tunnel.

PHOTO 5.14
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.
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PHOTO 5.15
Looking downstream from river mile 102.5 at ice jam keyed at river mile 98.5.
This jam formed the evening of May 8, 1983, and extended to river mile 104.
It released the evening of May 9, 1983.

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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PHOTO 5.17
lce debris piled onto the river 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 5.18
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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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. [ée 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 intro-

duces 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. Ice 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
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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 accumulat-
ing 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 up-
stream. These early slush floes possibly filter high sediment concen-

trations in October and retain them in suspension all winter.

When frazil ice collects on rocks lying on the channel bottom, it is re-
ferred to 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 a dark brown color from high sediment concentrations (Photo 4.9).
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

125




s16/u3

entrained sediment rapidly accumulated into an ice cover that progressed

up the entire length of Slough 8A.

Side channels and sioughs 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 z-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 in the
shallow reach (Photo 6.1). 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, and also near Rabideux Slough (Photo 6.2).

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 suddenly shift the border
ice. This occurred near Slough 21 on May 4, 1983. Tons of ice were
shoved onto a gravel island (Photos 5.5, 5.6), entraining particles up to
boulder-size and producing ridges of cobbles, gravels and organics. By
this process of laterally shoving substrata material, ice can build up or
destroy considerable berms and change 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 (Photo 6.3) in May 1983.

An interesting phenomenon observed during breakup was the effective

filtering capability of ice jams and individual ice blocks. Sediment-laden
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water flows through the many channels and interstices between the frag-
ments in an ice jam. These interstices are usually filled with porous slush
which removes suspended sediments from the water. lce jams can concen-

trate 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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PHOTO 6.1
Ice floes stranded by Slough 21 after the ice drive.

PHOTO 6.2
Silt deposit left at Rabideux Slough by melting block of ice. Note the
mechanical pencil in foreground for scale.
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PHOTO 6.3
After the ice jam released near Chase, the ice severely scoured the river banks
and carried away large trees.
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7.0 Environmental Effects

lce processes have been a major environmental force on the Susitna River,
affecting channel morphology, vegetation, and aquatic and terrestrial
habitats. The impacts vary along the length of the river. The environ-
mental impacts of ice processes will be summarized in the following para-
graphs. This will be followed by a brief discussion of potential modifica-
tions to the ice processes of the Susitna River caused by operation of the
proposed hydroelectric development, and the subsequent changes in en-

vironmental processes.

Ice processes appear to be a major factor controlling morphology of the
river between the Chulitna confluence and Portage Creek. Areas with
frequent jams have numerous side-channels and sloughs. The size and
configuration of existing sloughs appear to be dependent on the frequency

of ice jamming in the adjacent mainstem.

Major ice events probably formed the sloughs when ice floes surmounted
the river banks. The size and configuration of existing sloughs is depen-
dent on the frequency of ice jamming in the adjacent mainstem. Ice floes
can easily move the bed material, substantially modifying the elevation of
entrance berms to the sloughs. In May, 1983, a surge wave overtopped a
shallow gravel bar that isolated a side channel near Gold Creek. The
surge also created enough Ilifting 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, 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.

These ice floes scour the banks and move bed material, expanding the
slough perimeter. This scouring action by ice can therefore drastically

alter the aquatic habitat.
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The erosive force of ice effects vegetation along the river. The frequency
of major ice jam events is often indicated by the age or condition of vege-
tation on the upstream end of islands in the mainstem. Islands that are
annually subjected to large jams usually show a stand of ice-scarred ma-
ture 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. Vegetation is prevented from re-establishing by ice jams that

completely override these islands.

Ice processes have several impacts on aquatic habitat. The sloughs may
fill with slush ice, which then forms a ice cover up to 5-6 feet thick.
This would proiong colder than normal water temperatures in the slough.
(It could also cause problems for any beavers with lodges in the slough by
filling pools with ice). Diversion of flow and ice into the sloughs may
cause large changes in channel morphology. Large amounts of silt may be
deposited in the system at breakup, migrating downstream during high

flows in the summer and covering good spawning habitat.

Ice processes do not appear to play as important a role in the morphology
of the Susitna River below the Chulitna confluence. This river reach
below the confluence regularly experiences extensive flooding during
summer storms. These seem to have significantly more effect on the
riverine environment than processes associated with ice cover formation
(R&M, 1982a, 1982c). This reach is characterized by a broad, multichan-
nel configuration with distances between vegetated banks 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 the thalweg is bordered by an expanse
of sand and gravel (R&M, 1982c). Although ice cover progression fre-
quently increases the stage about 2-4 feet above normal October water
levels, no significant overbank flooding takes place, although some sloughs

and the mouths of some tributaries do receive some overflow. The ice
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cover below Talkeetna is usually confined to the thalweg, and surface

profiles rarely approach the vegetation trim line along the banks.

Operation of the Watana and Devil Canyon projects would significantly
modify the ice regime of the river below Devil Canyon. Flow rates will be
2-4 times greater than natural winter flow rates, with water temperatures
of 2°-4°C immediately below the dams. The frazil ice generated in the
upper basin in early winter will be trapped by the upper reservoir. Once
Devil Canyon Dam is built, the major rapids in the system will be flooded,
further reducing frazil ice generation. These major changes in the phys-
ical system and in the hydrologic and thermal regimes will combine to

greatly delay ice formation below the project.

Progression of the ice cover on the lower Susitna is now due to rapid
juxtaposition ‘of ice floes from the upper river, with the Susitna River
contributing 70-80 percent of the ice. Much of this ice will not be avail-
able under post-project conditions. Ice cover progression initiates when
an ice bridge forms at about RM 8 at a sharp bend in the river. With the
reduced volu-me of ice available under post-project conditions, formation of
this bridge will be significantly delayed, or may not even form at all in
some years. Conseguently, ice cover on the lower Susitna will form at a
later date than now occurs. Progression of ice up the river will also be

much slower, due to the reduced ice discharge from the upper Susitna.

Water temperature below the project will not decay to the freezing level for
many miles. It is more likely that an ice cover will form on the river
above the Chulitna confluence when only the Watana project is operating,
than when Devil Canyon is also on line. The ice cover now progresses
upstream from the Chulitna confluence when slush ice bridges a narrow
channel at the confluence. One question now under study is the formation
process of this bridge. in some years, this bridge does not appear to
form until ice cover has progressed up the lower Susitna River to a point
near the confluence. However, it has also been observed to form indepen-

dently when heavy ice discharges were unable to pass through the
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channel, and when the lower Susitna ice cover was still far downstream.
Formation of the bridge appears dependent on the rate of ice discharge
from the Susitna above this point, and on the location and flows of the
various Chulitna River channels. It must still be determined if sufficient
ice will be generated under post-project conditions to cause this bridge to
form and whether an ice cover will progress up the lower river in time to
help form this bridge. If ice does progress upstream of the Chulitna
confluence, staging levels will probably be higher, as flow levels and

velocities will be greater than under natural conditions.

Breakup patterns will change on the river below the project. An ice cover
may or may not exist above the Chulitna confluence. The warm water
released from the reservoirs, combined with the increased air temperatures
and solar radiation in spring, will cause the upstream end of the mainstem
ice cover to decay earlier in the season. Flow levels will be significantly
lower in May as the reservoir stores flow from upstream. No ice will reach
the river above the Chulitna confluence from above the reservoirs. The
breakup processes now occurring above the Chulitna confluence will be
effectively eliminated. Below the Chulitna confluence, breakup impacts will
probably also be reduced due to the lower breakup flows, although ice
thicknesses may be increased due to the increased winter flow levels. The
lower Susitna River generally is ice-free before the final breakup drive

reaches it from above the Chulitna confluence.
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APPENDIX A

Monthly Meteorological Summaries for Weather

Stations at Denali, Watana, Devil Canyon, Sherman and Talkeetna
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ITHLY SUMMARY FOR DENALI WEATHER STATION
A TAKEN DURING February, 1983

RES. RES. AVG. MAX. MAX. DAY’S
HAX.  HIN.  MEAN  WIND MIND WIND GUST GUST P/VAL MEAN HEAN SOLAR
DAY TEMP. - TEMP. TEMP. DIR, SPD. 5PD. DIR. &PD, DIR. RH - DP PRECIP  ENERGY DAY
DEGC DEGC DEEC DEG K/S WS  DEG N/S % MG C i WH/ 568

] 7 -14,2 -6, B ne BRER O RRER  REKE REER KRR % RRRE RAkE E22 20 T
2 -4,2 -{1.8 8.0 #xx FHER  RRME KR HEEE  RER ORE ARARE  NEEN F31237 2
30 0-37 A0 F7.4 0 EE EERR MR RRR RERR OERE B BHEE Mk A 3
4 -4.6 -11.9 -8.3  xx# RERE O RARE kAR REEE  HEE B RREER NRER 698 4
5 -3,4 -14.2 =9.3  ku B KRR RER HRE  EME OBE RRRNE  REER B3 35
& =30 ~l11.6  -T.h  EER EER O HEEE  BEE HEE O KK REEEE  RERR 743 &
7 -3.2 -8.1 “5.7  #Ex RREE  REEE  RRM REEE  REE  EE REEKE  EERR 858 7
8 5.3 -9.9 =7.b6 % ETTT I 1T S RERE  REE R KRR ENNX 578 8
9 9.2 -14.5 -11.6 au BEAE NRER BN MG R RE NNREE  REER 770 9
14 -11,9 -22.4 -17.2 %%k RERE  RRR NEE EARR REE RE AR NERE 873 10
i1 -13.7 -24.9 ~-19.3 ®%x RERE  ANEE KKK FRRR KRN RE RERNE KR 1378 1
12 -15.7 -2b.8 -21.3 s RERE RNRE  RNR HEEE  RER RE RN RHERE 948 12
13 =22.8  -30.0 -P6.4 MR EREE  KEEE  ERE  NENR NRE  BE O MENEE  HERE 1555 13
14 -19,2  -31.6  -25.4  mEn EEER O ERER O ERE O BERE OERE  HR O REKEN M 1758 14
fﬁmw\ 15 -16.7 -31.2 -24.0 wmx FEER  RERE XXX BREE  RRE RN RENRE  KEEX 1775 1§
‘ 16 -17.5  -31.4 =245  &¥% s ENEHE e BEEE O HRE X% HEEE  RERE 1845 16
17 -17.6  -31.,34  -24,5  wEk  EREk AREE  RNE ENEE O NMN XE NRREE  NREX 1893 17
18 -14,5 -31.0 -22.8 s#xx HRER  RREE  RNE REEE  BEE O RR BEENE  RRRM 1220 18
19 =49  -19.1  -12.0 ¥R mEER EREE O HEE NERER O REE K HOHEE O ERER 1995 19
20 -B.3 -19.1 -13.7 *xx RRRE  RERE XER REER KR KE BNRHE O RREE 1663 20
21 =5.9 -18.6 -12.1 s RERE  RREX XN EERE  NEE RN BRER KRN 1988 21
22 S50 -1B.1 -11.6 e REEK AEEE RHE KREE EEE BE MO O A3 22
23 -3.9 221  -15.5 aux EEEE AR R%E REEE  EEE ORR RNEEE  XNER 1975 23
24 -3.3 -12.5 =7.9  #xx RERE NN RN RERE  EEE R REENE  RNER 1298 24
25 -B.3 -17.6 ~13.0 uxx BHEE RRRE AR HEHE RNE NE HRERE  REER 2088 25
26 -5.86 -13.8 -11.2 *xx ARRR RN REE HREE  RER  ER RRENR O XRAX 2170 2%
27 -B8.4 -17.2 -12.8 ¥ REER O RRRE  RER FEEE  OERE ER EEERE MMM 1803 27
28 -3.§ -11.4 “7.b aEx 0.0 0.0 wxx 0.0 *%% £% RERER NN 1318 28

KONTH g -6 14,1 e 1.8 0.0 *xx G0 # ¥ EkEEE BRER 36403

GUST VEL. AT HMaX. GUBT HINUS
GUST VEL. AT MAX. GUST MINUS
GUST VEL. AT MaxX. GUST PLUS
GUST VEL. AT MAX. GUST PLUS

INTERVALS 299.0
INTERVAL 999.0
INTERVAL 999.0
INTERVALS 999.0

fJ == =

"Et RELATIVE HUMIDITY READINGS ARE UNRELIAERLE WHEN WIND SPEEDS ARE LESBS THaN
ONE METER PER SECOND. SUCH READINGS HAVE NOT EEEN INCLUDED IN THE DAILY
OR MONTHI-Y MEAN FOR RELATIVE HUMIDITY aAND DEW POINT. '

¢«x SEE NOTES AT THE BACK OF THIS REPORT  xwxx
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MONTHLY SUMMARY FOR DEMALI WEATHER STATION
DATA TAKEN DURING March, 1983

NOTE:

e e 24 36

B o G

PROJECCT

‘ RES. RES. AVG. MAX, HAX. DAY/S
HAX. HIN. HEAN WIND WIND WIND GUST  GUST P/VAL MEAN MEAN SOLAR
DAY TEMP, TEMP., TEMP. DIR., 5PD. SPD. DIR. SPD. DIR. RH op PRECIP  ENERGY DAY
DEGC DE6C DEELC DEG WS W5 DEG WS 1 DEGC MM RH/ SO
1 =7.7 -18.4 -13.1 sux FRRE  ERAE EXR EEER  RRE  RE EREXE  REEN 1320 1
2 -11.5 -23.2 -17.4 ¥ HHHE NN NNE FREE  ORXE  BE RERRR  BEME 1518 2
3 -{2.6 =-26.2 ~-19.4 xxx EEEE  NEEE  RNE RENE RER RE REXNE  NERER 983 3
4 -12.5 ~19.7 -16.1 *xx EEER  ENRE KRR HEEE  REE KX NNENE  XNNN 133 4
5 -10.1 -20.6 -15.1 %% REER BERE RXNX RERE  REE O OER O AREEN BMEX 1178 5
& ~10.1 -20.6 -19.4 %% RRER  MEEE EEX HEEE  EER XX EHHEE O XXNE 1865 &
7 5.4 -20.9 -15.2 sEx HERE  NNEE NER EREE  REE R EREER O REEE 2158 7
g -11.7 -26.4 -19.1 #%x RREE  OERNE HEX FERR OREE OFR RRERR XN 2333 8
9 -10.7 -26.7 -18.7 % HEEE  BEEE MK REEE  ORER ER RMREER  REX 3129 9
18 -8.8 -143 -l1l.6 340 1.3 1.7 297 7.0 HNW %% Nk mEe 2083 18
1 -1.7 -13.4 -7.6 173 2.4 3.1 16 8.9 SSE @ EEenk  ExRx 2713 1
12 1.8 -12.5 -5.4 128 A 1.6 1483 2.5 M Ex EREEE e 2318 12
13 -8 -2 -85 338 gJ 1.2 33 3.8 NNE  RE mEmEE NENR 3193 13
14 -4.2 -17.1 -10.7 33 4 9 344 3.2 NNW %% ExEek wx 2670 14
13 -9 -15.0 -8.8 172 3 1.7 163 3.7 § R OREREE  MERE 2573 13
16 3.4 -10.6 -8 347 1.8 2.0 34 3.7 HNNH % MeEER R 3133 16
17 =31 -16.0 -10.6 340 1.1 1.4 33 3.5 NNN ¥ maux e 3610 17
18 -4,9 -21.6 -13.3 342 .8 1.3 350 3.8 NNW % X%NNE RREE 3330 18
19 -6,4 -1%.7 -13.1 33 K. 1.0 330 J.3 NME ¥ REEEN REEX 3388 19
2l 3.4 -1b.4 -9.9 244 A 1.5 180 7.6 N B RNNER HNER 3282 20
21 -9 -15.1 -B.0 34t 7 11 186 T8 N %% REEER  ENXE 578 21
a2 3.3 -16.6 -10.0 344 N 1.8 00 2.5 MHNN  ®X  ENENE  ENER 3793 22
23 -4.7 -18.0 -11.4 4 B 1.8 3B 3.2 NNE s xEmRR akEN /5 23
24 3.9 -19.8 -11.9 343 7 1.0 004 3.2 NNM e REENE  RREN 3178 24
23 d 0 -143 0 -7 34 .9 1.3 35l 4.4 HNW %% ERERE  XNER 3923 28
28 -3.7 -17.0 -i0.4 {70 2.2 L0 176 108 5 o mEERk Bk I8k8 24
27 -3,6 -15.9 -%.8 175 1.6 3.2 172 2.7 5 B ERNEE REER 3933 27
28 -6.3 -17.B -12.1 348 1.3 1.7 127 5.7 HNH % RRERR REEE 3888 28
29 -t.6 -20.0 -1.8 341 8 1.3 344 3.8 HHW s mEeEx REkk 4238 2
3 -2.1 -17.8 -10.0 343 .7 1.1 340 J.2 NNW  ®E RERER O RENE 4333 30
3 -1.8  -16.9 -2.4 348 1.6 t.8 218 3.1 NN ¥ memed Xk /70 3
MONTH 1.8 -26.7 -11.B 135 .4 1.8 172 12.7 NN %% RXEEE gNER 70558
GUST VEL. AT MAaX, GUST MINUS 2 INTERVALS 2.5
GUST VEL. aT HAX. GUST MINUS 1 INTERVAL .9
GUST VEL., aT MaXxX., GUST PLUS 1 INTERVaL 11.4
_GUST VEL. AT MAaX., GUST PLUS 2 INTERVALS 11.4

RELATIVE HUMIDITY READINGS
ONE METER PER SECOND.

OR MONTHLY ™MEAN FOR
SEE NOTES AT THE RACK OF THIS REPORT

141

% X ke 2

ARE UNRELIABLE WHEN WIND SPEEDS
SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILLY
RELATIVE HUMIDITY AND DEW POINT.

ARE LESS THA
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YTHLY SUMMARY FOR DENALT WEATHER STATION
A TAKEN DURING épril, 1983

RES. RES. AUG, MAX. MAX, DaY’S
MAX.,  NIN.  MEAN  WIND WIND WIMD GUST  GUST P/VAL MEAN MEAN SOLAR

DAY TEMP, TEWP. TEMP. DIR, SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY

DEGC DEGC DEGC DEG W/S WS DEE N/ 1 DEEC  HM WH/S0M
1 -1.1 -16.8 9.0 340 1.6 1.9 342 5.7 NN #% w00 4305 1
2 -7 -163 -B.6 339 1.2 1.6 344 5.1 NN % wxaxx .0 4683 2
3 3.8 -145 -5.4 10 2.9 3B 138 235 5w xxwex ). 4735 3
4 453  -4.4 d 195 2,1 4,0 154 20,7 WoW  xx  smxxx (.0 2440 4
3 .8 -8.8 -4.0 1&b 41 45 152 13,3 SSE ¢ wmxmxw (.0 4065 35
b 13 -11.9 -4.8 18 40 L6 184 7.0 0§ ®x amwxe (.0 o048 &
7 8 -13.%  -4.6 33 B 14 M 5.1 HNW O e meEEx .0 4655 7
8 B -169 -B.1 340 1.0 1.5 T4 3.6 NNW  wx  mmwxx [, 870 8
? 2.7 -11.7  -4.5 139 b 1.4 225 5.1 NN xx wexwx .0 4013 9
id -6.7 -18.6 -12.7 I 3.4 3.5 D0e 6.3 N ®  wxmmx (.0 G40 19
11 -4,2 -22.2 -13.2 188 1.3 3.2 14 16.5 S % xEmxx (.0 3793 11
12 43 -5 -.4 168 31 3.8 146 15,2 S5E wx  wwmwmx ). 4235 12
13 -6 -9 5.3 344 1.3 1.8 I3 S.1 NNB O s owmxxx )0 3398 13
AT 14 1.y -2.9 -3 190 41 5.0 177 127 0§ o wene .2 5698 14
: 15 2.1 -3 -9 18] 3.9 4.3 155 12,7 SSE  ®mx mnaux .2 4038 15
16 A0 -42 241 3l 4,0 3.1 339 7.6 NNW % xExsx 0.4 5368 16
17 4.6 -B.2 -1.8 24 2 2.6 161 1.4 NNE %x  mexxx 0.0 Ed 17
1B 2.4 4.4 -9 152 48 5.4 137 17,8 SSE s wewxx (.0 Se2B 18
19 3.1 2.2 S0 182 6.0 6.9 144 20,3 SE  kx  wmemx (.0 3908 19
20 3.7 -4 8 17 2.2 3.0 162 140 § e wmwexr (., S013 20
21 4,2 -u.b -4 18 7 1.6 139 7.6 5  sx  wmxxx 0,0 6893 21
22 3.0 -4.2 4 180 33 039 167 10,8 0§ e wmEmx 0.0 b34f 22
23 5.4 -1.8 1.8 M 1.7 2.0 188 7.6 8§ ¥ Exxmx 0.0 5070 23
24 3.7 -2.4 1.7 348 2.1 235 339 B.7 NNW %% e (0 692F 24
23 12,3 -2.5 3.0 329 d 0 1.7 1hb 5.7 N ¥ xxxmx 0.0 6803 25
26 64 -3.5 1.5 348 2.8 29 06 6,3 NNN  ®x  xwsax (.0 6773 24
27 8.5 3.3 1.6 39 2.7 2.8 9 5.7 N #% xxwmx 0,0 6863 27
28 7.8 -4.7 1.6 328 b 1,2 336 4.4 NNW  ®x wexax (.0 a5y 28
29 5.4 .2 2.8 338 2.2 2.3 358 63 N o mwmer . 4 4015 29
30 44 -2.8 B 383 3.8 3.9 339 8.9 N sx  xxxmx [0 7028 30

NONTH 12,5 -22.2 -2.3 1éb A0 2,9 1380 23,5 NNE O wk o wRs B 15430

GUST VEL. AT MaAX, GUST HMINUS 2 INTERVALS 20.3
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 19.7
GUST VEL. AT MeX. GUST PLUS 1 INTERVAL 19.7
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 17.1

E: RELATIVE HUMIDITY READINGS ARE UNRELIARLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT REEN INCLUDED IN THE DAILY

AR MONTHILY MEAM FOR RELATIVE HUMIDITY AND DEW POINT. :

A SEE NOTES AT THE RACK OF THIS REPORT  x®xx
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MONTHLY SUMMARY FOR DEMHALL WEATHER STATION
DATA TAKEN DURING Maw. 1983

RES. RES, AUG,  NAX,  MAX, DAY’S
HaX.  NIN,  KWEAN  WIND WIND NWIND GUST  GUST P/VAL MEAN MEAN S0LAR

DAY TEMP. TEMP. TEWP. DIR. SPD, SPD, DJR. SPD, DJR. BH DP  PRECIP  ENERGY DAY
DEGC DEGLC DERE DEE WS M/E  TEG  M/S i DEEC MM WH/SEM

1 .1 -5.2 % 200 1.0 1.7 183 8.7 S84 s xxwmx {,) 75 1
2 5.0 -.B 2.1 218 S0 1.7 13 9.9 W o exxx 1.2 a4 2
T EEEER O BNENE O RNERE BN REEX  EEEKE  REN O REEX  ONRE  EEK O FENEN O XARE  BOEEEE 3
4 3.8 -4.5 -4 229 A4 11 170 4,4 S % mmaxx .0 5198 4
o 5, -1.4 1.3 3% .8 S 343 5.7 NNl % swmex (.} 7088 5
Y &, -2.8 2.1 33 .3 2 I 3.8 N ow osxex 0.0 q98) 5
7 b, -3.3 1, 348 2.5 B 342 7.0 NNY O % meeNx 8.8 HBOZ 7
8 8. -1.7 1, 346 1.3 3 348 4,4 BNY  %x  Fersx 0.0 7570 R
9 ?, -2, 2. 229 N 3 205 4.4 S, sx  zxswx D0 £715 7
18 g -1, 3. 202 1.6 7 177 7. g B OARNEE 8.0 7553 18
11 10, -2 3. 312 1.1 2 242 6.3 NN osx vemex §, 10 M 1
12 7. 3. 283 1.2 g 19 8,3 GBM #x ek 0,0 4360 12
13 11, 1 &, 199 1.2 3 228 5.7 G54  Ex zeexx 0,0 5903 13
14 9. 2 b, 198 1.4 2 187 7. 5 @ xmewx 0.0 5303 14 (o,
13 5! 1 5, 324 1.1 2 17 5.7 MNN O os% wwEEx g.8 318 15 ‘ i

14 8 { 4, 182 2.4 ¢ 173 11, 8 o ek 20 4553 14
17 3 3 219 ] 4 284 7.0 GGW % EEExx 1.7 12 17
18 3 3. 170 3 6 159 N s w6, 3905 1B

2, kN 7 &

g

N

T i WO P w3 ek O 60 d LA e =D w3 a0 P w3 B0 G e 3 PO CO CO GO CA LA
IO B 3 E et e B O BN O RO 3 LA B B PO RO ~O A0 X L0 O Do e
- PO e PO P I PO Lel G b e et 3 ek P e ek ) P b ek () ek

PO ek Ll s
ron;q“d'::r.xw-:_h:—h:—-li'b;'amjtdl.‘.r-‘l-‘d.h::EOLHOI‘.-JU‘IU"-I:E!

b

3

3

7

b

7

4

Ll

7.0 g

19 - e} ' 2h4 6,3 R # dERE 8.0 898 19
20 11, 7.2 283 2.9 g 333 2.3 HWW s wxrse 00 3387 20
2 8. 5 283 2.4 263 10,8 uSW  oxx wxwxx 0.0 am 2
22 8, 3.3 - 186 1.5 [ 164 B.3 558 u%  awnkx A 4783 22
23 B. 4.6 183 1.8 5 143 12,7 SE s wmmt 1.4 4773 23
24 9, 1 3 144 ] R & 4 8.9 NME % wawsx 8.0 5093 24
23 13, b 43 .7 4 278 7.6 H ¥ ExEx .8 4223 23
24 7 2, .1 185 ;| 5 223 9.5 0§ 2w mwees 2 3785 2h
27 2, b, 4 207 b d 014 7.6 MMM % wmNEk 0.4 4803 27
28 13, 3 8, 387 4 G122 114 £ o# wer DG 4500 28
29 ib. ., 1n, 145 3.9 40 18 17,1 5F  #%  xEmex n.n A0 29
Ia 21, 7. 14, 177 1,2 2.4 177 1.4 0§ s w00 5733 38
3 5.8 1. ? 1h4 3.1 4.2 138 17.1 38E  #% wxaRs 1.3 An43 31
MONTH 21.4 -5, 4, 208 g 2.2 1A 17.1 sl m%e kadax 7.6 161899

TOMEL L AT MaX, GUST MIMUS 2 TNTERVALS 10,2

ST VEL. AT MaX, GUST sMINUS 1 TNTERVAL 0.4
GUST VEL . AT MAaX, GUST PLUS 1 INTFRUAL 11.4
GLET VEL. AT Max., GUST PLUS 2 THNTERVALGS .

MOTE: RELATIVE HUMIDITY READINGS ARE UNRFLIABLE WHEN WIND SPEFDS ARE LESS THi
ONE METER PER SECOND. SUCH READINGS HAVE NOT REEN THCLUDED IN THE DAILMT
OF MOMTHLY MEAN FOR RELATTUE HUMIDTTY AND DFW POTMT, ’
x%x%  GEE NDTES AT THE BACK NF THIS REFORT  %xxx
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10NTHLY SUMMARY FOR WATAMNA WEATHER STATION
DATA TAKEN DURING September, 1982

RES. RES. AVG. HAX.  MAX. DAY’S
HaX,  MIN. HEAN  KIND MIND WIND GUST GUST P’VAL HEAN NEAM SOLAR
DAY TEWP. TEMP. TEMP. DIR. SPD. SPD, DIR. SPD, DIR., RH DP  PRECIP EMERGY DAY
DEGC DEEC DEEC DEE MW/S WS DEE MW/S * DEGC MM WH/ 50N
1 11.1 2.8 6,9 038 7 1.4 145 5.0 0N am xweks .2 498 1
2 11.3 1.2 43 250 Ly 24 7.0 B wk owwmex 2.2 3938 2
3 741 2.1 4.6 3137 A4 11 291 5.7 N &% aaaxse §,2 2098 3
4 10.9 7 5.6 059 8 1.6 138 4.4 N s sxexx 0.0 4485 4
3 13.6 2.9 8.3 079 .6 5.8 094 14,0 E  #  sxexx .8 a9 5
& 14.5 5.9  18.2 678 2.8 3.5 082 10.2 E sk ewnmx 1,2 2930 &
7 2.9 3.1 7.9 249 28 2.9 4 7.0 W # Exmke 4.4 2865 7
8 7.4 4.9 6.2 268 1.6 18 21 4.4 " §  xx Eemxx 2.2 1490 8
9 8.8 4,8 6.7 089 1.7 2.1 187 8.3 E  #&  axsxx 4.6 2265 9
10 8.5 3.4 6.0 130 1.2 1.5 047 4.4 N ® xEemx .0 2220 10
1 6.4 .4 3.6 297 1.1 1.9 235 B9 W e mmx 12,0 1695 11
12 7.6 -6 3.5 181 2.4 2.8 7% 10,8 E  ®%  meaxx 2.4 3743 12
13 1241 1.4 6.8 063 2.3 1.7 035 8.9 ENE %% exxxx 13,4 2195 13
(ﬂ“ 14 7.8 5.2 65 179 1.7 2.8 73 7.0 ENE  #%  mmmxx 12,6 1185 14
b 15 9.1 6.4 7.9 054 3.9 3.6 089 7.6 NE %% axx¥x 7.6 42 15
16 EREE  HEEER O HENHE  HE BEEE MEER  REE RHER  EEE RE RERNE O NNRE  MEEERR 1§
17 7.9 6.0 7.0 2% 1.1 1.3 330 3.2 WNM s swxxx Q.0 908 17
18 11.4 4.0 8.7 1078 2.1 3.2 1t 8.9 E - xx wmemx 0.9 2365 18
1% 8.1 2.6 5.4 289 1.1 1.3 251 5.7 W & #xmex 4.8 1410 19
20 7.3 2.4 4,9 393 1 1.3 238 4.4 B e EnkEm b 2143 248
21 18.2 2.1 6.2 079 2.4 3.9 @88 114 E  m  mwx 1,6 1413 21
22 63 -1 2.7 2Bb 1.2 1.9 248 7.6 W % exxxx 1,0 2720 22
a3 6.7 -4 1,3 328 B 1.7 226 5.1 N & wxxxx 0.0 3938 23
24 7.9 -5.6 1.2 W73 2.2 23 075 7.0 E e owxxexx (0 2960 24
23 10.2  -1.} 4.6 058 1.4 1.9 078 7.0 B mx sxxxx 0.0 2745 25
2b 5.2 9 I 32 4 1.5 045 9.1 WNN %% axxxx 2,B 1798 26
27 8.3 =2.1 2.2 285 1.6 2.2 289 7.0 W s ENxae b 7B 27
28 31 43 -6 178 47 4.4 183 9.5 ENE #% axxxx 2,0 1594 28
29 4.7 A 2.4 170 2.8 3.0 092 7.6 NE % sxmex 5,8 1738 29
30 2.9 -1 9 274 B 1.0 281 3.8 W Ex smeax 4.4 1568 30
HONTH 14.5 -5.6 9.0 062 90 2.4 094 140 E 0 owx o wxexe 100.8 67240
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 10.8
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 2.5
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 11.4
GUST VEL. AT MAX, GUST PLUS 2 INTERVALS 10.2
0TF: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THaN

ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY
' Ok MONTHLY HMEAN FOR RELATIVE HUMIDITY AND DEW POLNT.
¢ SEE NOTES AT THE BACK OF THIS REPORT w®xxx
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SUSTTNA HYDROEILLECTRIC PROQJS 2T

MONTHLY éUMﬁARY FOR WaTANA WEATHER STATION
DATA TAKEN DURING Dctober, 1982

/
RES. RES. AVG, HAX. HAX. X DAY’S
HAX,  HIN, MEAN  WIND WIND WIND GUST  BUST P/VAL NEMN HEAN SOLAR
DAY TEMP, TEWP. TEWP. DIR. SPD., SPD. DIR. SPD. DIR, RH DP  PRECIP ENERGY DAY
DEEC DEEC DEGC DEG WS W/5 DEE H/S i DEGC KM WH/ SN
1 17 -2t .8 218 1 b 2N 3.8 SE s wexmx 0, 188 1}
2 2.2 2.0 1 b2 9 10 118 4.4 N s dxxex 0,0 2278 2
3 1.8 -2.6 -4 032 2.2 2.4 1 6.3 NE  #%  Beaxx 4 1488 3
4 1.9 -3.3 -7 049 33 34 B4 7.6 NE  #x¢  wexmx 0,0 2698 4
3 -1 <35 -8 040 4,0 41 3B B.9 NNE #x sxsxs 0.9 2780 3
6 i -39 -1.2 049 4.3 A4 DH4 8.3 NE  mx  xxxxx 0.0 2005 &
7 -8 -3.8 -2.3 W9 33 38 73 8.9 ENE %% xsxe  §.0 %5 7
8 2.3 =57 -4 248 38 3.5 28 B.9 WSW #x  xxxxx 0.8 2229 8
9 -1.2 -18.9 -5.1 274 1.4 1.6 257 44 N ¥ sewxx 4,0 1468 9
10 -9 <73 -4y 29 B0 1.1 268 3.8 W xx smxxe 0,0 1985 18
1 -1.9 -2.9 5.9 xxx £EER 1.5 % EEEE  ERK OB REREE 2 9 11
12 1.8 -42 -1.2 &2 4,4 4.6 079 11,4 ENE %% xawxx 2 1080 12
13 -3.3 -18.1- -18,7 132 1.3 2.0 829 8.3 N & axexx (.0 143 13
14 -41 -{4.5 -9.3 048 t7 1.9 0% 5.1 B ex w00 1513 14
15  -40 -17.2 -10.6 039 1.8 22 73 7.6 N s amws (.0 2619 15 A,
14 -3.2 -11.3 7.3 (&7 3.1 5.1 086 18,2 ENE %% wmexx  ).{ 1020 18
17 -3 7.6 -41 W2 1.0 1.4 N7 3.8 NME s Emxxx (.8 1648 17
18 -3 =10 5.7 103 1.2 1.3 34 3.8 N %% xxxsx 0,0 2100 18
19 3.1 -6.6 -8 065 1.2 1.5 037 3.8 E s s (0 1056 19
20 41  -4.7 -3 052 2.3 2.7 2% 8.9 NNE % mmexx §.8  vexwmnx 2
21 -1 73 3.8 44 4,7 A% B3 8.9 NE = semex 0,0, w#xd 21
22 =33 -12.1  -7.7 132 3.9 &0 05F 10,2 NE s wmews 0,0 dwEuxw 22
23 -4,5 -16.0. -10.3 083 3.5 5.7 043 B.9 ENE #% wiexsn 0  sawssxx 23
24 6.4 -16.8 -11.6 08b 4.0 4.2 075 B.9 ENE % mexxx 0.0 meieex 24
25 -4.4 -14.6 -9.3 @B 2.2 25 6,3 ENE x¢  wmex¥e 0,0  xsndme 25
26 -1 -22.7 -16.7 (81 3.2 3.6 197 B.9 £ s semax 0,0  xexkse 2b
27 173 -27.9 -22.6 B4 2,7 2.9 082 B.3 ENE %% sxdnx  §,0 1550 27 -
28 -1,2 -21.2 -18.7 @72 3.9 40 172 9.5 ENE  #%  xxxxx 7] 736 28
29 -16.3 -22.3 -16,3 302 J 0 14 I 3.2 W #k aEEex A 1905 29
3 -15.1 -32.8 240 mex RaEs 1.6 e sk ek xx mees 0.0 1488 10
I -13.1 -24.3  -18,7 {36 6.2 4.4 056 10,2 NE  xx  xewwx  §.0 1035 31
HONTH 5.1 -32.8 7.6 1% 2.7 3.0 0179 114 ENE  oex  smxEx 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 MaAX. 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 THAL

DNE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY Aﬂ%
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.
#%x%% SEE NOTES AT THE BACK GF THIS REPORT #xw%%
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1 TAKEN DURING Hovewmber, 1982
¢
RES. RES. AUG. MAX.  MaX. DAY’S
HAX,  MIN. HEAN  WIND WIMD WIND GUST GUST P/VAL MEAN MEAN SOLAR
DAY TEMP, TEMP, TEWP. DIR., SPD. SPD. DIR. SPD. DIR. ®#H DP  PRECIP  ENERGY DAY
DEGEC DEGC DEGC DEE H/8  W/S  DEG WS 2 DEEC MM WH/SIH
"1 3.0 -14.%. -9 172 $,3 6.4 073 140 ENE s smexs .0 108 1
2 -1,4 -10.¢ -5.2 188 1.9 2.0 064 5.3 E ¥ xxywx D, | 2
3 -4,3 -13.4 -89 7 2.7 2% [7 7.6 ENE #x  zeexx 0.0 w 32
4 -4, -9.2  -58 &b 4,0 41 98B 10,2 ENE osx owmwmx (.0 NI 3
3 -8.4 -15.7 -12.1 @32 2.3 2.4 037 5.1 HE s sxeer 0.0 963 3
& 111 208 -15.9 04 1.2 1.4 1§45 44 FE wx zmamx 0.0 1523 5
7 -f2.6 -21.% -17.3 044 3.6 37 164 .5 EHE  ex  xxxex 0.0 1818 7
8 -11.2 -16.5 -13.9 (b4 4.7 4.8 064 114 ENE = xmmwx 0.0 %23 B
b -8,2 -18.3 -13.4 302 8 1.2 288 5.7 WNW O oEx marxe 5.8 8% 9
10 -8.7 -16.7 -12.5 004 3.9 AL 187 9.5 EME =% xExus .2 373 18
1 5.4 -9.5 -7.3 083 1.9 2.0 @78 7.6 ENE %% %EERX 0.8 648 11
i2 -6 =7.1 -4.4 086 5.9 60 082 121 EME &8 -9 8.1 750012
13 -1.3 =60 -3.8 054 3.2 1.6 08B B9 NE 73 -7.3 8.0 £43 13
14 -4,2 -10.2 -7.2 08 1.2 1.3 008 3.2 0N s ozexxx D0 798 14
o 13 -5.8 -17.6 -11.7 & 1.5 1.7 089 4,4 ENE 48 -14.% 0.8 920 15
16 -19.2 -1%.4 -14.8 075 1.7 1.8 173 5.7 ENE 72 -20.4 0.9 1002 16
17 -152 =-22.7 -19.5 77 2.3 23 173 44 E 83 351 0.1 998 17
18 -14,5 -24.5 -12.59 Q&b 2.8 3.1 041 8.1 ENE 47 -28.8 1.1 1003 18
19 -168 -24.7 -20.8 470 5.7 5.8 174 114 ENE 4 -2B.% 3.0 78% 19
2 -13.3 -17.9 -15.46 2.4 2.5 MM 7.6 B 92 232 4.0 oz 20
21 -5.4 -13.1 -10.% 181 1.6 35 Q%2 7.6 NE 5B -1&4 0.0 - oy 2t
22 51 -11.2 -8.2 (%% 1.8 2.0 1% 1 B 82 140 03 433 22
23 -2.7  -5.5 -4.1 (%% 4,3 4.4 59 7.0 ETNE 71 -85 0.3 435 23
24 1.6 -42 -2.9 138 4,5 45 @ 7.0 HE %% mewex D4 620 24
25 -3.3 -1,y -7 07 4.5 45 8 9.0 ENE 73 -6 B0 318 25
2h -5.8 -11.8 -8.7 082 5.7 3.7 067 1.8 ENE A6 -13.7 0D 98 26
27 -3.8 -14.5 9.2 (kb 2.3 2.4 & 7.0 EME 73 -%.2 0.0 Sl 27
23 -7.2 -6 -11.9 171 1.8 1.7 (40 4.4 B % xwEwEr .9 558 28
29 -7,y -%.4 -B2 1%8 34 3.0 IS8 7.6 NE %k XEEn¥ f.5 gy 29
3t -5.9 -15.2  -il.1 03S 3.8 4.1 030 19,2 MME 77 -6 3D e 34
MONTH -1.4 -24.7 1.7 043 34 33 W 14,0 ENE 82 -16.3 2 21573

GUSBT VEL., AT Max, SUST MINUE 2 ITHTERVALE 12,1

GUST VEL. a4T Max, GUST MIMUS 1 IMNTERVAL 11.4

CUST VEL. AT MAX. GUST PLUS 1 IHTERVAL 13.3

GUST VEL . AT MAX. GUET PLUS 2 INTERVAGLE 12.1

(‘f

RELATIVE HUHMIDITY READINGS

ARE UNRELIARLE

ONE METER PER SECOND, SULH READINGE HAVE
AoRR MONTHLY MEAMN FOR RELATIVE HUMIDITY AND
EE NOTES AT THE RalKX OF THIS REPORT  wwxx
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MOMTHLY SUMMARY FOR WATAMNA WEATHER STATION
DaTA THKEN DURING December, 1982
4
. RES. RES. AVG. HAX. X, DAY’S
MAX.  NIN,  MEAN' WIND WIND WIND GUST  GUST P'VAL MEAN HEAN S0L&R
DAY TENP, TENP. TEWP. DIR. 5PD. GPD. DIR. GPD. DIR, RH OP  PRECIP  ENERGY DAY
DEGC DEGC DEGC DEE M/S WS DEE WS % DESC. AN WH/SGA

{ - -14.4 -19.7 -17.4 032 53 57 625 10,8 NNE &b -21.9 &0 443 1
2 -7 -23.% -20.5 070 5.3 5.4 071 1.2 EME 39 -24.8 0.0 498 2

I -17.7 -24.2 -2i.0 085 4.3 48 074 9.5 EWE &0 -26.3 2 48 3
4 -i5.1 -24,1 -i9.4 063 5.6 5.6 0K 10,2 ENE A0 -25.6 0.0 43 4
5 7.4 -15.6 -11.5 061 6.6 67 62 10,2 EXE 72 -15.1 0.4 ¥ 05
& -3,3 -10.8 -B.1 857 4.5 kb 057 121 MNE &% -13.4 .8 458 b

7 -9 5% '-3.4 182 7.0 7.2 089 146 E B -B.4 2.8 356 7
g -1.8 -4,z -2.9 7% 3.0 3.8 079 18,1 ENE %% xx¥xx .4 31 B

3 -2.4 -17.2 9.8 059 5 20 279 7.0 ENE mx mmwe 0,0 i g
16 -8.3 -1B.4- -i3.4 @76 3.4 3.3 Wb 39 E &6 -155 0.0 375 11
11 7.6 -10.2 -B.9 083 6.6 b7 B67  13.3 ENE 66 -14.3 0.0 343 11
12 -38 -92 7,5 @sbh 6.8 7.1 084 140 ENE 469 -12.4 0.0 5 12
13 -3,3  -6.5% 5.1 070 57 6.0 77 121 EME x¢  wexxe (] 75 13
14 -2.9 -13.8 -4.9 077 346 3B 9t 8.9 £ 70 -12.1 0.0 58 14
15 -2.8 -10.6 -b.7 @66 5.3 5.4 74 9.3 EME 0 -%.2 0.0 3|3 15 —
6 -4,5 -11.B -B.2 065 33 5.6 073 121 EME 7D -1i.0 04D 38 16
17 =62 -12.2 %2 068 2.3 Z.4 034 7. £ 075 -10.3 0.9 35517
18 7.3 -15.9 -1 87 340 31 7 b ENE s& vawex 0.0 383 13
19 -B.7 -i4.6 -11.7 059 5.7 5.7 455 10.2 EME 6% ~i5.% 0.0 319
2 -8.F -17.5 -13.2 @b 4.2 4.4 W9 9.5 ENE 85 -17.6 L0 Ay 29
2 -14.8 -21,5 -18.4 077 22 23 Y 5.4 ENE B3 -21.4 0.6 33 2
22 -14.4 -22.7 -18.6 075 4.2 4.4 97% 9.3 ENE T4 -22.4 D0 473 2
2 -i14,3  -2e.b -17.2 062 5.3 5. 961 9.5 ENE &4 -21.2 0.0 465 23
24 9.4 -180 -13.7 %6 3.3 3.4 053 7.6 E &9 -18.3 0.1 390 24
5 -it.6 -18.1 -14.9 973 3.1 33 955 9.5 E O BS  -17.5 0.0 |\ 3
26 -2.5 -13.4  -B.0 82 b6 6.7 G788 114 ENE 78 -13.6  0.d 358 2%
27 4 <35 -7 985 57 5.8 098 127 £ owx wmeme (.0 303 27
28 2.7 -.% 1.2 @83 4,1 . 4,2 8) 9.5 F - % Axeax 2.8 230 3
2y 2.6 =31 -.3 1078 3.4 3.7 073 6.2 E - xR wukEx .0 4 2
3 -1,6  -l1.B  -4,7 i8R A0 L9 WS 83 B ax o aEksk D) 313 36
3t -4, -12.3 -8.3 {61 2.3 2.5 Ii50 7.0 EHE A% xEEEs §,0 igg 3
HONTH 2.7 -24.2 -16.4 968 4.4 4.7 089 14.6 EHE &9 167 7.0 12048

GUST WELL. AT MAX. GUST MIinNuS THTERVALS 10,8
GUST VEL. AT MAX. GUST MIMUS IMTERVAL 12,7

P et i

GUST VEL. aT mAaX, GUST PLUS INTERVAL 12,7
GUST VEL. AT MAaXx, GUST PLUS 2 INTERVALS 10.8

o

NOTIEZ: #ELATIVE HURIDITY READIMGE ARE UNRELIARLE WHEN WIND GPEEDS ARE LEBS TH
UME METER PER SECOND., SUCH READINGS HAVE HNOT BEEN INCLUDED IN THE DAIL ewe

..........

OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW PGINMT,
xx%x  SEE NOTES AT THE BACK OF THIS REPORT  #wwx
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L. SUMMARY FOR WATANA
A TAKEN DURING Janvary,

ks

S T SO B Y 2 O I IO Rt Y B 5

KT A L0 0§ CEN S o

1783

S I C N N

- Y I U DO

[ Rl £ 9 TN EEN Sy

RES. RES. AVG. HAX.  FAX. DAY'S
WAL,  BIN.  AEAN  WIND WIND WIND GUST  GUST PUAL MERN MEAM SOLAR
DAY TEMP. TEMP. TEWP. DIR. SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
o VEGC DEGC IEGC DEG WS NS DEG /S % DEGC MM WH/SGH
~% pm— 5
T /ag) 57 P2 4 53 5.4 12 10 BE m mee 00 45 0
2 -42 <7 A7 02 485 48 159 B3 ENE sk mwae (.0 Yz
I b6 -il.5 B 053 47 4.8 033 83 M B -173 1.6 W3
4 -6 287 -18.2 W6 31 33 80 7.0 E SU <257 0.8 95 4
S 2.2 286 244 091 3.6 37 086 74 E W M9 6.0 95 5
8 -2l 261 254 851 A4 &2 040 114 NS4 -28h 0.0 33 b
7 - -3 -4 62 5.9 6.0 062 120 N %6 <33 0.0 8 7
§ 208 -84 252 76 5.0 53 080 16.2 BNE 4 -3R.E 0O 55 8
3 -0 -4 307 088 29 3.1 078 8.9 EE ST -5 60 519
0 -5 275 -5 W3 45 45 B3 74 E 55 3B e 240 10
11 -i7.9 2B -i%.4 951 40 4% 00 8.9 E 28 -4 0D 241 11
2 -230.5 -25.0 -22.8 082 5.8 5.9 52 10.8 EE 40 37 0.0 598 12
13 -2l -5.2 -Z3.2 63 7.2 7.3 0% 133 EME 40 -5 06 573 13
14 141 -24b -19.4 BB 5.0 5.2 069 1.4 ENE 49 270 0.0 505 14
15 -9 =207 -12.9 069 3.9 A1 062 9.5 ENE 6D 193 LG 451 15
A~ 1 -1 <102 8.2 Q66 48 48 Dk 102 ENE 63 -13.7 0.0 385 16
‘ 17 <58 -12.6 9.2 64 2.0 23 07 83 N 7 -133 D0 75 17
18 -42 b9 5.6 0% 5.9 62 075 120 EME 68 -10.4 0.0 S 18
9 b0 -0 -B3 66 .5 BB IR 9.5 BME 68 -12.9 1.2 51019
2 -84 -10.5 %3 047 55 55 81 8.9 N &7 -142 0.0 565 24
2 74 -15.2 -11.3 M7 51 5.2 0% 3.3 € % -19.4 0. 71 2
2 -3.8 -17.2 -5 % 3.6 3.7 185 9.5 ENE 39 <227 0. 760 2
21 -6 164 -11.2 075 3.6 37 070 B3 E 31 <267 0.0 M 23
2 -4 <137 -l f62 &0 6.2 063 12 ENE 33 248 6.0 815 24
25 -87 -14.6 11,7 65 7.4 7.5 085 133 ENE 39 -23.8 0.0 75 23
B 67 -3 9.0 W9 7.4 7.6 065 14 ENE 52 -16.F 0.0 848 25
7 b -6 -1 072 34 33 15 9.5 BN 64 -154 0.0 598 27
B -47 107 -7 W 1.4 L6 893 3.8 E s w00 693 28
® -Bi -15.8 -12.4 073 22 24 07 57 E 75 -148 0.0 §88 29
3 o-hd -2 <152 838 6.4 b 637 102 BNE 77 -126 0. 853 3
I 22 b3 -h6 063 5.2 5.4 75 10.3 ENE 66 9.8 0.0 920 3
BORTH > <343 -la0 G4 4.5 4.8 065 14b ENE 33 <22 2B 17875
S BT MAX. GUST MINUS 2 OINTERVALS 11.4
: JEL. AT max. GUST MINUS 1 INTERVAL 14,0
GUST YEL. aT naX. GUST FLUS 1 INTERVAL 14,0
GUST VEL. AT rAX. GUST PLUS 2 INTERVALS 12,1
£y RELATIVE HUMIDITY READINGS ARE UNRELTIABLE WHEN WIND SPEEDS ARE LESS THaw
GHE METER PER BECOMD. 5UCH READINGS HAVE NOT BEEM IWCLUDED In THE DAILY

P QR nORNTHLY HMESM FOR RELATIVE HUMIDITY AND DEW POINT,

JEE NOTESR AT THE BACK OF TkhIb REPORT

148

X R
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BLISLETNAG HYDOROELLECTR EC PROJECTY

MONTHLY SUMMARY FOR WATANA WEATHER S5TATION
DATA TAKEN DURING Februvary, 1983

. RES. RES. AVG. HAX. MAX, DAY’S
NAX.,  HIN, MEAN  WIND WIND WIND GUST  GUST P/VAL MEAN HEAN SOLAR
DAY TENP. TENP, TEMP. DIR. SPD. GPD. DIR. SPD. DIR. RH DP  PRECIP  EMERGY DAY
DEEC DEEC DEGC DEG MW/S M/S. DEG  N/S A DMEC MW WH/50H

1 40 =102 5.0 069 48 5.0 09 133 N 39 1B 0D 3 1
2 1.7 53 -3.5 083 3.3 33 070 1.8 eNe 77 -3 0.0 893 2
3 2.8 5.7 43 059 .0 51 074 138 NE &7 7.3 0.0 ) C
4 -2,7 -63 -43 M 35 5.6 77 121 ENE 82 -10.8 6.8 833 4

b 24 9.4 59 b 4,7 4% V1 .0 ER 81 -11.7 00 1108 35

b 1.7 -10.7  -6.2 004 4.6 49 f61 11,4 ENE b4 9.3 0.0 e 6

7 -4,4 7.4 5.7 628 g oas W 8.3 W 7% -8.8 8.0 ¥ 7
] -3.1 -13.5 9.3 34 1.2 14 2% 3.2 N s s (L0 687 8

? -7.5  -15.9  -11.7 083 1.2 1.7 086 B0 E & 175 61 78 9
1 -1 -17.4 -143 ¢4 1.7 1.8 079 3.7 E &8 -180 0.0 751 10
o -13.4 -28.8 -17.2 075 2.1 24 173 5.1 E 68 -22.4 0.0 g8 1t
12 -12,7 -2&.% -17.8 174 1.9 1. 1% Wi B 4 -4 0.0 935 12
13 -1A8 -25.4 -20.1 (063 1.7 1.9 866 3.8 ENE & -27.3 0.0 M2 13
14 -13.2 -25.4 -19.3 72 2.8 2% 73 8.9 ENE 57 -24.7 (01 1973 14
1 -11.4 -154 -13.3 7% 7.0 7.4 78 114 EME R O-21.1 8.0 1358 13
16 -1240 -13.3 -13.7 173 8.0 8.0 076 11.4 ENE 47 -22.4 6.0 1630 16
17 -140 -1%9.4 -16.7 077 bt 67 076 11.4 ERE 45 -6 b0 1685 17
18 -10.9 -18.0 -14.5 063 7.0 7.2 W5 11,4 ENE 36 -21.7 0.0 1245 18
19 5.1 -13.6 %4 158 49 4.2 Bl 8.9 ENE 73 -13.6 4.0 1690 19
2l =5.0 -12.9 9.0 Q&b 3.6 5.7 17 9.3 ENE 60 -14.3 0.0 1748 28
21 4,1 -12.3  -B.2 087 4.0 4.1 D6k 8.3 ENE 58 -140 4.0 1845 21
22 1.1 -11.8 -5 03 3.8 4.0 &S 2.9 ENE 63 -10.9 0.0 1920 22
23 3.7 -12.3 -8B b 5.6 5.7 0kt 11.4 ENE 56 -14.3 0.0 1908 23
24 -3.4 -B.6 -6.0 058 2.9 3.2 W8 15,2 ENE 73 -9.8 0.8 1233 24
a3 3.6 -14.4  -%.0 041 3.7 3.9 e 8.9 & 6 -123 4.0 2365 23
) -4.8 9.0 -9 055 6.4 6.5 00 10.B NE 82 -i2.6 0.0 2110 26
a7 -3.9 -12.8 -8.4 0% 3.0 31 064 8.9 ENE & -13.7 0D 1928 27
28 4,2 9.2 =67 059 - 10 1.1 73 3.8 ENE 86 -13.6 0.0 1650 28
HONTH .3 -25.4 -10.0 B&% 41 43 8 15.2 EME 61 -13.6 0.0 38982

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 8.3
GUST VEL. AT MaAX, GUST HMINUS 1 INTERVAL 8.9
GUST VEL. AT “MaX. GUST PLUS 1 INTERVAL 14.6
GUST VEL. AT MAaX. GUST PLUS 2 INTERVALS B.3

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIAELE WHEN WIND SPEEDS ARE LESS TH¢
ONE METER PER SECOND, SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAIL'
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW PQINT,

xwxx SEE NOTES AT THE BACK OF THIS REPORT  wxxx
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ST BURRARY FOR WaTana WEATHER STaTiOow
TAKEM DURING mMarch, 1933

RES. RES., AVG. HAX. H&X, DAY‘S
# T P/VAL HEAN HEAH SOLAR

A%, BIN.  MEAN  WIND  WIND  WIND  GuST
DAY TERe, TEWP. TEW®., DIR. SPD. SFD. DIR.
S50 DERC T e T

DIR. R DF  PRECIF  EWERGY DAY
LODERC MR W/SOH

.l
]
[
ot nl
Fge
Lrr et oy

i O LEb fi/S Rio

P IS I S T NS - SS OF SRS v AR O S S RN T TSt 1330 1
I -Bi -17.4 -12.8 9§34 1.8 2.0 85t 5.7 NKE 63 -18.5 s LRt I
3 o-ile 213 -16.5 050 4.6 4.4 Oeb B9 ENE BB -EE.3  wEkw 748 3
4 -12.4 -20.2 -163 051 3.3 3.8 De4 B3 EKE 68 -19.9  mwmy 2001 4
S <78 -16.4 -12.0 B6E 37 3B 078 7.6 EME &% -1hd mews 1725 3
& -6.5 -15.4 -1 070 5.3 5.3 072 10,2 ENE A0 -15.6 e 2503 b
7 -4 -15.2 -i6.d 953 B 27 072 6.3 ENE 58 -16.7  wexx 23 7
§ 5.6 -17.5 116 @74 3.2 3.2 074 7. EME T3 -19.5  aew K
v -7.8 -20.6 -14.2 §72 3.8 3.9 70 12,1 ERE 49 -22.5  maEs 42z 9
] ERERYE ¥AKEE RRERX E133 L 1.3 £1X% 33 XEEE  AKR %% (23T ¥RRY LHE%%E 10
11 EANEEE EEEER RFFEX 1333 *%%E £3.3 31 ER% ERXR  %RE x4 XELEL REEX $%%E%x 11
12 1.8 -1.B 00 M2 3.6 3.6 851 5.7 HE 53 -B.D s 3?60 12
13 1.6 -89 -40 034 41 4.2 W7 6.8 EME 56 -10.2 vk 916 13
e 14 -13 =63 <38 182 2.5 Z.4 086 3.8 HE 5B -10.6 % 2655 14
f i5 -7 -84 4.6 043 2E 3.0 036 6.8 M0 &b -B.b  wexx 1287 13
16 & =98 -db W4 2,2 2.3 045 3.8 M bl ~10.2  ws 1473 16
i7 -5 =52 -49 048 36 3.2 11 6.2 M 54 -12,1  wemx 378 17
i8 -8 -7 -4 54 3.2 3.3 1S4 57 K S ~10.8 sk 4525 18
19 ~3.0 -16d -t @40 4.5 4.0 063 5.7 ME 58 -1E.B  mexx 2460 19
@M -23 78 -5.3 139 3.3 35 078 63 BME 57 -1 wekx a0 24
B -Le -%0 <B4 055 43 4.4 075 7. BN S3 -12.7 e BN 2
22 -1, -9.8  -5.9 054 42 4.3 06l 63 N 52 -12.9 e 4920 2
22 -25 -7 -7 03 2.4 2.7 056 6.3 NE S0 ~15.4  sews 4152 23
2% -Zb -14.9 -84 088 3.0 3. fed 6.3 NE 56 -13.0 wwmx 3249 24
B -4 -8 <56 0158 4.4 4.4 069 B3 OENE S5 -13.1 ks 5112 25
2 -2b -9 -5.8 05 5.4 5.4 el 1B N 53 -13.5  wwmx 3963 2
-85 %0 -67 GAD b 67 053 114 EME 51 -15.2 sess 822 2
3B -2d -13.4 0 <77 4B 33 3.4 158 7.0 KE 54 -14.7  mexx 3320 28
-4 -16.8 -k 859 3.8 40 070 B.Y EME 5B -13.1 wwws 4523 2%
30 -5 -13.4 7.0 055 2.7 2.9 074 3.7 ENE 6D -13.0 sk 4778 3
3 g -1 -4 ST 2.8 2% bl 8.3 ENE 6 -10.0 weex 4560 31
WONTH 1.8 -21.3 <76 957 3.5 3.7 070 120 ERE 58 -14.0  wekr 98091
GUST VEL, aT MAX. GUST MINUS 2 INTERVALS
GUST VEL. aT MaX., GUST MINUS 1 INTERVAL
G Fl. &7 Max., GUST PLL 1 Vi
AT OMaX. GUST PLUS 2 R LS
ADINGE ARE F WD SPEEDS ARE LESS THaM

W e e s
ME Ll

SUCH R
56T IV
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NOTE:

R & M CONSULLTANTS . LN .
SUSTTNA HYDROEILECTR IO PROJIECT
MONTHLY SUMMARY FOR WAT&NA WEATHER STATION
DATA TAKEN DURING April, 1983
‘RES, RES. AVE. NAX. HAX. Y°S
NAX.  NIN,  MEAN  WIND MIND WIND CUST  GUST PUAL MEAN MEAN SOLAR
DAY TEWP, TEWP., TEWP. DIR. 'SPD. GPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEGC DEGC DESC DEE M5 NS DEG  H/S 1 DEBC Mf  WH/SGA
1 1.8 -10.9 46 058 26 27 089 b3 EME S8 9.0 0.0 4918 1
2 3.6 -11.1 -3.8 046 23 25 8 - 7.0 HE S -1l 0.0 5065 2
3 8 -11.,3 <53 068 39 41 071 133 EME 59 -10.5 0.0 S13 3
4 1,7 -39 1.1 048 1.0 49 274 146 ENE 60 6.3 2.0 2143 4
5 1.4 7.0 3.0 051 2.4 2.8 073 8.3 EME &3 -65 0.0 403 5
5 3 -3 5.0 03t 1.8 24 87 S0 ME S8 -18.9 0.0 528 6
7 6 <106 5.0 033 1.8 2.1 009 44 ME 57 -11.9 b0 53} 7
B 2.2 -10.4 -41 05 b 1.3 249 44 N S8 -11.6 0.0 4303 8
9 2.4 -10.7 -4 32 & 16 OS2 K8 121 .2 MU 9
10 -46 -15.9 -10,3 028 1.9 a1 02 S M 5 177 0l 5453 10
11 8.2 -17.0 -12.6 089 40 41 078 108 EME 63 -13.4 0.0 5615 11
12 4 -0 -3 054 36 37 B9 S.7 ENE 60 -69 0.0 10829 12
13 0.0 8.8 0.0 050 1.7 1.7 955 1.9 NE  we wmese 0.0 7A40 13
14 5.1 0.0 2.6 03 1.2 1.4 035 3.2 ME 4 7.5 .2 13920 14
15 g 3.2 -1 076 27 2.8 099 6.3 ENE e wms (.0 1271 15
6 1.4 5.0 1.8 045 2.5 2.8 061 9.5 ENE 62 6.0 0.0 1878 16
17 6.8 5.8 5320 917 25 7.0 WW 53 -9 0.0 Ss08 17
18 1.8 -42 -1.2 071 30 3.7 083 10.2 ENE S8 7.1 0.0 4050 1B
19 3.4 3.1 2 957 30 39 179 1.4 ENE 47 100 0.0 55719
200 34 -42 -4 067 2.9 3.2 88 8.9 ENE & 7.4 0.b a740 20
20 37 -A4 -4 G4 24 27 080 70 M 53 -3 0.0 6108 21
22 65 -3 1B 4% 4 1.7 94 57 ENE S -4.8 0.0 363 22
2349 a1 1.4 3 4 13 25 51 E 63 27 0.4 518 23
24 8.3 -1.2 3.6 00 2.0 2.2 7% &3 NE 49 -46 0.0 698 24
25 1.4 1.3 57 082 246 340 D0 7.0 EME 51 -3.4 0.0 703 25
2% 8.9 -1.8 3.6 802 1.7 1.8 W1 44 N S0 -39 0.0 8238 26
27 87 2.2 33 36 1.6 2.0 25 &3 N 4 -7 .2 4895 27
2 7. <28 2.4 34 9 1.5 01 44 N 57 -1.8 0.0 4610 28
2% 6.4 3 3425 g% 2% 32 W om a0 4030 29
W77 - 3303 1.7 4.9 611 5.1 ME 4 -8.3 0.0 7525 30
MONTH 10,1 -17.0 -1.1 045 1.7 2.5 274 14,6 ENE 55 8.2 2.6 171764
GUST VEL. AT MAX. GUST HMINUS 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 14.0
RELATIVE HUMIDITY READINGS ARE UNRELIAELE WHEM WIND SPEEDS ARE LESS TH
ONE WETER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAIL

"2 e

UR MOMTHLY MEAN FOR RELATIVE HUMIDITY AMD DEW

SEE NOTES AT THE RACK OF THIS REPORT
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MTHLY SUMMARY FOR WATAMNGA WEATHER STATTON
Ta TAKEN DURING Mav, 1983

RES. RES. AVG, AX. MAX, PAY'S
HAX,  MIN.  MEAN  WIND WIND WIND GUST  GUST P/VAL MEAN HEAN SOLAR

DAY TEMP, TEMP, TEMP. DIR. 5PD. EPB. DIR, GPD, -DIR, RH DP  PRECIP  EMERGY DAY
BEEC DEEC DERE DEE W& WS DEE  H/R 1 NEC M WH/S0N

1 8.9 -3.& 2.2 49 2.7 3.2 08 8.9 ENE 32 -b.1 B8 6705 1
2 24 -8 7279 1.1 1.9 282 5.7 WGH  ®x  zaxE% h,h 23 2
3 2.3 -i.4 9 2m 1.3 1.7 214 3.1 WSH ®E weaxs . 443 3
4 a1 -2.1 1.5 D64 3.8 33 670 7.6 ENE  #%  mexas 2 5218 4
S 6.0 -1.8 2.1 837 2.3 2.4 067 7.0 KE bl -3.3 0.3 M7 5
5 7.1 -3.3 1.7 72 2.0 2.6 128 7.5 HHE 34 -3.8 2.9 7923 A
7 13.90 -2.4 3.8 023 2.8 3.1 7.0 MNE 45 -5.2 0.3 738 7
g 1.1 -1.4 4,9 1.6 1.9 003 44 N 4 -5 0.0 4733 8
5 g.4 -1.8 j.g I 1.5 2.0 314 5.1 # a1 -2.4 8.8 27
10 10.2 1 5.2 734 1.4 2.3 324 8.2 Nl -5.2 0.2 7320 10
i1 11.5 -2.3 4.6 015 1.5 2,1 133 8.3 W 4 ~h.b i,k 783 1
12 2.4 .5 3.1 083 2.3 2.9 199 2.2 NME G4 -2.2 0.9 5795 12
13 12.4 2.8 7.6 49 1.8 2.4 120 7. HNE 47 -1.4 .8 5218 13
"’“"“ 14 111 3.1 7.1 27 1,79 2.2 240 7.0 W -3 84 5093 14
13 111 2.1 6.4 300 1.2 2.3 330 3.7 UNE 49 -1.1 8.9 @all 13
14 2.4 1 1,9 424 11 3.7 B3 9.9 ENE 5 -1.2 2 9523 16
17 h.4 1.0 3.7 282 2.4 2.5 254 3.1 U L &2 1 1.2 280 17
18 6.7 h 3.7 224 3.2 2.6 252 7.6 W A2 -3 g.0 4343 18
19 7.8 -.h 4.6 281 1.8 2,4 245 2.7 y 47 -3.8 2. 3053 19
20 ERNAE BRRRE RRARE KN TR REEE ¥R FREX  OF¥¥OBE EEREE RN FREEEE 20
2 RENRE  EEERN  SENEE  BE% BERE FRER NEX FET TN S I T -2t T %2 R 2
22 FEREE O RRERE O LREEE KX YARE  ERER ¥R FEHE RME N RERER O ENEX EE¥ERE 2D
23 8.1 1.8 3.0 294 1.3 2.3 181 7.0 W ¥x sdexk 4 1357 22
24 10,6 Wi 5.7 185 1.8 2.3 099 7.8 # ] -2.9 b 6990 24
25 12.7 -1.2 5.9 2712 1.9 2.9 4 3.9 52 -1.5 .0 723 23
26 B.& 2.1 5.4 254 1.3 2.4 27 10,2 4G4 x»  #wesx 2.8 4031 26
27 0.4 1.2 3.8 472 1.5 1,9 124 3.7 ENE 954 -] t.f 4700 27
28 15.5 1.5 1.1 373 2.8 3.4 083 B3 NE ol 2.2 E.0 £90% 28
29 17.4 5.7 12.2 083 S 4,0 1Bk 7,5 E o 4.4 -0 4825 29
20 201 7.5 13.9 (A5 1.3 3.2 92 M2 £ a4 b5 g8 490 32
31 21 5.8 ¥.0 250 2.7 3.0 257 ThA N % RERER 2.8 #1113 3
HONTH 284 -1t 3.3 32 /R S RS /I A B 2.0 152 157304
GUSET BEL . AT MAaX., GUST MINUE 2 INTERUANLG 2.5
GUST LEL ., AT ™MaX., GUST MINUEG 1 THTERVAL @5

GLST VEL ., AT MaX, GUST PLUS 1 INTERUAL LY
GLIET WEL, AT MaX, GUST PLUE 2 TNTERVALE I8

Ikﬁm&LlnTI”¥ HUMIDITY BEADIMGE aRE UMRFLTARLE WHEM WIND SPFEDS ARE LSS THAN
OME METER PER SECOMND. BUCH HFHDINE S HAVE NOT BEFEN INCLUODED TN 'IHL DAIL.Y
SR OMONTWEY MEASN FOR RELATIVE HUMIDITY AND DFM POTHNT, ;
#% 0 GEE NOTES AT THID BACK OF THIS REPORT  wxsx
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MONTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
DATAG TAKEN DURING September, 1982

RES. RES, AV, WAX. MAX. DAYS
Hex. HIN, MEAN NIND WIND WIND GUST GUST P'VAL MEAN NEAN SOLAR
DAY TENP. TEMP. TEWP. DIR. GPD. SPD. GIR. SPD. DIR. RW P  PRECIP  ENERGY DAY
DESC DECC DEGC DEG WS NS DEG WS T DEBC M WH/SGH
1 127 45 8.6 258 b9 128 3.2 ME % 32 0.0 27 1
21 4% 77 M2 1 1 181 3B ESE 49 -2.9 34 23W 2
3085 A9 &7 933 .7 060 3.2 ME F -2.2 9.0 1638 3
4 112 38 75 W9 .3 L4 057 3.8 ESE 39 -6 .2 2565 4
S 154 34 9.3 9% 2.4 2.6 09 9.5 E 27 8.6 0.0 2105 5
6 155 70 113 04 6 2.0 020 83 ME 27 7.5 04 1485 6
7 11.7 6.8 9.3 284 3 9 300 4.4 WNN 4 -2.6 4.6 21ug 7
B 9.2 63 7.8 243 25 31 2.5 5 M <38 4. 83 8
9 1,2 A3 1.3 173 1 .8 21 38 SE 4 -4 7.8 130 9
0 11 32 T2 1 49 2 2.5 EME 46 A5 .2 230 10
1 58 2.2 40 0% .0 B 297 44 S8 & -25 6.4 %8 11
2 94 1.4 4D 107 .6 .9 071 44 ENE 39 9.4 48 292 12
3 B9 30 &8 2242 5 .8 260 3.2 WW 57 -7 3.4 13R 13
14 8.9 6.4 7.7 47 1 b 14 239 W 61 9 14,8 1110 14
15 155 6.4 11,0 26 2 10 341 63 WM 47 -3 2.8 230 1S g
16 9.7 35 64 259 1.5 1.9 281 76 ¥ 36 7.4 68 2583 1b
17 7.2 1.6 44 101 1 .9 138 3.2 B8 72 A 4,4 1432 17
18 1.1 27 69 28l 2 1.0 2 32 W 79 2.9 40 1428 18
19 B3 43 63 158 2 7 M4 32 SE R 54 144 75 19
20 7.4 39 57 1 .8 27 3.8 EBE 89 3.1 1.4 1213 20
21 1.4 32 7.3 188 309 M4 S0 EE & <17 .6 1285 2
2 b6 -4 31 25 P10 31 44 W 78 24 1,2 153 22
23 81 -28 27 22 . 1.0 285 3.8 SW 47 -10.2 0.0 2788 23
24 8.4 -29 2.9 103 4 10 120 32 BE 75 -1.9 0.0 2075 24
25 9.9 -1 44 203 2 .9 0% 32 5 % 33 L0 185 25
2% 62 1B 40 158 t .7 3B 3.8 W 56 7.4 42 1120 2
27 73 -2 34 198 2 9 47 %2 S 2% -6 1.8 155 &7
R T 7 .9 109 4.4 ESE 48 -102 5.2 113 28
29 6.9 1.2 41 13 & 90112 3.1 558 74 1.3 4.6 1250 29
W55 .6 313 27 33 2.5 WM 47 -69 2.2 1190 30
HONTH  15.3 -3.1 6.0 139 1 7 1% 9.5 ESE 32 -3.7 15,6 51303
GUST VEL. AT ™MAaX. GUST MINUS 2 INTERVALS 9.1
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 5.7
GUST VEL. AT ™Max. GUST PLLUS 1 INTERVAL 3.1
GUST VEL . AT MAX, GUST PLUS 2 INTERVALS 7.6
NOTE: RELATIVE- HUMIDITY READINGS ARE UNRELLIABLE WHEN WIND SPEEDS &RE LESS THA
ONE METER PER SECOND, SUCH READINGS HAVE NOT BEEWM INCLUDED IN THE DAILTY
| OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POIMT.
*%%%  GEE NOTES AT THE BACK OF THIS REPORT  aw%x%
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HLY SUMMAGRY FOR DEVIL CANYON WEATHER STATION
TAKEN DURING October, 19282 :
e
RES. RES. AUG. MAX. MAX. DAY’S
HAX. MIN. @ MEAN  WIND WIND MIND GUST GUST P/VAL MEAN MEAN SOLAR -
DAY TEWP. TEMP, . TEMP, DIR. SPD, SPDH. DIR. 5SPD. DIR. RH DP PRECIP  ENERGY DAY
DEEC DEEC. DEELC DEG M/ N/S DEE  M/S 2 DEGC M WH/SaN
-1 3.6 S 2.1 218 d .7 278 2.0 ¥ 70 4,5  REE 1123 1
2 9.9 -73 2.4 9 3 8 324 3.8 SE 48 -13.7  xxxx 1688 2
3 4.7 1.5z 1.6 013 L 10 017 8.3 NNE &6 -4.8 #¥st 1723 3
4 41 -4,22 -1 133 1.8 1.2 117 4,4 SSE A7  ~0.3  ¥Eax 1835 4
3 3.3 -2.8: 3 073 1.3 2.4 030 10,2 ESE S& -7.7 s 1948 S
) 45 -A1: -8 14b 9 1.2 02 4.4 § 5B -B.2 mxmx 1790 &
7 9 2.9 -0 127 9 1.1 139 3.8 ESE 48 -~14.0 s LY
8 -3 -4,20 -2.4 280 3 1.0 25 4,4 HSH 43 -18.1  sxxx 980 8§
9 30 =27, -1.2 292 g g7 2.0 WUNN 4 -37.2 xed 75 9
19 -1.3 5.8 -3.2 308 9 1.0 323 3.8 N 071 -11.8  xxex 383 1t
11 0.0 -5.3: -3.2 120 .7 1.t 117 9.1 ESE 77 ~7.5  R#xt 378 1
12 1.8 -1.3. g 223 A g 34 J.8 S 23 -25.1 #xex s 12
13 -.8 -5.1. -3.0- 189 3 b 343 3.8 § 61 -14.7 xxek 428 13
14 -1.3 =92 =53 117 11 1.1 129 3.2 ESE 78  -7.2  wuux 43 14 N
LA 3.1 -13.2 -8.2 119 1.4 1.7 13 4,4 SE 83 -13.8 sxwk 683 15
16 -1.8 -8.5 -5.2 103 1.2 1.3 078 38 E g2 =7.7 ExEx 345 16
17 2.3 -g.2 -2.9 137 ") 9 123 3.2 SSW 26 -29.6 k¥ 478 17
18 7 -10.6 -5.0 161 .8 1.1 105 3.8 E 55 ~17.0  ®xxx 638 18
19 -2 -3.5 =32 (=8 b 9 11 2.5 NNE 20 -33.B ‘w 35 19
20 -2.4 -11.4 -85 117 1.6 1.7 11t 5.7 ESE 77 9.7 Exxk 773 20
21 -5.7 -13.3 9.3 044 1.9 2.7 MT  11.4 NNE 65 ~-14.7 xx& , 928 21
22 -4.5 =146 9.6 134 1.3 1.5 118 6.3 ESE &0 -14.8 xkux gag 22
23 7.1 -12.3 -9.8 119 2.3 2.4 183 7.0 ESE &0 -16.2 wxxs 758 23
24 -84 -13.2 -10.6 109 2.0 21 111 5.1 ESE 59 ~17.0  sxsx B20 24
29 -7.4 -18,1 -12.8 130 1.7 1.8 122 4.4 S8 71 -16.6 nEm 788 25
26  -11.3 -19.4 -15.4 123 1.4 1.6 100 4.4 ESE S8 -22.5  mes 720 26
27 -148 -23.4 -19.1 102 1.6 1.7 102 3.7 B h6 -23.4 wuxx bb3 27
28 -11.3 -154 -13.2 113 2.0 2.1 104 .1 E 82 -15.9 sxxx 438 29
29 -7.4 -1%.2 -13.3 115 .9 1.2 14 4.4 SE BT -16.2  x#xt 630 29
3 -15,3 -22.8 -19.1 076 1.8 1.9 873 4.4 ENE 81 -22.2 k% 545 38
31 2.0 -22.7 -15.9 081 2.8 2.1 kb 4.4 ENE 79 -20.1 xxsx o83 3
MONTH 5.5 -23.4 -6,2 104 9 1.4 0135 11.4 ESE 63 -15.7 #axx 25252
GUST VEL. AT MaX. GUST MINUS 2 INTERVALS 2.5
GUST VEILL. AT MaX. GUST MINUS 1 INTERVAL .45
GUST VEL. AT MAaX. GUST PLUS 1 INTERVAL 10.8
GUST VEL. AT MAX., GUST PLUS 2 INTERVALS 11.4.
1 RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN

ANE METER PER SECOND.

NMOTES AT THE RACK OF

, SUCH READINGS HAVE HOT RBREEM IMCLUDED
MONTHL.Y MEAN FOR RELATIVE HUMIDITY AND DEW PUINT

THIS

REPORT
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MONTHLY SUMMARY FOR DEVEL CANYON WEATHER STATION
DATA TAKEN DURING November, 1982
A
RES. RES. AV, HMAX. HAX, DAY’S
HAX.,  NIN.  HEAN  WIND WIND MIND GUST  GUST P’VAL MEAN MEAN SOLAR
DAY TEMP, TENP., TEMP, DIR., SPD., SPD. DIR. GSPD. DIR. RH DP  PRECIP ENERGY DAY
DEGC DEGC DEGC DEG WS WS DEGC  M/S 2 DEGC MM WH/SOM
1 2 -4 -45 12 1.5 1.8 113 7.6 ESE 73 7.5 amx b3 1
2 -4 9.6 54 121 b .9 085 3.2 5 75 5.8 kwmx 815 2
3 27 -12.9 -7.8 b S5 .9 6 3B OENE 70 -14.5  wwex MM 3
4 -3 -85 -2.9 155 St 170 8.3 ESE 75 7.2 wkkx S8 4
5 -6 -14.3 -85 135 b 8 132 2.5 SE B9 -B.7  makx 85 5
& -11.7 -18.1 -14.9 082 1.6 1.7 082 4.4 E BB -146.8 kex 23 b
7 -11.9 -18.5 -15.2 094 2.1 2.3 120 5.1 ESE 80 -18,1 eeex 21 7
8 7.4 -13.6 -18.5 104 1,7 1.8 090 5.7 ESE 82 -11.3 kxx 340 B
9 <57 -85 7.1 194 d 05 1200 2.5 WSHO 13 -38.1  amex 9
10 -5.9 ~13.7 -9.B 088 t.6 1.7 073 4.4 ESE 79 -10.3 s 305 10
M 3.6 -5 5.1 100 1.3 1.4 117 3B ESE 40 -24.3  sawx 38 11
12 -5 <68 <37 130 1.1 1.4 137 4.4 SE 83 43 e 93 12
13 -7 -5 =6 121 1.1 1.3 115 A4 ESE BB -4.2  nax Sap 13
14 3.2 . -9.2 -6.2 1% Jo.9 189 3.8 ENE 20 -34.8  wkks A0 14
15 -7 -15.3 -11.0 093 1.6 1.6 095 A4 E 71 130 e 365 15 fa
16 -13.0 -16.8 -14.9 087 2.0 2.0 088 4.4 E 92 165 s 350 16 ,
17 -15.7 -21.4 -18.6 088 2.3 2.4 097 S0 E 87 ~19.9 mex [ 17
18 -15.9 -22.2 -19.1 092 2.2 23 090 44 E 78 -23.0 wme 390 18
19 -15.2 -21.4 -18.3 115 2.8 2.8 115 7.0 ESE 63 -23.2 ek 418 19
20 -18.1 -15.3 -12.7 115 2.9 30 123 6.3 ESE 79 -15.4  sws 33 20
21 5.8 -10.7 -B.3 093 1.5 1.7 125 4.4 ENE 85 -10.4 wEee 91 21
22 -a4% <75 -61 103 1.6 1.8 119 5.1 ENE 80  -B.9  wex 78 2
23 -8 -60 -3.4 112 1.1 1.3 113 3.8 ESE B4 -4,4 wmex 348 23
24 -1.0 -47 29 13 L4 1.4 138 3.8 SE G134 s 335 24
5 S =67 <34 138 1.4 1.5 159 3B SE 79 5.2 mkkx 38 25
2% -49 7.3 -b1 116 2.4 2.4 110 5.7 ESE 76 9.7 wams %8 2
27 -3,8 -11.B -7.8 98 1.5 1.6 114 4.4 E 88 -B.5 wamx w3 27
28 -10.3 -14.7 -12.5 80 2.7 27 870 A4 E 95 -13.8 s 48 28
29 <5.4 -10.1 7.8 097 1.1 1.2 131 3.8 EME 31 -15.5  smaw 258 29
38 -5.8 -12.0 -8.9 259 A 7 26 3.8 W 69 -12.2  wax 73 W
WONTH .5 -22.2 -B.9 104 1.4 1.6 13 7.6 ESE 77 -13.6 smEn 1200

GUST VEL. AT HMAX., GUST HMINUS
GUST VEL. AT MAX. GUST MINUS
GUSBT VEL. AT dMAX., GUST PLUS
GUST VEL. AT MaX. GUST PLUS

INTERVALS 3.1
INTERVAL 5.7
INTERVAL S.7
INTERVALS 3.8

fd = =T

NOTE: RELATIVE HUMIDITY READIMNGS ARE UNRELIAKLE WHEN WIND SPEEDS ARE LESS TH¢
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAIL)
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT. -
x%xx GEE NOTES AT THE BACK OF THIS REPORT  x¥xx
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ALY SUMMARY FOR DEVIL CANYON WEATHER STATION

TAKEN DURING December, 1982
s
RES. RES. AVG, MAX,  HAX. D&T’S
MAX.  MIN,  MEAN  WIND MWIND UIND GUST GUST P’/VAL MEAN MEAN S0LAR '
DAY TEWP, TEMP, TEMP., DIR. SPD, SPD, DIR. SPD, DIR, BH bp PRECIP  EMERGY DAY
DEEC DEGC DEGC DEG M/S /5 DEG H/s 4 DEG C  HA WH/SaM
1 -1 -89 -85 17 5 B 280 3.2 SE 92 -17.7  wem 268 1
2 -15.1 21,6 -18.4 121 1.5 1.7 133 5.1 SE 86  -20.1  xexx 283 2
3 -11.9  -21.4 -16.7 107 1.2 1.6 135 4,4 ESE 80 -18.9 #xm 23 3
4 -13.1  -18.7 -15.9 108 2.3 2.9 12 6,3 ESE 75 -20.0  sumx i3 8
3 -4.7 -11.1 -3.% 108 1.3 1.3 @98 4,4 ESE B3 -10.3 s 5 5
& -1.%7 -7.5 -4,5 122 1.7 1.7 111 7.0 SE g4 =7.9  RNE% 3B b
7 1.8 -1.9 -1 117 2.3 2.4 107 9.5 ESE 81 2.7 M 0 7
8 ] -1.8 -9 134 7 1.0 IS 5.1 SE 11 -3, xwux 253 8
9 -6 -144 7.5 1087 .0 1.7 7 5.1 ENE 93 9.1 s 278 9
10 -43 -191 -7 110 1.4 1.9 14 6,3 ESE 88 -13.3  waux - 273 i1
1 -4,8 -8.7 -5.8 129 2.8 2.1 118 £.3 ESE 77 -1B.1 wwwy 295 1
12 -2.3 -h.8 -4,6 130 1.3 1.6 124 S.1 ESE 77 -7.2 ek Ith 12
13 -1 -3.1 2.6 145 1.3 1.3 109 6,3 888 83 =3.0 e 328 13
o, 14 -.9 -5.1 5.0 i 1.1 1.2 124 44 SE- 83 -b.9  EE%R 318 14
A S0 =55 =26 130 1.5 1.7 12 5.7 ESE 73 -h.1  xxxx 308 1%
16 -3 -3.0 -2.7 134 1.4 1.9 15 3,4 5t 74 -5.7  $x5% L] .15
17 2.6 -10.9 -5.6 107 1.8 1.9 117 4,4 ESE 22 -7.5  Eew 363 17
18 -18.2 -13.9 -12.1 189 1.7 1.8 7 4,4 E 78 -13.0  suxs LY
19 -h.6 ~-13.0 2.8 113 11 1.3 122 4.4 SE Bl -12.3  m¥s 300 17
29 5.6 -13.3 -10.5 124 1.6 1.8 123 5.1 ESE 74 13,5 sy 35 2
a1 -15.2 -1B8  -1bh,? 0ED 2.8 46 M 2.1 B 9 -17.7  sws Iy 21
22 -16.0 -26.6 -18.3 175 2.8 2.7 72 5.7 ENE 87 -20.5  suax 35 22
23 -11.8 -17.8 -14.8 199 1.8 2.8 1H 4,4 ESE 75 18,1 xxxx 328 23
24 -8.0. -16.3 -12.4 105 2.3 2.5 19 9.7 ESE B0 -14.6 =xux 208 24
2 -7.8 -12. -10.3 182 2.1 2.3 118 6.3 ESE 8t -13.5 s 3t 25
2 -.8 -8.7 -4,8 130 1.2 1.4 it 4,4 ESE B0 -8.4  mexs i 2
27 A -2.9 -1.3 143 8 1.4 198 3.2 85E 70 0.0 Exex 23 27
28 G -4 o 145 3 A 197 1.9 SE 10 -28.4  swss 240 23
29 1.7 -3 7 179 N 1.0 282 3.2 SE v 27,5 sewm 268 2°
20 -1 9.3 -4,7 %% EREE NERR BX¥ SRR X% 5 -37.6 #xy [T 3t
Hu -5.8 -10.4 -B.5 . %xx EERE  BENE XKX RREE BN 1 -46.0 wesny 250 3t
HOWTH 1.3 -21.8 -g.2 11 1.4 1.7 107 9,5 ESE 49  -15.7  wxxx 9143
GUST VEL., AT MAX., GUST MINUS 2 IHTERUALS 7.
GUST VEL. AT MAaX. GUST MINUS 1 IMTERUAL b3
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL @.5
GUST VEL., AT HMax., GUST PLUS 2 INTERUVALS 8.,%

RELATIVE HUMIDITY READINGS A

AE METER PER SECOND,

MONTHILLY MEAN FOR

SEE NOTES AT THE HACK

RELATIVE

RE UNRELIABLE
SUCH READINGES HAVE
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LM

HOT

WoRm

BEEW

WIND o
INCLUDED IN THE

RES,  HED. AVG.  HaX, A%, DAY’S
Hax, HiN. MEAN  WIND WIND WIND GUST  GUST P/VAL MEAN MEAN SOLAR
DAY - TEMP., TEWP, TEMP. DIX. S°D. SPD. DIR. SPB, DIR., RH DP PRECIP  ENERGY DAY
6 C DEEC DE6 € Db #/s  H/5 DEE /5 i DEG L #M WH/ SR
1 -1.1 7.2 -4,2  kux EAEE  KERR 6% L *Ex B2 4,5 awR 5 i
2 -t.4  -4,2 -2.8 114 2.1 a1 3.1 ESE 78 8.9 wxxx BB 2
3 -4,.2 -11.7 -H.8 115 ] 1.0 187 44 ESE 71 -11.4 e 23 3
4 -11.3 -2 -18.2 897 1.3 1.5 192 4.4 EME B7 -1B.6  wwewx 278 4
S -17.% -24,9 -21.4 102 1.5 1.7 092 4,4 0079 -Z5.0  mexs 278 5
& -163 211 -18.7 112 2.4 2.5 1 8.9 ESE &7 -22.0 swmx 29 &
7 -17.2  -23.4 -21.3 110 2w 2.6 194 3.5 ESE 67 ~20.4 sEux a7
B -2.4 270 -24.7 124 1.2 1.5 088 3.1 ESE &6 -2%.1  sdxe 3bs B
§  -23.2 -Zh.4  -24.8 133 2.3 2.4 109 S.7 S8t 97 30,4 wEEex 33
1 -28.2  -26.2 -£3.2 123 2.2 Z.3 12t 3.7 SE 32 -39.7  anks 35 11
11 -iB.2 -3l.6 -24.% 115 1.7 2.0 140 5.3 E 88 -32.1  #mEx 311
12 KEREE O EREEE O EARAR AR EITTRNE T 7 ST T FARE KRR RR O RRERE KRR EERERE 12
13 BRREE O RRNRR  RRREE  EXK X REER kR RREE REE RE EERRE BRNE Xkensr 13
14 wmEEn REREN  ROOEE XA REER O REKE M BERE BNN B EEEER 0N xsaEx 14
15 #%kKk ERERE EARER %X REAE ORNER O RRE BERE BREK BE ZEREE ONENE dhmxmx 15
16 ®AREE  XAE¥R ARMER XX FAEE RERE MK EEEE ORNE RE RREEE REER fAgexE 16
17 XEEEE  RREXE  RARNE  ARE  RREE  RN¥X RAN  RREE  NNE %R BEERE O REn wdmxwx {7
18 sERRE ERERR RREEE XER AR RERR kEE BELE  REE BE XRESE RERK EITTTE T
19 -5.8 -7.4 -A4.6 102 N 7 274 2.9 SE 30 -16.8  wawx 289 19
2l 5.8 -12.3  -¢9.1 19 1.3 1.6 11l 3.1 ESE 82 -18.,1  s%xws 358 28
21 -4,4 -11,3 -7.% 128 1.6 1.7 124 4,4 GE 34 -14.8  mawp 428 21
a2 -8, -18.0 -13.4 {34 2.6 2.6 §BY? 7.0 B b3 -19.2  mmex ME Z2
23 .6 -i3.9 -6.7 13§ 2.3 27 13 6.3 ESL 37 -15.2  wmx 83 23
24 -3, -9.9 -5.% lig 2.3 2.6 10 9.5 ESt 33 21D wuEm 863 Z4
23 5.8 5.5 7.7 104 £z 2.3 182 8.3 ESE 42 -1B.5 s 350 25
28 -1, 7.3 46 113 1.8 2.0 123 7.6 ESE ¥ -~11.3  xuxs 3
27 -3.5 -1b.6  -B.1 @99 g.2 2.6 113 b3 ENE 74 -12.3 wmun 479 27
28 -3.§ -12.2 -B.1 19 1.y 2.1 137 4,4 E5E 61 -10.3  exx 538 28
£y 3.4 -4 -%.7 iR 2.1 2.3 124 31 ¢ 81 11,8 wexx iy 25
30 -4, -3.7 =69 iZ 1.7 1.9 104 6.3 £ B  -8.7 wmax 333 3§
31 ] 3.3 -7 47 1.1 1.3 118 4,4 58 73 -4,9  EuRx 373 31
aNTH 1.7 -3l.e -2, 112 1.8 1.3 1ol 7.9 E3E 85 -17.3  wmas 5735

GUST VEiL., AT Max. GUSBT MIMUL & INTERVALS 7

GUSBT VEL. a7 Max., GUBT MIinud 1 INTERVAL 8.9

GUST VEIL. AT Max, GUST PLUS 1 INTERVAI 700

GUBT VEL.. AT HMax. GUST PLUS 2 INTERVALS G301

ARE

[
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ITHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
'A‘TAKEN DURING February, 1983

RES. RES. AVG. HAX. HAX, DAY‘S
#aX.  MIN. HEAN  WIND WIND WIND GUST GUST P/VAL MEAN MEAN SOLAR
DAY TEMP. - TEWP, TEWP. DIR. &PD., 5PB, DIR., SPD. DIR. RH DP  PRECIP ENERGY DAY
DE6C DEEC DEBC DEB M/5 W/S DEG M/S A DEGC M WH/S0X
1 3.3 -t35 9 133 .6 L7 112 3.7 EBE &7 -4 aex W 1
2 13 -2.9 -7 138 1.4 1.6 142 4.4 SE 78 3.7 ek 613 2
3 G0 <32 <15 1R 1.5 1.6 15 7.0 ESE 73 5.3 meEk 615 3
4 114 -40 -1.5 123 1.7 1.8 9 63 SE 67  -b.2 wwxx - b2l 4
3 1.1 -7 2.8 119 1.8 2.0 % 7.6 ESE 84 -7.3 menx 70 5
& 13 %4 -41 145 J L2 098 5.7 S8E 79 -5.2 eex 82 b
7 24 <75 5.4 2 ) 8 304 3.8 WSM 38 -22.b wEEx 495 7
8 -3.8 -12.8 -3 12 W2 & 093 3.8 ESE G6 -14.4  mexx 443 8
? -8.9 -18.3 -13.7 117 1.1 L2 183 4.4 BSE 94 -16.2 ki 435 9
10 -8.4 -20.0 -14.2 120 B 1.1 128 31 B 91 160 e M 1
it -18.9 -20.2 -15.6 91 1.8 1.9 117 44 E B4 -18.7 smex 463 11
12 -11.9 -2.8 -17.4 089 1.7 1.8 8 54 B 8 -21.5 s o58 12
13 -145 -24.2 -19.4 97 2.1 2.4 11 3.1 ENME 78 -22.2 wExx 98 13
14 -125 -19.4 -15.B 068 1.5 1.7 138 4.4 BNE 734 -19.8  eemx 720 14
i 13 -3.8 -1%9.3 -12.6 183 1.9 2.8 13 .1 ESE 81 -19.2 e 865 13
16 =62 -13.7 -13.0 115 23 2.4 %9 5.1 ESE 47 -20.0 wwx 843 1b
17 7.4 151 -11.3 128 23 a.b 128 6.3 SE 45 -21.9 s 898 17
18 8.3 -147 -11.6 108 2.1 2.2 % 6,3 ESE 6B -16.8  mwxx 628 18
19 2.2 -13.0 7.6 108 1.6 1.7 113 44 E&E 77 9.6 Emxx 743 19
20 1.6 -13.2  -7.4 115 1.9 1.7 087 5.7 88 70 -10.0 wemx 1883 20
el A0 %6 -4 0% 1.3 1.6 % 30 B &7 3.3 1040 21
22 31 -7 58 128 1.4 1.7 14 3.1 8B 77 -B.2  #xx 1083 22
23 1.7 -88 -3.6 120 1.7 1.9 @98 7.0 ESE 58 -10.0 emex 1138 23
24 -8 7.3 -4 109 1.9 1.9 (88 .1 ESE 78 -3.9 s 790 24
s 1.7 -12.7 5.5 12 1.2 1.6 093 7.6 E 47 -165 weex 1388 25
2b G -49  -2.2 125 1.7 1.8 111 6.3 ESE &7 -B.3 smex 1363 26
27 1.1 9.8 44 117 15 1.7 us 3.1 ESE 66 10,0  wmew 1598 27
28 .1 <71 -4 7B 1.1 1.3 1189 1 NE 5B -15.7  wem 1288 28
KONTH 3.3 -242 7.5 112 1.4 1.7 0% 7.6 ESE 6% -13.0 wexx 2838

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 9.7

'
in
e

RELATIVE HUMIDITY READINGS ARE UNRELIAELE WHEN WIND SPEEDS ARE LESSE THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILILY
DR MONTHLY HMEAN FOR RELATIVE HUMIDiTY AND DEW POINT,. '

¢ SEE NOTES AT THE BACK OF THIS REPORT ®xxx%
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FONTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
JATA TAKEN DURING March, 1983

RES. RES. AVC. MAX. MAX, DAY’S
WAX. NIN. MEAN WIND WIND WIND GUST GUST P/VAL NEAN MEAN SOLAR
DAY TEWP. TEWP. TEMP. DIR. SPD, GPD. DIR. GSPD. DIR. RH DR  PRECIP ENERGY DAY
DEEC DEGC DEGC DEC MN/S /S DEE /S T DEGCC M WH/SEM
1 =28 -6 44 05 .5 .7 89 2.5 NE Al -23,3 wewx 83 1
2 -44 -141 93 113 1.9 2.0 113 57 ESE 70 -11.8 sxsx {405 2
3 -1 -165 -12,3 100 246 2.8 100 7.0 E 77 -15.8 s 1628 3
4 9.0 -167 -12.9 108 2.6 2.9 097 7.0 E 77 -15.3 e 1275 4
5  -4.4 -12.1 <83 09 22 23 121 51 ESE 72 -12.2 s U9 5.
6 -8 -13.5 7.2 194 1.8 2.0 09 5.7 E & -12.1 sk 1765 b
7 -0 -10.7 5.9 09 1.7 2.0 13 5.7 ENE &7 -12.2 xexx 182 7
8 1 -143 -7 08 21 2.3 084 S EME S8 -15.6 wexx 2069 B
9 2.2 174 9.7 086 2.3 25 098 63 ENE S5 -18.3 eexe 2K 9
10 -64 -163 -11.4 089 1.7 1.8 105 5.0 ENE B0 -12.6 ke 1180 1)
1 15 7.3 29 13 1.6 1.8 092 57 ESE 80 -57 e 1635 11
12 64 7.9 -8 18 1.0 1.3 130 54 E 74 -59 wexx 1658 12
13 5.0 92 2.1 089 1.6 1.9 046 5.1 ENE & -B.3 wex  23W 13
14 24 7.8 2.4 094 1.6 1.7 074 5.1 E &7 7.5 ses 2088 14 -~
5 34 51 -9 95 1,5 1,7 199 57 E M 59 e 2123 15
15 35 -85 2.5 098 1.7 1.9 097 57 ESE 69 7.4 s 2675 16
17 2.8 -11.8 -5 111 1.1 1.4 09 4.4 ESE &7 -8.4 weex 2878 17
18 26 -11.9 -47 1M 1.6 1.9 114 51 E 75 9.5 s 273 19
9 21 -13.4 57 087 1.9 20 072 51 E T -10.7 ¥ BN 19
20 14 7.6 2.8 090 1.9 1.9 084 &3 E 64 -89 e 2913 20
20 27 75 24 095 1.4 1.7 W4 51 E S6 -2 w3 2
22 32 -0 37 W3 1.7 1.9 106 57 E 59 -11.2 e 3050 2
33 1.3 -2 <50 100 1.7 1.9 075 S4 E 59 11,9 e 308 2
24 7 190 -47 08 1.6 1.8 060 51 E &4 -9.9 e 2575 4
2% 2.2 60 -1.9 130 1.4 1.6 117 5.7 ESE 59 9.3 xesx 328 25
2% 1.8 57 -2.0 15 2.1 2.4 092 8.3 ESE 54 -10.3 e I 2%
27 5 <71 <33 M7 a1 23 18 7.0 ESE S -1 wem 335 27
B 26 80 27 17 17 1.8 W8 57 ESE 55 -11.0 sex 3455 29
% 33 -5 -1 94 a0 21 108 63 E &7 9.9 e I 29
I 34 -0 <38 104 1.7 20 10 57 SE &5 9.8 wewe 3588 30
U 53 74 -4 102 1.6 1.9 983  S4 E 68 -b.5 s I27 3
WONTH 6.4 -17.1  -4.9 099 1.7 1.9 092 B3 E 66 -11.0 weee 74842
GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 5.1
GUST VEL. AT MAX. GUST MINUS 1 TNTERVAL 6.3
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 7.0
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 7.6

NMOTE: RELATIVE HUMIDITY READINGS ARE UNRELIARLE WHEN WIND SPEEDS ARE LESS THAN e,
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEM INCLUDED IN THE DAILY

OR MONTHLY MEAN FOR RELATIVE HUMIDITY AMD DEW POINT.
x%x% SEE NOTES AT THE EACK OF THIS REPORT  x%xx
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MNTHLY SUMMARY FOR DEVIL CANYON WEATHER STATION
TA TAKEN DURING April, 1983

RES. RES, 4AVG, HAX, MaX, DAY’S
MAX. HIN. MEAN  WIND UIND WIKD GUST  GUST P‘VAL MEAN HEAN SOLAR
DAY TEMP. TEWP. TEWP, DIR, SPD. SPD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEGC DEGC DEGC DEE WS WS DEE  W/S ¥ DEC MM R/ 50N
1 3.9 -%0 -1.6 103 1.7 2.0 113 57 8 71 -b3 0.8 7 A
2 &7 -9.2 -1.3 1081 1.7 21 17 63 ENE 64 -B.0 0.0 3963 2
3 5.1 -8 -1.5 183 1.9 2.2 1109 63 ESE 62 -7.3 0.0 4068 3
4 45 -2.5 1.1 123 1.3 2.3 281 19,2 ESE &8 -4.6 0.0 1690 4
3 16 -3 -.8 84 8 1.2 0% 3.8 E 71 -8 .2 2505 3
8 35 -5.4 -1 128 1.0 1.6 127 3.1 8 52 -14.0 2 A b
7 3.6 0.4 -9 1A 14 18 1m0 44 ESE &7 -7.3 0.0 040 7
8 2.6 -3.¢ 1.7 IR g 1.4 328 44 N 87 76 0.0 2923 8
? S -10.8  -5.2 304 40 13 323 1M 87 -11.7 2 2888 ¢
10 -1.2 -12.3  -6.8 07 1.1 1.7 i 6,3 ESE 58 -12.7 0.4 4403 10
11 45 -12.3 -B.4 0% 1.2 1.5 ot 63 & & -13.3 5.0 2380 11
12 3.4 -39 -1.3 @8 b 1.0 062 4.4 ESE S0 -14.4 3.4 2445 12
13 3.8 -3 A 15 g0 12 e 4,4 ESE 54 -12.5 4.1 3228 13
A 14 44 =23 1.1 338 S L4 329 6,3 N 38 -14.9 8 3470 14
e 13 34 -3 1.1 027 4 J 0 0§ 3.2 N 29 -22.4 4.0 1971 15
16 51 -1.8 1.7 77 A W 1 7.6 NE S8 7.0 3.2 3B 16
17 4.6 5.2 -3 113 d 1.5 28l w7 W 82 -8.7 0.0 366 17
18 4 2.7 1.2 073 g0 L3 1 7.0 ESE 67 3.6 b2 3018 18
17 6.1 ~-1.7 2.2 113 2 1.6 097 7.0 ESE 481 =63 6.0 4625 19
20 6.8 -3 1.9 197 1.2 1.6 034 7.0 B & -47 8.9 4363 20
21 7.6 -3.3 c.2 B9 1.4 1.7 100 5.1 ESE 39 -6.7 0.1 o300 21
2z 7.2 -.b 3.3 282 J 1.2 287 3.8 W 73 -3.4 o4 3653 22
23 4,3 B.0 2.2 306 4 g 323 44 UMW 17 -27.5 3.0 2600 23
24 12.1 9 6.5 083 g L3 47 3.7 ENE S0 -43 0.0 o655 24
25 14.3 .3 7.4 132 J 14 09 3.7 § ® -1 Db 3638 235
26 2.2 -1.6 3.3 245 4 11 317 3.8 GE 2 2.0 0.0 3616 26
27 1.1 -2.3 4.4 175 L2 1.3 188 1 B %7 -42 L% a7t 27
2 7.4 -1.4 4.0 358 b 1.4 323 .1 EME 3% -B.3 0.0 3843 28
29 6.7 b 1.8 2n 3 J 118 32 § ¥ 106 -5.8 2908 29
30 0.3 -1.é 4.5 034 1.3 1.8 12 6.3 NNE 41 7.4 0.0 6233 30
HONTH 14,3 -12.3 4 070 b 1,5 281 19.2 ESE %9 -9 332 113821

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

GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 7.6

z: RELATIVE HUMIDITY REQDINBS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
DHE METER PER SECOND, SUCH READINGS HAVE NOT REEN INCLUDED IN THE DAILY
OR MONMTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

. SEE NOTES AT THE RACK OF THIS REPORT  #x%X
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THLY SUMMARY FOR SHERMAN WENTHER STATIOM
A TEREN DURIHG September, 1782

RES. RES. AVG.  MAX., MAX. DAT'S
MAX.,  MIN.  MEAW  WIHD WIND  WIND GUST  CUST PYVAL MEAN MEAN SOLAR
DAY TEMP, TEMP. TEMP. DIR. SPD. SPD. DIR. SPD, DIR, RH IR  PRECI®  ERERDY DAY
DEGC DESC DEGC DS M/5  ME DEC S Y ODEG L M WH/EOM
t 6.6 3.9 1.3 045 2 518 5.7 ME 3 -3 94 3155 ¢
2 14,7 3.7 9.2 23 3 & 22 3.2 8 27 -5 1l i)
3 1.5 5.0 8.3 043 2 A4 M43 2.5 HE 5P -5 73 1845 3
4 13.8 1.8 7.8 202 1 4187 2.5 3/ 18 -12.% 2 KA
5 16,7 1.1 9.9 105 - O I T 5.0 0N 2 9.9 1.0 2255
b 153 5.2 10,3 188 S0 L1 13 63 S8 32 -5.7 0.0 1572 &
7 143 7.5 10.9 214 9 9 213 4.4 558 40 <37 1.8 215 7
8 11.9 6.4 9.2 208 b 7 208 3.8 58W I3 -4 2 1278 8
9 129 5.8 9.3 212 N 3215 2.5 ESE ®E ek 2 1718 ¢©
10 12.5 4,8 8.7 1137 A 30 2.5 ME %X RE¥EX .2 2830 18
1 7.9 -5 37 U4 1 T 2@ 5% E5 <32 74 190 11
12 118 -4 57 148 4 5 074 2.5 NE 6 T8 3. L8 12
13 8.7 4.4 6.6 037 3 b 055 2.5 MNE &1 2 g 978 13
14 10.4 7.1 8.9 047 .2 3 2 1.9 NME % anxxs 19,0 LT
e 15 17.0 7.3 12,2 244 1 g8 220 5.1 NNE 4B 1.t 29.9 2093 13
? 16 12,1 5.0 B.6 223 1.7 1.9 220 10,2 s 33 7.8 1.2 233 1h
, 7 g2 25 5.4 1053 A 4 05 T2 M OT2 0 -1 94 1198 17
18 12,0 37 7.9 033 3 T 212 32 E 52 -4 11.0 1428 18
19 9.4 6.0 7.7 204 1 4 24 1.8 s@ R 13 775 19
20 2.5 5 7.5 153 i 33 1.9 ENE 53 1 6.0 1285 20
2t 15.0 5.1 7.6 189 A & 217 I8 NE £ 34 1291 2t
2 10.2 -8 3,7 243 2 & 214 5.7 WSW %% 5.0 2151 22
23 1.8 -3.3 4,3 054 5 & M5 32 E o 2 335 23
24 9.9  -9ui 2.4 70 '3 s 29 32 B owx 1.4 15 23
5 111 =30 4,1 129 1 & 218 3.8 E % 0.4 200 25
26 8.1 2.2 5.2 W 3 5083 2.5 ENE %% wEesx 19,4 1243 2%
27 9.9 1.4 43 05 2 70207 3.2 BNE & v B2 1778 27
28 7.3 <34 2.2 163 5 5 103 1.9 NE %%  wxsxx 5.4 1340 22
29 9.4 2.6 b0 074 3 9 208 4.4 ENE #x maxx 74 1605 29
30 7.2 2.5 4,9 215 1.0 1.1 198 5.1 EBW o xEmer 8.3 785 It
MONTH 17,0 -5.1 7.0 183 1 6 229 10,2 ENE 33 -3.9 232.2 5T
GUST VEL. AT MaX., GUST MINUS 2 IMNTERVALS =,
GUET VELL., aT MaX. GUST MIMUS 1 INTERVAL gL
GUBT VEL, AT MaxX. GUST PLUS 1 INTERVAL 3,7
GUST VEL. AT HaX. GUST PLUS 2 THNTERVALS 5,9

.....

J“E HUMIDITY READIMGE ARE UNRELIABLE WHERM
i 5 )ELUND WUFH FVHPTNF' e HOT BE
X i IIT| AED FFM ”UI”T
LR PEp 2

Tl'r. I.Hlf., WO




R & M CONSWLILLTANTS NG .
SBLISLETNA HMYDROEBLLECTRILE PROJECT

MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
DaTA TAKEN DURING gctober, 1982
RES. RES. A&VG, HAX. HAX, DAY’S
NAX. HIN. MEAN  WIND MIND WIND GUST GUST P'VAL MEAN NEAN SOLAR
DAY TEMP, TEMP, TEWP. DIR. SPD. SPD., DIR, SPD. DIR. RH DP  PRECIP  EHERGY DAY
DEGC DEGE DEGC DEE WS MW/S DEE WS 1 DEGC MM WH/SAN
1 4,3 -4 2.2 059 2 4 210 2.9 ENE  ®%  Enwkk % 1308 1
2 7.6 -1 3.3 kA 3 A 349 2.5 ESE  #%  wEmax O 2088 2
3 74 -1.8 2.8 087 9 7 038 4,4 ENE % HERER HEEX 23 3
4 7.8 -5.2 1.3 B .B 8 096 3.8 ENE #%  wndae  maxd 2733 4
5 6.1 -5.9 d 0 063 1.6 1.7 47 7.6 N B RENER EEER 2798 5
b 36 -14 2,3 6D 1.4 1.5 073 6.3 EME  #%  uEnE  nx 1920 &
7 1.8 -.8 3 061 .8 1.0 062 4.4 ENE ¥ MRk ek ™M 7
8 1.8 -1.6 1 048 A4 10 027 3.2 ENE  #%  #RNEE ek 83 8
9 2.4 -2.2 1 216 11 B8 212 3.0 SSH R anaE MEN# 763 ¢
10 -4 -39 -2.8 214 2.3 1.2 219 S.1 G5 #% xmExm paEx 1020 10
1 2.0 3.3 -.7 D&l 1.1 1.1 043 5.7 EHE  ®%  ARENE  REE#E 765 11
12 2.0 A 1.1 060 4 4 047 1.9 NE %% ®SNe% RERN 538 12
13 S 5.2 2.4 U A b 214 J.2 NE  HE ERRER  EEEE M 13
14 1.3 -i1.9 5.4 9 1.0 g7 3.8 E  # pHHE B 623 14 P
15 1.2 -14,3 -6.6 D48 7 & 028 2.9 E B EEREER EEEN 1508 15 T
16 -8 7.5  -4.2 Exk  Rexx L7 RER O RKEX OEERE  RE BEEREE  RENR 293 16
17 5.0 -B.4 1.7 03 o3 A 026 1.9 NNE  #%  Eénex  aEes 835 17
18 2.4 14,0 -43 183 A A4 045 1.9 6§ R EREER  EXEE 1540 18
19 B -4.2 =1,7 RRER o RER HEHE  KNR BE HEREE BERR 243 19
24 .7 -13.B -h.b X%k R b aER RERR  RRE O ORE O EREER  RREN 830 28
21 -2.8 -12.8 -7.8 087 2.3 2.2 B4 7.6 ENE %% mewsx  amax 893 21
22 1.3 -1t.e  -6.1 158 2.1 2.3 097 7.0 NE %% tdExx ke 1485 22
23 -0 -15.5 4.8 080 1.3 1.6 055 6.3 E b aEERx Xk 1248 23
24 -3.4 -19.4 -11.4 07 ] 7 81 3.8 B me EEmEx ek 1323 24
29 -4, 215 -12.9 8% 2 A4 124 1.3 E ¥t xeamk Xy 1193 23
e -20.8 -24.6 22,7 179 5] 3 877 2.5 ENE %% HuEd %R 133 26
27 BEHEE  HHERR ERERE  EEE BREE O NEEK  XER RERE  ORRE e BEREE O BENE Rk 27
2B ERRRE  REEEE O HENER  NRR FEER  RRNE  RER EENE  OBRE KN EERRE  BORK rekxe% 28
29 FOHHE  REREE R RER FREE RN RRE O MERE  INE ¥R BRMER O REEX  gRNEE 20
30 HERRE O REHOEE RRERE RNR RAEER  RRRR XXX HARE NN HR O BAREN  RNEE xdEEE 3
3 FRRER  EARRR  REERE  RAR HHHE BHHE REE HOER R XK BEERE  EEEE odexamx 3
HONTH 7.8 -24.6 -3.5 1088 8 - LY 7.6 ENE % ®EeEdE RREX 361335
GUST VEL. AT MAX. GUST MIMUS 2 INTERVALS 3.1
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 9.1

" NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THaI
ONE METER PER SECONL, SUCH READINGS HAVE NOT EEEN INCLUDED IN THE DHILY””“
‘ OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT.

- *¥xxx  SEE NOTES AT THE EBACK OF THIS REPORT  wxxx
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| 3 i.J:ii; TUNEG Y OIROELLECTR DO PROIEST
JTHLLY SUMMARY FOR SHERMAN WEATHER STATION
Té TAKEN DURINMG November, 1982

s

RES. KES., AVG, MAX. HAX, DAY’S
HAX. HIN, HEAM  WIND WIND WIND GUST  GUST P/UAL HEAN NEAW SOLAR
DAY TEMP, TEWP. Tt¥WP. DiR. SPD. 5PD. DIR. 5PD. DIR, RH P PRECIP  ENERGY DAY
DEGC DEGT DEEC DEE /5 WS DEG W/S i IDEe L HH WH/508
1 BEREE BREEE  NEEEE  BEE KRR OHEE R EEKE KR RR O RERNE  RRER Eemme |
2 REEEE  MENRE  NEANE MR NREE  BHEE  ERE EXEN O REE %% MO RO kxR 2
3 EEREE  RERME  OMHEEE  BER BREE O RRER REE  RREE O XEE ER O RNRNE  REXR WREEER
4 RREEE  MEOHE  HEOEE  REE RERE O REEE XEM A MRE AR SEERER O BRER REERNR 4§
S ENRNE O RNERN  RMOHE BB EEE  HERN RER RRER O RER BN BRENR BREX AnEEEx 3
& RAERE ERRRE REOER ERE HOEE EREE MEE FRRE RRE HE RENNE REER HAERE b
7 RNERRE O RREER  RRMEE  RER  HHER  RERE MO R BNE HE REERE BN EXRak T
B RN ERNNE O REEEE KRN EEREE  EERE O SEN RXER  BER A% HREER RERE gudaks D
G RMREE O RERAR  EREEE R OHRE RREE RN OHER R mh REEEE EeRR mdERer 9
10 memkE  BOHEE  RENEE MR EREE  BEERENN RRER NN B OOt EREE RnEeex 1]
11 FRERE  REERE  LEEEER  REE WNRE RERE Rxu REER ORRE MR BEERE HRRE ek 1]
i2 g.0 3.1 -1.& 18§ .9 .7 178 32 B 23 ~19.7  wwEx 178 12
13 2.1 7.1 -4 035 .2 B 382 1.9 ENE 44 -14,3  sxnx a7 13
14 -1.8 -10.6 -5.2 %¥x FARH 2 REE ENEE BR RN BRARR AN 233 14
TS A -6 -13.5 0 092 A2 092 1.3 E m wekke meke 715
16 SAREE  RENAR O RREER  HER  ENER  KEER MR RS REE KR RERERE HEER ek 14
17 weEwx ERRER O RERER O OEER  RNAE SRR R RERE O EEE RE REARR  HRXR exkaee 17
1B ®EER  BEEE  FRENE EEX FOHC ENER BHE REER DER ER HOMODE  REXE onoEx (B
19 #EEEE  RNENR  ERER  RER RERR HKKE  RAK FHEE  RRE MR REENR  RENE REkERX 1
20 wEREX BRENE BHEEE BN REXE  XRRE O RRE  BEEE N XX XEXMN NEER mEawEx 2
21 ERRER O RRERE  RAREE O RXX B RERR R FRRE R %R RNEXR HERHE raxake 21
22 EaRE HRHHE O RRERE  BEE ZEER RREE HE ENRE RER NN JEERE O RNRR XEEERR 2D
23 5.8 -3.2 -1.6 038 b LY 3.8 NNE 33 -i3.0  swws 273 23
24 -3 -i0.7 -5.6 073 3 a3 033 1.3 ENE  #%  ¥%ed ok 268 24
co g -18.9 -5.1 %6 7 8 i 3,2 ENE 26 -22.4 wexx 273 25
26 3.3 -i0.,3  -7.9 148 9 9 144 3.2 NE 33 -E5.2  wwxs 270 26
27 -7.5 -16.5 12,0 075 N & 073 1.9 ENE 38 -20.9 e 245 27
28 -i4.6 -20.1 -17.4 Q8B .3 3 0a0 1.9 EME 22 -33.3  im 260 28
29 -4,%  -14,3 -9.b6 #xk Euae 9.0 079 S oEx 37 -21.9 0 weEn 170 29
3 ~7.8 -13.01 ~-10.4 #xx KRER B 2.2 1 a4k s#% 2B -Z5,8 naxx 180 31
HONTH g8 -20.1 -7.% 59 0 A 6 3.8 ENE 32 -22.1 xmax 2799

GUSBT VEL., AT mMax, GUST MINUS 2 INTERVALS 1.3

GUST VEL . AT MAaX. GUST MINUS 1 INTERVAL 1.3

GUSBT VEL.. AT #HaX, GUST PLUS 1 INTERVaL 1.3

GUST VEL. AT MAX, GUST FLUS 2 INTERVALS 1.3

(E: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THaM
ONE METER PER SECOND. $UCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY

m0R MONTHLLY MEAN FOR RELATIVE HUMIDITY AMD DEW PGINT.

¢! 3EE NOTES AT THE BACK OF THIS REPORT  xxxx%
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MONTHLY SUMMARY FOR SHERMAN WEATHER
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STATION
DATA TAKEN DURING December, 1982 ;
7
RES. RES. AVG, MaX. MaX, © DAY’S
HAY, HIN. HEAR% WIND WIND WIND GUST  GUST P/VAL MEAY MEAN 50LAR
DAY TEMP, TEMP., TEMP: DIR, GPD. 5PD. DIR, 5PD. DIR. ¥  DP PRECIP  ENERGY DAY
DEGC DEGC DEGC DEE M/5 M/S DEG  #/S % DEGE MY WH/SOM
1 -12.1 -1B.0 -18.1 WA .7 b 106 3.2 NE %K REENE  XENE 26 1
2 -168 -219 -19.4 Q47 1.2 1.3 029 4.4 NNE %% ENERR RN 28 2
3 -14,3 243 -19.5 044 1.8 1.6 130 3.2 ENE % Exaxx  d¥m a2 3
4 -13.4 -18.2 -15.8 044 1.2 1.2 1A 3.8 NE %% sxeex d%%d I 4
3 -2.3 -14,0 -B.2 % 1.5 L& 1083 4,4 NE ¥k BEKEE  XEEE 279 5
& 4 9.2 -4 05 1.4 1.5 1083 S0 ERE ¥ memry My B3 ¢
7 41 -4 1.5 05 1.4 1.4 [B4s 5.3 NE %% EENEE EENX 43 7
8 3 -4 g RER 0.0 0.0 ®xx 0.0 %% %% EXRAE EENX A 8
9 1.3 -{5.8 -72.3 14! 2 .8 178 6.3 E ¥ xNMEr BEM a3 ¢
10 31 -19.4 -12.3 087 7 g 11 3.2 B ¥ ENEEE uEx 228 U
i1 -2.4 -B.7 5.6 {64 1.3 1.6 1030 3.8 ENE %% muER¥  %Ee 233 1
12 A =57 2.7 1S9 1.4 1.5 042 4.4 ENE %% X% gy 27 12
13 14 7.6 3.3 18 .8 2 132 3.2 ENE %k kmmEx XuuE 248 13
14 -2 -89 -44 {43 1.0 1.2 335 4.4 EHE % sdeax Exa 3B 14
13 2.2 8.7 =33 BA3 t.2 1.3 065 3.8 ENE =% xewwx ¥pE 28 15
16 -3 -B.% -4 043 ) 1.0 029 3.2 NE ¥% mEaE% ¥R 23R 15
17 -2.8 -14.1 -8.5 &2 A 4 (9 1.9 ENE % y3exx  ¥X¥ 23 17
18- -13.4 -18.% -162 1155 3 4 073 1.9 ZME %% xxes¥® REy 253 18
19 -4.3 -21.1 -12.8 3% g 1.0 032 4.4 NNE #¢  BEEER  ¥EXR 228 19
20 -3 -158.4 -t1.4 (%% D 9 T ) ¥ 3.9 ENE %% NEEE  puxE k3 2
21 -14.9 -22.7 -18.8 1182 8 .2 188 1.9 E 3% eeeey ¥ e 244 21
2 -19.9 =284 -23.3 072 b 7098 2.5 ENE %% xexex  xExy 248 22
23 -11.2 =221 -16.7 04 .8 8 03 2,9 ENE % %ExEr  fény 28 23
24 -8.0 -1%2.4 -13.7 049 .8 9 BEt 2.5 ENE %2 wuEmx eaxx 283 24
25 -8.4 -17.5 -13.0 B&d 7 8 2 2.5 ENE %% xEEEx NERE 203 23
25 -t.4 -75 -4,5 IS 11 1.2 56l 3.8 ENE %% mnEm % 248 2
27 1 -4,7  -3.1 D48 4 A4 0g2 1.9 ENE %% %edx% ¥esk 17 27
28 A A 3 383 4 2009 1.9 ME  ®x wEExr uhux 172 28
29 9 A S 2 A 102 3.2 HE %% ONREERE  XENR 173 29
30 1.9 -3 2.1 22 3 6 2268 2.5 SM B EBERX  %NE 23 3
A 2.5 -4.7 -4.6  #%% EEEE XEEX EEY FERE  RRE ORE O REEERE RENE 185 .31
WONTH 4.0 -26.6 -B.7 059 9 D46 5.3 ENE 5% EEEN%  RNEX 7187
GUST VEL., AT MAX, GUST MINUS 2 INTERVALS 9.7
GUST VEL ., &T #MaX., GUST MINUE 1 TNTERUVAL 9.1
GUET VEL . AT MaX, GUST PLUS 1 INTERVAL &, 4
GUST VEL ., AT MaxX., GUST PLUE 2 INTERVALS R

HMOTE:

33 3% %

RELATIVE HUMIDITY READINGE
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AT
THILY SURHARY FOR SHERMAN WEATHER STATION
A TAKEN DURING TJanuary, 1983
K
- RES, KBS, AVG., HAX, HAX, DAY’S
ffx, MIN, ~ HMEAN  WIND WIND WIND GUST  GUST P'VAL MEAN rEAN SOLAR
DAY TEWP. TEWP. TEWP, DIR. 5PB. SPD. DIR. SFD. DIR. RH P PRECIP  CHERGY DAY
DEGC el IEG L DER /S /5 bEG #/5 I3 IEG C [4i3] Wi/ 3
T -9 -3.0 -3.0 RERE ORERR XX FEER ORRE RR RERER REEE 2i6 1
2 0.0 -3.8 =2.9  x#x A%RE O KERR KK RERE  REE OFE BREER EXRE 20 2
3 -3.9 -7.1 =55 ek RRER RARR AR RRRK RRE ONE RERXR ARxR igg 3
4 -5, 2.8 -i3.9 aax RERE RRKE RX¥ FEEE O RER OXE REREE ANER 2hEd &
g -{8.0 -25.8 -21.9 mux PETT I 2 T B ¥ 1) RhEE REE RE O REERER RANX 258 I
6 -i43 -2 -17.2 (8t 3.4 1.1 a2 7.6 ENE %% RNk ke [ 6
7 -6 -BR.0 0 <22, 0GB 2.8 2.1 i T ENE  m #ewxs kexw &3 7
3 -t6.8 -32.2 -24.3 Ghi 1.8 1.5 0% 8.9 M Eh ORRMEER XERR 3 8
7 26,3 -27.0 -23.B 3% 1.2 1.3 B4k 3.8 NNE  ¥% - ERREK kREx 39
0 -17.7 -E7.8 -Z2.6 0N g 12 a3 3.7 NE A% aEARE miu 48 10
i1 -11,9  -23.9 -18.9 2 4,2 4,4 Q69 i2.1 ENE  #%  skaEx mex a2 U
12 -14.2 -17.6 ~-13.9 (68 24 2.5 056 8.9 ENE #%  xaxsx  #¥Ex 438 12
i3 -14.3 -17.9 -i6.1 (6B 2.1 2.2 177 7.6 ENE #k mmERE xekx ¥ 13
o, 14 -7.% =217 -14.3 Q3@ '1.1 1.2 11 4.4 ENE %% EREER ¥R 495 14
A 15 1.6 -13.% -6, 0 147 1.7 1.8 078 3.7 ENE @ #xgxs aeER M5 15
o .7 =34 2.2 143 8 9 54 3.1 HE £ AR MK 333 15
17 =34 -13.4 -8.4 be .3 b 215 2.0 ENE %% adus #ERR 28 17
18 2.3 -3.4 -3.6 &b 1.3 1.4 063 7.0 ENE &% swer pEsd 275 18
19 .0 -b.2 -3.1 078 2 b 227 9.7 ENE %% kkkE pEe 7 19
26 AREXK ARARE O NRREE ARR TEEE REEE BAR FEER  RRE AR XEEER  REEN *ARREE 20
21 ERRERE O RRRER ANEER  RRE EREA RERR RER RERE KRR RE XRANE  kEER x¥ExRE 21
22 RRERR  FREERE NNNRE SR EREE EER O FRRE AR R BERER REXR ¥HEAER 32
23 FREXE  RREEE ARERR KA RARE  REXR  REX RAAE KAE AR EERER O RAER ERkERE 23
24 RRERE  REENR O RHARK R EREE BRER RN ERER RAR BE O ARKER  RHEX LI IS T L]
25 BRANR  RERRE RREEE  AXE FAEE  RERE Ex4 EERR  OEME % ARER% RRER ExXkE%x 29
EL: RRKRE O RREEE RN R F4%E FERE EEX TR IO B T T R ARLRXE 2D
27 RERRE  NHARE O RERAX ERR EERR ANRE AEK ARER ORERR XR ERENE  REER REEes 27
28 FEREE  REREE O RHNEE RXE EEEE NAXR RXX FEEE  REA AR LEREE ERAR AXEE%%E 28
2y FANRA  REREE O RAME kR ARAX KEEX AR FRER  ORNE R RREET  EERE 2ER%RE 2V
3b REEE RAENR GRAER KR FEEE AANR RAR ¥AEE RRE R BEERE RERX L4xA%x 30
3 FRELE  RRRER xXERE ER% ¥ERE  BRER OEAR FREE KRR OE% ERARY XERX ¥R¥A%e 31
AWt 2.3 -32.2  -13.§ 139 1.0 1.B  Us9 12.1 EHE %% xak%s RAER 3998
GUST VEL ., AT Héaxk, GUST MiInNug 2 INTERVALS 8.3
GUSBT VEL ., AT rax, GUST mMINUS 1 IRTERVAL 8.9
GUISHT VEL. aT MAax., GUST PLUS 1 INTERVAL 16,2
GUST VEL., AT Max, GUST PLUS 2 INTERVALS 7.0
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ADNTHLY SUMMARY FOR SHERMAN WFEATHER STATION
YATA TAKEN DURING Fehpuarv, 1983
RES. RES. AUG. HAX. NAX. DAY’'S
HAX. KIN. HEAN WINDG  WIND  WIND GUST  CUST P'UAL HEAN MEAN SOLAR
DAY TEMP, TEMP. TEMP. DIR. SPD. GSPP, DIR. SPD. DIR. RH P PRECIF  ENFRGY DAY
DEGC DEGC DEEC DER - M/S WN/S DEG #/5 b4 NEG | WH/55H
1 FRRRE  RREREE  OHOEE NN REEE  REEE NER FEEE O NRE M NEENE  NNEE AR
2 EREEE  BEEER O RENEE NN REEE  HERA BAE SRR OREEORE RMENR REXM XN D
3 EEREE  ERNNE  NNEEE  NEM HEEE RNEE  REE ERER  OREE  RE O REEEF  NAEE HERRE 3
4 FRERE  BREEE O BNENE AR EHEE  BAEE OFER B REE ONE RNNRE  NEEM EEERER 4
5 HHEER  RNEEE O REREE NN RERE  ORNEE EEM EREN  ONEE MR XHBEE NANR AR g
b REEEE  HEEEE O RNMRE  EER EEHE  RENE EAR HEEE  REA RN ENNEE  REEE RERREE
7 -1 -8.3 -4,2 039 A A 173 2.3 E £ BEEEE RN 632 7
B -19 -13.& -7.8 072 2 3 047 3.2 E %R RNEEE HENE 733 8
? -2.¢ -21.9 -15.5 7% R b AT 2.5 O OB¥  FEENE NN A KT
10 -7.3 -23.3 -13.4 078 4 g 095 3.2 FENE %% NNs¥  Hak 1118 10
1t -4t -24.1 -18.1 059 8] b 44 2.9 NE R ORNEEE  EREN 1215 11
12 -10.5 -28.0 -~19.3 04l .3 g 14 1.9 ENE %% ®aex ke 1305 12
13 -24,7 -394 -27.2 043 4 4 127 1.7 ENF  ¥%  BEREX  XKEKE 398 13
14 FREE  RERRE  RNNEN XM REHE  OBEEE  NEX FEEE  REE RN MNNNE  NNEE HRAERE 14
15 FHEHE  REENE O NEREE  HN¥ KERE  RNNE  NEE FEEE ONHE O OEE NENNR  NNEN xR 15
T4 REMEER O NNNNE  NNEKE NN RREE  NENE 3R ERRE  RRE  EE NRMNN  NNEE #EAREE 16
17 BEREE  REEEE O RNEEN  OKNX EEEE  REEE AR EERE WHE BN RMERN HERE ey 17
i8 EEIAE  ERENN O NENEE NN XEEE  OWEEE BEX RREE OERE OEE NENNE  REEE wuunux 19
19 FHEEE RN RARRE RN HERE  MHUE ANW FREE  RUE KN EEEEN  XXER HEEEE 19
20 FENNE  ORRRNR  ENREE  XEN FHRE  RNAE NN ERREORER O ORE O RENER  XNEE FERERE 2
el BHRRE  NENRE O RENEE XA EEEE O REER  NEE EREE  RHE  OXE O NEENE  NENE HxERr 24
22 RERER  REHEE  RNREE  FR RERE  RRER  BRE EEEE  REE BE O BHENE O XRERE 2223 2 S
a3 FREEE  BEEER  SEERR  BEM RERE  RNER RNH REEE  EER B REREN  NRNE HEeH 23
24 FRERR  BRRAR  BNERE KNS RNER  ENEE  RAR FERE  OENE NN NERER NN ERUREE D4
25 ERRRE  NRNE  RREEE  HNR RREE  ANNE  REX AR RRE NN NEREN  NNEE 1322 I
BE O RREEE O NENNN  HHNNR  E¥E RERE O NEE BEE RERE O OBEE XX BEEEE RNME ARERRE 25
7 EEEEE  BREEN O REEEE  NRN HREE  REEE  XEE FHRE  ENE O OXE  ORNEXT  NHNR Exxy 27
28 FHERE  RNNAR  NREEE  NNM RERE  ANER BN FREE  REE  ONE BENNE O XEEN *eE¥ae 29
HONTH -1 -29.§ -15.3 049 A G BA7 T.2 ENHE % wEMd% uE¥R 8355
GUST WFL, aT Max., GUST MINUG 2 INTERYALG 1.3
GHST YEL .. aT MAX., GHST MINUS 1 TNTERUAL 1.3
GLIST GEL, AT MaxXx., GUST PLUS 1 INTERUAL no
GUST WYEL., AT MMM, GUST PILIUS 2 INTERUVALS 1.9

NOTE

6 N 2

RELATIVE HUMIDITY READTNGS
PER SECOND,

ONE METER

SUEH

OR MONTHLY MEAN FOR RELATIVE HUMTDITY AND DFW POINT,
SFEE NOTES AT THE RACK OF

THIS REPORT
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1Y SUMMARY FOR SHERMAN WEATHER STATION
TAKEN DURING March, 1983
RES. RES. VG, HAX., MAX. DAY’S
Hax. NIN MEAN WIND WIND WIND GUST  GUST P/VAL HEAN MEAN SOLAR
paY TEMP, TEMP, TEMP., DIR., SPD. SPD. DIR. GSPD. DIR. RH PP PRECIP  ENERGY DAY
DEGC DEEC DEEC DEB s M/5 DEG N/S 4 DEG C M WH/5QH
i EEREE  BNEEE  RNEEN  NEE  NRNE O RNEE O BEE O NEXN  EEE  NE O NXEEE  ENEE 032 S|
2 RREEE O BEERE O REEER  EEX ERRE RNEE EEX EARE  REE  ORR O ENNNSE  RNNN EARENE 2
T EREEE  RNEEE O FHNEE XXX FREE O RREE ONEE O EEEE  OENE BN RNENE  NUEK Haknr 3
4 BREE  EREEE O RERRE  REX AR REEE ARX EERE OEEE X REENN RNRR EERNNE 4
S EEEEE O REEER  NREEE  NNE O NUEE  NHEXE AR REEE  REE O RE RREEE  RENE EXENE 9
S EREEE  NENEE O REENE  NEE O NERE  REEE  NENX EEHE  RNE KR RRNEE  REENE EEREER b
7 BEREE O RREEE  RNNNE  NEE BEAE  RERE  EEN HEEE  EER ORE O NRREE NN ke 7
g8 REREE O BREEE O RRERE  ENX EAEE  XNEE  REX RERE  REE R NNEEE  EEMNE xEEENE 8§
9 FEERE  RREEE  NEREE XA RERE O OREEE  ORER  EREE O NEE RN NEXEEE  RNEE HxE¥E 9
10 -2.6 -15.1 -89 D&t 1.2 1.3 04 4,4 ENE % XNEER  REEN 2956 10
1 44 -7.8 -1.7 05% 1.0 1.3 1R 3.8 ENE  ¥%  %%¥k%  ¥ex¥ 1913 11
12 8.6 -8.3 2 083 1.0 1.2 062 4.4 ENE %% XudEk RMEx 19680 12
o~ 13 8.6 -10.5 -1.0 058 9 t.d 076 4,4 ENE  *%  aEeEx  ER¥ 279 13
| 14 2.3 -11.2 -3.0 049 9 9 075 3.8 ENE 3% meEex  E¥ax 2270 14
15 83 -8.3 0.0 065 3 7 M 38 E = EuEEx 0NN 2468 15
16 68 -10.4 -1.8 048 .8 9 076 4,4 EME %% REEEE  NENE 3080 16
17 b4 -13.7 -3.8 075 8 8 084 4,4 ENE ¥ %¥Exx  XENE 2% 17
18 8.0 -15.7 -4.9 (&9 9 1.0 049 5.1 E ¥ ORERER  REERX 3395 18
19 2.7 -15.8 5.0 173 B 7 078 4.4 E ¥ ORARNR RNKE 3423 19
20 ERREE O BEERR  RERAR RN RREE O RRUE WX EERE  REE O ONE REEEE  RENN wxxxkx 20
21 7.1 -10.3 -1.6 &9 1.1 1.1 @72 4.4 ENE ®%  %EExk  ENNR 3421 21
22 7.1 -15.0 -4.4 075 b .7 (083 3.8 ENE  #% %ok w6 3928 22
23 3.9 -14.8 -4,5 D48 7 B 079 4.4 ENE %% xxene  6bex Jelg 23
24 47 -11.9 3.6 1032 8 9 A7 3.8 ENE  #% ¥eEex  wEEk 25933 24
23 5.2 -8.0 -1,4 {83 1.4 1.9 1081 9.7 ENE % ®XEee  Xex¥ 3673 29
26 3.1 -8.3 -1 09 2.0 2.0 049 7.6 NE  #% swewx ke 3435 2
27 4,3 -7.%  -1.8 059 1.9 1.9 852 7.0 ENE %% ®%¥xx  X%%¥ 3663 27
28 3.8 9.9  -2.1 045 1.4 1.5 877 3.1 ENE  *% edEx %k 3798 28
27 7.6 -11.7 2.1 177 14 1.1 171 4.4 E EOBHOEE XREX 398 29
38 45 -12.1 -2.8 172 1.2 1.2 177 5.1 ENE %% #%%Ex  Xwexs 4228 30
3 10.0 -B.1 1.6 885 7 .8 055 3.8 ENE %% #EE%EE  NNK 33 3
HONTH 10,8 -15.8 -2.6 083 1.0 1.1 049 7.6 EHE #%  exxxx  xxxx 56524
GUST VEL., AT MAX, GUST MINUS 2 INTERVALS 5.7
GUST VEL ., AT MaX. GUST MINUS 1 INTERVAL 5.7
GUST VEL., AT HMAX. GUST PLUS 1 INTERVAL 6.3 -
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 6.3
AATIVE HUMIDITY READINGS ARE UNRELIAEBLE WHEN WIND SPEEDS ARE LESS THaN

< METER PER SECOND.

DR MONTHL.Y MEAN FOR RELATIVE HUMIDITY AND
SEE NOTES AT THE BACK OF

SUCH

THIS REPORT

DEW POINT,

236 %%
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MONTHLY SUMMARY FOR SHFERMAN WEATHER STATION
DATA TAKEM DURING April, 1983

RES. RES. AVE. uAX. MAX, paY’s
MAX.  MIN.  MEAN  WIND WIMD WIND GUST  GUST P/VAL MEAN HMEAN SOLAR
DAY TEMP, TEWP, TEMP. DIR, 5PD. SPD, DIR. SPD, DIR. RH DP  PRECIP EMERGY Dav
DEGT DEGL DELEC DEE M5 WS  DEG /S “ DEEC MM WH/ SO
1 5.2 -1b.1 -3 7 1.0 1.1 p8 4,4 E  ¥x weexx 0,0 4243 1
2 9.6 -8.8 4089 i 1.1 082 5.7 ENE %% xxxwx 0,0 4435 2
3 8.3 -10.7 -1.2 043 1.2 1.2 04 4.4 ENE %% xsxex 0.0 50 3
) 7.4 -3 3.6 130 20 1.9 212 10,2 NE %% wewmx 2.2 193 4
3 5.1 -2.4 1.4 053 .2 b 352 3.2 ENE  #% dax¥%  2.% 2063 35
b 2.6 -11.3  -4.4 (9% B0 L1zt 4,4 E x%  sexxx 2.2 %48 b
7 7.9 -3 1.9 104 A 2 044 2.5 ENE 2% xwnex 0.0 4528 7
8 4.4 5.4 -3 23 B B 223 4,4 58 %% xxxmx (.0 3908 B
9 .7 9.5 -2.% 217 8 1. 208 3.8 SOH  Ex ek b S 9
10 2.6 -11.3  -4.4 19 B 11 13 4.4 £ xx xemx 0.0 4938 10
11 -1.9 -11.7 -b.8 9857 1.3 1.4 B T OENE e axemr (.0 2727 1
12 3.4 -43 -0 039 A g 130 3.2 NNE % xamx B4 2078 12
13 7.4 -3.B 1.8 084 Vi & D46 32 OB wk xmxxk 4,0 4438 13
14 5.1 -.9 2.1 220 .B 9 229 4,4 SH #x xxwmx 5,0 27115 14
13 4.5 8.0 2.3 04 .3 9 21 2.5 HNE  #%  wmexy 14,2 2173 13
16 7.6 ~1.7 3.0 06b 1.3 1.1 9159 S0 ENE  #x xxxxx 1.8 3700 16
17 51 =53 -.1 218 9 1.2 231, .1 SN ® o mnek .2 4218 17
18 7.0 1.3 2.9 152 b .B 020 S.1 ENE %% sxxxx 11,0 3580 18
19 75 -3.3 2.1 210 g 1.2 206 4.4 BSW  xx  zeaxx 0,0 3908 19
20 9.9  -4.3 2.8 7 g 11 177 S B = sammx )0 5030 20
21 10,1 4.5 .8 093 b 82 03 3.8 ENE w wwexx 0.0 9143 21
22 8.8 -2.2 3.3 214 2 a0 189 4,4 § xx dmmmx J.4 303 22
23 7.8 3 4.1 208 A 5 212 3.2 S sk wnmEx 5.4 3148 23
24 1531 A 7.4 0§23 .3 g 4.4 ENE % axamx (.0 6030 24
23 19.4 -1.6 B.9 183 307 1% I8 E  w w00 6008 23
26 143 -3.7 5.3 U9 3 b WS 3.2 WNW s mExxx 0.0 6028 2
27 14.8 -3.7 3.6 225 A 7 1bb 3.2 HE % wxxsx 0,0 6113 27
28 13.3 -2.9 3.8 213 N B8 212 3.1 55W s emawx 0.0 4195 28
29 18.6 . .1 5.4 1% 1 A 208 2.9 ENE  x%  xxxxx 5.0 243 29
36 13.7 -2.0 3.9 §42 1.4 1,2 7 Z.1 ENE  #x% swxxx (.0 6580 30
HONTH 19.4 =11.7 1.8 B4 3 9 212 10.2 ENE %% sxsxx 9B, 0 1243B)
GUST UEL., AT MAX, GUST MINUS 2 INTERVALS ?.9
GUST VEL. AT MaX. BUST MINUS 1 INTERVAL 8.9
GUST VYEL ., AT pMaX., GUST PLUS | INTERVaL 8.9
GUST VEL. AT MaX., GUST PLUS 2 INTERVALS 7.0

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE [LESS TH
OnE METER PER SECOND, SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DALL
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,

#xx%  SEE NUOTES AT THE BACK OF THIS REPORT #x»xx
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MTHLY SUMMARY FOR SHERMAN WEATHER STATION
TA TAKEN DURING May, 1983

RES. RES. AVG. HAX. MAX. DAY’S
HAX.  MIN. MEAN  WIND WIND WIND GUST  GUST P/VAL MEAN HEAN SOLAR
DAY TEMP, TEMP., TEMP. DIR. SPD. SPD., DIR. SPD. DIR., RH DP  PRECIP  EMERGY DAY
DEEC DERC DEEC DEE ¥/5 H/S DEE  M/S I DEEC MM WH/50H
1 14,4 -3.7 5.4 127 '3 B 204 4,4 ENE %% mxuxs ¥ 5418 1t
2 8.2 1.1 4,7 219 1.1 1.2 216 5.1 S wx awxex 5.0 4123 2
3 8.8 -1 4.4 2{B 1.1 1.3 214 4.4 S5N  xk wakEx .8 418 3
4 11.9 -1.6 5.2 096 7 1.1 @28 3.1 ENE  *x oweewx (.0 5820 4
3 12.3 -.8 3.8 043 S 1.8 347 5.7 B xx wxwEx 0,1 4433 3
) 143 -2.2 6.1 058 B8 .9 I 5.7 ENE s wwxwx (.0 7015 &
7 15.4 -2.2 6.6 0AQ b 9 347 310 B & xexxs 0,0 853 7
B 16,9 -2.3 7.2 308 2 8 213 3.8 NE ¥k dxxxx (. 6953 8
i 15.0 -3 7.3 244 A 8 263 4,4 G5 ex  wewxx (.0 5903 9
1 14,0 -.B 6.6 233 3 9 293 5.1 SH 0 %k wwx (.0 8233 10
1 14,8 -3 8.0 34l .2 B 316 3.8 ESE % wxxxx 0.0 6765 11
12 14.5 2.2 B.4 127 A 7 134 3.8 EBE ¥  wmeexx 0.0 5783 12
13 16.4 2.4 9.4 001 2 B 817 3.8 ESE  %x xxwxx 0.0 5783 13
AT 14 16.1 9 8.5 223 S0 1.0 193 9.7 G54 s mEREx 2 4833 14
. 15 14,2 3 7.3 2% 3 8 23 3B B #x wmwex [0 4793 15
16 13.6 -3 6.7 238 40 1.8 218 9.1 WEW e wenes 1,0 B3 16
17 10.8 3.1 7.0 222 8 1 184 7.0 S0 % wxxxx 7,0 528 17
18 11.4 2.7 7.1 222 1.1 1,3 225 5.3 SH %k ReEEE .S 4838 18
19 12.7 1.6 7.2 2 3 9 199 4.4 S8 #x  mexEx [0 4285 19
28 18.2 1.8 13.0 237 1.3 1.5 234 6.3 WG ax  sxexx 0.0 6013 20
21 11.1 4.6 7.9 21 1.3 1.4 23 6.3 G54  mx wakEx 1.4 333 21
22 14.5 5.1 9.8 227 2 1,2 272 5.7 G5W % xmwwx 2.0 3068 22
23 14.4 4.1 9.3 208 g 1.2 227 3.1 GSH ¥R eEExE 4 4973 23
24 16.4 -1 B.2 (078 Y- T TN I 5.0 SE %% wxxex (.0 3889 24
25 1.8 -2.2 -2 115 .2 2 145 b ESE ER meax .4 %0 25
26 HBERE  EROHE  BHEEE EEE ENER O BREE BN HUEE BEE RE RRENR  MERR O KROEER 2p
27 mEEER O NRREER  ENERE  OEEE  RNEE ML ERE O NREE R BE O RNERR NN %kEanE 27
2B REMEE  HERE  ERREE  HER MR BREE HEE MR RRE RE RRNEE X% kEdaEx 28
29 EREEER  MHNER  MHOEE  REE  RRKR  HERE  RRE RREER NRE ORE HERNE O REEE Rueaee 29
TA AREEE  EREEE  BRERE BEE BERE RHHE NE HOEE REN NE HERRE BaRR penaa 30
1 EERER REREE  HHOER  NRE BER HOHC RRE MO N0 B RREER O BEER a3
WONTH 18.2 -3.7 b9 217 .3 1 184 7.0 SSW xx  xEx¥s  17.4 131079

GUST YEL. AT MAX, GUST MINUS 2 INTERVALS 3.8

GUST VEL., AT MaX. BGUST MINUS 1 INTERVAL 3,2

GUST VEL.. AT MaX., GUST PLUS 1 INTERVAL 5.7

GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 3.2

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

*% SEE NOTES AT THE BACK OF THIS REPORT  ®wxx
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TALKEETNA ALIRPORT

WEA SYC CONTRACT HET 0BSY

LOCAL
CLIMATOLOGICAL DATA

Monthly Summary

[SSH  0198-0424

LATLTUDE  62° 18 N LONGITWOE  150° 08 W ELEVATION (GROUND) 345  FEEI TINE ZONE ALASKAN HBAN $26528
T NEATHER TYPES | WO AVERRGE T
DEGREE DAYS WIND sk coven
TEMPERATURE °F 4 ICE | PRECIPITATION |STATION SUNSHINE | " TenTHs s
BASE B5°F |y pgg PELLETS PRESSURE (.P.H | TENTHS
== | == |2 HEAVY FOG R [ _ 4 w [ T2 [ FASTEST T o
23 | 35 |3 THUNDERSTORM ICE ON| = - INHES | =] = | 2 MELE =
= ‘ S = | == |4 ICCPELLETS |GROUND | = = = w» w - = =
wx| _|ZZ | ZZ |5 HAIL AT = o ELEV. |z = | = E °g S=2
= = T EEIEHEM L 084 | S5 | S5 | 356 |=| = | w = 8 |Z¥az2EE
= = < o <2 )| == == |7 DUSTSTORM = 2 -2 | FEET V=) = = o2 = SEzRA == w
w —_ — == < x!la — — = — ey x o vt
= = = w “S|lwa| =o | S5 |8SHOKE, HAZE | INCHES| = = | S = [ABOVE| D) & wow | = zZ EoSIEo2s =
= = = = |Su|l=8| £a | S = |9 BLONING SKOH FZ | ST NSLlE| = = | & | = = |ja-|loa~-[E~- o
1 2 3 4 5 5 74 78 3 9 10 1 12 113 14 15 [ 16 |17 18 19 20 121122
1] 82 45| 54 3l e N 0 0 0 92943 1] 6{3.5] 602 1
2 59 3| & 0| 481 14 0 o a7 9 2955 28] .513.9| 813 2
3| 53 5| 49 | -2| 471 e 9 o a3 029768 b1 |z.03.7| 8|36 10 10| 3
t| 59 41] s0 o] aal 13 9 0 0 0 pasalpr|2c]2/9] & 03 g | 8] a
5| 57 a1 a9 | <1 | 461 16 0 0 .93 028.99 01 (5.715.8] 9101 10 |1a] s
8| 55 43| a3 | -1| 47| 16 0 o .o ol 75|17 |3.6 5.8 1217 §
1| s0 47| 54 5 1 0 0 15 9 3|17 7
8| 56 44| 50 1] 46| 15 0 o i 0 2s.2217] 3.5 4.3 1017 8
9| 5 a1 50 1] 41| 15 0 al e 03 2535 |1.5) 3.6 833 3
0| 53 45| 50 2] 45y 15 0 o| o8 opasapalailaa] 832 10 {1010
THET 38F 44 | -4 4a| 2 ol o) .22 o fs.as s |71 7.2 15 9 7
121 52 29| et | -7 37| 21 0 o 12 o ps 7o a7 30| 602 7] 1]2
131 49 220 e Vo<t oas| s 0l 0l 1.25 absiarlel2i7lale|12]3s 13
10| 52 40| 48 ! 17 0 o] %6 0 9| 3% 14
15| 634 4as| s5s| 8| s1| 10 0 o] 1011 0¢.34 lo1 | 3.574.8)12]36 |15
6] 56 14| 50 a| 42| s 0 0| 1 oPs.aapnei7.3]9.0]18] 18 16
17| a9 o 45 | -1 a3y 20 0 3l 0 0029 62036 | 4.3 1451 702 10 [1oty
18| 52 a1 | 47 2| a1 8 0 o] .50 op9aTp2|e9]s.2] 16101 10 |10 18
19 43 65| 47 2 ar] 1e o1 ol 71 ohRearlalrir 22| 713 10 | 1018
20| 29 t| 47 21 asl 18 0 0| 1 029752107 | 3.3 4.3 10] 32 20
21| 50 411 48 2 19 01 ol 22 0 12 | 08 21
22| a9 2| 8| -3 a0 2 0 REE 036204 12.3]3.5| 8|25 , 22
23| 52 29 ar | -2 2l 2 0 0 0 0R3.73B2|1.9]43] 8|26 23
24| a8 26d 37 | ~6| 32| 28 0 0 9 03 saPs|t6]3.3] 613 9 | 9|22
35| 48 0] 39 | <3| 35| 28 0 0 0 oPI4efir| 512.6] 5|33 9 | §|25
| a8 39| 44 2] 2 1 0l o a0 o pa.s2fiair.8ls2l10]1s 10 |10 26
27| 53 3111 42 T 33| 23 0 al o o Ppsirs 2718|3812 8 27
28| 45 29| 315| -4 28 01 ol 13 0 8|33 10 28
29| 49 38| 14 3| 39 21 ol ol 1s 02920034 | 1.1 53] 878 10 29
| 47 17| 42 2| 33| 23 0l o 2 o a2t 7] el sl:ﬁi 10 30
: |
ST ——[— T T , TOTAL | T0TAL PR THE AORTH: TOTAL | % | Sun | Sun
T587 | 1183 —————— 55! p ] NUMBER OF DAYs 754 0 THEE o
AVG | VG, | AVE. | DEP.| AVG [ DEP. | DEP. | PRECIFITATION BEP. | | [ [——— [ [0ATE: 16 | Peiieie |rowm| AV AVE.
52 7 3%.4 46 1] 0.0 -6 | D] > .01 IMCH. 24 [ 3702 o ] ) D —
NURBER OF DAYS 5%5%%%—%%5%%{51 MO L THLES . GREATEST IN 24 HOURS AND DATES GREATEST DEPTH ON GROUND OF
WAXTRUA TERP. | AIWIAGM TERP. | 1067 |1 | THURDERSTORRS 0 | PRECIPITATION | 5WGR, TCE PELLETS | SMOM. ICE PELLETS GR ICE AHD DATE |
900 | < 335 | T % [ T0° | DEP._EF. [ HEAYY 0 5 1,97 13-13] 7] { 7T
] ] 7 i -T2 -5 [ CLEAR PARTLY CLOUDY CLOUDY

% EXTREME FOR THE MONTH - LAST OCCURRENCE [F MORE THAN ONE.
T TRACE AMOUNT.

+ ALSO OM EARLIER DATE(S).
VISIBILITY 1/4 MILE OR LESS.
BLANK ENTRIES DENQTE MISSING DATA.
HOURS OF 0PS. MAY BE REDUCED CN A VARIABLE SCHEDULE.

HEAVY FOG:

[
REC

Ao0aa

NATEONAL OCERNIC AND
ATMOSPHERIC ADMINISTRATION

ENVIRONMENTAL DATA AND /NATIONAL CLIMATIC CENTER

TNFORMATION SERVICE

DATA IN COLS & AND 12-15 ARE BASED ON 7 OR MORE OBSERVATIONS
AT 3-HOUR INTERVALS. RESULTANT WIND {S THE YECTOR SUM OF WiND
SPEEDS AND DIRECTIGONS QIVIDED BY THE NUMBER OF OBSERVATIONS.
ONE OF THREE WIND SPEEDS 1S GIVEN UNDER FASTEST MILE: FASTEST
MILE - HIGHEST RECORDED SPEED FOR WHICH A MILE OF WIND PASSES
STATION [DIRECTION IN COMPASS POINTS). FASTEST OBSERVED ONE
MINUTE WIND - HIGHEST ONE MINUTE SPEED (DIRECTION [N TENS OF
DEGREES]. PEAK GUST - HIGHEST INSTANTANEOUS WIND SPEED (A
APPEARS I[N THE DIRECTION COLUMN]. ERRORS WiLL BE CORRECTED
ANC CHANGES [N SUMMARY DATA WILL BE ANNOTATED IN THE ANNUAL
PUBLICATION.

ERTLFY THAT THIS LS AN OFFICIAL PUBLICATION OF THE NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION, AND IS COMPILED FROM
ORDS ON FILE AT THE NATIONAL CLIMATIC CENTER, ASHEVILLE, NORTH CAROLINA, 28801%.
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ACTING DIRECTOR
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act 1982 26528 155N 0198-0424
TALKEETNA, ALASKA o~

TALKEETNA ALRPORT LOCAL
CLIMATOLOGICAL DATA

NEA SYC COWTRACT MET 0BSY Monthly Summal‘)’
LATITUDE  62° 18° N LONGITUDE  150° 06 W ELEVATION (GROUND} 345  FEET TIME ZONE ALASKAN WEAN #26528
VEATHER TTPES | SNOW AVERAGE
TEMPERATURE °F e oot IE | PRECIPITATION |STATION L sunsHINE | 3T IR
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— = [ = = |2 HEAVY £D5 T3 - - w o Te FASTEST -
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SE| | 22|22 |5 mn ar | = = vzl = | & = I
x =
= = o (S2|mE| e | oX e 08AM | 25 | =5} 3%6 =| = | & S D =YsEzlEE
= z = |=Z|2S| Z2 | =2 |7 0usTSTORN = L2 FEET 2l =2 = 18213 5 EBE=Z2EE o
b _—— [y = o
— > = w O x| =< S = |8 SMOKE, HAZE | INCHES _—= S 2 | ABOVE il o = = = EoiE 2o =
=| = = Z |2ZlZE|¥5 | S= |9 BLOHING SNOW ET ST HsLjEl & | = {5 = = a3F=E=] 2
1] 2 3 4 5 | 6 | 7a | 78 8 3 10 11 12 1130 19 [ 15 {16172 ] 18 1194 20 l21]22
1 a3 5 39 ] 1] 39| 2 01 0 0 o9.a1 hsf1.0]2.6| 8fa 10 |10 1
2] 45 sa| sox] 11 370 38 0 0 .02 0p9.3a3s|10]1.9] 70 10 |10] 2
3] a4 28 36 | -3{ 3a{ 29 0 0 “04 029.21 36 | 1.913.0| 819 9 | g| 3
4 45« 24| 35 | -3] 29| 30 0 0 0 o9 tafiv| (4|33 828 4
51 44 21 313 | -5 12 0 0 0 0 17 | 03 0 5
5| 43 0 37 0| 23| 28 0 0 0 0p8.81 7| t.6|6.1|17]03 10 5
O\ 7| 3¢ 28| 3 -5 | 30| 34 01 0 a2 7.1 0290208 1.4 16110109 10 7
w© 3| 33 30 33 | -3 30| 32 01 g 10| 2529290020 2.5 6.8 12 36 10 {10 8
x 31 32 0f 32 | -4 3% 13 01 g 02 s9ige |14 |1e] 732 10 {10 9
o »n ol 32| 2| 29 | -s| 2] 3 01 8 T] TPe.erfis| 2939 2]s 10 |10 10
— 11 3t % 3 -4 2| a3t 0 g .01 Aer9e |89 17|02 11
121 39 31 35 1 30 01 6 15 1 9|35 10 12
- 13 33 3| 28 ) -6 27| 37 01 4 34 3.8 [29.66 15[ 4.3 5.1 12] 16 10 13
<T 1] 32 20 26 | -1] 25 3¢ 0 5 1 T.97185]2.9 /3.6 1335 10 14
15| 30 10 20 [-13) 18| s 0| 2 5 0 030,06 38| .8[1.3| 5139 2 1 515
- 16| 31 2 21| -5| 26| 38 01 5 24| 40097336 6.3 7.3 14702 10 10318 | 7 0
17 36 18] 27 | -5| 29| 31 0| 2 8 -01 opI.sr o] a4l 9f &34 7| e 17
<T 18 28 12 20 |[-11] 22| s 01 8 0 03002 e | 923 626 18
= 19| 33 21 T -t 38 01 10 33 31 6| 20 10 19
0| 33 20 20 0 -2 21 37 o] 2 11 0 0029.61 (36 15.3|6.2]13]33 7 20
— 2 28 0 24 ] -8| 8] & 0 11 0 029.20 36 f11.6 13.6 | 23 | 01 7 21
B 22| 31 10| 21 -8 8| 44 0 10 0 02896 [36 0.1 J10.5 | 21 | 28 6 | 3122
L 23| 2 5 1% [-12] 7] 49 0 10 0 029,04 34| 6.0 k7.1 12132 0 | o023
2 2 - 10 [-18| 2| 55 0 10 0 0f29.10 bt |2.3]3.5| 7|01 a | 3|24
b 25 23 -5 9 | -18 1 56 0 10 0 0[29.70102 (1.8 3.1 6|29 25
- 26| 18] -10 ¢ | -23 61 0 10 0 0 12| 32 0o | o 26
T 27| 15 -n2 2 L-24]-5] &3 0 10 7 T29.53 36 (3.615.1]10]35 3 27
28| 16 9| 13 [-13] 9] 52 0 19| .39 7.2028.98 36 (6.0 7.1 1402 10 28
— 29| 22| -10 & [-19] 5| 59 0 1% T Tlg.99ea|1.5]2.2| 505 1 1] 29
. 30| 10| -16y -3x|-28|-10| 68 0 16 0 0291904\ 16|26 629 o | 130
31 0] -15 3 | -21 = il 82 0 16 0 0129.47p118.2(85 16|02 3 | 71131
SUR_|_SUH — e T T TOTAL | TOTAL FOR _THE MONTH: TOTAL | % | SN | 50K
350 | 466 —— = 12% g ] MUMBER OF DA'S 707128 5 100 R
AYG. AVEG. AVG. DEP. ] A¥G. [ DEP. | DEP. PRECIPITATION DEP, | ———|———|—|———|——DATE: 21 | rossIBLf |montu| AVG. | AVG.
M371.0 15 0_23.01-9.1 2761 01> .01 INCH. 12 (5 47 ) ey pe—— pu—— —7
NUNBER OF DAYS Sf;‘f&%ﬁ? MO oy TS GAEATEST IN 24 WOURS AND DATES GREATEST DEPTH ON GROUND OF
FAXLAUR TEFP. WIRIAGE TEMP. | 3393 11 THUNDERSTORS 0 | PRECIPITATION | SHOW, T0L PLLLETS | SNOW. 1CE PELLETS OR ICE AND OATE
[ 3900 [ 7320 T30 [T0e DEP.__ DEP. [ HEAYY FOG 3 46 7- 8] 837 7-8 16 [ 31+
¢ 16 23 1 7T 264 | -5 | CLEAR OARTLY CLOUDY CLOUDY |
X EXTREME FOR THE MONTH - LAST OCCURRENCE IF HORE THAN ONE. DATA IN COLS &6 AND 12-15 ARE BASED ON 7 OR MORE OBSERVATIONS
T TRACE AMOUNT. AT 3-HOUR INTERVALS. RESULTANT WIND IS THE VECTOR SUM OF WIND
+ ALSO ON EARLIER DATE(S). SPEEDS AND DIRECTIONS DIVIDED BY THE NUMBER OF DBSERVATIONS.
HEAVY FOG: VISIBILITY 174 MILE OR LESS. UNE OF THREE WIND SPEEDS IS GIVEN UNDER FASTEST MILE: FASTEST
BLANK ENTRIES DENOTE MISSING DATA. MILE - HIGHEST RECORDED SPEED FOR WHICH A HILE OF WIND PASSES
HOURS OF OPS. MAY BE REDUCED ON A VARIABLE SCHEDULE. STATION [QIRECTION IN CDMPASS POINTSI. FASTEST OBSERVED ONE

MINUTE WIND - HIGHEST ONE MINUTE SPEED [DIRECTION IN TENS OF
OEGREES). PEAK GUST - HIGHEST INSTANTANEOUS WIND SPEED (A /
APPEARS 1N THE DIRECTION COLUMNI. ERRORS WILL BE CORRECTEQ

AND CHANGES 1IN SUMMARY ODATA WILL BE ANNOTATED IN THE ANNUAL
PUBLICATION.

I CERTIFY THAT THIS IS AN OFFICTAL PUBLICATION OF THE NATIONAL OCEANIC AND ATMOSPHERIC AGHINISTAATION,
RECORDS ON FILE AT THE NAT[ONAL CLIMATIC CENTER, ASHEYILLE, NORTH CAROLINA, 28801, RATION. AND IS COMPILE) 7RoN

NATIONAL OCEANIC AND ENVIRDNMENTAL DATA AND /NATIONAL CLIMATIC CENTER ACT : {
n O a ATHOSPHERIC RDHIN!STHRTION/!NFORHMIDNV SERYICE ASHEVILLE, KORTH CAROLINA NAT%ggAEIQEE;?\?IC CENTER ‘
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NOV 1982 26528 ISSN 0198-0424
TALKEETNA, ALASKR

TALKEETNA AIRPORT LOCAL
CLIMATOLOGICAL DATA

|ALKEE INA *:>I-\LASKA

WEA SYC CONTRACT MET 0BSY Monthly Summary
LATITUDE  62° 18 N LONGITUDE  150° 06 W ELEVATION (GROUNOT 345  FEET TIME ZONE ALASKAN WBAN #256528
T
OFGREC 0ArS | WEATHER TTPES | SNOK RVERRGE WIND kY COVER
TEMPERATURE °F o ICE | PRECIPITATION |STATION SUNSHINE
ERPE BASE 6577 | rqg PELLETS PRESSURE 4.7 4.1 (TENTHS)
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1 a0 25 28 3| 26 37 011 3 19 20| 3.829.780217.077.3| 16|36 1 1
12 33 27 30 1| 24 35 0 20 02 TP9.48 (02 |9.6010.2 |17 03 10 | 10|12
13 35 22 29 1] 27 3 0 20 .03 8129.16 134 |5.315.9] 9|04 10 3113
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19 1 -25d -7 | -23)-21 72 0 21 0 DRY.66f03 5.0 [5.3114]02 1 4|19
20 21 10 16 0 8] 49 01 1 .03 929,81 fot 12.2012.9 | 17| 36 10 | 1020
21 25 21 23 8| 17 42 01 22 .0 TPRrs s roa| Tl e | ot w0 (o
22 31 23 27 12| 18 38 0 22 0 0 29.66 01 [ 9.8 [10.2 (18| 01 10 22
23 34 29 32 18 33 0 22 lf T 10| 36 10 23
24 374 28 335 | 19| 27 32 0 21 7 TRestal7.1|7.5012] 36 7 24
25 14 3 25 1 20 40 0 21 0 0029.07135(6.9|7.6(17]02 19 25
26 10 16 23 101 16 42 0 20 0 0 [28.92 36 (10,3 [r0.5 |17 ] 35 1 3|26
27 28 7 18 5| 17 47 0 29 0 0128.95 35| 5.5 | 6.3 |10] 32 3 | 520
28 10 0 5 -8 -1 60 0 20 0 0bs. 745 i3.9,4.0] 6|03 1 3128
29 23 8 16 ay 17 49 0 20 571 7.4028.85 (05 .9| 3] 5|85 10 29
30 20 8 14 2 51 0 28 25 3. | 5119 10 30
HI U8 —— | —— | T07AL | TOTAL TOTAL | TOTAL FGR_THE HONTH: TOTAL | % | SUM | SuM
T5E 280 — | — a1 G NUMBER OF DAY 170 27,0 \ T 5 ror 712
NG, | AVG. AVG. | DEP.| AVG_| DEP. | DEP_| PRECIPITATIOR DEP. T {—|——|——pATE: 26+ Pessi | nork| AVE. | AVG.
P 3. 3% _16.71-0.8 i3 3] > .01 INCH. 13 [ -0.09 g ) ey ps—" pe—— 71
NUNBER OF DAYS SR |'°m°T“ATLE SOH, L8 PELLE GREATEST [N 24 WOURS AND DATES GAEATEST OEPTH DN GROUND OF
' - SNOK, ICE PELLETS OR [CE AND DATE
WAXIHUR TEAP WINIMUN TERP. | 3834 | 1 | THUNDERS TORFS G | PRECIPIIATION | SNOW, I1CE PELLEIS :
5909 | <t 320 | €300 | 209 DEP.__ OEP. [ HEAVY FO§ b 671 29-30 B 1] 29-30 28 | 30
0 1 23 30 7 280 1 -5 ] CLEAR 8§ PARILY CLOWOY 2 TLoupY 20 ] -
X EXTREME FOR THE MONTH - LAST OCCURRENCE IF MORE THAN ONE. OATA [N COLS & AND 12-15 ARE BASED ON 7 OR MORE OBSERVATIDNS
T TRACE AMOUNT. AT 3-4OUR INTEAVALS. RESULTANT WIND 1S THE YECTOR SUM OF WIND
+ ALSO ON EARLIER DATE(S!. SPEEDS AND OIRECTIONS DIVIDED BY THE NUMBER OF OBSERVATIDNS.
HEAYY FOG: YISIBILITY 1/4 MILE OR LESS. ONE QOF THREE WIND SPEEDS IS GIVEN UNDER FASTEST MILE: FASTEST
BLANK ENTRIES DENQTE MISSING DATA MILE - HIGHEST RECORDED SPEED FOR WHICH A MILE OF WIND PASSES
HOURS OF GPS. MAY BE REDUCED ON A VARIABLE SCHEDULE. STATION [DIRECTION IN COMPASS PQINTS]. FASTEST OBSERVED ONE

MINUTE WIND - HIGHEST ONE MINUTE SPEED [DIRECTION IN TENS OF
DEGREES]. PEAK GUST - HIGHEST INSTANTANEQUS WIND SPEED (A
APPEARS IN THE DIRECTION COLUMN]. ERRORS KWILL BE CQRRECTED
AND CHANGES [N SUMMARY DATA WILL BE ANNOTATED IN THE ANNUAL
PUBLICATION

1 CERTLFY THAT THIS [S AN OFF{CIAL PUBLICATIQON OF THE NATIONAL OCEANIC AND ATMDSPHERIC ADH[NISTRRT[UN AND IS CCAPILED FROM
RECORDS ON FILE AT THE NATIONAL CLIMATIC CENTER, ASHEVILLE, NORTH CAROLINA, 28801.

; a NATIONAL OCEANIC AND ENYIRONMENTAL DATA AND /NATIONAL CLIMATIC CENTER ACTING DIRECTOR
: ATMOSPHERTC AONINISTRATION/ TNFORMATION SERYICE ASHEYILLE, NORTH CAROLINA MATIONAL CLIMATIC CENTER
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DEC 1982 26528 ISSK 0198-0424
TALKEETNA, ALASKA m»,,\

TALKEETNA ATRPORT LOCAL
CLIMATOLOGICAL DATA

WEA SYC CONTRACT MET 0BSY Monthly Summary
LATITUDE  62° 18 N LONGITUDE  150° 06 W ELEVATION IGROUND] 345  FEET TIME Z0NE ALASKAN HBAN #2528
WEATHER TYPES | SNOA AVERAGE
HIND SKY COVER
TEMPERATURE °F | pesee s TCE | PRECIPITATION ’smwu SUNSHINE :
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z:—{ = = |2 HEAVY FOG [ _ = N 1= FASTEST o
S S | 2= |3 THUNDERSTORH/ ICE ON| = =~ INHES | = | = | 2 MILE | =
- S = | = |4 ICEPELLETS |GROUND| = = S| e | o = -
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— 21 10 -3 4 -4 61 0 24 0 0 6| 03 2 21
Lol 22 3 -10 -4 {12 -11 69 0 24 0 0[286.85101|3.8|5.3| 7|33 0 22
Lol 23 15 2 3 1]-2 56 0 24 0 01028.93 01 9.8(10.2| 15| 36 2 23
24 22 12 17 3 3 48 0 24 0 0l29.0935|7.17.8|12]| 0 i 1124
x 25 23 12 18 0] 10 47 0 24 0 029.37135| 7,00 7.3 18] M 10 825
- 26 33 22 28 20| 16 37 0 24 0 029.3% %62 13.1 {13.¢ |17 | 01 10 | 10| 26
< 27 34 30 32 241 29 33 01 24 J30f 2.5029.48 01 (5.4 16.3| 16| 0t 10 27
28 38 32 35 27 30 0 25 .64 .8 12| 02 10 28
— 29 42x 32 37| 29 34 28 0 24 .04 s arfprf{r.9ls.20{13] e 10 29
30 35 26 31 23] 29 34 0 23 T 1129.5505|2.2]4.2| 9|01 10 39
31 31 25 28 20 | 21 37 23 0 02952351 7.0, 7.6110]33 8 |1 10]31]
SON SON ——|—— | TOYAL | TOTAL WUMBER OF DATS TOTAL | TOTAL FOR _THE MONTH: TOTAL | % | _Su¥ | sux
798 384 ——] 1419 1,801 10.3 23102 ran 335
AVG. AYG. AvG, DEP. | AYG. DEFR. DEP. | PRECIPITATION PDEP, | ——————|——|———|——BATE: 19 | possiscE_|montw| AYG. | AVG.
25 7 12 4 19.1 ] 101 317 301 INCH, 7003 ) P s pe— 7 5
NUMBER 0F DAYS SN imm%’;f W GREATEST IN 24 HQURS AND DATES GREATEST OEPTH ON GAOUND OF
AARIAUY TERF. WININUR TENP. | 5253 | 1 | THUNCERSTOARS 0 | PRECIPITATION T SNOW, TCF PELLETS | SMOM. ICE PELLETS 0R ICE AND DATE
[ 390° ] <320 T 320 | 2 Q° | DEP___DEP_| WEAVY FOG i 81 [27-28 4.47 7-8 30 1 1 —
T 31 | 7 1 -3]] -5 [ CLEARR b PARTLY CLOUDY 4 cLoudy 21 | -
% EXTREME FOR.THE MONTH - LAST GCCURRENCE [F MORE THAN ONE. DATA IN COLS 6 AND 12-15 ARE BASED ON 7 OR MORE OBSERVATIONS
r TRACE AMDUNT . AT 3-HOUR INTERVALS. RESULTANT WIND IS THE VECTOR SUM OF WIND
+ ALSQ ON EARLIER DATE(S), SPEEDS AND DIRECTIONS DIVIDED BY THE NUMBER DF OBSERVATIONS.
HEAYY FOG: VISIBILITY 1/4 MILE OR LESS. ONE OF THREE WIND SPEEDS IS GIVEN UNDER FASTEST MILE: FASTEST
BLANK ENTRIES DENOTE MISSING DATA. MILE - HIGHEST RECORDED SPEED FOR WHICH A MILE OF WEIND PASSES
HOURS OF DPS. MAY BE REDUCED ON A VARIABLE SCHEDULE. STATION [DIRECTION IN COMPASS POINTSI. FASTEST OBSERVED ONE

MINUTE WIND - HIGHEST ONE MINUTE SPEED (DIRECTION IN TENS OF
DEGREES]. PEAK GUST - HIGHEST INSTANTANEQUS WIND SPEED (A ¢
APPEARS IN THE OIRECTION COLUMNI. ERRORS WILL BE CORRECTED
AND CHANGES [N SUMMARY DATA WILL BE ANNOTATED IN THE ANNUAL
PUBLICATION.

[ CERTIFY THAT THIS IS AN OFFICTAL PUBLICATION OF THE NATIONAL OCEANIL AND ATHOSPHERIC ADMINISTRATION, AND IS COMPILED FROM
RECORDS ON FILE AT THE NATIONAL CLIMATIC CENTER, ASHEVILLE, NORTH CARCLINR, 28801.

n 0 a NATIONAL DCEANIC AND ENYIRONMENTAL DATA AND /NATTOMAL CLIMATIC CENTER ACTING DIRE'ETUR
ATHOSPHERIC ADMIMISTRATION/ [NFORWATION SERVICE ASHEYILLE, WORTH CAROLINA NATIONAL CLIMATIC CENTER
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X EXTREME FOR THE MONTH - LAST OCCURRENCE IF MORE THAN ONE.
T TRACE AMQUNT.
+ ALSO ON EARLIER DATE(S),

HEAVY FOG: VISIBILITY 1/4 MILE OR LESS.
BLANK ENTRIES DENOTE MISSING QR UNREPORTED DATA.
HOURS OF OPS. MAY BE REDUCED ON A VARIABLE SCHEDULE.

DATA IN COLS & AND 12-15 ARE BASED 9N 7 QR MORE OBSERVATIONS
AT 3~HOUR INTERVALS. RESULTANT WIND [S THE VECTOR SUM OF WIND
SPEEDS AND DIRECTIONS DIVIDED BY THE NUMBER OF OBSERVATIONS.
ONE OF THREE WINO SPEEDS 1S GIVEN UNDER FASTEST MILE: FASTEST
MILE - HIGHEST RECORDED SPEED FOR WHICH A MILE OF WIND PASSES
STATION {DIRECTION IN COMPASS POINTS]. FASTEST GBSERVED ONE
MINUTE WIND - HIGHEST ONE MINUTE SPEED (DIRECTION IN TENS OF
DEGREES]. PEAK GUST - HIGHEST [NSTANTANEOUS WIND SPEED {A /
APPEARS IN THE OLRECTION COLUMNI. ERRORS WILL BE CORRECTED
AND CHANGES [N SUMMARY DATA WILL BE ANNOTATED IN THE ANNUAL
PUBLICATION. -

[ CERTILFY THAT THIS IS AN QFFICIAL PUBLICATION OF THE NATIONAL OCEANIC AND ATMQSPHERIC ADMINISTRATION, AND IS COHMPILED FROM
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CLIMATIC DATA CENTER ACTING DIRECTOR
ASHEVILLE NORTH CAROL INA NATIONAL CILMATIC DATA CENTER
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2% | 2= 17 THUNOERSTORK| ICE ON| = w mewes =1 o | = MILE P
= x| S |4 ICE PELLETS {GROUND | = = =| & = = =
w = 2= | 2= |5 ulLL At | = & ELEY. |z | = | =@ = Sa| =|_5
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APPENDIX B

Susitna River Maps (Aerial Photo Mosaics)

from Goose Creek to Devil Canyon
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